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Preface

The World Health Organization through its Expert Committee on Biological 
Standardization (ECBS) developed the Recommendations for the preparation, 
characterization and establishment of international and other biological reference 
standards  in 1978. This document was last revised in 2004 and is available in the 
WHO Technical Report Series 932 and its website (http://whqlibdoc.who.int/trs/
WHO_TRS_932_eng.pdf).

Feedback from the National Control Laboratories (NCLs) and vaccine 
manufacturers indicated that they had many questions concerning the characterization, 
calibration and establishment of national or regional standards or working standards.  
A practical manual for the use by the NCLs and vaccine manufacturers would be 
of help, as would training in an experienced laboratory. ECBS had agreed that the 
calibration of a secondary reference is a complex process and more extensive guidance is 
required.  Issues that had been identified were traceability, compliance with regulatory 
requirements, uncertainty value, if applicable, restrictions of the range of assay methods 
and the availability of a large data set to reduce uncertainty, the evaluation of stability 
and a monitoring program against the International Standard (IS). 

The development of a manual to provide technical assistance for staff at the 
NCLs and vaccine manufacturers had been discussed with senior scientists at the 
National Institute for Biological Standards and Control, UK in April 2006 and 
scientists had developed the first draft in December 2006.  This draft manual had 
been circulated for comment and was reviewed in a consultation in 2007 in Geneva 
at which improvements and modifications were proposed and incorporated into the 
document. This version was finalized by Dr Morag Ferguson National Institute for 
Biological Standards and Control, UK and Dr Dianliang Lei, Quality, 
Safety and Standards Team, Immunizations, Vaccines and Biologicals Department, 
World Health Organization, based on the comments received from NCLs and Vaccine 
Industry. Appendices containing additional guidance on the process have been added 
along with examples of collaborative studies on International Standards for the reference 
of readers when they calibrate their secondary standards.
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Definitions from the Recommendations for the Preparation, Characterization and 
Establishment of International and other Biological Reference Standards

 Samples that are retained under optimal storage conditions to retain 
biological or immunological activity and that are used for comparison purposes. 
The baseline samples will need to be stored at a lower temperature than the storage 
temperature used for the established reference preparation. This is not appropriate for 
adjuvanted vaccines

Biologicals are “substances which cannot be fully characterized by physico-chemical 
means alone, and which therefore require the use of some form of bioassay”.

Biological tests (bioassay). A biological test is a laboratory procedure for the estimation 
of the nature or potency of a material by means of the reaction that follows its 
application to some elements of a living system (examples include animals , tissues, 
cells, receptors and enzymes). The potency of the material being measured is often 
defined in International Units or, in some circumstances, may be defined in terms of 
International System of Units (SI), by comparison with the reaction of the system to 
a biological reference preparation

An  test is a procedure that requires the use of antigens and/or antibodies 
to measure the analyte in a biological product or sample.

A calibrant is a substance used in chemical analysis to calibrate the response of a 
measurement system to the analyte

A calibrator is a material that is used to adjust instrumentation that is based on or 
traceable to a reference preparation

Continuity. The concept that measurements in terms of the IU defined by a replacement 
reference standard are as similar as possible numerically to measurements in terms of 
the IU defined by the previous reference standard. This ensures that measurements 
made in biological and immunological tests can be compared over time.

 (commonly referred to as WHO 
International Standards, IS) are substances, classed as “biological” according to the 
criteria outlined above, which are provided to enable the results of biological assays 
or immunological assays to be expressed in the same way throughout the world. 
The value assignment by the World Health Organization is in terms of an International 
Unit (IU) or another suitable unit. The unitage is attributed to a first international 
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standard in an arbitrary manner after an international collaborative study has been 
completed. Activities in International Units are assigned to replacement international 
standards, where appropriate, by comparing them with the previous standard as 
it is assumed that the original IS has the same immunological characteristics as the 
replacement IS. ISs serve as the primary standard for calibration of national and other 
secondary standard and are considered to be standards of highest order.

An  is a group of reference materials established to 
collectively aid evaluation of assays or diagnostic tests. International Reference Panels 
comply in all respects with the general requirements for WHO reference standards 
set out in the WHO recommendations for the preparation, characterization and 
establishment of International Standards  and other biological reference standards (1), 
except that in some cases it may not be necessary to assign unitages to each individual 
member of a panel.

A reference reagent is a WHO reference standard, the activity of which is defined by 
the World Health Organization in terms of a unit. This category of reference standard 
is intended to be interim and replacement reference reagents are not envisaged. 

Reference standards are materials which are used as calibrators in assays and which 
provide a consistent basis for measurements of quantity or potency

Secondary reference standards. Reference standards established by regional or national 
authorities, or by other organisations, that are calibrated against and traceable to the 
primary WHO materials and are intended for use in routine tests

Traceability. Property of the result of a measurement or the value of a standard whereby 
it can be related to stated references, usually national or international standards, through 
an unbroken chain of comparisons all having stated uncertainties.

Validation. Confirmation, through the provision of objective evidence, that requirements 
for a specific intended application have been fulfilled.

Uncertainty. An estimate attached to a test result which characterizes the range of values 
within which the true value is asserted to lie with a stated probability.
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Biological reference standards are used in qualifying or validating test procedures to 
ensure uniformity in the designation of potency or activity of biological preparations 
including vaccines. These are required to ensure lot to lot consistency of production 
and to minimize systematic deviation of assay. The WHO recommendations for the 
preparation, characterization and establishment of International Standards (IS) and 
other biological reference standards were revised in 2004 (1) and includes a section on 
the preparation of National Standards. However, reference standards used on a regional 
basis or even just within a single laboratory are also calibrated against the IS. 

The terminology used in this document to cover all standards developed by regional or 
national authorities, or by other organisations and calibrated against the IS is secondary 
standards. Such secondary standards are designed to provide national, regional and 
other organisations with greater quantities of calibrated and accredited material used 
in batch control and other product development activities, for which the International 
Standard may not be available due to limited supply.

This document is primarily aimed at secondary standards which will be used in the 
potency testing of vaccines but many of the principles considered would apply to 
antisera or other biologicals. Reagents such as the challenge bacteria, virus or toxin 
used in vaccine potency assays are not covered by this manual as they are not standards 
by definition.

Vaccines consist of mixtures of proteins, carbohydrates, lipids, inactivated 
microorganisms, or in some cases live attenuated organisms as active components 
as well as stabilizers, adjuvants, preservatives and other substances. Most active 
components of vaccines are large and complex molecular entities that are highly 
susceptible to environment factors which may significantly affect their activity and such 
factors must be considered in the preparation of standards for vaccines. The types of 
assays in which standards will be included may be in vitro assays of antigen content 
(e.g. enzyme immunoassay (EIA), flocculation, single radial immunodiffusion 
(SRID), nephelometry, and physicochemical methods), tests for immunogenicity 
(seroconversion), protection (challenge tests) and titre (plaque forming units (p.f.u.) 
or 50% tissue culture infectious dose (TCID50).

This document explains in detail the issues which must be considered in the preparation 
of such standards. ISs are likely to be freeze-dried to ensure that they are stable for many 
years. Secondary standards will be used as working standards and they will, therefore, 
need to be formulated so that they are stable throughout their use. Secondary standards 
may be liquid and, therefore, likely to be replaced more frequently. Such preparations 
ideally will be sterile, but materials of low bioburden may be acceptable provided that 
this does not interfere with activity or affect safety during storage and use (2, 3). 

1. Scope of document
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The amount of work and time involved in the preparation and calibration of secondary 
standards is considerable and should not be undertaken lightly. Extensive experience 
and expertise is required, including appropriate statistical support. Training in these 
activities may be required. Opportunities should be sought to combine efforts in 
establishing secondary standards. 

This document contains general guidance on the general principles of the preparation 
of secondary standards. The issues to be considered in the preparation of any particular 
standards will have to be considered on a case by case basis. Examples of issues to be 
considered for a standard for a bacterial vaccine, an inactivated viral vaccine and a live 
attenuated viral vaccine etc. are listed in the appendices.
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Secondary Biological Standards: general principles

All biological standards or reference materials have certain common characteristics 
essential to their function:

They are a single batch of identical containers, prepared using a process and 
excipients appropriate for the product. If more than one batch is prepared from 
the same bulk and assessed for suitability in a collaborative study and one batch is 
established as the standard, the second fill could be considered for establishment 
as the second standard subject to satisfactory assessment of stability

The immunological characteristics of the biological standard should be comparable 
with the products to be tested to meet the validity criteria for biological assays

They have a formally defined unit and quantity, assigned on the basis of 
appropriately designed studies, using appropriate analytical methodology

They are stable with respect to that formally defined unit and quantity.

Detailed procedures for the production of ISs having these characteristics are 
established in the document “Recommendations for the Preparation, Characterization 
and Establishment of International and Other Biological Reference Standards, 
WHO 2004”(1) These high-level requirements for a biological reference material apply 
equally to secondary biological standards. There are, however, important differences 
between International Biological Standards and secondary standards which may allow 
deviations from these requirements. 

Generally (although not universally) a WHO International Standard is the highest 
order standard for measuring the biological activity of an analyte. In that respect it may 
be considered equivalent to a primary standard (although the term is strictly speaking 
only applicable to a reference material which defines an analyte in terms of the IS). 
The important element of this status is that in most cases the International Standard is 
not value-assigned or traceable to a higher level reference material, and the International 
Unit (IU) assigned to the material is in fact defined by that material and not defined 
by any external standard. Where an IS replaces an earlier standard of the same analyte, 
and careful efforts are made to ensure the value of the unit is maintained, the relationship 
between the two is nevertheless not a “primary standard-secondary standard” 
relationship, but one where the first standard is discontinued and its replacement 
established as the new highest order reference material. Also, whilst the unit for an 
IS may be applicable to a stated type of assay (e.g. bioassays or immunoassays) it is 
not generally assigned by, and traceable to, a specific assay method. Animal species 
(mice guinea pigs) may also impact on the potency measurement.

2. Principles for preparing 
secondary standard 
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The value assigned to secondary biological standards is usually defined in units traceable 
to the higher order IS. Critical methodological differences may have implications in a 
number of the core processes in the establishment of a reference material:

Traceability - The process by which the unitage is assigned to the secondary 
standard relative to the IS is the traceability path, and should be clearly defined. 
This is not usually an issue for an IS which, formally, is only traceable through 
the collaborative study that led to its establishment.

Uncertainty - The concept of uncertainty is linked to that of traceability, and any 
formal definition of a secondary standard in terms of a higher order standard such 
as the IS must include handling of uncertainty. It should be noted however that 
different approaches may be used to deal with uncertainty. For example, if, in the 
absence of a reference method, several methods were used to calibrate a secondary 
standard, it may not be valid to make assumptions across methods about a single 
underlying true value (e.g. of potency of the material) or about a probability 
distribution of values to estimate uncertainty. In such cases, uncertainty can not 
be attached to the reference material but may be assay-specific.

Value-assignment methodology - The stated traceability path and uncertainty 
are only valid for the assay methodology used to assign the value of standard. 
However, for some International Standards, units are assigned for specific assays 
e.g. in bioassays or enzyme immunoassays. In such situations it will be necessary 
to value-assign a secondary standard using a specific assay method. For example, 
a pharmacopoeial bioassay standards should be value-assigned using the specific 
bioassay given in the monograph for the substance concerned. In addition, 
units of most ISs for vaccines are assigned for specific assays e.g.: tetanus and 
diphtheria toxoids are specifically for use in bioassays. 

In principle, if the IS is replaced, it should not be necessary to re-calibrate existing 
secondary standards and the new IS would be used only when a secondary 
standard is replaced. However, differences have been observed that could be linked 
to the change of the IS, e.g. when changing the IS during stability monitoring of 
secondary standards. Therefore, the suitability of the replacement standard for 
the products on the market must be checked before acceptance of the replacement 
of the replacement IS. 

Stability – As there is no higher order reference material against which activity 
can be measured, stability prediction of an IS is based on assessment of differential 
thermal stability studies involving only the IS. Stability monitoring is based 
on trending analysis as an ongoing review of real-time stability. In the case of 
secondary standards, a higher-order, stable reference material does exist and, 
whilst accelerated thermal degradation studies remain of considerable use, real 
time stability monitoring against the IS should also be incorporated into the 
stability testing program. This type of relative monitoring against the IS should be 
supplemented by an ongoing monitoring of a suitable parameter of the secondary 
standard, for example the ED50 values of the secondary standard, as appropriate 
for the type of assay concerned.

A procedure should be in place for the establishment of the secondary standards, 
and their holding and distribution including the responsibilities of the custodian 
laboratory and any other body involved in the process. A flow chart of the steps in a 
typical project are given in Appendix 1. Topics to be considered and which are discussed 
in this manual include:
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Comparability of the product under test, the secondary standard, and the IS 
with respect to their immunological characteristics. In this respect there may be 
major differences between the IS, regional standards and the so called in house 
standards

How many times should a secondary standard be tested against the IS to ensure 
adequate precision?

How should the real time stability of the secondary standard be monitored?

How to use monovalent secondary standards to test combined vaccines?

The document also gives guidance on the use and calibration of product specific 
standards and their use to demonstrate consistency

Footnote: The revised WHO manual on testing of DTP vaccines includes a section on the issues 
regarding calibration of DTP standards.
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The laboratory that is given the responsibility of producing a candidate secondary 
standard, for assessing its suitability, and for calibrating it against the IS, should take into 
account the intended use, the need for the standard and the likely usage so that the batch 
of standard produced will be expected to last for at least 3-5 years. Appropriate filling 
and processing facilities should be available, along with adequate storage facilities.

The following issues should be considered and, if necessary, a questionnaire sent to 
all likely users.

What type of assay will the standard be used in? (e.g. in vitro, in vivo)

How many vials/ampoules will be used in each assay?

How many vials/ampoules will be used annually by each user?

Which type of vaccines are intended to be tested against the secondary standard, 
and, in particular, are there important differences between products from different 
manufacturers?

In relation to the point above, is it likely that a single material will be suitable 
for use with vaccines from all manufacturers? 

Will the standard be suitable for use with both monovalent and combination 
vaccines?

What is the approved shelf life of the vaccines to be tested and therefore, 
the desirable shelf life of the proposed secondary standard? 

The number of vials of the standard likely to be used in a year can therefore be 
determined and an appropriate volume of bulk and number of vials prepared. 
Planning should also take into account the number of vials which may be required for 
calibration and stability studies.

Records to be kept at each stage of the project are detailed in Appendix 2. Examples of 
issues relating to the preparation and characterisation of standards for vaccines produced 
by different methods are given in Appendix 3.

3. Planning 
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Properties of the candidate reference standard

Vaccines produced by different manufacturers do not necessarily behave in the same 
manner in potency tests. The characteristics of the secondary standard should resemble 
as closely as possible the characteristics of test samples in the assay systems to meet the 
validity criteria used to test them. Where possible, similarities to the IS should also be 
taken into account to allow expression of the potency of the product in International 
Units.

Monovalent vaccines are sometimes used successfully as references in assays of 
combination vaccines. However, there is currently a great variety of approaches for 
preparing reference material for the assay of combined vaccines and this issue will be 
considered further by WHO. Where the immunological characteristics are not adversely 
affected, the formulation of the standard may differ from the formulation or matrices 
of the test vaccine. This may be due to the addition of an inert sugar or other material 
to the bulk in order to facilitate freeze drying or otherwise enhance the stability of the 
vaccine. However, it is necessary that the dose response characteristics of the standard 
are the same as those of test samples and parallelism between both samples has to be 
demonstrated for all types of test in which the standard will be used.

Use of a combination or monovalent secondary standard with similar if not identical 
characteristics as the test vaccine (“like vs. like”), is expected to give the most reliable 
results and can be the better choice for the manufacturers, and NCLs controlling 
products from just one manufacturer. However, such a manufacturer-specific standard 
may be unsuitable if used for products of other manufacturers. This can be a disadvantage 
when the lab intends to participate in proficiency tests.

The candidate standard may be supplied as a batch of vaccine already filled into final 
containers. It is of prime importance that the contents of the individual containers 
are homogeneous. If candidate reference standards are supplied freeze dried in final 
containers it is essential to ensure that the lyophilization process did not change the 
immunological characteristics of the vaccine. The coefficient of variation of the fill 
should be supplied along with other quality parameters such as residual moisture.

When the candidate reference standard is of commercial origin, this fact should not be 
used for advertising purposes. 

4. Selection of a 
candidate vaccine 
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For some vaccines, release is based on the demonstration of consistency in comparison 
with a product specific standard which is traceable to a batch shown to be efficacious 
in clinical trials. In such situations, the vaccine manufacturer should prepare a large 
batch of in-house standard and be prepared to supply this to all NCL’s who will be 
testing the vaccine. In such situations, authorization of the use of such standards and 
the review of the available data, should take place through the licensing procedure by 
the responsible NRA. In some situations, replacement of such standards may involve 
a collaboration between the manufacturer and NCLs who test their vaccine. The use 
of product specific reference material from one producer for assaying vaccines from 
another manufacturer should only proceed after appropriate validation and assessment 
of the suitability of the reference for that purpose.

Candidate bulk vaccine

The bulk vaccine from which the reference standard is to be produced will usually be 
obtained from a single source. It may consist of part or all of a single batch. The bulk 
vaccine selected should have an adequate purity and specific activity or concentration 
sufficient for the purposes of the assays or tests for which it is to be used.

If it is necessary to prepare the bulk by pooling material from more than one batch 
or source, the procedure employed should ensure that the pooled material is mixed 
thoroughly and is homogeneous. For bulk liquids containing proteins, care should be 
taken to avoid denaturation during mixing. In addition to any studies that may have 
been made on the individual batches before pooling, the suitability of the homogeneous 
blend should be demonstrated.

If a preservative is added to a candidate bulk which is not normally formulated with 
preservative, the added preservative should be shown to not affect the stability, 
antigenicity, immunogenicity or any other test in which the standard will be used. 
Similar considerations apply for any stabilizer or other excipient added.

If excipients derived from human blood are used, information should be available on 
the viral status of the source material.

Consideration should be given to the intellectual property (IP) surrounding 
the formulation and use of the biological materials concerned so that no IP is 
contravened.

Storage of candidate bulk vaccine to be used in the production of a 
standard

The bulk vaccine must be stored under suitable conditions before being distributed 
into final containers. Advice on optimum storage conditions should be obtained 
from the producer of the candidate reference standard before receipt of the batch. 
Sufficient samples to allow all necessary testing should be removed from the bulk before 
it is placed in storage. These samples should be stored under the same conditions as 
the bulk until they are tested.
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Liquid bulk vaccines are usually stored frozen, provided the immunological 
characteristics of the product are not affected, and special precautions should be taken 
to achieve proper freezing and subsequent thawing. However, liquid bulk vaccines may 
be stored at 2-8°C provided that their stability and sterility remain ensured under these 
conditions. In all cases, the containers of bulk vaccine should be able to withstand the 
conditions of freezing, storage, thawing, opening as applicable. In all cases, the storage 
conditions should ensure that the biological properties of the material are conserved.

Adjuvanted bulks can not be frozen and should be stored at 2-8°C. Their shelf-life is 
therefore likely to be more limited than non-adjuvanted bulks which may be frozen 
or freeze-dried.
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Quality aspects

Although manufacturing of reference standards does not require adherence to 
Good manufacturing Practices, it is important that the whole standard preparation 
process be controlled and documented within the context of a quality system. 
All operators should be trained and key variables (reagents used, operating equipment 
and process times and cycles) should be documented and any equipment used for 
manufacture or QC testing must be kept in recordable certification. Once QC testing 
is available, the manufacturing process and product attributes should be reviewed and 
approved before the standard is distributed.

Nature of the secondary standard:

Standards may be lyophilized, liquid or frozen liquid as appropriate. 
Lyophilized format is preferred as it allows for easier transportation (usually no 
need for refrigerated transport) and so offers greater assurance of stability. However, 
in some cases lyophilization may not be possible without changing the immunological 
characteristics or unacceptable loss of activity, as freezing and then dehydration 
can result in molecular changes in biological materials, and this may be particularly 
acute where the material is encapsulated in the case of cellular or bacterial reference 
standards. When lyophilisation is to be undertaken, consideration should be given 
to the subsequent reconstitution. If there are problems in reconstitution it may be 
preferable not to lyophilise. The considerable increase in processing costs resulting 
from lyophilization should not be underestimated.

If lyophilization is not possible or desirable, distribution of liquid standards may be 
possible, dependent upon the storage stability of the reference standard. This should 
be determined by temperature stressing studies; by studies at the intended storage 
temperature and accelerated degradation studies at higher temperatures. The stability 
with regards to potency and integrity of the container should be considered. It may be 
that the standard will need to be shipped and stored at refrigerated conditions (2-8ºC) 
to minimise degradation. In these cases the assurance of cold chain conditions during 
transportation needs to be considered.

Where thermal stability is insufficient to allow shipping in refrigerated conditions then it 
may be possible to freeze and transport the standard as a frozen liquid fill, provided the 
cold chain has been validated. This is the most expensive option, requiring packaging in 
dry-ice and so should only be considered as a last resort. However, for some materials 
such as live infectious viral reference standards it may be the only viable option.

5. Processing of 
final container 
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Container Format

The presentation should be evaluated during pilot studies and shown not to affect the 
characteristics of the standard

Studies have shown that reference standards stored in vials with elasotomeric 
closures, such as rubber stoppers may have inferior storage stability to those supplied 
in flame sealed glass ampoules, the preferred container for International Standards (4). 
Vials with elastomeric closures are more convenient in terms of their ease of opening 
and may indeed be preferable where infectious material is prepared reducing the risk 
from injury with glass shards.

The suitability of the container should be established by accelerated degradation study, 
particular importance should be paid to leachates from the rubber closure where liquid 
standards or frozen liquid standards are to be prepared. The suitability of the rubber 
to the storage conditions should also be assessed. Many rubber formulations have 
glass transition temperatures such that they may become brittle if stored at 
below -60ºC and this may compromise the integrity of the seal and result in leakage. 
In the case of material of commercial origin provided in final containers by the vaccine 
manufacturer, no additional data than the one generated during development of the 
vaccine for registration purpose should be generated.

Vials used should be type I neutral glass. Highly alkaline soft (soda) glass should 
be avoided. Borosilicate is difficult to work and not essential for most purposes. 
Good quality glass appropriate for pharmaceutical use should be acceptable.

Loss of water from closures on storage of hygroscopic lyophilized materials of low dry 
mass has been demonstrated and the residual moisture content of the closure should 
be established. The moisture content is prone to rise on autoclaving and so should 
be reduced again by vacuum drying or baking. The closures then should be stored 
in suitable dry conditions and used within established suitable operating shelf-life. 
Where products are back-filled to near atmospheric pressure, a securing method such as 
an over-sealing crimp or screw cap should also be included and these should be applied 
before the product leaves the clean room conditions.

Microbial bioburden

Ideally standards should be sterile, as microbial contamination may interfere with the 
assay performance of biological standards, and although strict sterility is not required 
in terms of its usage, it is advisable to minimise the risk of microbial contamination. 
This may be achieved by use of appropriate filling facilities with clean room technology 
applied to filling processes (including lyophilization where used) and appropriate 
personal protective equipment to minimise the contamination of the material during 
filling and drying where applied. Suitable environmental monitoring, including particle 
and microbial monitoring of the process area and also appropriate batch testing of the 
candidate standard will be required. 
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Excipients

The formulation of reference standards should reflect closely the test vaccines. 
Nevertheless it may be necessary to add an excipient to facilitate long term stability or 
lyophilisation of the standard (5). 

Given that a reference standard has to be stable in either liquid or lyophilized states 
common excipients which endow good storage stability in such presentations are well 
known and documented in the literature e.g. trehalose, human albumin, lactose and 
sucrose (6, 7, 8).

Typically amino acids and sugars can act as good stabilisers in both the liquid and 
frozen state and specific stabilisers may be required (for example metal ions, chelators, 
detergents, etc.) (9, 10, 11)

For the lyophilized state, sugars are widely used as excipient stabilisers and their 
selection should be made based on studies to demonstrate maintenance of biological 
activity. Sugars will also usually impart a good freeze dried appearance. Other good 
stabilisers for freeze drying include proteins. Reducing sugars should be avoided and 
sugar alcohols have less protective ability, though they may be good bulking agents. 
Where the concentration of active material is low, consideration should be given to 
losses of active material irreversibly adsorbed to the internal surface of to the container. 
Protein added to the formulation as an excipient will mitigate such losses. 

Accuracy/consistency of fill 

It is vital that the filling process be tightly controlled particularly for the lyophilized 
standards, so that the dosage of active reference standard is within tightly defined limits 
and consistent across the batch. This limit may not need to be as tight for secondary 
standards but appropriately controlled within a pre-defined range, and documented. 
This is what is achievable by the filling equipment and the precision of the assay in which 
it is used. For information, International Standards produced at NIBSC are filled within 
a coefficient of variation of 0.25% for non-viscous and 1% for viscous materials. 

These considerations do not apply to standards which are liquid or stored frozen, 
because there is no opportunity for reconstitution volume errors and volumes can be 
measured accurately at the time of use.

Freeze drying cycle issues

Lyophilization conditions should be based around the need to deliver stable standards 
of good and consistent appearance. As such formulations intended for lyophilization 
can be analysed by thermal analytical methods and/or freeze drying microscopy so 
as to determine the critical transition temperature on which to base suitable freezing 
conditions for successful subsequent drying. Thermal tempering (annealing) may help 
to give a good ice crystal structure, suitable for successful freeze drying. This may be 
particularly useful where a wide range of inorganic salts are present as for instance with 
standards formulated in tissue culture medium.
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Vacuum conditions can be selected based on the vapour pressure of ice at the 
shelf temperature selected and the optimum temperature for early freeze drying at 
sub-ambient temperature (primary drying) should be selected based upon conditions 
which will avoid the product temperature rising above that of the critical transition 
temperature determined for the formulation.

In later stages (secondary drying) the temperature is ramped up to ambient temperature 
or higher in order to drive the majority of the remaining water from the product and so 
yield a product with low residual moisture. At the end of drying the product should be 
stoppered in either a vacuum or a dry gas environment that will prevent any atmospheric 
moisture ingress into the container on storage.

In particular, where a standard is sensitive to oxidation (e.g. toxins) then the 
product should be stored in a dry and inert atmosphere, such as nitrogen or argon. 
Alternatively a vacuum can be maintained within the vial post-freeze drying. 
Oxygen content of <1-2 % has been suitable across a broad range of standards. 
Residual moisture content is also of concern as this may impact on long term 
stability.

Where the product is liquid filled it may be difficult and unnecessary to maintain a 
low oxygen atmospheric environment although a purge of inert gas post-filling may 
be appropriate where an oxidation-sensitive material is being filled. 
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Before a candidate secondary standard is calibrated against the IS, its identity should 
be confirmed.

Other tests which should be performed on the candidate standard are:

Appearance

Freeze dried standards 

The appearance of freeze-dried standards is important, as collapsed freeze dried 
materials often have raised residual moisture content. Consistent appearance 
also reassures the recipient of the inherent consistency of the reference standard. 
The appearance of the product should be checked across the batch. If possible, 
any inconsistencies in the freeze dried appearance of individual containers should be 
noted and investigated where possible e.g. through an analysis of the location within 
the dryer run. Checking appearance of the reconstituted product for colour, viscosity, 
opalescence etc. may also be indicative of the acceptability of the product at the time 
of processing and after prolonged storage. 

Liquid standards

Liquid standards should be of consistent appearance and free of any foreign particulate 
material.

Moisture

For lyophilized standards the residual moisture content is probably the most critical 
parameter with regards to long term storage stability. Protein degradation reactions 
are often water catalysed and many studies have shown that aggregation and other 
deleterious processes can be correlated to high residual water content. For long term 
storage stability a moisture content of <1% is generally used although this has to be 
considered on a case by case basis. Routine production batches usually have release 
moisture contents of not higher than 3% and this may be acceptable for secondary 
standards. Levels of residual moisture above 3% may be acceptable if suitable stability 
monitoring studies are carried out against a higher order reference material and indicate 
satisfactory stability. 

6. Characterization 
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Potency/Biologic Activity

It is essential that the material in the container is demonstrated to have retained its 
integrity, composition and potency, or biological activity, using appropriate methods. 
Its activity in the different types of assay in which it will be used should be confirmed. 
Assays based on WHO guidelines or compendial (e.g. EP or USP) should be used 
when assaying candidate standards where possible. Other assays should be validated or 
qualified as appropriate. If a method has been developed and validated by a manufacturer 
and the method transferred to a NCL, effective technology transfer and implementation 
should have been demonstrated. A suitable range of dilutions for inclusion in the 
potency tests should be identified in the transfer.

The candidate reference standard, whether filled into vials or supplied as a bulk, should 
be assayed against representative batches of vaccine from each supplier. 

For freeze-dried standards, in some cases the bio-activity may be reduced during 
freeze-drying processes. It is important to confirm activities and this can be done as 
follows:

Assess loss of activity after the freeze-drying by comparing the freeze-dried 
standard with the frozen base-line material (vaccine before freeze-drying). 

Assess the dose-response characteristics of the freeze-dried candidate standard in 
comparison with both IS and the liquid standard before freeze-drying to ensure 
the candidate reference standard resembles as closely as possible the behavior of 
liquid samples (test samples) and IS in the assay systems used for test.

If the reference standards is intended to be used for in vivo potency tests, nominal 
estimation of potency should be identified by preliminary calibration in terms 
of IS using the assay systems for its purpose. For other tests, a suitable range of 
dilutions for inclusion in the tests should be identified.

Use SDS-PAGE or other suitable physico-chemical methods to investigate 
degradation which may have occurred during the freeze-drying process. 

A set of baseline parameters may be set at this time to evaluate the stability of the 
product in the future.
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Secondary standards, used by different manufacturers and NCL’s should be calibrated 
against the current IS in a collaborative study. The participants in the collaborative 
study will be determined on a case by case basis. Laboratories should be selected on 
the basis of the test under consideration. More participants may be required to generate 
an adequate number of data sets when assays are variable. However, in some instances, 
in particular with respect to the calibration of product specific standards, the number 
of participants may be as few as one or two laboratories, eg the relevant manufacturer 
and local NCL and in such circumstances, a larger number of independent assays may 
have to be performed, to ensure sufficient precision of the assigned potency. 

Information on the assays to be used by participants should be obtained prior to the 
study being initiated. A study protocol should be prepared and sent to all participants 
along with a form to be submitted with information on and the results of each assay. 
Specimen templates for Invitation/Questionnaire, Study Protocol and Results form are 
given in Appendix 4a Examples of the documentation for the actual study documents 
for studies to establish International Standards for Whole cell pertussis, Rabies vaccine, 
Diphtheria Vaccine (Adsorbed), Yellow fever vaccine and Tetanus toxoid for the use of 
flocculation test are given in appendices 5a, 6a, 7a, 8a and 9a respectively.

Sound statistical design principles should be applied to the calibration study. 
The number of independent assays is chosen to provide a combined relative potency 
estimate with the desired precision. Only valid assays should be included in the 
calibration. The precision reflects the variability in the potency estimates that arises from 
both experimental and biological sources. When animals are used, a pre-determination 
of the necessary number of animals should be undertaken. It is therefore difficult to 
give examples of the number of assays to be undertaken in the calibration of different 
standards. The number of assays to be undertaken should ensure that the inaccuracy 
of the assigned potency of the secondary standard will not have a major impact on the 
estimated potency of the product. In some countries, the number of tests performed 
with the secondary standard should be sufficient to give a cumulative 95% confidence 
interval of the assigned potency of the secondary standard, which is at least 25% of 
the 95% confidence interval of an individual test.

Individual assays should be designed to provide an assessment of their statistical 
validity and an estimate of precision of the relative potency estimate. This is usually 
achieved by replication of samples within each assay to enable estimation of the within-
assay variability which is needed to perform the statistical tests for assay validity and 
calculate confidence limits for the relative potency. It is preferable that replicates are 
made from independently repeated dilutions of freshly made solutions and not from 
sub-sampling from a single dilution series as this could result in underestimation of the 

7. Calibration against IS 
(including collaborative 

study design)
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within-assay variability, leading to increased stringency in the statistical validity tests 
and underestimation of the true precision.

When designing a series of assays, consideration should be given to additional 
sources of variability such as the order of testing and positional or cage effects. 
These may not be negligible and allocation of treatments to experimental units should 
be made at random to avoid any systematic bias and ensure accuracy in the calibration. 
For example, randomisation of treatments across microtitre plates in a series of assays 
will avoid samples being placed in the same position on each plate which may lead to 
a consistent bias in the relative potency estimates obtained.
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The data generated within each assay undertaken as part of the calibration study should 
be analysed using the statistical analysis methods that will be used during routine use 
of the standard for potency determination. Guidance may be found in the appropriate 
monograph and statistical analysis section (1, 12, 13).

Each independent assay will provide an estimate of the relative potency of the candidate 
standard against the IS. A confidence interval for the potency gives an indication of 
the precision with which the potency has been estimated in the assay. The 95% level 
of confidence is usually used in biological assays.

The statistical validity of the fitted model should be assessed in each individual assay. 
For example, in the parallel-line and probit models, the linearity and parallelism of 
the log dose-response relationships are evaluated. A graphical inspection of all assay 
data is recommended. This will provide an indication of whether the chosen model is 
appropriate and will highlight any anomalies in the data that may not be detected when 
looking at the numerical results alone. If the statistical validity of an assay is accepted, 
the estimate of relative potency can be used. If rejected, the relative potency estimate is 
invalid and cannot be used for the calibration. It is not desirable to exclude any assays 
from the calculation of the mean unless they do not fulfil the statistical validity criteria. 
An analysis of within and between laboratories variation may be performed to assess 
precision and homogeneity of the results.

After the planned number of assays has been completed, all valid potency estimates for 
the candidate standard should be combined to produce a final mean potency estimate 
with confidence limits. In general, a weighted geometric mean and cumulative 95% 
confidence interval is used and the calculation method will depend on whether the 
estimates are consistent between assays (12, 13).

8. Statistical analysis 
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Determination of the stability of reference standards, i.e., establishing the rate of loss 
of potency or activity, under a variety of conditions is desirable for three reasons:

To provide an estimate of the length of time for which the reference standard will 
remain suitable for its intended purpose under its defined storage conditions

To define appropriate conditions for distribution of the reference standard to 
users

To determine the extent to which the reference standard will retain its activity 
over time after reconstitution.

On-going evidence of the validity of the prediction is provided by:

experience with use of the standard as reported by users

long term extended stability studies carried out at intervals appropriate for the 
particular vaccine.

Ongoing monitoring of the ED50 values of the standard

Regular confirmation of the assigned potency against the International 
Standard

The reference standards should be granted official status for use on the basis of existing 
data including long term stability data generated on the material, the consistency of the 
data generated in the assay and the regular assessment done against the IS. The date of 
preparation of the material should be indicated on each container and a batch validity 
statement should be available for each reference. 

If a candidate standard is derived from a batch of commercially produced vaccine, 
the stability studies undertaken by the manufacturer on that product will give an 
indication of the expected stability of the product. The stability and suitability for 
ongoing use as a secondary standard beyond the normal expiry date of the product may 
be assessed in assays against the IS or by review of data generated during use especially 
in case of product specific standards for which there are no IS available.

If the standard can be stored frozen at -20°C, one approach to monitor activity 
throughout the lifetime of a standard would be a comparison with a baseline sample 
stored at a lower temperature. This approach is based on the assumption that the 
“baseline” sample has no degradation by definition. 

9. Stability 
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Arrhenius stability studies apply to standard for which no stability experience is 
available on the field or to compare two products/processes. Prediction of long term 
stability by accelerated studies is unclear. Hence we suggest real time data as the best 
approach to assess the stability of the standard. However, should it be desirable or 
necessary to undertake accelerated degradation studies to predict stability, a number 
of containers should be stored at various temperatures for a period of time. Data from 
assays on samples stored at the different temperatures are analysed using the Arrhenius 
Equation which is used as the basis for predicting the rate of loss of potency of biological 
reference standards (14). This model can be used to provide predictions of the rate of 
loss of potency for the intended storage temperature, and also for temperatures that 
may be encountered during transportation. Many biological products appear to exhibit 
Arrhenius type behaviour over a modest range of temperatures and a well designed 
study for such standards may give accurate and precise estimates of expected loss of 
potency. There are, however, classes of reference standards for which the Arrhenius 
model cannot be used. These include materials stored as liquid or frozen, such as live 
virus vaccine and nucleic acids (DNA or RNA) standards. Some of the lyophilized 
standards may be sufficiently stable that detectable degradation has not occurred 
in a limited time and hence no prediction by the Arrhenius model can be made. 
The approaches to assessment of stability must thus be made on a case by case basis.

For some freeze dried vaccines (e.g. MMR), although the recommended storage 
temperature following distribution is generally 2-8°C, storage of vaccine at lower 
temperatures e.g.  -20°C may extend the shelf-life and be appropriate for the storage 
of secondary standards providing that the products is not affected.

Once reconstituted, diluted or aliquoted, users should determine the stability of the 
material according to their own method of preparation, storage and use. Any data 
available from the supplier, should be included in the Instructions for use.
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The outline of the collaborative study report which indicates information required 
to be presented is given in Appendix 4b. Examples of the study reports to establish 
International Standards for Whole cell pertussis, Rabies vaccine, Diphtheria Vaccine 
(Adsorbed), Yellow fever vaccine and Tetanus toxoid for the use of flocculation test 
are give in appendices 5b, 6b, 7b, 8b and 9b respectively.

Studies undertaken by the European Department for the Quality of Medicines and 
HealthCare (EDQM) to investigate methods or establish European Biological Reference 
preparations are published in Pharmeuropa Bio (15, 16).

10. Contents of the 
collaborative study report 
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Standards should be stored at an appropriate temperature and the temperature monitored 
and recorded on a routine basis. An alternative storage area should be available in case 
of breakdown. Standards may be stored frozen or at 2-8°C, as appropriate. The use 
of frost free freezers should be avoided as the temperature cycles vary more widely 
than with freezers which are defrosted manually. The issues relating to the stability 
of freeze dried vaccines stored at -20°C, liquid vaccines stored at -20°C or -70°C and 
liquid vaccines stored at 2-8°C will differ. The examples given in the appendices include 
consideration of the stability of examples of standards for a range of vaccines.

A protocol for monitoring the stability of the standard should be developed. This may 
include obtaining data generated during use from as many users as possible so that 
the stability of standards may be monitored using an Excel chart or other commercial 
software stability of standards e.g. titre of live viral vaccines, 50% plaque reduction 
neutralisation test (PRNT50) of antibody titre in immunogenicity tests. In addition, 
the review of potencies of vaccines on test where no changes in production have 
occurred may indicate a reduction in activity of the standard and if potencies increase 
over time. Where there is an indication of discrepant data, further investigations should 
be initiated, e.g. a small collaborative study.

The stability of the standard should be assessed periodically by assay against the IS. 
The frequency of this will be dependent on the precision of assays and the predicted 
stability (see above). 

11. Storage and monitoring 
the stability 
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Storage of standards under appropriate conditions

Distribution of standards as required under appropriate conditions

Maintenance of complete records on project

Bulk standard source and characterisation, before and after filling–

Collaborative study protocol, results, statistical analysis and report–

Stability studies–

Storage, inventory and dispatch of the reference standard. –

Number of ampoules/vials of standard established and distributed –

Recipients of the standard in case any issues arise which would require all –
users to be informed

Document feedback from users

Maintain awareness of products being assayed against the standard

Monitor stability by requesting feedback on the use of the standard which might 
contribute on-going evidence of the stability of the material

Publish the results of the study

12. Responsibilities of the 
custodian laboratory
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All ampoules or vials of the candidate standard should be labelled with the name of the 
custodian, the name of the material, any assigned code number, the assigned potency, 
the storage temperature and that this material is ‘Not for use in humans’. 

A data sheet/instructions for use should be included in every package of standard. 
This should include the following information:

the storage and shipping conditions

the potency of the standard

the type of assays in which it may be used 

instructions on the reconstitution of the vaccine

statement confirming the stability of the reference standard under conditions 
of transport

relevant safety information 

available information about stability must be clearly specified which should be 
updated should further evidence become available. If an expiry date is assigned 
to a standard, this must be clearly stated on the label. 

information on stability once reconstituted, diluted or aliquoted, should also be 
included.

contact information for feedback on any issues relating to the use, quality or 
stability of the standard

material safety data sheet

reference to collaborative study report

13. Instructions for use 
and labelling
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Standards should be dispatched under conditions which have been assessed and found 
appropriate for the stability of the standard so that their potency is not affected during 
shipping. Standards should be packaged and despatched according to international 
regulations \appropriate to the safety status of the material. This should be established 
and documented for each standard. The anticipated time in transit and ambient 
temperature should be considered. Unless stability studies have demonstrated otherwise, 
standards which are stored frozen should be dispatched on dry ice to avoid multiple 
freeze thaw cycles. Cold chain monitor freeze tag for the adsorbed secondary standards 
may also be included. Instructions for use should also contain a separate statement 
confirming the stability of the reference standard under conditions of transport.

14. Dispatch of standards
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Replacement of a secondary standard needs to be planned and timely. The process as 
described above, including calibration against the IS and not the previous standard, 
should be followed. The previous standard could be included in the study.

If additional bulk vaccine is available along with appropriate monitored storage 
conditions, the excess could be held to allow replacement with identical material. 

The approaches taken to eventual replacement of a standard should be considered when 
the proposals for preparation of the intended reference standard are drawn up. If an 
IS is not available, the replacement standard should be calibrated against the previous 
standard.

15. Batch replacement
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Appendix 1: 
Flow chart of process

Planning – calculation of amount of material required

Selection of source vaccine

Characterization of source bulk vaccine

Characterization of candidate secondary standard

Calibration against IS (including collaborative study)

Statistical analysis

Evaluation of estimated stability (if undertaken)

Preparation of collaborative study report

Establishment as reference standard

Preparation of Instructions for use and Distribution
 (with appropriate cold chain monitor) 
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Appendix 2: 
Documentation to be compiled during a 

standardisation project

Information on bulk vaccine e.g. source, batch data, correspondence with 1)
supplier

Characterization Technical records (fill logs/details)2)

Collaborative study raw data 3)

Collaborative study reports4)

Documentation recording the decision-to-establish by appropriate authority5)

In-use scientific feedback (including stability)6)
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Appendix 4: 
Collaborative study documentation

Appendix 4a: Specimen templates for Invitation/
Questionnaire, Study Protocol Results form

Specimen invitation to participate in a collaborative study

Dear…………………..

I am writing on behalf of xx to invite you to participate in a collaborative study to 
establish a national/regional Standard for xx. The aims and provisional structure and 
timelines of the study are set out in the attached draft study protocol. The study will 
involve testing the IS and x vaccines in xx many assays

May we ask you to:

Confirm if you are able to participate in this study1)

If you are, fill in the attached methodology questionnaire2)

Offer any comments on the proposed study protocol relevant to your 3)
contribution.

It is normal practice to acknowledge participants as contributors of data rather than 
co-authors in publications describing the establishment of the standard. Individual 
participants’ data will be coded and reported “blind” to other participants during the 
preparation of the study report, and also in subsequent publications.

Thank you for considering this request. We hope you can agree to participate.

Yours sincerely

######################
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Specimen Questionnaire

Name of participant:
Address:
Telephone
Fax
E-mail

I would like to*/am unable to* participate in the Collaborative Study to assess the 
suitability of candidate reference material to serve as the National Standard xxxxx.
(* delete as appropriate) 

Include any additional information required for shipping materials

Brief description of method

Vaccines tested routinely
Manufacturer, Trade name, Number of batches per year

Signed:

NAME

Date:

Please return to: 
xxxxxxxxxxxxxx
FAX xxxxxxxxx   email address xxxxxxxxxx
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Specimen Draft Protocol for a collaborative study to assess the suitability 
of candidate secondary reference material for xxx

Background
Including need for standard, availability+ information on IS, specifications

Information on materials to be included in the study 
IS
Candidate Standard 
Any other samples

Include any advice on storage, biosafety etc, reconstitution (if freeze-dried)

Assay Methods
WHO/pharmacopoeial or method in use in laboratory

Design of study
Number of assays
If more than 2 samples (IS + candidate secondary standard) are being tested, 
emphasize inclusion of all study samples in each assay.

Results and data analysis
Supply data sheet so that all essential information can be recorded. 
A separate data sheet should be completed for each experiment. 

Timelines
Appendix 4c)

Result sheet – Title of study

Participant

Laboratory

Date of assay

Method – WHO, in-house, other

Animal assays
Dates of immunization, challenge/bleeding, dilutions tested
Method of randomisation
Animal species, age, weight, sex
Number of animals per group
Number of animals responding
Participant’s calculation of potency of each vaccine in IU

If sera tested for antibodies by EIA or neutralization - dilutions tested; method, 
responses (OD, plaque number etc), data from relevant controls
The sera tested for antibodies can be in animals, e.g. for Diphtheria and Tetanus toxoids 
by NIH methods - dilutions tested; method, animal species, number of animals per 
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group, number of animals responding, data from relevant controls
Participant’s calculation of potency of each vaccine in IU

In vitro assays
Dilutions tested, method , Elisa kits used, response, cut-off (if relevant), data from 
relevant controls
Participant’s calculation of Potency of each vaccine in IU

Return to xxx; 
Fax number; e-mail address
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Appendix 4b: Collaborative study report 
Outline of the contents required

Introduction including the background and need for the secondary reference 
standard.

Materials
Candidate standard - Description of the bulk material including its source, 
whether a batch of vials or a bulk; whether batches of bulk material were 
combined and, if so, the procedure used; the composition of the material filled 
including buffers, diluents, bulking agents, or stabilizers; the identifying code of 
the candidate reference standard.

Other study samples 

IS name and code

Participants
Assay methods including number of assays participants requested to perform
Any stability data
Results including statistical analysis, identity blinded if appropriate

the numbers of valid and invalid results.

the grounds for any exclusion of outlier results (e.g., non-parallelism or non-
linearity).

a comparison of assay results from materials tested by different assay methods, 
together with their interpretation and comments on particular factors, such as 
the frequency distribution of the estimates, differences in potency estimates and 
any observed factors which may account for these, and differences observed 
between different assay methods.

for each laboratory using a given assay method, the within-assay variation and 
the overall between-assay variation where possible.

the overall estimates of relative potencies by each assay method, calculated both 
with and without outlying results.

The final figure for the overall estimate of the potency of the proposed reference 
standard, comments on the validity of the overall estimate, and if appropriate, 
the 95% confidence intervals and the method of deriving them.

Discussions/conclusions
Proposed value assignment
Tables and figures
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Appendix 5: 
Study documentation: 

Whole cell pertussis 

Appendix 5a: Invitation/Questionnaire, Study Protocol, 
Results form

Invitation letter

Ref. International collaborative study on proposed new International Standard for 
pertussis vaccine (whole cell, code 94/532)

Dear …..

Although whole cell pertussis vaccine has been largely replaced by acellular pertussis 
vaccines in North America, Western Europe and Japan, whole cell pertussis vaccine is 
still widely used in many developing countries and in some countries in Eastern Europe. 
Therefore an International Standard for whole cell pertussis vaccine is needed and is 
likely to be necessary for a considerable time.

The current standard is the Third International Standard (ampoule code 66/303) which 
was established in 1998 (WHO TRS 897, WHO ECBS 49th Report, 2000). This material 
was originally prepared from the same bulk material as the Second International 
Standard, and included in a collaborative study with it (Seagroatt and Sheffield, 1981), 
and its stability was confirmed by subsequent study before its establishment in 1998 
(Biologicals 29:133-136). 

A planned candidate replacement standard (ampoule code 94/532) has been freeze-dried 
in NIBSC in 1994 and is currently available. A collaborative study to compare this 
candidate with the Second International Standard (ampoule code 66/302) was organized 
by SSI Copenhagen and carried out in 1995-1996, together with some preliminary 
stability testing. The remaining ampoules of this material were transferred to NIBSC 
together with the data for this study in 1998. At that time there were some questions 
about the stability of the Second International Standard, and the full analysis of this 
study was therefore not completed pending clarification of this issue. Several subsequent 
studies have included the Second International Standard and have not confirmed the 
suggested instability (see Discussion in Biologicals 29:133-136). 

The ECBS (55th meeting, 2004) suggested that further collaborative study of the stability 
of the candidate replacement standard and comparison of the candidate replacement 
standard with the current Third IS is needed before it is considered for establishment. 
The ECBS also suggested that the collaborative study should include regional reference 
standard(s) if possible. 
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We are organizing an International Collaborative Study to confirm the activity of 
94/532 against current 3rd IS (66/303). A regional Reference Pertussis vaccine will also 
be included in this study. Participants will requested to perform two independent 
Kendrick tests on these preparations. 

We cordially invite your laboratory to participate in this collaborative project if you 
still perform the Kendrick test routinely. Attached is a reply form for your convenience. 
If, as we hope, you are able to participate in this study, we would appreciate your 
returning the reply form before (a defined date) preferably by e-mail (aaaaa@bbbb.
cc) or telefax (00 0000-000-000). Samples will be shipped to confirmed participants 
in February/March, and it is hoped that data can be returned by (a defined date). 
A draft report of the study will then be prepared and circulated to participants for 
their comments. 

We hope that you will be able to participate in this study, and look forward to hearing 
from you.

Yours sincerely,

Name of the project leader
Title
Institution
Mailing address
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Study proposal and assay sheet for the pertussis collaborative study

Ref. International collaborative study on proposed new International Standard for 
pertussis vaccine (whole cell, code 94/532)

Dear …..

Thanks for agreeing to participate this collaborative study. Please find the study protocol 
and assay sheets. 

Study protocol for laboratories

Introduction

Although whole cell pertussis vaccine has been largely replaced by acellular pertussis 
vaccines in North America, Western Europe and Japan, whole cell pertussis vaccine is 
still widely used in many developing countries and in some countries in Eastern Europe. 
Therefore an International Standard for whole cell pertussis vaccine is needed and is 
likely to be necessary for a considerable time.

The current standard is the Third International Standard (ampoule code 66/303) which 
was prepared in 1966. This material was originally prepared from the same bulk material 
as the Second International Standard, and included in a collaborative study with it 
(Seagroatt and Sheffield, 1981), and its stability was confirmed by subsequent study 
before its establishment in 1998 (Biologicals 29:133-136). 

A planned candidate replacement standard (ampoule code 94/532) has been freeze-dried 
in NIBSC in 1994 and is currently available. A collaborative study to compare this 
candidate with the Second International Standard (ampoule code 66/302) was organized 
by SSI Copenhagen and carried out in 1995-1996, together with some preliminary 
stability testing. The remaining ampoules of this material were transferred to NIBSC 
together with the data for this study in 1998. At that time there were some questions 
about the stability of the Second International Standard, and the full analysis of this 
study was therefore not completed pending clarification of this issue. Several subsequent 
studies have included the Second International Standard and have not confirmed the 
suggested instability (see Discussion in Biologicals 29:133-136). 

U.S. standard pertussis vaccine Lot No. 11 was established in 1994 (Biologicals, 1996, 
24: 363) and is presently being used as a standard in the PAHO region. 

The ECBS (55th meeting, 2004) suggested that further collaborative study of the stability 
of the candidate replacement standard and comparison of the candidate replacement 
standard with the current Third IS is needed before it is considered for establishment. 
The ECBS also suggested that the collaborative study should include regional reference 
standard(s) if possible. 

Participants

Laboratories who currently perform Kendrick test for whole cell pertussis vaccine/or 
whole cell pertussis based combination vaccines. 
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Aims of the study

To assess the suitability of the candidate to serve as the 4th IS for whole cell pertussis 
vaccine

To assign a unitage to the candidate 4th IS

To compare the activity of the 3rd IS, the candidate 4th IS and the U.S. Lot No.11 
(PAHO regional standard) 

To confirm the stability of these preparations by assessing the relationship among 
them and showing consistency with their nominal unitages based on previous assays 
in terms of the 2nd IS 

Materials

66/303: Current 3rd IS (a freeze-dried preparation of whole cell pertussis vaccine) 
was established in 1998 (WHO TRS 897, WHO ECBS 49th Report, 2000). This material 
was originally prepared from the same bulk material as the Second International 
Standard, and included in a collaborative study with it (Seagroatt and Sheffield, 1981), 
and its stability was confirmed by subsequent study before its establishment in 1998 
(Biologicals 29:133-136). This standard has been assigned of 46 IU/ampoule. 

94/532: Candidate for 4th IS. Freeze-dried preparation and estimate potency of 
40 units/ampoule. 

U.S. Lot No. 11: Freeze-dried preparation, established in 1994. The potency of this 
preparation was defined to be 90 IU/ampoule against 2nd IS and U.S. Master Standard 
pertussis vaccine Lot 4.

In-house reference preparation: Participants are also encouraged to include their in-
house reference preparation if available. 

Method:

The three standards are distributed to the participants in appropriate packaging. 
There is sufficient 66/303 and 94/532 material for additional assay to be performed in 
instances of assay invalidity. However, only limited ampoules of the U.S. Lot 11 are 
available. Therefore for this preparation there will be no additional material available for 
any repeat assay. Laboratories are asked to pay attention for handling of this material. 
Participants are also encouraged to include their own working reference preparation 
in the assays. The participating laboratories are asked to perform Two independent 
assays using their own routine procedures, reagents and analytical methods and report 
all assays.

Laboratories are requested to schedule sample analysis so that all results are ready 
for submission not later than October 2005 and to complete assay sheets for data 
submission. Raw data must be submitted to permit recalculation of assays using a 
common method. Results are reported to NIBSC on a standardised form. In addition, 
participants complete a questionnaire on the methodology used. 
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Collection and Analysis of Data:

NIBSC will be responsible for the collection, review, and coding of data submitted by 
the participating laboratories. At NIBSC, data will be collected, coded and entered into 
a database for analyses. A report will be prepared and distributed to all participants 
for comments. Laboratories will be identified by a code in all analyses to maintain 
confidentiality. 

Data and results should be returned to: 

Dorothy K.L. Xing (PhD)    Rose E. Gaines Das (PhD)
Senior Scientist      Senior Scientist 
Division of Bacteriology    Informatics Laboratory
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International collaborative study on proposed new International 
Standard for pertussis vaccine (whole cell, code 94/532): 

Results sheets

Sample preparation and dilution

Name of laboratory:

Potency assay no:

3rd International standard (66/303): (46 IU/ampoule)

 Reconstitution

volume

Vol. of reconstituted IS 
or vol. from dilution A, 

B, C

Vol. of 
diluent

Immunisation
vol./per
mouse

Resulting
dose (IU/

dose)

A (First dilution)

B (Second dilution) 

C (Third dilution )

D (Forth dilution) 

Candidate 4th IS (94/532) (~40 IU/ampoule)

 Reconstitution

volume/or initial volume

Vol. of reconstituted 
(initial) in-house ref. or 

from dilution A, B, C

Vol. of 
diluent

Immunisation
vol./per
mouse

Resulting
dose (IU/

dose)

A (First dilution) 

B (Second dilution) 

C (Third dilution) 

D (Forth dilution) 

US Lot 11 (90 IU/ampoule) (to be deleted)

Dilution
Vol. of original sample or 

from dilution A, B, C
Vol. of 
diluent

Immunisation
vol/per
mouse

Dilution
factor of 
original
sample

A (First dilution) 

B (Second dilution) 

C (Third dilution) 

D (Forth dilution) 
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In-house reference 

Dilution
Vol. of original sample or 

from dilution A, B, C
Vol. of 
diluent

Immunisation
vol/per
mouse

Dilution
factor of 
original
sample

A (First dilution) 

B (Second dilution) 

C (Third dilution) 

D (Forth dilution) 

Standardised report form (continued )

Name of laboratory:

Your potency assay no:

Date of Immunisation:

Date of Challenge:

Vaccine Dose IU per dose Number of 
mice

Number of 
mice dead 72 
hours after 
challenge

Number of 
mice alive 

14 days after 
challenge

rd IS

(46IU per 
ampoule)

A

B

C

D

Candidate 4th IS 

(~40 Units per 
ampoule)

A

B

C

D

 U.S. Lot 11
(90IU per 
ampoule)

A

B

C

D

Your in-house
Reference

A

B

C

D

IS= International standard

IU per dose for IS and in-house reference. Please give details of doses on 
“Sample preparation and dilution” form.



WHO Manual for the establishment of national and other secondary standards for vaccines46

Name of laboratory:

Your potency assay no:

Date of Immunisation:

Date of Challenge:

Control of 
challenge Dose

Number of 
organisms
per dose

Number of 
mice

Number of 
mice dead 72 
hours after 
challenge

Number of mice 
alive 14 days 

after challenge

1

2

4

5

Calculations against 3rd International Standard

Calculated Results Potency (IU/dose)

94/532

U.S. Lot 11 To be deleted

Questionnaire

International collaborative study on proposed new International Standard for 
pertussis vaccine (whole cell, code 94/532): 

Name of laboratory:

Potency assay no:

Mouse Strain used and immunisation
Origen of mouse strain:

Sex of mice:

Number of mice per cage:

Age (range) or weight (range) of mice on day of immunisation:

Interval between immunisation and challenge:

ED50 for IS:

ED50 for in-house reference: 
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Preparation of challenge strain
Origin of  challenge strain:

Medium used to grow challenge:

Number of subcultures:

Temperature of incubation:

Age of challenge culture:

Medium used to prepare challenge suspension:

Inoculation of mice (with challenge)
Route:

Volume inoculated per mouse:

LD50 of challenge strain:

Time from preparation of challenge suspension to inoculation of last mouse:

Count of viable organisms in challenge suspension
Medium used:

Range of colony-forming units in inoculum:

In-house reference
Supplier:

Unitage per ampoule or vial ( and how unitage was determined if known):

Is it a freeze-dried preparation:

Storage conditions

Criteria used for assay validity
Details of the assay validity criteria by each participant should be given below.

Any other details or comments:
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Appendix 5b: Collaborative study report 

WHO/BS/06.2036
ENGLISH ONLY

EXPERT COMMITTEE ON BIOLOGICAL STANDARDIZATION
Geneva, 23 to 27 October 2006

STUDY REPORT
INTERNATIONAL COLLABORATIVE STUDY TO:

EVALUATE A CANDIDATE REPLACEMENT
INTERNATIONAL STANDARD FOR WHOLE CELL PERTUSSIS 

VACCINE
CODE 94/532

D. Xing, R Gaines Das, P. Newland and M. Corbel

Division of Bacteriology and Informatics Laboratory
National Institute for Biological Standards and Control

Potters Bar, Hertfordshire, EN6 3QG, UK

© World Health Organization 2006

All rights reserved. Publications of the World Health Organization can be obtained 
from WHO Press, World Health Organization, 20 Avenue Appia, 1211 Geneva 27, 
Switzerland (tel.: +41 22 791 3264; fax: +41 22 791 4857; e-mail: bookorders@who.int).
Requests for permission to reproduce or translate WHO publications – whether for 
sale or for noncommercial distribution – should be addressed to WHO Press, at the 
above address (fax: +41 22 791 4806; e-mail: permissions@who.int).

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

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

All reasonable precautions have been taken by the World Health Organization to 
verify the information contained in this publication. However, the published material 
is being distributed without warranty of any kind, either expressed or implied. 
The responsibility for the interpretation and use of the material lies with the reader. 
In no event shall the World Health Organization be liable for damages arising from 
its use. The named authors [editors] alone are responsible for the views expressed in 
this publication.
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Summary

The Third International Standard for Pertussis Vaccine was prepared about 40 years ago 
and needs replacement as recommended by the ECBS (49th meeting, 1998; 55th meeting, 
2004). We report here the results of evaluation of a candidate material, in ampoules coded 
94/532. This evaluation consists of two parts. The first part comprises an initial study 
launched in 1995 with the aim of assessing the suitability of the candidate standard by 
comparing it with the Second International Standard for Pertussis Vaccine (IS2) and 
was carried out by 13 laboratories in 11 countries. The second part comprises a study 
launched in 2005 in which the candidate standard has been compared with the now 
current Third International Standard for Pertussis Vaccine (IS3) by 16 laboratories in 
14 countries. Over this period of time various other studies including the international 
standards have also been carried out and the results of those studies are also considered 
in assessing likely continuity of the IU for activity of pertussis vaccine. 

Analysis of this evaluation gives a consistent calibration of 40 IU (95% limits 37 to 
43 IU) per ampoule for the candidate standard in terms of IS2 and IS3, and no apparent 
differences in dose – response curves were detected. Available data indicate that the 
candidate standard is sufficiently stable to serve as an international standard. On the basis 
of the results of the evaluation reported here, and with the agreement of the participants 
in the most recent study, it is recommended that the candidate standard be established 
as the Fourth International Standard for Whole Cell Pertussis Vaccine and that it be 
assigned an activity of 40 IU per ampoule on the basis of its calibration in terms of the 
Second and Third International Standards for Pertussis Vaccine (Whole Cell).

Introduction

Although whole cell pertussis vaccine has been largely replaced by acellular pertussis 
vaccines in North America, Western Europe and some Asian countries, whole cell 
pertussis vaccine is still widely used in many developing countries and in some countries 
in Eastern Europe. Therefore an International Standard for whole cell pertussis vaccine 
is needed for potency control test (Kendrick test) and is likely to be necessary for a 
considerable time.

The current standard is the Third International Standard (ampoule code 66/303) which 
was established in 1998 (WHO TRS 897, 2000). This material was originally prepared 
from the same bulk material as the Second International Standard (ampoule code 
66/302), and included in a collaborative study with it (Seagroatt and Sheffield, 1981), 
and its stability was confirmed by subsequent study before its establishment in 1998 
(Xing et al., 2001). 

A candidate replacement standard (ampoule code 94/532) was prepared in 1994 from a 
bulk material kindly donated by CSL, Australia, in early 1994. A collaborative study to 
compare this candidate with the Second International Standard (ampoule code 66/302) 
was organized by Dr Gert Albert Hansen, Statens Seruminstitut (SSI), Copenhagen. 
This study was carried out by 15 laboratories in 1995-1996, together with some 
preliminary stability testing. In 1997, the remaining ampoules of this material 
(2790 ampoules) were transferred to National Institute for Biological Standards 
and Control (NIBSC), UK, together with the data for this study. At that time 
there were some questions about the stability of the Second International Standard 
(Dobbelaer R,WHO BS/89.1617 1989), and the full statistical analysis and report of 
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this study were not completed pending clarification of this issue. Several subsequent 
studies have included the Second International Standard and have not confirmed the 
suggested instability (see discussion in Xing et al., 2001). 

The current Third IS (66/303) was prepared about 40 years ago and the stock is running 
low. Therefore there is a need for replacement. The ECBS (55th meeting, 2004) suggested 
that the stability of the candidate replacement standard (94/532) should be assessed and 
the candidate standard should be compared with the current Third IS. The ECBS also 
suggested that this collaborative study should include regional reference standard(s) 
if possible. 

Aims of Study

This study consists of two parts. The first part comprises an initial study launched 
in 1995 with the aim of assessing the suitability of the candidate standard 94/532 by 
comparing it with the Second International Standard for Pertussis Vaccine. Throughout 
this report, this part is denoted O1995. The second part comprises a study launched 
in 2005, denoted N2005 in this report. In this study the candidate standard has been 
compare with the current Third International Standard for Pertussis Vaccine.

The primary aim of each part of this study is to assess the suitability of the candidate 
standard 94/532 to serve as an International Standard for whole cell Pertussis Vaccine 
and, subject to its suitability and stability, to assign to it a unitage which as far as 
possible maintains continuity of the international unit assigned to pertussis vaccine. 
Additionally, study N2005 was to include the PAHO regional standard. It was further 
anticipated that information from N2005 would provide information regarding the 
relationship among the various preparations studied.

Participants in the Study

A total of 16 laboratories from 14 countries participated in N2005 (Table 1A) and 
13 laboratories from 11 countries participated in O1995 (Table 1B). Through out 
this report, each laboratory in study N2005 has been assigned a code number from 
1 to 16, and each laboratory in study O1995 has been assigned a code number 
from 1 to 14 (except that the numbers 9 and 13 are not used, code numbers 11.1 and 
11.2 were assigned to two different laboratories, and code 7.1 has been used to indicate 
a modification of the assay method). These numbers are not related to the order of 
listing of the participants in Table 1 which are listed alphabetically by country. 

Participants in study N2005 have been sent copies of this report for comment and 
confirmation of their data. It was not feasible to contact participants in study O1995, 
and data have been taken as reported at the time of that study.
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Materials

A. Materials included in the N2005 study:

Whole cell pertussis vaccine preparation 66/303 
The current 3rd IS (a freeze-dried preparation of whole cell pertussis vaccine) was 
established in 1998 (WHO TRS 897, WHO ECBS 49th Report, 2000). This material was 
originally prepared from the same bulk material as the Second International Standard, 
and included in a collaborative study with it (Seagroatt and Sheffield, 1981). The stability 
of this material was confirmed by subsequent study before its establishment in 1998 
(Xing et al, 2001). This standard has been assigned an activity of 46 IU/ampoule. 

Whole cell pertussis vaccine preparation 94/532: (denoted CIS4 through out this 
report)
Six litres of killed  suspension was generously supplied by CSL Australia 
in 1994 (lot 0588196) and was stated by the manufacturer to have a density of 
150 International Opacity Units in terms of the International Opacity Standard. 

One ml aliquots of the material (in phosphate buffered saline (pH 6.8- 7.4) with 8% 
dextran and 5% glucose and maintained at +4ºC) were filled into glass ampoules and 
then freeze dried on a five day cycle (starting shelf temperature of -40ºC) followed 
by secondary desiccation for a further six days over phosophorus pentoxide under 
vacuum and the ampoules finally back filled with high purity nitrogen before sealing. 
The precision of fill was determined by weighing 75 ampoules taken at 2-3 minute time 
intervals and the results showed a mean of 1.018gs with a CV of 0.26%. 

The sealed ampoules were integrity tested by immersion in water under vacuum with 
added dye. No failure was determined. Moisture content determinations were carried 
out by Karl Fischer titration, showed a mean of 1.69% of dry weight with a CV of 0.78%. 
The ampoules were coded 94/532 and the entire batch was sent to the International 
Laboratory for Biological Standards (SSI) in Copenhagen in 1994.

A collaborative study to compare this candidate preparation with the Second 
International Standard (ampoule code 66/302) was organized by SSI, Copenhagen 
and carried out in 1995-1996, together with some preliminary stability testing. 
The remaining ampoules of this material were transferred back to NIBSC in 1997. 
Currently (2006), 2600 ampoules of 94/532 are available and they are stored at -20ºC 
in the dark at NIBSC, South Mimms, UK. This candidate material for the 4th IS whole 
cell pertussis vaccine has a nominal potency of 40 International Units / ampoule. 

Whole cell pertussis vaccine preparation U.S. Lot No. 11 (ampoule coded PV93 – 1, 
denoted US11 throughout this report):
Freeze-dried preparation, established in 1994. The potency of this preparation was 
defined to be 90 IU/ampoule based on a collaborative study comparing it with the 
2nd IS and U.S. Master Standard pertussis vaccine Lot 4 (Jansen and Meade,1996). 
This material is presently being used as a standard in the PAHO region. 

In-house reference preparations:
Participants were also encouraged to include their in-house reference preparation (IHR), 
if available. The IHRs are listed in Appendix I, Table 1A.
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B. Materials included in the O1995 study:

Whole cell pertussis vaccine preparation 66/302 (denoted IS2 throughout this 

The second IS pertussis vaccine, was established in 1980 (WHO Technical Report 
Series No. 658, 18 1981) with assigned potency of 46 IU/ampoule. It was produced at 
NIH, Bethesda USA and was freeze dried at NIBSC in 1966 and distributed by SSI. 
Remaining stock (<200 ampoules) were shipped back to NIBSC in 1997.

Whole cell pertussis vaccine preparation PIS (94/532): (denoted CIS4 throughout 
this report)
As described for study N2005 above. The candidate standard which was freeze dried 
at NIBSC in 1994 and subsequently sent to SSI who organised the first (1995-6) 
collaborative study. Please see details as above. 

Whole cell pertussis vaccine preparation CPV (PERV): (denoted CPV throughout 
this report)
This preparation was the discontinued (1980) 1st IS for pertussis vaccine which had 
been established in 1957. This preparation had an assigned unitage of 35 IU/ampoule 
and had been calibrated against the US Pertussis Vaccine Master Lot 4 in 1956 (WHO 
Tech report series 127 1957). It was used as a contol pertussis vaccine in this study.

The in-house reference preparations(IHR)
 IHR used by the participants are listed in Appendix I, Table 1B.

Study Design:

A. N2005 Study:

Participants were asked to perform two independent assays each to include CIS4, IS3, 
US11 and their IHR (if available) using their own routine procedures, reagents and 
analytical methods. Results were reported back to NIBSC on standardised forms. 

B. O1995 study:

Each participant received ampoules of CIS4, IS2 and the CPV. The ampoules of CIS4 
had been separately numerically coded. Participants were requested to perform at least 
four potency assays. As an option, participants were encouraged to do two additional 
potency assays (a total of six assays). Half of the assays included two independent 
ampoule(s) of 94/532 as individual samples and the standard vaccine (66/302) and the 
remaining assays included one ampoule of 94/532, the positive control CPV and standard 
vaccine (66/302). The national or in-house reference was also included in these assays 
(if available). Standardised forms and a methods questionnaire were also included for 
the participants to return their results to SSI for analysis.

Assay Method:

The Active Mouse Protection Test (Kendrick et al, 1947) was used by all laboratories in 
both studies. Assays were carried out using intracerebral challenge of mice from local 
sources with the strain of  customarily in use in the individual laboratory. 
A summary of assay details is given in Table 2A for N2005 study and Table 2B for 
O1995 study.
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Statistical Analysis

Individual assays have been assigned a number which is generally consistent with 
the chronological order in which the assays were performed. In study O1995 assay 
numbers followed by ‘.1’ indicate an assay method variation (in the case of laboratory 
7, 7.1 has been used to denote this method variation in some tables).

All data were entered and preliminary analysis was carried out considering each assay 
as a multiple parallel line assay. Overall consistency with the parallel line assay model 
was assessed using probit transformed responses with the assumed ‘natural’ response 
limits of 0% and 100% responses. However, the asymptotic limits of the responses 
for each preparation in each assay were also fitted. Data from assays with preparations 
showing response limits significantly different from 0% and 100% and assays which 
showed statistically significant deviations from the parallel line model (p < 0.05) were 
considered in detail, and in some cases anomalous responses or preparations were 
omitted before further analysis. For a small number of preparations the largest response 
was less than 50% or the smallest response was greater than 50%. In no case was the 
largest response less than 40% or the smallest response greater than 62%, and these 
preparations have not been omitted from analysis.

The estimates of relative potency reported are based on analysis of the contributed 
assays as multiple parallel line assays using probit transformed responses and assuming 
the ‘natural’ response limits of 0% and 100% for numbers responding. Assays included 
did not show statistically significant deviations from parallelism. The slope based on all 
preparations included in the assay was therefore considered to be more reliable than the 
slopes which would have been obtained for pair-wise comparisons only. Nevertheless, 
slopes were separately examined for any consistent differences across all assays which 
might have indicated slight non-parallelism which was not detected as statistically 
significant in the individual assays. After deletion of anomalous data as detailed in 
results, any assays for which the deviations from either linearity or parallelism are 
significant (p < 0.05) and for which the total deviations from the model are also 
significant (p < 0.05) are taken to be invalid, and estimates from these assays are not 
included in the combined mean estimates.

Estimates of the number of organisms giving an LD50 have been obtained by fitting 
(using SAS® PROC PROBIT) a function relating the probit response to the logarithm 
of the dose assuming the ‘natural’ response limits of 0% and 100%.

Estimates have been assessed for homogeneity using a chi-square test for homogeneity. 
Estimates have been combined as geometric means. As noted with the combined 
estimate, these are unweighted geometric means or, for some groups of estimates which 
do not show significant deviations from homogeneity, weighted geometric means. In 
the case of weighted geometric means, the 95% limits for the mean estimate are based 
on the total weights of the estimates combined. In the case of unweighted geometric 
means, the 95% limits are based on the variance of the logarithms of the estimates 
combined.
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Results

Preliminary consideration of data

A total of 31 assays from 16 laboratories were contributed to study N2005, and a total 
of 70 assays from 13 laboratories were contributed to study O1995. 

The reported data from laboratory 3 in study O1995 appear to give large numbers 
of deaths occurring during the first 72 hours. However, for all assays the total of 
this number and the number responding, that is, the number alive at 14 days, is 
consistently the total number of mice tested. It is not clear whether this has resulted 
from a misinterpretation of the data form. The analysis reported here is based on the 
reported numbers responding as if there were no deaths during the first 72 hours. 
The reported data from assay 4 in laboratory 11.2 in study O1995 also indicated excessive 
numbers of deaths during the first 72 hours. This was not the case of other assays from 
this laboratory, and this assay has been omitted from analysis. For one preparation in 
one assay in each of studies N2005 and O1995 the smallest response was not less than 
50%, and for one preparation in one assay in study N2005 and for four preparations 
in four assays in study O1995 the largest response was not greater than 50%. 
These preparations have been included in the analysis.

Preliminary analysis of the data showed that for the majority of preparations the fitted 
response limits did not deviate significantly from the ‘natural’ limits of 0% and 100% 
and that the majority of assays did not deviate significantly from the linear parallel 
line model. However, there were a few laboratories in which there were a number of 
preparations with fitted limits significantly different from the ‘natural’ limits and these 
tended also to be laboratories in which several assays showed significant deviations 
from the linear parallel line model. Most notable were laboratories 10 and 14 in study 
N2005 and laboratories 1, 8 and 12 in study O1995, with occasional anomalous assays 
in other laboratories. In most of these assays, the natural response rate was significantly 
larger than 0%; that is, small numbers of mice survived at low doses of vaccine, 
and the dose – response line became non-linear as the dose of vaccine decreased. 
The available data suggest that the ‘true’ response limit is likely to differ between 
different assays as well as between different laboratories. However, these data are 
insufficient for reliable estimation of the response limit. Therefore, for these assays 
low doses of vaccine giving small responses which are not consistently increasing have 
been omitted from analysis. 

There were also a limited number of cases in which one preparation in an assay gave 
anomalous responses which were not consistent with the responses of that preparation 
in other assays in the same laboratory, and these preparations have also been omitted 
from the final analysis. 

Data omitted from analysis are summarized below and are identified in the appendix 
of all reported data. Most deletions are of doses giving responses apparently at the 
maximum (or minimum) of the response range, and for which responses showed no 
further increase (or decrease) when compared with smaller (or larger) doses of the same 
preparations. Thus, the smallest doses of vaccine were omitted from most preparations 
in most assays of laboratories 10 and 14 in study N2005 and of laboratories 1 and 
12 in study O1995, and also from most preparations in assays 1.1 and 2.1 in laboratory 
7 and assay 4 in laboratory 8 in study O1995. The largest doses of vaccine were omitted 
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from most preparations in assay 6 of laboratory 4 and assay 3 of laboratory 12 in 
study O1995. In addition to these deletions of doses giving responses apparently at the 
limits of the response range, five anomalies were noted and omitted from the total of 
463 preparations, namely for two preparations (US11 and IHR, all doses omitted) 
in assay 2 of laboratory 13 in study N2005, for two preparations (CIS4 and IHR, 
one dose from each omitted) in assay 3 of laboratory 6 and one preparation (CPV, 
one dose omitted) in assay 1 of laboratory 8 in study O1995.

After omission of these non-monotonic or anomalous responses, all assays showed a 
satisfactory fit to the parallel-line model, with the probability of deviations from the 
model greater than 0.05 for all except two assays. These were assays 3 from laboratory 
1 and 2 from laboratory 12, both in study O1995.

The LD50 of the challenge was determined from the data for each assay, by fitting the 
log dose – probit response line assuming natural response rates of 0% and 100%. 
These values are given in Table 3.

Comparison of dose – response lines

The slopes of the log dose – probit response lines for each preparation in each assay 
are listed in Appendix I, Table 2. Analysis of the individual assays did not indicate 
any significant differences among the preparations compared, based on the values of 
the chi-square test for deviations from the parallel line model. Slopes were additionally 
assessed for any consistent differences across all assays in the study. Comparison of 
the slopes within the same assay for duplicate ampoules of CIS4 in study O1995 
showed no significant difference between them (probability of paired t-test ~ 0.7). 
Similar comparisons of slopes for CIS4 and IS2 in study O1995 and for CIS4 and IS3 
in study N2005 showed no consistent differences between these pairs (probability 
of paired t-test > 0.3 in each case). Comparison of slopes for either IS3 or CIS4 and 
US11 in study N2005 did not show any consistent differences. In contrast, comparison 
of slopes for CPV with either CIS4 or IS2 in study O1995 suggested that there may be 
a tendency for the slopes of the dose – response lines for CPV to be less than those for 
CIS4 or IS2 (probability of paired t-test < 0.05 for each comparison).

Comparison of duplicate ampoules of Candidate Standard CIS4

In one assay of study N2005, and in 26 assays in study O1995, independent ampoules of 
CIS4 were directly compared in terms of potency with one another. These 27 individual 
estimates were homogeneous (p chi-square test ~ 0.5) and gave a weighted geometric 
mean of 1.08 with 95% limits 0.95 to 1.23 (Appendix I, Table 3). This observed value 
is in good agreement with the expected value of 1 for identical ampoules. 

The geometric mean weight over these assays was 39. This provides an estimate of 
the within assay variance and corresponds to 95% limits for an individual estimate of 
potency from 48% to 209% of the estimated value. The unweighted geometric mean 
of these estimates was 1.02 with corresponding weight 21 (determined as the reciprocal 
of the variance of log10 of the potency estimates) which corresponds to 95% limits for 
an individual estimate of potency from 37% to 273% of the estimated value. Thus the 
directly observed variance (pooled over assays and laboratories) is somewhat larger than 
the average estimated within assay variance, but these differences are not significant 
(assuming the ratio of these variances follows an F distribution, p > 0.05).
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Calibration of the Candidate Standard CIS4

Estimates of the potency and their associated weights for the candidate standard CIS4 in 
terms of the Third International Standard for Pertussis Vaccine IS3 (study N2005) and 
in terms of the Second International Standard for Pertussis Vaccine IS2 (study O1995) 
are shown in Table 4 and distribution of estimates is shown in Figure 1. The mean 
estimates for each study separately, and for both studies combined under the assumption 
that the IU of the Second and Third International Standards are equivalent to one 
another are also given. It is noted that the geometric mean weight of assay weights for 
individual estimates for study O1995 is approximately 40 while that for study N2005 is 
approximately 30. For study O1995 all individual estimates of potency, and similarly the 
laboratory geometric mean estimates of potency are homogeneous. For study N2005 all 
individual estimates of potency are heterogeneous. Most laboratories contributing data 
to this study carried out two assays, with several laboratories contributing data from a 
single assay. Thus the laboratory geometric mean estimates of potency for CIS4 from 
study N2005 are also heterogeneous. Three estimates contributed excessively to the chi-
square for heterogeneity, namely assays 1 from each of laboratories 2, 7 and 8. Omission 
of these three of the 29 estimates (10% of estimates) from study N2005 gave a variance 
of log potency estimates for the remaining 26 estimates which was only 44% of the 
variance of the 29 estimates, and the 26 estimates of potency did not deviate significantly 
from homogeneity. Mean estimates using this homogeneous group of estimates are also 
shown. In view of the data from O1995, it is likely that if the laboratories from which 
the ‘heterogeneous’ estimates came had carried out up to six assays each, the laboratory 
geometric means from N2005 would not be heterogeneous. That is, to some extent, 
the apparent heterogeneity may be an artefact of the limited data. 

It is suggested that the combined estimate which is most representative of these assays 
is the weighted geometric mean of estimates from both studies N2005 and O1995 
(excluding the three estimates from study N2005 which contributed excessively to 
heterogeneity), namely 40 IU per ampoule with 95% limits 37 to 43 IU per ampoule. 
This estimate is consistent with the combined estimate for each study separately, 
and is also consistent with the unweighted geometric mean for study N2005 including 
all estimates. 

This estimate maintains overall continuity of unitage with both IS2 and IS3. Continuity 
is also broadly maintained for the individual laboratories. Laboratory geometric means 
from study O1995, with a minimum of four assays from each laboratory, ranged 
from 26 IU (95% limits 18 to 36 IU) to 56 IU (95% limits 36 to 88 IU) per ampoule 
and were not heterogeneous. Laboratory geometric means from study N2005 ranged 
from 9 IU per ampoule (95% limits 3 to 30 based on a single assay) to 78 IU per 
ampoule (95% limits 45 to 136 IU based on two assays), and were heterogeneous. 
This heterogeneity may reflect both the greater variability of the individual assays and 
the limited number of assays in each laboratory in study N2005. Although individual 
estimates from study O1995 were generally more precise than those from study N2005, 
individual assay estimates covered a similar range. Individual estimates in study O1995 
ranged from 17 IU per ampoule to 139 IU per ampoule and those in study N2005 
ranged from 9 IU per ampoule to 80 IU per ampoule.
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Comparison of US11 with IS2, IS3 and CIS4

The regional standard US11 was compared with IS2 in study O1995 in two 
laboratories in a total of 10 assays. Estimates of potency are shown in Table 4. 
The individual estimates are heterogeneous, both overall and within each laboratory. 
However, the laboratory geometric means are in good agreement with one another 
and do not differ significantly from homogeneity, with an overall weighted geometric 
mean of 86 IU per ampoule. 

The regional standard US11 was compared with IS3 in study N2005 in a total of 
26 assays in 15 laboratories. Within laboratories contributing two assays, the two 
estimates do not differ significantly from homogeneity. However, all individual estimates 
differ significantly from homogeneity. Three estimates contributed excessively to the 
chi-square for heterogeneity, namely assays 1 from each of laboratories 2, 7 and 8. 
(It is noted that these were also the assays giving estimates for CIS4 which contributed 
excessively to heterogeneity.) Omission of these three of the 26 estimates (12% of 
estimates) from study N2005 gave a variance of log potency estimates for the remaining 
23 estimates which was 51% of the variance of the 26 estimates, and the 23 estimates 
of potency did not deviate significantly from homogeneity. The mean estimate for this 
homogeneous group of estimates is 78 IU per ampoule.

The laboratory geometric means for US11 from studies N2005 and O1995 assuming 
the IU of IS2 and IS3 are equivalent do not deviate significantly from homogeneity and 
their weighted geometric mean is 79 IU per ampoule (95% limits 68 to 92 IU).

Direct comparisons of US11 with the candidate standard CIS4 can be obtained 
from Table 4. These estimates do not deviate significantly from homogeneity within 
laboratories, within either study, or when considered over both studies. The weighted 
geometric mean of all estimates for US11 based on assumed ampoule content for CIS4 
of 40 IU is 74.5 IU per ampoule (95% limits 65.5 to 84.9 IU). This estimate is consistent 
with the estimate for US11 in terms of IS2 and IS3, and indicates that overall continuity 
of unitage of US11 will be maintained if CIS4 is assigned an ampoule content of 
40 IU.

Comparison of CIS4 with the various in house reference preparations

A number of laboratories in both studies included an in house reference preparation 
in some or all assays. The estimated potencies of the CIS4 expressed as nominal units 
of the in house reference preparation are given in Appendix I, Table 4.

Laboratory geometric mean estimates for the CIS4 in terms of the various in house 
reference preparations differ significantly from homogeneity (p chi-square < 0.01). 
Nevertheless, considered overall, these estimates are broadly consistent with the 
suggested ampoule content for CIS4 of 40 IU. The unweighted geometric mean of 
laboratory means is 38 IU (95% limits 24 to 58 IU) per ampoule for study N2005, 
34 IU (95% limits 24 to 49 IU) per ampoule for study O1995, and 37 IU (95% limits 
27 to 49 IU) per ampoule for laboratory means from both studies.
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Comparisons of the First International Standard for Pertussis Vaccine with the 
Second International Standard IS2 and with the candidate standard CIS4

At the time of study O1995 there was a remaining stock of the First International 
Standard, and ampoules of the preparation were included in some assays. 
Estimates of IS2 and CIS4 in terms of this preparation, denoted CPV are given in 
Table 5. The geometric mean estimate for IS2 in terms of CPV is 33 IU per ampoule 
which is about 70% of the assigned potency for IS2 of 46 IU per ampoule. Similarly, 
the geometric mean estimate for CIS4 in terms of CPV is 30 IU per ampoule which is 
about 75% of the estimate for CIS4 in terms of either IS2 or IS3.

Stability study

After the candidate standard was transferred to NIBSC, in June 2003, a total of 
298 ampoules of that material were stored at elevated temperatures to provide 
information about thermal degradation (18 at 56ºC, 30 at 45ºC, 30 at 37ºC, 30 at 20ºC, 
30 at +4ºC). Ampoules of 94/532 which had been stored at elevated temperatures for 
up to 2.5 years were assessed in several mouse protection assays in one laboratory. 
The potency of the vaccine in ampoules stored at 37°C for one year relative to that for 
ampoules stored continuously at -20°C was 1.18 (95% limits 0.64 to 2.18). The relative 
potency of samples stored at 4°C for 19.5 months and of samples stored at 20°C for 
19.5 months or 32.4 months also did not differ significantly from 1 (estimates of relative 
potency 1.05, 1.01 and 1.05 respectively). Since none of these samples show loss of 
activity, no degradation rate can be reliably predicted. 

Additional information about stability can be inferred from the comparisons of 
the candidate standard with other established reference preparations in 1995 and 2005. 
These comparisons do not indicate any differential changes in relative activity, and thus 
are consistent with stability of these preparations.

These results indicate that the candidate standard is sufficiently stable to serve as an 
international standard. 

Experience, with reconstituted material of similar type to the candidate standard suggests 
that such material may not be stable after reconstitution and it is recommended that 
freshly reconstituted material should be used for each assay. 

Discussion

This report summarizes the currently available information about international 
standards for whole cell pertussis vaccine and brings together data from two recent 
studies to evaluate a candidate international standard. The results from the two recent 
studies together with results from previous studies are given in Table 6 for comparison. 
The two recent studies described in this report provide a consistent calibration of 
40 IU per ampoule for CIS4 in terms of IS2 and IS3, and no apparent differences 
in dose – response curves were detected. The calibration of CIS4 in terms of IS1 
obtained in study O1995 is about 25% smaller than its calibration in terms of IS2 / IS3. 
However, differences in slope between CIS4 and IS1 were noted in study O1995 and 
were also observed between IS2 and IS1. This may reflect differences in the responses of 
these different preparations in some assays. Differences between IS1 and the more recent 
international standards and CIS4 may also give rise to the heterogeneity observed in 
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some previous comparisons e.g. IS2 and IS1 in the study (Seagroatt and Sheffield,1981), 
IS3 and IS1 in another study (Xing et al, 2001). 

Comparisons of the various in house references and CIS4 with unitage based on the 
calibration of CIS4 in terms of IS2 and IS3 are heterogeneous, but the overall mean values 
indicate that there will be broad continuity of the IU assigned to pertussis vaccine.

US11 was included in the majority of laboratories in study N2005 and has also been 
included in a number of previous studies. The various estimates from these studies are 
shown in Table 6. The comparison of US11 with IS2 / IS3 in the two recent studies gives 
a value about 10% smaller than that assigned to US11 in terms of IS2 by a previous 
study. However, these results are consistent with the comparison of US11 with US4 
in a previous study and of US11 with CIS4 in the recent studies.

Questions had been raised regarding the stability of IS2. Previous studies have confirmed 
the apparent stability of IS2 (Dobbelaer, 1989 and Redhead and Gaines Das, 1991) and 
of IS3 (Xing et al., 2001). Comparison of CIS4 with IS2 and after a period of 10 years 
with IS3 are consistent and thus do not suggest differential changes in activity of these 
preparations. The consistency of comparisons of US11 with the various international 
standards over this period of time also does not suggest differential changes in activity 
among these preparations. These data are consistent with stability of the preparations 
compared. Limited data from thermally accelerated degradation studies indicate that 
CIS4 is likely to be stable at the usual storage temperature of -20°C. Thus CIS4 appears 
to be sufficiently stable to serve as an international standard.

Data from calibration of standards using the active mouse protection assay 
(Kendrick test) over the period of these studies (from 1980 to 2005) suggest that 
over this time the assay has performed consistently and reliably. Estimates based 
on limited assays will show variation, and there is some heterogeneity of estimates 
possibly reflecting differences between preparations which are detected by some assays. 
The reported methods and challenge organisms show great diversity and some of 
these reported factors may be interrelated. This study is not designed to explore these 
issues. As previously noted (Seagroatt and Sheffield, 1981), in spite of variations, 
results considered over a number of laboratories are generally concordant. This was 
also the finding of a recent proficiency study of this method (Xing et al. 2002) .

Comments on this report were obtained from 12 of 16 laboratories participating in 
study N2005 and all of these participants agreed with the proposed unitage for CIS4.

Conclusions and Recommendations

On the basis of the results of the recent studies reported here and the previous studies 
indicating stability and continuity of unitage among International Standards for 
Pertussis Vaccine it is recommended that CIS4 be established as the Fourth International 
Standard for Whole Cell Pertussis Vaccine and that it be assigned an activity of 40 IU per 
ampoule on the basis of its calibration in terms of the Second and Third International 
Standards for Pertussis Vaccine (Whole Cell).
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Table 2A. Summary of materials and methods (N2005 study) 

Lab
code

Mouse strain and Immunisation

Mouse strain Sex No. of 
mice per 

cage

Age or Weight 
range on 

immunisation
day

Interval between 

challenge

1 NIH 8 10-12 gs 14 days

2 ddY F 10 4-5 weeks 14 days

ICR 20 14 days

4 12 14 days

5 Swiss albino 8 14-17 gs 14 days

6 ddY 8 12-16 gs 14-17 days

7 OF1 F 8 15 days

8 Swiss OF1 F 8 14-17 days

9 8 12-14 gs 14 days

10 NIH 8 10-14 gs 14 days

11 NIH F 8 14 days

12 NIH 16 12-16 gs 14-17 days

NIH 11 11-14 gs 14 days

14 NIH 10 15 days

15 OF1 F 16 14 days

16 NIH 10 15 days



WHO Manual for the establishment of national and other secondary standards for vaccines62

Ta
bl

e 
2A

. S
um

m
ar

y 
of

 M
at

er
ia

ls
 a

nd
 M

et
ho

ds
* 

(N
20

05
 s

tu
dy

)-
co

nt
in

ue

La
b

C
od

e

C
ha

lle
ng

e 
St

ra
in

B
ac

te
ria

l
st

ra
in

 fo
r 

ch
al

le
ng

e

M
ed

iu
m

us
ed

 to
 

gr
ow

ch
al

le
ng

e

Te
m

p 
of

In
cu

b’
 

(º
C

)

N
o.

 o
f 

su
bc

ul
tu

re
s

A
ge

 o
f 

ch
al

le
ng

e
cu

ltu
re

M
ed

iu
m

 u
se

d 
to

 p
re

pa
re

 
ch

al
le

ng
e

Vo
l. 

pe
r 

m
ou

se
(μ

l)

Ti
m

e 
fr

om
 

pr
ep

. o
f 

ch
al

le
ng

e 
to

 
in

oc
ul

at
io

n
of

 la
st

 
m

ou
se

Vi
ab

le
 o

rg
an

is
m

s 
in

 
ch

al
le

ng
e 

su
sp

en
si

on

1
B

G
24

 h
rs

N
S

N
S

N
S

2
B

G
20

 h
rs

1%
 c

as
am

in
o 

ac
id

0.
65

%
 N

aC
l

25
c 

1 
hr

N
S

B
G

2
24

 h
rs

1%
 c

as
am

in
o 

ac
id

2 
hr

s
15

.7
5%

4
B

G
24

 h
rs

1%
 c

as
am

in
o 

ac
id

< 
2h

rs
10

4 /m
l

A
fte

r c
ha

lle
ng

e 
0.

98
 x

 1
04 /

m
l

5
B

G
2

18
-2

0 
hr

s
1%

 tr
yp

to
ne

 in
 0

.5
%

 N
aC

l 
so

ln
N

ot
 m

or
e 

th
an

 2
 h

rs
0.

29
 x

 1
05

6
B

G
2

24
 h

rs
1%

 c
as

am
in

o 
ac

id
 

25
2 

hr
s

0.
88

 x
 1

0
/m

l

7
In

 h
ou

se
 

B
O

P
E

9
S

us
pe

ns
io

n 
re

ad
y 

to
 u

se
C

as
ei

n 
pe

pt
on

e
20

0.
18

 –
 0

.2
 x

 1
06 /m

l

8
S

us
pe

ns
io

n 
re

ad
y 

to
 u

se
N

S
0.

66
 x

 1
0

 /m
l

9
B

or
de

te
lla

S
el

ec
tiv

e
A

ga
r

2
20

-2
4 

hr
s

1%
 c

as
am

in
o 

ac
id

s
1.

75
 h

rs
0.

92
 x

 1
0

- 0
.2

4 
x 

10
4 /m

l

*
A

s 
re

po
rt

ed
 b

y 
pa

rt
ic

ip
an

ts



63WHO/IVB/11.03

La
b

C
od

e

C
ha

lle
ng

e 
St

ra
in

B
ac

te
ria

l
st

ra
in

 fo
r 

ch
al

le
ng

e

M
ed

iu
m

us
ed

 to
 

gr
ow

ch
al

le
ng

e

Te
m

p 
of

In
cu

b’
 

(º
C

)

N
o.

 o
f 

su
bc

ul
tu

re
s

A
ge

 o
f 

ch
al

le
ng

e
cu

ltu
re

M
ed

iu
m

 u
se

d 
to

 p
re

pa
re

 
ch

al
le

ng
e

Vo
l. 

pe
r 

m
ou

se
(μ

l)

Ti
m

e 
fr

om
 

pr
ep

. o
f 

ch
al

le
ng

e 
to

 
in

oc
ul

at
io

n
of

 la
st

 
m

ou
se

Vi
ab

le
 o

rg
an

is
m

s 
in

 
ch

al
le

ng
e 

su
sp

en
si

on

10
B

G
2

D
ee

pf
ro

ze
n

-1
80

ºC
)

fro
m

 2
00

2,
 

24
 h

rs

C
as

am
in

o 
ac

id
s

10
2 

hr
s 

m
ax

0.
44

 –
 0

.5
2 

x 
10

6 /m
l

11
B

G
0

48
 h

rs
TR

IS
 b

uf
fe

r
1 

hr
 

5.
5 

x 
10

9 /m
l

12
B

G
24

 h
rs

1%
 p

ep
to

ne
 s

al
in

e
m

in
 m

ax
 –

 0
.1

7 
x 

10
4 /m

l

B
G

2
18

 –
 2

0 
hr

s
C

as
am

in
o 

ac
id

 1
%

2 
hr

s
0.

77
 x

 1
0

/m
l

14
B

G
2

24
 h

rs
C

as
am

in
o 

ac
id

s 
so

ln
20

2 
hr

s
4

15
B

G
21

 h
rs

C
as

am
in

o 
ac

id
s 

m
ed

iu
m

25
0.

48
 x

 1
06 /m

l

16
C

A
1

18
-2

4 
hr

s
1%

 c
as

ei
n 

in
 s

al
in

e
20

2.
5 

hr
s 

m
ax

N
S

*
A

s 
re

po
rt

ed
 b

y 
pa

rt
ic

ip
an

ts



WHO Manual for the establishment of national and other secondary standards for vaccines64

Ta
bl

e 
2B

. S
um

m
ar

y 
of

 m
at

er
ia

ls
 a

nd
 m

et
ho

ds
* 

(O
19

55
 s

tu
dy

)

La
b

C
od

e

M
ou

se
 s

tr
ai

n
C

ha
lle

ng
e 

st
ra

in

St
ra

in
Se

x
A

ge
 o

r 
w

ei
gh

t
St

ra
in

R
ec

on
st

itu
te

d 
in

G
ro

w
th

m
ed

iu
m

N
o 

of
 

su
b

cu
ltu

re
s

Te
m

p.
 o

f 
in

cu
ba

tio
n

A
ge

 o
f 

ch
al

le
ng

e 
cu

ltu
re

M
ed

iu
m

 o
f c

ha
lle

ng
e 

su
sp

en
si

on

1
N

IH
w

ee
ks

N
on

e
5%

 g
ly

ce
ro

l
1%

 c
as

ei
n 

in
 s

al
in

e
B

G
2

18
-2

0 
hr

s
1%

 c
as

ei
n 

in
sa

lin
e

2
N

IH
F

N
S

Ye
s

S
te

ril
e 

w
at

er
B

G
1

18
-2

0h
rs

1%
 c

as
am

in
o

A
ci

ds
 0

.6
%

/ N
aC

l

C
D

1
F

w
ee

ks
Ye

s 
S

te
ril

e 
w

at
er

B
G

2
20

 h
rs

S
us

pe
nd

ed
 in

 1
8%

 
gl

yc
er

ol
In

 1
0%

 N
Z 

am
in

e

4
F

17
- 2

2 
gs

Ye
s

P
ep

to
ne

/c
as

ei
n

in
 N

aC
l

B
G

72
 h

rs
s

P
ep

to
ne

 /c
as

ei
n 

in
 

0.
6%

 N
aC

l

5
N

IH
F

w
ee

ks
Ye

s
D

ire
ct

ly
 p

re
pa

re
d 

fro
m

 fr
oz

en
 (L

N
2)

 
m

at
er

ia
l

N
S

N
S

N
S

N
S

N
S

6
C

FL
P

5 
w

ee
ks

Ye
s

B
ou

ill
io

n
B

G
4

24
 h

rs
C

as
am

in
o 

ac
id

s 
(1

.2
5%

)

7
dd

Y
F

4 
w

ee
ks

N
o

N
aC

l s
ol

n
B

G
6

24
 h

rs
1%

 c
as

am
in

o 
ac

id
s

8
N

S
4 

w
ee

ks
Ye

s
N

S
C

as
am

in
o 

ac
id

s
so

lu
tio

n
B

G
24

 h
rs

S
al

in
e

N
S:

 n
ot

 s
ta

te
d



65WHO/IVB/11.03

La
b

C
od

e

M
ou

se
 s

tr
ai

n
C

ha
lle

ng
e 

st
ra

in

St
ra

in
Se

x
A

ge
 o

r 
w

ei
gh

t
St

ra
in

R
ec

on
st

itu
te

d 
in

G
ro

w
th

m
ed

iu
m

N
o 

of
 

su
b

cu
ltu

re
s

Te
m

p.
 o

f 
in

cu
ba

tio
n

A
ge

 o
f 

ch
al

le
ng

e 
cu

ltu
re

M
ed

iu
m

 o
f c

ha
lle

ng
e 

su
sp

en
si

on

10
5 

- 6
 

w
ee

ks
Ye

s
1%

 c
as

am
in

o
A

ci
ds

 in
 N

aC
l

B
G

20
-2

2 
hr

s
1%

 c
as

am
in

o 
ac

id
s 

in
 

0.
45

%
 N

aC
l

11
-1

C
D

I
Ye

s
N

aC
l s

ol
n

B
G

1
24

 h
rs

C
as

am
in

o 
ac

id
s

11
-2

O
F1

F
Ye

s
C

as
am

in
o 

ac
id

s
B

G
2

19
-2

1 
hr

s
C

as
am

in
o 

ac
id

s

12
N

IH
10

-1
4 

gs
Ye

s
C

as
am

in
o 

ac
id

s
B

G
N

S
N

S
C

as
am

in
o 

ac
id

s

14
O

F1
F

4-
5

w
ee

ks
Ye

s
N

S
 -7

0º
C

 s
to

re
d

N
S

N
S

N
S

N
S

C
as

am
in

o 
ac

id
s

N
S:

 n
ot

 s
ta

te
d



WHO Manual for the establishment of national and other secondary standards for vaccines66

Ta
bl

e 
2B

. S
um

m
ar

y 
of

 m
at

er
ia

ls
 a

nd
 m

et
ho

ds
* 

(O
19

55
 s

tu
dy

)-
co

nt
in

ue

La
b

co
de

C
ha

lle
ng

e 
an

d 
In

oc
ul

at
io

n 
of

 m
ic

e

R
ou

te
C

ha
lle

ng
e

Vo
lu

m
e

C
ha

lle
ng

e 
do

se
 ra

ng
e 

of
 C

FU
 / 

m
l

In
te

nd
ed

LD
50

Ti
tr

at
io

n 
pe

rf
or

m
ed

Av
er

ag
e 

cf
u 

pe
r 

LD
50

Ti
m

e 
fr

om
 p

re
p.

 
of

 c
ha

lle
ng

e 
to

 
la

st
 m

ou
se

In
te

rv
al

 b
et

w
ee

n 

ch
al

le
ng

e

1
IC

20
μl

5
6

c.
10

0
Ye

s
c.

 2
 h

rs
15

 d
ay

s

2
IC

 -0
.1

7 
x 

10
4

10
0-

10
00

Ye
s

2 
hr

s 
(a

ve
ra

ge
)

14
 - 

17
 d

ay
s

IC
-0

.1
7 

x 
10

4
c.

 2
00

Ye
s

2.
5h

rs
14

 d
ay

s

4
IC

20
ul

N
S

Ye
s

10
-5

0
2 

hr
s

14
 d

ay
s

5
IC

0.
99

 x
 1

05 - 
0.

2 
x 

10
6

Ye
s

1.
5 

hr
s

14
 d

ay
s

6
IC

0.
66

 x
 1

04  –
 0

.1
7 

x 
10

6
10

0-
10

00
Ye

s
 5

00
2 

hr
s

15
 d

ay
s

7
N

S
N

S
N

S
20

0
Ye

s
2.

5 
hr

s
14

 d
ay

s

7
N

S
N

S
N

S
20

0
Ye

s
2.

5 
hr

s
21

 d
ay

s

8
N

S
N

S
0.

25
 x

 1
04  –

 0
.2

7 
x 

10
4

10
0-

10
00

Ye
s

10
0

2.
5 

hr
s

14
 d

ay
s

10
IC

20
μl

0.
1 

x 
10

5  –
 0

.2
5 

x 
10

6
10

0-
10

00
Ye

s
14

.5
2 

- 2
.5

 h
rs

14
 d

ay
s

11
-1

IC
1 

– 
1.

2 
x 

10
6

10
0-

10
00

Ye
s

 1
00

2 
hr

s
14

 d
ay

s

11
-2

IC
0.

8 
– 

1 
. x

 1
06

10
0-

10
00

Ye
s

50
2 

hr
s

14
 d

ay
s

12
IC

10
ul

2 
x 

10
6

6
10

0-
10

00
N

o
2 

hr
s

14
 d

ay
s

14
IC

20
ul

0.
1 

x 
10

6
10

0-
10

00
Ye

s
41

14
 - 

17
 d

ay
s

N
S:

 n
ot

 s
ta

te
d



67WHO/IVB/11.03

Table 3. Challenge LD50 for each assay calculated by fitting log dose 
probit response for reported challenge data. 

Estimates marked * are based on a single non-extreme response.

Study Laboratory Assay LD50 Study Laboratory Assay LD50

N2005 1.0 1.0 N2005 9.0 1.0 167.68

2.0 2.0 167.68

N2005 2.0 1.0 N2005 11.0 1.0 15.66

2.0 116.40 

N2005 12.0 1.0 56.55

N2005 1.0 161.95 2.0

N2005 4.0 1.0 929.87 N2005 1.0

2.0 791.25 2.0

N2005 5.0 1.0 N2005 14.0 1.0 96.95

2.0 2.0 229.78

118.24

N2005 6.0 1.0 609.46

2.0 N2005 15.0 1.0 18.75

2.0 21.21

N2005 7.0 1.0

2.0

N2005 16.0 1.0

N2005 8.0 1.0 44.21 2.0 9.71
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Study Laboratory Assay LD50 Study Laboratory Assay LD50

O1995 1.0 1.0 62.07 O1995 7.0 295.89

2.0 157.60

4.0 255.72

4.0 4.1

O1995 2.0 1.0 114.62 O1995 8.0 1.0

2.0 2.0 66.24

95.18 66.24

4.0 4.0 79.24

5.0

6.0 58.90 O1995 10.0 1.0

2.0 9.24

O1995 1.0

2.0 11.22 4.0 6.75

5.91

4.0 26.76 O1995 11.1 1.0

2.0 142.75

O1995 4.0 1.0 155.71

2.0 4.0 150.42

5.0 57.91

4.0 21.04 6.0

5.0 51.84

6.0 O1995 11.2 1.0 5.99

2.0

O1995 5.0 1.0 20.54

2.0 12.58 5.0

9.89 6.0

4.0

O1995 12.0
Single challenge 
dose in all assays

O1995 6.0 1.0

2.0 O1995 14.0 1.0 29.16

2.0

4.0 150.20

5.0 4.0

6.0 5.0 18.89

6.0 4.89

O1995 7.0 1.0 82.67

1.1 120.96

2.0 167.76

2.1
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Table 4A. Estimated potency of candidate standard CIS4 and of the proposed 
regional standard US11 expressed as IU of the Third International Standard 
(study N2005). Weight is the reciprocal of the log10 of the estimated potency. 

Geometric means (GM) marked * are unweighted means with weight determined 
as the reciprocal of the variance of the estimates combined.

Study Laboratory Assay CIS4 Weight US11 Weight
N2005 01.0 1.0 44.92 22 89.64 22

2.0             40.00 29 91.71 29

42.07 51 90.81 51

N2005 02.0 1.0 10.48

2.0             28 48.24 27

14.92 59 29.54 59

N2005 1.0 42.24 49 . .

42.24 49 . .

N2005 04.0 1.0 52.20 24 109.08 24

2.0             42 116.64

49.02 66 55

N2005 05.0 1.0 49.92 29 29

2.0             44.12

47.27 51 107.62 51

N2005 06.0 1.0 71.20 12 110.16 12

2.0             17 66.15 17

29 81.66 29

N2005 07.0 1.0 10.16 19.71

2.0             25.60

70 69

N2005 08.0 1.0 9.08 14 47.52 15

9.08 14 47.52 15

N2005 09.0 1.0 62.04 42 58.50 42

2.0             68.96 40 79.65 41

82 68.07

N2005 10.0 1.0 79.68 76.95

2.0             76.84 206.10

78.27 69 127.26 69

N2005 11.0 1.0 82 64.26 78

82 64.26 78

N2005 12.0 1.0 45.40 25 58.05 25

2.0             . .

58 58.05 25

N2005 1.0 26 86.67 27

2.0             65 . .

22.70 91 86.67 27
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Study Laboratory Assay CIS4 Weight US11 Weight
N2005 14.0 1.0 65.96 . .

2.0             . . 27

. .

65.96 109.04

N2005 15.0 1.0

2.0             21 112.68 22

16 . .

56

N2005 16.0 1.0 59 62.46 60

2.0             45 48.87 44

105 56.29 104
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 Table 4B. Estimated potency of candidate standard CIS4 and of the proposed 
regional standard US11 expressed as IU of the Second International Standard 

(study O1995) per ampoule. Weight is the reciprocal of the log10 of the estimated 
potency. Geometric means marked * are unweighted means with weight 

determined as the reciprocal of the variance of the estimates combined. Estimates 
marked ** omitted from overall means. 

Study Laboratory Assay CIS4 Weight US11 Weight
O1995 01.0 1.0 19.04 22 . .

2.0             49 . .
105 . .

4.0 44.72 60 . .

O1995 02.0 1.0 56.76
2.0             45.72 70 91.98 51

68.40 60 117.90 58
4.0 52.72 78 100.26 55
5.0 54 115.74 50
6.0 59 22.59 56

67
O1995 1.0 28.92 90.90

2.0             26.00 29 27
51.20 25 108.00 25

4.0 89.48 28 185.94 28
41.62 117

O1995 04.0 1.0 68 . .
2.0             27.44 84 . .

44.04 66 . .
4.0 81 . .
5.0 66 . .
6.0 104 . .

468
O1995 05.0 1.0 44.12 69 . .

2.0             121 . .
44.88 57 . .

4.0 128 . .

O1995 06.0 1.0 . .
2.0             59.08 29 . .

18.96 48 . .
4.0 20 . .
5.0 21.92 . .
6.0 14 . .

156
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Study Laboratory Assay CIS4 Weight US11 Weight
O1995 07.0 1.0 56.12 . .

2.0             20.00 27 . .
28.68 27 . .

4.0 48 . .
41.09

O1995 07.1 1.1 61.16 55 . .
2.1 40.48 . .

59.12 . .
4.1 28.24 46 . .

44.01 214
O1995 08.0 1.0 25.72 74 . .

2.0 40.00 26 . .
29.16 24 . .

4.0             45.96 55 . .
178

O1995 10.0 1.0 45.80 67 . .
2.0 52.76 79 . .

51.56 46 . .
4.0             47.92 102 . .

49.22 294
O1995 11.1 1.0 . .

2.0             . .
45.48 27 . .

4.0 . .
5.0 29.56 . .
6.0 . .

184
O1995 11.2 1.0 20 . .

2.0             56.60 19 . .
16 . .

5.0 92.64 25 . .
6.0 25 . .

56.28 104
O1995 12.0 1.0 51.12 . .

2.0             . .
70.24 79 . .

4.0 49 . .
5.0 64.52 27 . .
6.0 29.48 76 . .

45.07 270
O1995 14.0 1.0 45.88 24 . .

2.0             16.92 44 . .
28.72 16 . .

4.0 29.48 29 . .
5.0 40 . .
6.0 29.72 24 . .

25.82 179
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Table 4C. Estimated potency of candidate standard CIS4 and of the proposed 
regional standard US11 expressed as IU of the Third International Standard 

(study N2005) or of the Second International Standard (study O1995) per 
ampoule. Weight is the reciprocal of the log10 of the estimated potency. 

Geometric means marked * are unweighted means with weight determined as 
the reciprocal of the variance of the estimates combined.

CIS4 Weight US11 Weight

Study N2005 

95% interval 28.91 – 44.70
469

57.64 – 88.77
482

95% interval 
242

Study O1995 

95% interval 28.91 – 44.70 51.98 – 141.80
108

95% interval 
86.22 98

Studies O1995 and N2005

95% interval 61.82 - 91.60
565

95% interval 

§Omit three assays from study N2005,assays 1 from laboratories 2,7 and 8

Study N2005 

95% interval
41.20§ 926

66.14 – 92.05
749

95% interval 
41.20§ 926 749

Study O1995 Estimates as shown above

Studies O1995 and N2005

95% interval
4081

69.62 – 98.49

95% interval 
4228

67.57 – 92.21
847



WHO Manual for the establishment of national and other secondary standards for vaccines74

Table 5. Estimates of the potency of IS2 and CIS4 expressed as IU of the First 
International Standard for Pertussis Vaccine (denoted CPV). Weight denotes the 

reciprocal of the variance of log10 of the potency estimate.

Study Laboratory Assay IS2 Weight CIS4 Weight

O1995 01.0 1.0 47.52 27 19.67 24

107 106

129

O1995 02.0 1.0 46.52

14.96 59 22.25 59

5.0 51 52

6.0 60 22.94 60

80 205

O1995 1.0

2.0             48.78 29 27.57 29

14.29 24 15.91 24

4.0 9.25 26 17.99 27

21.19 116

O1995 04.0 1.0 22.87 64 66

27.24 26.07 64

5.0 65 65

28.58 192 195

O1995 05.0 1.0 70 69

26.90 56 26.25 56

29.56 126 28.56 126

O1995 06.0 1.0 25.46

2.0             19.99 29 26.68 29

51 12.99 50

4.0 20 24.59 20

5.0 14.17

6.0 47.18 14 22.89 14

28.76 157 18.11 157

O1995 07.0 1.0 29.69

28 17.66 28

26.17 59 59

O1995 07.1 1.1 19.17 55 25.49 55

25.10

21.14 86 27.76 86
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Study Laboratory Assay IS2 Weight CIS4 Weight

O1995 08.0 1.0 46.28 67 25.88 70

2.0 26 26

44.19 24 28.01 24

4.0             55 55

44.20 172 175

O1995 10.0 1.0 67 54.07 67

2.0 25.61 59 67

41.22 46 46.20 46

4.0             76 86

248 266

O1995 11.1 1.0 26.27

44.49 26 26

5.0 48.54

48.22 80 80

O1995 11.2 1.0 58.67 21 29.95 20

18.56 16 56.27 16

5.0 25.86 25 52.07 25

61 44.10 61

O1995 12.0 1.0 42.25

78 46.27 79

5.0 21.66 28

145 41.60 145

O1995 14.0 1.0 40.46 24

79.17 15 16

5.0 44.19 42

48.08 82 81

95% interval
1861 29.46 1881

95% interval 
1657 1052
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Table 6. Comparison of results from various studies 

Preparation Ref. used Results (IU/amp.) Study

1st IS US NIH, lot 4

Seagroatt et al, 1981

2nd IS 1st IS Seagroatt et al, 1981

Seagroatt et al, 1981

Jansen et al, 1996 

CPV (1st IS) O1995

1st IS Xing et al., WHO/BS/98, 1880, 
1998

rd IS 1st IS Seagroatt et al, 1981

2nd IS Seagroatt et al, 1981

1st IS Xing et al., WHO/BS/98, 1880, 
1998

2nd IS 56.1 (46-68) Xing et al., 2001

US lot 11 2nd IS Jansen et al, 1996

US lot 4 79.8 (68.9-92.4) Jansen et al, 1996

2nd IS O1995
rd IS 69.56 (54.4-89.0) (1)

78.0 (66.1-92.1) (2)

N2005

2nd rd IS (combined) (1)

78.9 (67.6-92.2) (2)

CIS4 76.5 (61.6-94.9) O1995

CIS4 N2005

CIS4 74.6 (65.5-84.9)

CIS4 1st IS O1955

2nd IS O1955
rd IS (1)

(2)

N2005

2nd rd IS(combined) (1)

(2)

* Unweighted combination of heterogeneous estimates
** US4 and IS2 did not give comparable potency estimates in some laboratories
(1) Unweighted geometric mean of heterogeneous laboratory geometric means (all data)
(2) Weighted geometric mean of homogeneous laboratory geometric means after omitting 3 assays as 

described in text
§ Consistent difference in slopes of CIS4 or IS2 compared with 1st IS, as discussed in text.
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Figure 1. Histogram showing the distribution of estimates of potency for CIS4 
from each assay in each laboratory. Each square represents one estimate and the 
label in the square identifies the study as N2005 (first character of label is N) or 
study O1995 (first character of label is O) and the remaining label identifies the 
laboratory number. Estimates from study O1995 are also identified by shading.
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Appendix I: 
Table 1a. In -house References (N2005 study)

Lab
code

In – house Reference*

Identity Supplier Unitage per 
ampoule or vial* dried

preparation
Storage

conditions

1 Not used

2 Not used

Govt. standard In house Yes -20ºC

4 NRS/CDL/1/2004 In house 115 IU/vial Yes -20ºC

5 Not stated In house 115 IU/vial Yes 2-8ºC

6 BN Pert 2000 178 IU/ampoule Yes Below +5ºC

7 PTF4 In house 22 IU/ampoule Yes -20ºC

8 In house 8 IU/ampoule Yes +5ºC

9 National
manufacturer

44 IU/ampoule Yes 2-8ºC

10 Kh 96/1 In house 59 IU/vial Yes

11 In house 52 IU/vial Yes -20ºC

12 US lot 10 CBER/FDA Yes -20ºC

PER -01 PAHO Yes -20ºC

14 Not stated In-house 69.75 IU/vial Yes +2-8ºC

15 76 IU/vial Yes +4ºC

16 Not used

* As reported by participants
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Appendix I: 
Table 1b. In -house References (O1955 study)

Lab
Code

In – house Reference Unitage per 
ampoule or vial

 1 88/522 50 IU/ampoule

 2 US Lot 11 90 IU/ampoule

US Lot 11 90 IU/ampoule

 4 IHR

 5 IHR SS546 

 6 National Reference Vaccine 

 7 No IHR

 8 No IHR

10 No IHR

11-1 Not stated

11-2 Not stated

12 No IHR

14 50 IU/ampoule 
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Appendix I: 
Table 2a. Slopes for regression of probit response on log10 dose.

 Preparations with a single non-extreme response are denoted (1). P gives the probability 
of the chi-square for deviations from the parallel line model.

Study Laboratory
and Assay P

Preparation

CIS4 CIS4b IS3 IS2 CPV US11 IHR BWS

N2005 01.0 1.0 1.12  . 1.65  .  . 1.27  .  .

2.0 0.892 1.65  . 1.65  .  . 1.44  .  .

N2005 02.0 1.0 2.74  . 1.62  .  . 1.20  .  .

2.0 0.202 1.90  . 1.44  .  . 0.94  .  .

N2005 1.0 0.129 1.51  . 1.69  .  .  . 2.08  .

N2005 04.0 1.0 1.17  . 1.12  .  .  .

2.0 0.881 1.59 1.24  .  . 1.65 1.18  .

N2005 05.0 1.0 1.00  . 1.41  .  . 1.10 1.44  .

2.0 0.992 1.00  . 0.90  .  . 1.22 1.21  .

N2005 06.0 1.0 0.907 0.82  . 1.08  .  . 0.69 0.89  .

2.0 0.972 0.94  . 1.06  .  . 1.24

N2005 07.0 1.0 0.219 1.70  . 1.40  .  . 1.52 2.10  .

2.0 0.102 1.50  . 0.95  .  . 1.79

N2005 08.0 1.0 0.672 0.87  . 1.12  .  . 1.04 1.04

N2005 09.0 1.0 0.195 1.90  . 1.88  .  .  (1) 1.79  .

2.0 1.60  . 2.66  .  . 2.68

N2005 10.0 1.0 0.056 1.27  . 2.19  .  . 1.92  .

2.0 0.595 1.98  . 2.29  .  . 1.92

N2005 11.0 1.0 2.76  .  .  . 2.77  .

N2005 12.0 1.0 0.228 1.46  . 1.15  .  . 0.86 2.28  .

2.0 0.176 1.27  . 2.01  .  .  . 1.68  .

N2005 1.0 0.459 1.25  .  .  . 0.87 1.44  .

2.0 0.147 1.49  . 2.48  .  .  .  .  .

N2005 14.0 1.0 2.45  . 2.58  .  .  . 2.97  .

2.0  .  . 1.15  .  .  .  .

 .  . 1.17  .  . 2.08 1.91

N2005 15.0 1.0 0.912 1.74  . 1.81  .  . 2.28 1.50  .

2.0 0.717 1.56  . 0.95  .  . 1.11  .

0.761 0.77  . 1.17  .  .  . 1.21  .

N2005 16.0 1.0 0.196 2.20  .  .  . 2.15  .  .

2.0 0.281  . 1.96  .  . 1.58  .  .



81WHO/IVB/11.03

Appendix I: 
Table 2b. Slopes for regression of probit response on log10 dose.

 Preparations with a single non-extreme response are denoted (1). P gives the probability 
of the chi-square for deviations from the parallel line model.

Study Laboratory
and Assay P

Preparation

CIS4 CIS4b IS3 IS2 CPV US11 IHR BWS

O1995 01.0 1.0 0.157 1.98 . . 0.99 1.05 . . 0.79

2.0 0.141 1.94 . 1.02 . . . 1.41

2.82 . . 2.86 . . 1.87

4.0 0.177 1.04 1.74 . 1.11 . . .

O1995 02.0 1.0 0.254 1.76 . . 1.19 1.42 0.90 . .

2.0 0.467 1.76 2.08 . 1.51 . 1.71 . .

0.564 . . 2.57 1.64 1.57 . .

4.0 0.258 2.08 1.78 . 2.28 . . .

5.0 0.172 1.92 . . 2.19 1.87 1.18 . .

6.0 0.655 2.11 . . 1.58 1.86 . .

O1995 1.0 0.969 1.56 . . 1.16 1.64 1.27 . .

2.0 0.111 1.27 . . 1.41 0.87 . .

0.708 1.27 . . 1.08 0.87 . .

4.0 0.756 . . 0.96 . .

O1995 04.0 1.0 0.677 2.04 . . 1.57 . 1.92 .

2.0 1.81 1.97 . 1.64 . . 1.54 .

0.449 . . 1.85 . 1.55 .

4.0 0.511 1.58 1.70 . 1.82 . . 1.56 .

5.0 0.457 1.88 . . 1.64 . .

6.0 0.090 1.46 . . . 2.10 .

O1995 05.0 1.0 0.246 2.68 . . 1.42 1.91 . 2.65 .

2.0 1.97 2.44 . 1.94 . . .

0.998 1.54 . . 1.85 1.76 . 1.55 .

4.0 0.281 2.60 . 1.96 . . .

O1995 06.0 1.0 0.96 . . 1.80 . 2.26 .

2.0 0.521 1.40 . . 2.88 1.25 . 1.56 .

0.129 (1) . . 2.15 1.90 . (1) .

4.0 0.781 1.88 . . 1.28 0.85 . .

5.0 0.996 0.98 . . 1.16 1.20 . 0.84 .

6.0 0.846 . . 1.44 . .
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Study Laboratory
and Assay P

Preparation

CIS4 CIS4b IS3 IS2 CPV US11 IHR BWS

O1995 07.0 1.0 0.265 1.28 . . 2.29 1.65 . . .

1.1 0.540 . . 2.89 . . .

2.0 0.495 1.62 1.16 . . . . .

2.1 0.868 2.89 . 2.92 . . . .

0.958 1.54 . . 1.47 . . .

0.119 1.87 . . 2.41 1.42 . . .

4.0 0.456 2.29 1.68 . 1.77 . . . .

4.1 1.61 . 1.77 . . . .

O1995 08.0 1.0 (1) . . (1) . . .

2.0 0.802 1.25 . . . . .

1.65 . . 1.50 . . .

4.0 0.605 . . . . .

O1995 10.0 1.0 (1) . . (1) 2.41 . . .

2.0 2.70 2.64 . (1) 2.77 . . .

0.541 . . 2.78 1.88 . . .

4.0 0.780 (1) (1) . (1) 2.77 . . .

O1995 11.1 1.0 0.941 1.48 . . 1.62 1.61 . 1.56 .

2.0 0.992 1.52 . . . .

0.987 . . 1.44 . 1.50 .

4.0 0.886 1.62 . 1.57 . . .

5.0 0.806 . . 1.57 0.92 . 1.28 .

6.0 0.789 1.24 . . . .

O1995 11.2 1.0 0.729 1.00 . . 1.24 1.60 . 1.17 .

2.0 1.47 1.21 . 0.90 . . .

0.609 1.27 . . 0.95 0.80 . 1.08 .

5.0 1.16 . . 1.26 . 1.42 .

6.0 0.469 1.00 . . . 1.49 .

O1995 12.0 1.0 0.140 2.14 . . 1.84 1.60 . . .

2.0 0.002 2.70 2.64 . 0.81 . . . .

0.886 (1) . . (1) . . .

4.0 0.070 2.70 . 1.26 . . . .

5.0 0.060 . . 1.80 1.22 . . .

6.0 0.564 (1) . 2.62 . . . .

O1995 14.0 1.0 0.767 1.47 . . 1.26 1.89 . . 0.75

2.0 0.979 1.76 1.65 . 2.14 . . 1.42 .

1.41 . . . 1.25 .

4.0 0.897 1.71 1.57 . 1.46 . . 0.67 .

5.0 0.425 2.17 . . 0.86 . .

6.0 0.199 . . . .
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Appendix I: 
Table 3. Comparison of duplicate ampoules of the candidate IS with one another, 
with the potency expressed as ampoules of CIS4b having equivalent activity to 

one ampoule of CIS4a. The weight is the reciprocal of the variance 
of log10 of the potency.

Study Laboratory Assay Potency Weight

N2005 04.0 2.0 0.97

O1995 01.0 2.0 1.18

4.0 0.98 42

O1995 02.0 2.0 1.41

4.0 59

O1995 04.0 2.0

4.0 1.48 61

6.0 1.18 78

O1995 05.0 2.0 0.92 87

4.0 0.95 100

O1995 07.0 2.0 1.75 20

2.1 1.22 62

4.0 1.14

4.1

O1995 10.0 2.0 1.19 59

4.0 0.91 76

O1995 11.1 2.0 0.99 27

4.0 0.60 28

6.0 22

O1995 11.2 2.0 0.17 15

6.0 1.14 19

O1995 12.0 2.0

4.0 1.09

6.0 0.96 57

O1995 14.0 2.0 1.22

4.0 2.00 21

6.0 0.27 17

95% limits
1.08

95% limits
1.02
0.84 – 1.25
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Appendix I: 
Table 4a. Estimated potency of the candidate standard CIS4 
expressed as nominal IU of the various in house reference 

standards per ampoule of CIS4.

Study Laboratory Assay Potency Weight

N2005 1.0 41.74 49

41.74 49

N2005 04.0 1.0 40.00 24

2.0 72.24

57.06 59

N2005 05.0 1.0 29

2.0

51

N2005 06.0 1.0 12

2.0 17

29

N2005 07.0 1.0 26.67

2.0

28.16 68

N2005 08.0 1.0 15

15

N2005 09.0 1.0 94.00 42

2.0 62.01 41

76.55 82

N2005 10.0 1.0 192.00

2.0 94.86

67

N2005 11.0 1.0 85

85

N2005 12.0 1.0 65.89 25

2.0 40.42

49.92 59

N2005 1.0 10.14 27

10.14 27

N2005 14.0 1.0 62

62

N2005 15.0 1.0

2.0 21

24.56 17

74
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 Appendix I: 
Table 4b. Estimated potency of the candidate standard CIS4 expressed as nominal 

IU of the various in house reference standards per ampoule of CIS4.

Study Laboratory Assay CIS4 Weight

O1995 04.0 1.0 48.70 68

2.0 22.11 70

66

4.0 68

5.0 66

6.0 44.01 88

425

O1995 05.0 1.0 69

2.0

56

4.0 110

O1995 06.0 1.0 26.66

2.0 24.24 29

25.42 48

4.0 20

5.0 19.47

6.0 14

25.16 155

O1995 11.1 1.0

2.0

29.82 27

4.0 41.89

5.0

6.0 57.77 25

168

O1995 11.2 1.0 42.61 20

2.0 46.66 16

126.19 16

5.0 80.84 24

6.0 21

57.82 97

O1995 14.0 2.0 12.82 41

54.50 16

4.0 15.76 26

5.0 41

6.0 20.12 22

145
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 Appendix I: 
Table 5. Assay validity criteria by participants (N2005 study) 

Lab
Code Criteria used for assay validity

1 ED50 of the standard and the sample fall into the range of the highest and the lowest 
immunizing doses

response curves between the standard and sample
One LD50
method

2 Almost all the control mice received the challenge dose die
LD50 falls within 50 – 400 bacteria
Test samples should show a linear response

ED50 of each vaccine is intermediate between the largest and smallest immunizing doses
Challenge dose should contain 100 – 1000 LD50

ED50 should contain 

4 ED50 of the sample should be between the largest and the smallest immunizing doses 
and the slopes of the dose response curves of sample and reference are linear and do 

The vaccine passes the test, if the potency is not less than 4 IU/SHD and the lower 

2.0 IU/SHD
The challenge dose should contain 100 – 1000 LD50

5 The test is valid as LD50 of each vaccine is between the largest and smallest immunizing 

and the slope of the dose response curves of the vaccine under test and reference 

The challenge dose contains between 100 - 1000 LD50 and each LD50 dose should 
contain not more 

6 ED50 of each vaccine is intermediate between the largest and smallest immunizing doses

The challenge dose should contain 100 – 1000 LD50

7 The test is valid if the LD50 of each vaccine is intermediate between the largest and the 

linearity and parallelism
 (P 0.05)
The challenge dose should contain 100 – 1000 LD50

8 50)
The challenge suspension must contain 100 to 1000 LD50

The ED50
slope

50

Use of a pathogen – free primary solution
At least, 16 mice must have been inoculated with challenge in each group
All the control mice that received the challenge dose must die before J28
Homogeneity of the results must be demonstrated by the analysis of variance (Khi 2)
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Lab
Code Criteria used for assay validity

9
ED50 of each vaccine should be an intermediate value between the largest and the 
smallest immunizing doses

deviation from linearity and parallelism
The challenge dose should contain 100-1000 LD50

Each LD50

10 No deviations from parallelism
ED50 value between highest and lowest vaccine dilution
ED50

Not more than 2 intercurrent death mice/vaccine dilution

11
Challenge dose contains between 100 – 1000 LD50

50% protective dose lies between the largest and smallest doses given to mice
The proportion of deaths at the low doses of sample exceeds that at the middle doses, 
which in turn exceeds that at the high doses.

12 The ED50 of the vaccine is comprised between the higher and lower vaccine doses

The LD50

LD50 approximately equals 200
CFU dose within 10 – 50
CFU/LD50

Dose response assay
ED50 located within the minimum and maximum immunization doses.

14 Dose response - Standard deviation relative 64 – 156%
LD50 of challenge strain 100 – 1000
Count of viable organisms in challenge suspension 10 – 50
CFU/LD50

Linearity and parallelism

15
ED50
doses

The challenge doses range from 100 – 1000 LD50

Count of cfu per LD50

16 The dose expressed in l of neat original material, together with the number of animals 
surviving after 48 hours (‘number tested’) and the total number of surviving animals at 
the end of the test (‘number responding’) are used in statistical analysis performed using 
QNTLG to quantify the relative potencies, pair-wise, and PROBIT to calculate the LD50 of
the challenge dose. These statistical packages are validated by Informatics. The assay 

A. The 50% protective dose must lie between the largest and smallest administered 
doses for both the vaccines being examined and the reference Preparation.

B. The LD50, marked as ED50 on the PROBIT output, must fall between 0.1 and 0.001, 
which corresponds to 10 - 1000 LD50 per challenge dose.

C. The value marked “test for sig. of common slope (N.E.D.)” on QNTLG data output 
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Appendix II. Raw Data 

Omitted
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Appendix 6: 
Study documentation: 

Rabies vaccine 

Appendix 6a Invitation/ Questionnaire, Study Protocol, 
Results form

Invitation letter

Dear xxxxxx

WHO International Collaborative study on Rabies Vaccine

I am writing on behalf of the World Health Organization to invite you to participate 
in a collaborative study to calibrate a replacement International Standard for rabies 
vaccine as stocks of the current 5th International Standard, RAV, are depleted. The aims 
and provisional timelines of the study are set out in the attached draft study protocol. 
The study will involve testing the IS, the candidate standard and two additional vaccines. 
It would be helpful if you could perform both the NIH mouse protection test and in 
vitro assays such as single radial immunodiffusion or enzyme immunoassays on three 
occasions.

I would be grateful if you could

Confirm if you are able to participate in this study – or pass this to the appropriate 1)
person in your organisation

If you are, fill in the attached questionnaire and 2) return it to me by 13th September
so that arrangements can be made for despatching the samples by the end of 
September

Offer any comments on the proposed study protocol relevant to your 3)
contribution.

It is normal practice to acknowledge participants as contributors of data rather 
than co-authors in publications describing the establishment of the standard. 
Individual participants’ data will be coded and reported “blind” to other participants 
during the preparation of the study report, and also in subsequent publications.

I hope you can agree to participate.

Yours sincerely
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Study protocol

Protocol for the WHO collaborative study to calibrate a candidate standard for 
the 6th International Standard for Rabies Vaccine

Background

Rabies vaccines for human and veterinary use are produced in many countries and 
the minimum potency requirements are expressed in International Units. The current 
International Standard coded RAV was established in 1993 (TRS 822, 42nd Report, 
BS 91.1654). The stocks of this standard are now depleted and a candidate replacement 
has been prepared using bulk vaccine from the same source as the 5th International 
Standard.

Aims of the collaborative study

To calibrate the candidate IS in International Units in the NIH mouse protection test 
and in vitro assays for glycoprotein content such as single radial immunodiffusion and 
enzyme immunoassays.

Materials

Candidate Standard NIBSC code 07/162
This is a batch of ampoules coded containing freeze-dried rabies vaccine coded NIBSC 
07/162. This vaccine was produced in Vero cells and purified by sucrose gradient 
centrifugation. Human albumin is added as a stabiliser and the batch used in the 
production of the rabies bulk was produced from a plasma pool which had been tested 
and found negative for HBsAg, HCV RNA by NAT and anti-HIV 1+2. 

International Standard (RAV) and Coded samples
Ampoules of the 5th International standard and two additional vaccines will supplied 
for inclusion in each assay

All samples other than the 5th International standard, RAV, will be supplied coded.

Storage and reconstitution of study samples

All ampoules and vials should be stored at -20°C until use. 

All ampoules and vials should be reconstituted in 1ml distilled H2O. Once all of the 
contents have reconstituted, the contents should be used in assays. The contents should 
be used immediately. Sufficient ampoules are supplied for 

Assay Methods

Participants are requested assay the study samples in the NIH mouse protection test as 
described in laboratory techniques in rabies. A fresh ampoule of standard is supplied 
for each inoculation. (At NIBSC we have used a starting dilution of 1 in 12.5 and then 
5 fold dilutions i.e. 1 in 12.5; 1 in 62.5; 1 in 312.5 and 1 in 1562.5 in assays of RAV but 
laboratories should use the dilution series normally used).
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Participants are also requested to assay the study vaccines in any in vitro assays which 
are performed routinely in their laboratory e.g. SRD, EIA. As some of the vaccines 
contain human albumin as stabiliser, it is our experience that the gels will have to be 
soaked in PBS for 24 -48 h to wash out unbound protein

Design of study

Participants are requested to 
perform 3 independent assays on different days, preferably 1 week apart
prepare and test a series of dilutions from the candidate standard and each of 
the coded samples
include all study samples in each assay so that the potency of the study samples 
can be expressed relative to the IS
use a freshly opened and reconstituted ampoule for each assay.

Results and data analysis

An excel spreadsheet is provided so that all essential information can be recorded 
including the raw data from each assay. The use of these sheets facilitates the analysis 
and interpretation of results. Sheets are supplied for use in NIH tests, SRD tests and 
EIAs. Please add additional sheets for each type of assay performed as necessary. 

Assay data will be analysed at NIBSC by an experienced biometrician using standard 
statistical techniques and a draft report sent to participants for comment prior to 
consideration by the Steering Committee. The finalised report will then be considered by 
the WHO Expert Committee on Biological Standards who will consider the suitability 
of the candidate standard to serve as the International Standard.
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Timelines

Distribution of samples End September 2007
Data on results templates to be returned to NIBSC January 31st 2008
Distribution of draft study report to participants for comment April 2008
Submission of report to WHO for consideration by ECBS June 2008
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Study result sheets

Rabies NIH Mouse protection test

Laboratory

Date of immunisation 1

Date of immunisation 2

Date of challenge Challenge
virus strain - 
source

Challenge virus 

Date end of test

Vaccine Dilution Number
of mice 
immunised

Number of mice 
alive on day 5

Number of mice 
survivng on day 
14

RAV

Candidate standard 07/162

Candidate standard 07/162



93WHO/IVB/11.03

Single immunodiffusion test

Laboratory

Date of test

Antiserum used Concentration per ml 
agarose

Diffusion time and temperature

Vaccine Dilution Zone diameter 1 mm Zone diameter 2 mm

RAV

Candidate standard 07/162

Candidate standard 07/162

For EIA

Laboratory

Date of test

Vaccine Dilution OD or response OD or response

RAV

Candidate standard 07/162

Candidate standard 07/162
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Abstract

The fifth International Standard (IS) for rabies vaccine, coded RAV, is used in the 
standardisation of rabies vaccines in NIH mouse protection tests and in in vitro
assays for glycoprotein content. A collaborative study was undertaken to assess the 
suitability of a candidate replacement standard which was prepared from a bulk of Vero 
cell derived, Pitman Moore strain, rabies vaccine (NIBSC code 07/162) produced by the 
same manufacturing process as the Fifth IS and to calibrate it in International Units (IU). 
16 participants from 10 countries assayed the International Standard (RAV) and the 
candidate standard (in duplicate). These samples were assayed by the participants in 
37 NIH mouse protection tests, 12 enzyme immunoassays (EIA) and 13 single radial 
immunodiffusion (SRD) tests. The geometric mean potency of the candidate IS, 07/162, 
was 8.22 IU /ampoule in NIH tests. The mean rabies glycoprotein antigen content 
of 07/162 in EIA assays was 3.24 IU/ampoule and 3.42 IU/ampoule in SRD tests. 
The overall mean glycoprotein content in in vitro assays was 3.32 IU/ampoule. 
The geometric coefficient of variation (GCV) between all assays on the candidate standard 
07/162 in NIH tests was 62% and 10.1% and 30.4% in EIAs and SRDs respectively.

Assays on ampoules stored at elevated temperatures for 6 months were assayed in NIH 
mouse protection tests and SRD assays. There was no evidence of loss of potency in 
SRD assays and although these was around 30% loss of potency after storage at +4°C 
for 6 months, there was no further loss in activity in ampoules stored at +20° and +37°C 
and, taking into consideration the inherent variability of NIH tests, this suggests that 
07/162 is of adequate stability to serve as the International Standard.

None of the invited participants offered to assay the study samples for ribonucleoprotein 
content. As this assay is not performed during routine quality control by manufacturers 
or as part of the batch release of rabies vaccines by National Regulatory Authorities, it 
would appear that the International Unit for rabies virus PM ribonucleoprotein is not 
required and should be discontinued.

The candidate standard appears to be suitable for use in in vivo NIH mouse protection 
tests and in vitro assays for the glycoprotein antigen content of rabies vaccines. It is 
therefore proposed that 07/162 be established as the Sixth International Standard for 
rabies vaccine with an assigned potency of 8 IU /ampoule when used in NIH mouse 
protection tests and 3.3 IU/ampoule of rabies virus PM glycoprotein, when used in 
in vitro SRD or EIA assays. It is also proposed that the International Unit for rabies 
virus PM ribonucleoprotein is discontinued

1. Introduction

Rabies vaccines for human and veterinary use are produced in many countries and 
the minimum potency requirements are expressed in International Units. The Fifth 
International Standard (IS), coded RAV, was established in 1993 (1, 2, 3). The stocks 
of this standard are now depleted and a candidate replacement has been prepared using 
bulk vaccine from the same source as the 5th International Standard ie Vero cell derived 
vaccine containing the Pitman Moore strain of rabies virus.

The aims of the collaborative study were to assess the suitability of this material for 
use in the assay of rabies vaccines in the NIH mouse protection test and in in vitro
assays of glycoprotein antigen content, such as single radial immunodiffusion (SRD) 
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and enzyme immunoassay (EIA), and to calibrate the candidate IS in International 
Units of rabies vaccine and International Units of rabies virus PM glycoprotein. 
There is no international conventional reference measurement procedure and this 
measurand is not traceable to International System of Units (SI) of quantity. 

2. Materials

2.1. The Candidate Standard, NIBSC code 07/162

This is a batch of ampoules containing freeze-dried rabies vaccine coded NIBSC 07/162. 
This vaccine was from the same source as the Fifth IS and contains beta-propiolactone 
inactivated Pitman-Moore strain of virus grown in Vero cells. It was purified by sucrose 
gradient centrifugation. Human albumin was added as a stabiliser and the batch used 
in the production of the rabies bulk was produced from a plasma pool which had been 
tested and found negative for HBsAg, HCV RNA by NAT and anti-HIV 1+2. 

0.5 ml aliquots of this bulk were filled in glass DIN ampoules and freeze dried under 
an atmosphere of nitrogen at NIBSC in May 2007 following documented procedures. 
This fill was 0.5g fill liquid weight. The mean dry weight of 6 ampoules was 0.0532 
g which gives a coefficient of variation (CV) 1.14%. 3772 ampoules were filled and 
3250 are available for issue as the International Standard. Residual moisture measured on 
12 samples gave a mean of 0.142% with a CV of 9.64% and oxygen headspace measured 
in 12 ampoules gave a mean of 0.70% with a CV of 32.81%. Assays performed in one 
laboratory on the candidate standard ahead of distribution to participants indicated 
that it had a geometric mean potency of 8.8IU/ml in NIH mouse protection tests and 
3.5 IU/ampoule in SRD tests.

Ampoules are held at or below -20°C at NIBSC under controlled conditions.

2.2 The 5th International Standard RAV

The Fifth IS for Rabies Vaccine was derived from the PM virus strain grown in Vero 
cells. Virus was inactivated by means of beta-propiolactone, purified by sucrose gradient 
ultra-centrifugation and freeze-dried in ampoules after mixing with medium and 
stabilizer (Eagle-Earle BME with Human Serum Albumin and Maltose). A potency of 
16 International Units of Rabies Vaccine (based on the immunogenicity assays) assigned 
to the contents of each ampoule. Each ampoule was also assigned a unitage of 10 IU of 
PM Rabies Virus Glycoprotein and 135 IU of PM Rabies Virus Ribonucleoprotein.

3. Design of studies

Participants were requested to store all ampoules of RAV and 07/162 at -20°C until use. 
Sufficient ampoules of 07/162 were supplied so that it could be tested in duplicate in each 
assay. They were asked to reconstitute both preparations in 1ml distilled H2O. In addition 
participants were asked to:
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perform 3 independent assays on different days, preferably 1 week apart

prepare and test a series of dilutions from the IS, RAV, and the candidate standard 
07/162 and test concurrently

use a freshly opened and reconstituted ampoule for each assay. Sufficient 
ampoules of each preparation were supplied so that a fresh ampoule of the IS 
and the candidate IS could be used for each of the two doses administered in the 
NIH test. 

3.1 Assay methods

Participants were requested to assay the study samples in the NIH mouse protection 
test as described in Laboratory Techniques in Rabies (4). Participants were also requested 
to assay the study vaccines in any in vitro assays for glycoprotein antigen which are 
performed routinely in their laboratory e.g. SRD and EIA. No participants offered to assay 
the current and candidate standards for ribonucleoprotein content. Two laboratories used 
a monoclonal antibody as capture and for detection. Two laboratories used a polyclonal 
anti-rabies serum to capture virus and a monoclonal antibody for detection.

Sheep anti-rabies glycoprotein sera were used in SRD tests. The method used was that 
described in Laboratory Techniques in Rabies (5)

3.2  Statistical Methods

An excel spreadsheet was provided so that all essential information could be recorded, 
including the raw data from each assay. Sheets were supplied for use in NIH tests, SRD 
tests and EIAs. 

NIH mouse protection tests
All NIH tests were analysed by probit analysis. Potencies of the candidate standard were 
expressed relative to the 5th IS, RAV, which had an assigned unitage of 16 IU/ml when 
reconstituted as directed in 1.0 ml dH2O. The usual tests for parallelism and linearity 
were applied. 

Enzyme immunoassays
The assays were analysed at NIBSC as parallel line assays using the raw data returned 
by the participants. Log- log transformations of response was performed and linear 
portions of the dose-response curves were chosen after visual inspection of the plotted 
data. Potencies of the candidate standard were expressed relative to the 5th IS, RAV, 
which had an assigned unitage of 10 IU/ml when reconstituted as directed in 1.0 ml 
dH2O.

Single radial immunodiffusion tests
All participants used an assay layout with four dilutions, from neat to 1 in 4. All 
assays were analysed as slope-ratio assays. Potencies of the candidate standard were 
expressed relative to the 5th IS, RAV, which had an assigned unitage of 10 IU/ml when 
reconstituted as directed in 1.0 ml dH2O.
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Calculation of mean potencies
For all assays, a single potency estimate for the candidate standard was obtained for each 
assay, by taking the geometric mean of the duplicate samples of 07/162, where they had 
been included in the same assay. Laboratory mean potency estimates were calculated 
from these values as geometric means. Overall mean potencies were calculated as the 
geometric means of the laboratory means, along with between laboratory geometric 
coefficients of variation (% GCV).

3.3 Participants

16 participants from 10 countries participated in the study. Participating laboratories are 
listed in Appendix 1 were randomly assigned a laboratory code number, not necessarily 
in the order listed. 

4. Results and data analysis

NIH mouse protection tests
Thirteen laboratories performed 37 NIH mouse protection tests. 32 of the assays 
included the candidate standard in duplicate. 69 estimates of potency relative to the IS 
RAV which has an assigned potency of 16 IU/ampoule were included in the analysis. 
Labs 11 and 14 stated that RAV was pre-diluted to 1IU/ml for the test. Laboratory 
5 reconstituted in 2ml, and all other laboratories reconstituted in 1ml, with no pre-
dilution. There was significant non-parallelism (p<0.01) in 2 assays from laboratory 6 
(4 estimates of potency for 07/162) and this laboratory also gave the lowest potency 
estimates in its valid assay, 2.63 IU/ml. 

The results of individual NIH tests are given in Table 1. The results for the duplicate 
samples of the candidate standard are tabled as “Rep 1” and “Rep 2”. Where participants 
assayed 07/162 in duplicate, geometric means of the within-test duplicate samples 
were calculated. These values are plotted as a histogram, shown in Figure 1. Overall 
geometric means of the values from all assays performed by each participant are also 
given in Table 1. These ranged from approximately 3 to 15 IU. As with other in vivo
challenge assays and results from previous rabies vaccine collaborative studies, the 
variability both within and between assays was high. However, when plotted on a log 
scale, the spread of results is similar to that obtained in the study to establish the 5th IS 
(1) (data not shown). 

Enzyme immunoassays
Four laboratories each performed 3 EIAs for glycoprotein antigen content and tested 
07/162 in duplicate (one laboratory tested it in triplicate in one assay). Data from 
25 assays of 07/162 were available. Potencies were calculated relative to RAV which 
has an assigned value of 10IU glycoprotein per ampoule. The results of individual 
EIAs are given in Table 2 along with geometric means for assays performed by each 
participant. Laboratory 8 did not return raw data from dilution series but submitted 
results in IU.
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Single radial immunodiffusion tests
Four laboratories performed SRDs for glycoprotein antigen content. Laboratory 10 
tested the same dilution series using 2 antisera and the results are designated as lab 10A 
and 10B. Glycoprotein antigen content was calculated relative to RAV which has an 
assigned value of 10IU glycoprotein per ampoule. Data from 25 assays of 07/162 were 
available. The results of individual assays are given in Table 3 along with geometric 
means for assays performed by each participant. Laboratories 6 and 7 had difficulties 
in obtaining readable zones, with the concentration of the candidate IS too low for 
measurable zones at higher dilutions. Laboratory 10 reconstituted 07/162 in 0.5ml, 
giving a more concentrated starting dilution. Laboratory 5 only performed a single 
SRD assay, with duplicate samples of the candidate standard. The resulting estimated 
potencies from laboratories 6 and 7 had wide confidence limits, with upper limits of 
between 130% to 160% of the estimated potency for laboratory 7, and between 170% to 
270% for laboratory 6. These compare with upper limits of under 110% for laboratory 
5 and between 115% and 140% for laboratory 10. 

Overall mean potencies

NIH tests
As laboratories performed different numbers of assays and the inclusion of replicates of 
07/162 varied, the overall geometric mean potency of all individual NIH tests excluding 
significantly non-parallel assays was calculated. As shown in Table 4, this was 8.22 IU/
ampoule. The between laboratory GCV is 62% which is reasonable for such an in-vivo 
test. The 95% confidence intervals in NIH tests were 6.97 – 9.69. The results are at least 
as reproducible between laboratories as in the study to establish 5th IS (1). 

In vitro tests – EIA and SRD
The overall geometric mean potency of all individual EIA assays and SRD test was 
3.24 IU with a GCV of 10.1% when assayed against RAV with an assigned glycoprotein 
content of 10 IU of glycoprotein. The overall geometric mean of the individual SRD 
assays was 3.42 IU with a GCV of 30.41%. The high GCV in the SRD assays was 
likely to have been due to difficulties in measuring the zones at the higher dilutions. 
The overall geometric mean of all in vitro assays was 3.32 IU with 95% confidence 
intervals of 3.05 – 3.61.

5. Stability studies

Ampoules of the candidate standard 07/164 were stored at +4°C, +20°C and +37°C 
for a period of 6 months. These were then assayed in NIH mouse protection tests and 
SRD assays for virus glycoprotein along with ampoules stored at the recommended 
storage temperature of -20°C so that its stability could be assessed. 

Single radial immunodiffusion tests 
Three SRD assays of samples stored at elevated temperatures were performed at NIBSC. 
Each assay was repeated using two different strains of anti-sera. Ampoules of vaccine 
stored at -70°C were included in the assays and the potency of all samples was calculated 
relative to samples stored at -70°C. The potencies, expressed as a percentage of the -70°C 
sample, are shown in table 5, along with the geometric mean across assays. There is 
no detectable degradation after 6 months of storage at the elevated temperatures, with 
the +37°C sample having an observed mean potency greater than 100% of the -70°C 
sample. The differences in means between the different temperatures of storage are the 
result of assay variability. 



WHO Manual for the establishment of national and other secondary standards for vaccines100

As no degradation can be detected, precise predictions of loss per year, using the usual 
Arrhenius model, are not possible. However, as the degradation rate is expected to 
approximately double with each additional 10°C of storage temperature, the absence of 
detectable degradation after 6 months at +37°C implies that there will be no detectable 
degradation after more than 20 years at -20°C. 

NIH mouse protection tests
Two NIH mouse protection tests were performed on samples stored at -20°C, +4°C, 
+20°C and +37°C along with RAV in one laboratory who performs a large number of 
assays each year. The potencies were calculated relative to the 5th IS RAV, which was also 
included in each assay and the results in IU/ml are shown in Table 6. Potencies of the 
higher temperature samples are also expressed as a percentage of the -20°C sample. 

The geometric mean potency of the -20°C samples was 9.3 IU/ml, in good agreement to 
the overall results from the collaborative study (overall mean 8.2). The samples stored 
at temperatures from +4°C to +37°C show some loss of activity, with potencies around 
60% – 70% compared to the samples stored at -20°C. These data are not amenable to 
the Arrhenius model of degradation. However, 70% of activity retained after 6 months 
at +37°C.

Conclusions from stability studies
There was no loss of glycoprotein content in vaccines stored at elevated temperatures 
although a loss of 30% was observed in ampoules stored at +4° were assayed in NIH 
tests. However, there was no further loss in activity in ampoules stored at +20° and 
+37°C and, taking into consideration the inherent variability of NIH tests, this suggests 
that 07/162 is of adequate stability to serve as the International Standard.

Nevertheless, periodic stability studies will be undertaken to confirm these findings 
and to obtain more precise estimates of the rate of degradation.

Discussion and conclusions
The overall mean potency of 07/162 in NIH tests was 8.22 which is close to 50% of 
RAV. However, as participants were asked to reconstitute ampoules in 1.0ml dH2O
but only 0.5ml aliquots were filled, the mean potency is close to the expected value for 
this vaccine from this manufacturer. 

The fourth IS was the first standard for rabies vaccine to be calibrated against the 
previous IS in both in vivo and in vitro assays (1, 2). Both the third and fourth IS were 
prepared from PM human diploid cell vaccine purified by sucrose centrifugation from 
the same manufacturer (6, 7). The 4th IS had a potency of 7.8IU/ampoule when assayed 
in NIH tests and also in in vitro assays for glycoprotein content. The 5th IS, RAV, was 
sourced from a different manufacturer and, when it was calibrated against the 4th IS in 
both in vivo and in vitro assays, it had a potency of 16 IU/ampoule in NIH tests but 
only 10 IU/ampoule in in vitro assays (SRD and EIA).

The mean glycoprotein antigen content of the candidate standard 07/162 assayed in 
SRD and EIA assays are very close. They are lower than the potencies determined 
in NIH tests, as was the case in the collaborative study in which RAV was assessed. 
The reconstitution of 07/162 in 1ml, when used in SRD assays, resulted in fewer 
measurable zones at higher dilutions. The potencies in EIA assays are also lower than 
the potencies of some vaccines. It would therefore be advisable to recommend that the 
candidate IS be reconstituted in 0.5ml if it is to be used in in vitro assays.
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6. Proposal

It is proposed that the candidate standard 07/162 be established with an assigned unitage 
of 8 IU/ampoule when assayed in in vivo NIH mouse protection tests. 

It is proposed that the candidate standard 07/162 be established with an assigned unitage 
of 3.3 IU glycoprotein antigen content per ampoule when assayed in in vitro assays. 

The proposed unitage does not carry an uncertainty associated with its calibration. 
The only uncertainty is therefore derived from the variability of the dry fill weight of the 
ampoule content which had a coefficient of variation of 1.14%

The volume of distilled water recommended for reconstitution of 07/162 for use in in
vivo NIH tests will be 1ml ie 8 IU/ml and for use in in vitro assays such as EIA and 
SRD will be 0.5ml ie 6.6 IU/ml. 

It is proposed that the International Unit for rabies virus PM ribonucleoprotein be 
discontinued as none of the invited participants offered to assay the study samples for 
ribonucleoprotein content and this assay is not performed during routine quality control 
by manufacturers or as part of the batch release of rabies vaccines by National Regulatory 
Authorities. 

The proposed Instructions for Use for this material are given in Appendix 2

7. Summary of comments from participants

9 of the 16 participants responded to the request for comments on the draft study 
report. All agreed with the proposal for establishment of 07/162 as the 6th International 
Standard for rabies vaccine. 

Three participants submitted more detailed comments on the report and these have 
been considered and the report amended as considered necessary.

One requested clarification of the source of strain, cell line and method of 1)
manufacture of RAV and 07/162. 

One requested additional detail on the EIA methods, clarification of the 2)
transformation used in the statistical analysis and the recommendation for 
reconstitution volume. 

One participant, who reported potencies among the higher range, was concerned 3)
that the assigned value would result in low potencies for some vaccines. 
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Figure legend

Figure 1: Histogram of the individual NIH potency estimates in IU/ml. 
Individual boxes represent the potency estimate obtained from each NIH test. 
Where 07/162 was tested in duplicate, the geometric mean was taken to give a 

single estimate for each NIH test
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Table 1: Potency of 07/162 relative to 5th IS RAV (contains 16IU/ampoule) 
in individual NIH tests in IU/ml

Lab
Assay 1 Assay 2 Assay 3

Laboratory 
meansRep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2

1 7.54 8.46 8.45 5.86 6.11

9.84 12.61 6.05 9.09

4 4.56 9.07 5.62 5.09 5.52 6.65

5 10.46 11.46 5.50 6.29 4.54 6.94 7.12

6 1.68

8 15.60 15.22 17.94 12.99 12.02 14.57

9 10.16 9.94 11.70 9.57 11.25

11 5.48 4.48 5.79

12 4.67 10.77 17.60 6.27

10.77 16.61 20.26 7.50 9.54 2.59

14 20.70 7.00 17.07 9.92

15 4.42 5.12

16 4.91 7.82 9.52 10.86 7.79 8.64

* Significant non-parallelism (p<0.01)

Table 2: Glycoprotein antigen content of 07/162 relative to 5th IS RAV 
(contains 10IU/ampoule) in individual EIA tests in IU/ml

Lab

Assay 1 Assay 2 Assay 3
Laboratory

means
Rep 1 Rep 2 Rep 3 Rep 1 Rep 2 Rep 1 Rep 2

2 2.86 2.89 2.58 2.92

5 2.98 2.97 2.91

8
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Table 3: Glycoprotein antigen content of 07/162 relative to 5th IS RAV 
(contains 10IU/ampoule) in individual SRD tests in IU/ml

Lab
Assay 1 Assay 2 Assay 3

Laboratory
means

Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2

5 4.58 4.65

6 4.15 2.94

7 4.51 4.68 4.06

10A 2.76 2.40 2.86 2.15 2.07 2.57

10B 2.96 2.54 2.14 1.89

Table 4: Overall Geometric Mean Potencies (IU/ml) in NIH, EIA and SRD tests

Laboratory NIH EIA SRD

Overall geometric mean 
of individual assays

8.22

GCV (% ) 61.6 10.1

6.97 – 9.69

Table 5: Glycoprotein antigen content measured in SRD of samples of 07/162 
stored at various temperatures expressed as a percentage of the -70°C sample

Assay
Overall

Geometric
Mean

1 2 3

Sample H26 H65 H26 H65 H26 H65

-20 100.17 92.99 91.17 102.99 95.90

+4 97.58 85.90 92.18 105.86 110.12 98.59

+20 98.87 102.21 109.20 89.21 99.68

100.47 107.05 111.21 97.02 124.50 108.54

RCC5 121.70 146.50 146.10 144.18

Table 6: NIH test potencies of 07/162 stored at various temperatures in IU/ml 
and expressed as a the percentage of ampoules stored at -20°

IU/ml Percentage activity of sample 
stored at -20°C

Temp Test 1 Test 2 Geometric
Mean Test 1 Test 2 Geometric

Mean

-20°C 7.70

+4°C 5.78 68.8 56.1

+20°C 5.12 8.80 6.71 66.5 72.18

4.62 8.98 6.44 60.1 79.9 69.28
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Figure 1: Histogram of the individual 
NIH potency estimates in IU/ml
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Appendix 2: Draft Instructions for Use
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Appendix 7: 
Study documentation: 

Diphtheria vaccine

Appendix 7a Diphtheria Vaccine (Adsorbed) 
Invitation/Questionnaire, Study Protocol, 
Results form

Invitation to Participate

COMMON INTERNATIONAL COLLABORATIVE STUDY
Calibration of Replacement International Standard and European Biological 

Reference Preparation for Diphtheria Toxoid Adsorbed

Dear Colleague,

On behalf of the World Health Organization and the European Directorate for the 
Quality of Medicines & HealthCare (EDQM), we would like to formally invite you 
to participate in the common international collaborative study to investigate the 
suitability of candidate reference materials for Diphtheria vaccine (adsorbed) and assign 
unit value against the current standard preparation (3rd WHO IS and Ph Eur BRP 
Batch 3). Calibration of the replacement IS/BRP will be based only on guinea pig 
challenge assays (methods A and B). However, the collaborative study also provides 
the opportunity to assess the performance of the candidate replacement materials in 
guinea pig serology assays (method C, samples A and B). 

You have provisionally indicated by response to the questionnaire that you are able to 
perform one or more of the above methods as part of this study. All participants will 
be asked to perform two separate potency tests for each method they have agreed to 
perform according to the in-house and established procedures. We would be grateful 
if you could now confirm your participation in the study by completing the attached 
acceptance form and returning it to us by 21st Dec 2007. We propose to dispatch samples, 
relevant data reporting forms and accompanying documents before the end of January 
2008. Participants are asked to respond with their data by 31st May 2008. Data should 
be sent simultaneously to both organizers, NIBSC and EDQM. 

Dr Dorothea Sesardic (NIBSC, UK) will be the project leader for this study on behalf 
of WHO and EDQM. Dr Karl-Heinz Buchheit is the contact person at EDQM for 
this study. We thank you for your invaluable contribution. 

Yours sincerely,

Dorothea Sesardic, PhD Karl-Heinz Buchheit, PhD
Division of Bacteriology Department of Biological Standardisation
NIBSC OMCL Network & HealthCare (DBO)
Blanche Lane EDQM, Council of Europe
South Mimms, Potters Bar 7 allee Kastner, CS 30026
EN6 3QG, UK F-67081 Strasbourg, France
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Study protocols

ANIMALS / IMMUNISATION FORM (1 of 2)
USE FOR ALL METHODS

______________ __________________

______________________________________________________

Please complete sections 1 and 2 of this form for each experiment and return with the 
corresponding data/result sheets. Prepare duplicates of this form as necessary.

SECTION 1: ANIMAL DETAILS

______________________________________________________

_______________________________________________________________________

__________________________________________________________________________

________________________________________________________________________

_______________________________________________________________________

_________________________________________________________

___________________________________________________

_________________________

________________________________________________________________
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ANIMALS / IMMUNISATION FORM (2 of 2)

SECTION 2: VACCINE DILUTIONS Date of immunisation:_____________

Ampoule Code: PREPARATION A (Estimated potency 114 U/ampoule)

Number of ampoules: ______ reconstituted in: __________ ml of: _____________

DILUTION NUMBER DILUTION FACTOR DOSE (Assumed Units/ml)

...................................................................................................................................

Ampoule Code: PREPARATION B (Estimated potency 268 U/ampoule)

Number of ampoules: ______ reconstituted in: __________ ml of: _____________

DILUTION NUMBER DILUTION FACTOR DOSE (Assumed Units/ml)

...................................................................................................................................

Ampoule Code: PREPARATION C (Defined potency 160 IU/ampoule)***

Number of ampoules: ______ reconstituted in: __________ ml of: _____________

DILUTION NUMBER DILUTION FACTOR DOSE (Assumed Units/ml)

*** Supplied for challenge models only (methods A and B).
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Results Summary Form

Contact

Lab Code

Number of assays

No. of animals per vaccine dilution

No. of dilutions per vaccine

In house standard included in test?
rd IS for diphtheria toxoid included in test? 

(preparation C)

Assay 1
Potency

Comparison
Value

(relative)
Value 

(IU/ampoule) Validity

A vs. B

A vs. C

B vs. C

In-house vs. C

Assay 2

A vs. B

A vs. C

B vs. C

In-house vs. C

Assay 3

A vs. B

A vs. C

B vs. C

In-house vs. C

Combined potency estimates of all valid estimates

Preparation No. Valid Estimates Homogeneous Geometric Mean

A

B
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LETHAL CHALLENGE - TOXIN FORM
FOR USE WITH METHOD B

______________ _________________________

______________________________________________________

Please complete this form for each experiment and return with the corresponding data/result 
sheets.

CHALLENGE TOXIN DETAILS ______________________________

____________________________________________________________

________________________________________________________________________

50 _______________________ __________________

Table 1: Toxin dilutions for vaccinated animals

TOXIN
DILUTION CODE

DILUTION
FACTOR

VOLUME OF CHALLENGE
DOSE

(Lf/ml / LD50/ml)

1

Table 2: Toxin dilutions for control animals (if applicable)

TOXIN
DILUTION CODE

DILUTION
FACTOR

VOLUME OF CHALLENGE
DOSE

(Lf/ml / LD50/ml)

C1

C2

C4

C5

C6



113WHO/IVB/11.03

LETHAL CHALLENGE - RESULTS FORM
FOR USE WITH METHOD B

______________ _________________________

_____________________________ ___ ____

______________________________________________________________

Please record results for the lethal challenge assay in the table below. If animals are in separate 
cages, then the results for each cage should be separated. Use additional copies of this form 
as required. Please complete forms for each experiment and return with the corresponding data 
sheets.

Table 1: Lethal challenge scores

AMPOULE
CODE

DILUTION
CODE CAGE NO. OF ANIMALS

TESTED
NO. OF ANIMALS

RESPONDING
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INTRADERMAL CHALLENGE - TOXIN FORM
FOR USE WITH METHOD A

______________ _________________________

______________________________________________________

Please complete this form for each experiment and return with the corresponding data/result 
sheets.

CHALLENGE TOXIN DETAILS ______________________________

_____________________ Concentration (Lf/m) _____________________

__________________________________________ __________________

Table 1: Toxin dilutions for vaccinated animals

TOXIN
DILUTION CODE

DILUTION
FACTOR

VOLUME OF CHALLENGE
DOSE

(Lf/ml / LD50/ml)

1

2

4

5

6

Table 2: Toxin dilutions for control animals (if applicable)

TOXIN
DILUTION CODE

DILUTION
FACTOR

VOLUME OF CHALLENGE
DOSE

(Lf/ml / LD50/ml)
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INTRADERMAL CHALLENGE - RESULTS FORM
FOR USE WITH METHOD A

______________ _________________________

_____________________________ ___ ____

____________________________________________________________________

______________________________________________________________________________

The scores for all injection sites should be recorded in the table below. Use additional copies of this 
form as required. Please complete forms for each experiment and return with the corresponding 
data sheets.

Table 1: Intradermal challenge scores

AMPOULE
CODE

DILUTION
CODE CAGE ANIMAL

CHALLENGE TOXIN 
DILUTION

TOTAL 
SCORE1 2 3 4 5 6

SCORES
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Appendix 7b Study Report - Calibration of a Reference 
Preparation for Diphtheria Vaccine 
(Adsorbed)

WHO/BS/09.2123
ENGLISH ONLY

EXPERT COMMITTEE ON BIOLOGICAL STANDARDIZATION
Geneva, 19 to 23 October 2009

Collaborative Study: Calibration of Replacement WHO 
International Standard for Diphtheria Toxoid Adsorbed

Paul Stickings1, Peter Rigsby2 and Dorothea Sesardic1*

1Division of Bacteriology, 2TDI Biostatistics, 
National Institute for Biological Standards and Control,

Blanche Lane, South Mimms, 
Potters Bar, Herts EN6 3QG, UK

*Study Coordinator
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Summary

We report here the results of a joint WHO/EDQM study for the characterization 
of a preparation of diphtheria toxoid, adsorbed, and its calibration in terms of the 
Third International Standard (IS) for Diphtheria Toxoid, adsorbed, coded Preparation 
C (98/560, 160 IU/ampoule). Calibration was performed using established World 
Health Organisation (WHO) and European Pharmacopoeia (Ph. Eur.) protection 
models by challenge. Two candidate toxoid preparations (coded Preparation A and B) 
were included in the collaborative study, one of which was adopted as a replacement 
Ph. Eur. Biological Reference Preparation (BRP, batch 4) in February 2009. The second 
candidate toxoid preparation was recommended as the 4th WHO IS and was found 
to have a unitage of 213 IU/ampoule based on the calibration by in vivo bioassay in 
19 laboratories in 16 different countries. 

Stability of the replacement standard preparation was assessed in vitro as part of 
candidate characterization and in vivo in a follow up to the collaborative study proper. 
Although no formal predictions of stability could be made, results suggest that the 
replacement standard will have satisfactory stability.

This study also provided an opportunity to assess performance of the replacement 
standard in mouse and guinea pig serological assays. Participants were asked to 
test both candidate preparations and potency was expressed in relative terms only. 
Fourteen laboratories participated by performing the mouse Vero cell assay according 
to in-house protocol and 8 laboratories participated by performing serology in guinea 
pigs, again according to in-house protocols. Results suggest that the replacement WHO 
IS preparation may be suitable for use as the reference vaccine in these serological 
models subject to confirmation or validation for particular products.

Based on the results of this study and with the agreement of participants, the preparation 
coded Preparation B is suitable for adoption as the 4th WHO International Standard for 
Diphtheria Toxoid, Adsorbed and should be assigned a potency of 213 IU/ampoule. 

Introduction

Diphtheria is an acute, often fatal bacterial disease caused by toxigenic strains of 
Corynebacteria. Diphtheria toxin (DTx) is the major virulence factor of these organisms 
and the clinical manifestations of the disease are due mainly to the presence of circulating 
toxin in the bloodstream of infected individuals [1]. Active immunization against 
diphtheria is based on the use of a formaldehyde-detoxified preparation of DTx, 
diphtheria toxoid (DTxd) to induce protective antibody responses. The introduction 
of routine immunization programs against diphtheria in the 1940s and 1950s led 
to almost complete eradication of this disease from many countries by the 1980s. 
However, diphtheria is still endemic in certain parts of the world and several outbreaks 
have occurred, the most serious of which occurred in Russia and the Newly Independent 
States (NIS) of the former Soviet Union where the WHO registered 47,000 cases of 
disease with more than 1,700 fatalities [2]. It is clear that disease can re-emerge in 
previously low-prevalence countries under particular conditions – for example gaps in 
childhood vaccination coverage combined with waning immunity in adult populations. 
A number of population immunity studies has identified sizeable proportions of adults 
with diphtheria immunity levels below the putative protective threshold, even in 
countries with good childhood immunization coverage [3,4,5], and in most countries 
it is recommended that adults should receive booster vaccinations [6].
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Good childhood vaccination coverage and appropriate booster immunization of 
adults is necessary to maintain protection against diphtheria in the population, and 
the supply of effective vaccines is dependent on confirmation of vaccine potency. 
The WHO and Ph. Eur. impose recommendations to confirm efficacy of every new batch of 
diphtheria vaccine manufactured [7,8]. The specifications for these vaccines are therefore 
dependent on the use of the IS or material calibrated against it, with vaccine potency 
expressed in IU. The 3rd WHO IS for Diphtheria Toxoid, Adsorbed (coded 98/560) was 
established by the WHO Expert Committee on Biological Standardization in 1999 [9]. 
This material, with an assigned unitage of 160 IU/ampoule was used extensively as a 
working reference preparation and for calibration of in-house reference preparations 
according to the intention of the WHO and Ph. Eur. Commission. The demand for 
this standard preparation increased significantly in the last decade as a result of the 
introduction of new combination vaccines containing diphtheria toxoid. Due to 
rapid fall in available stocks at NIBSC and on request by the WHO, a project was 
initiated at NIBSC to calibrate and establish a replacement standard in terms of the 
current standard so that continuation of IU and traceability can be maintained among 
the vaccine manufacturers and national control authorities. Two candidate materials 
for the replacement standard were provided to NIBSC for stabilization and filling 
prior to freeze-drying. Preliminary studies performed at NIBSC confirmed that the 
freeze-dried products were suitable for evaluation as candidate replacement standards. 
Collaborative study (NIBSC code CS 357) was initiated with the primary aim of 
calibrating these materials in terms of the 3rd IS for Diphtheria Toxoid, Adsorbed, 
using established WHO/Ph. Eur. protection methods in guinea pigs. 30 laboratories 
in 20 countries (Australia, Belgium, Canada, China, Croatia, Denmark, Egypt, France, 
Germany, India, Indonesia, Italy, Japan, Republic of Korea, The Netherlands, Norway, 
Russian Federation, South Africa, United Kingdom and Vietnam) participated in the 
collaborative study and 21 of these performed protection assays used for calibration 
of the replacement standard. The participating laboratories are listed in the Appendix 
and are referred to throughout this report by a code number, allocated at random, 
and not related to the order of listing.

The WHO/Ph. Eur. challenge models in guinea pigs are the gold standard methods 
to confirm a protective response to diphtheria vaccination. Serological methods 
based on the measurement of antibody responses in vitro after immunization and 
bleeding of mice or guinea pigs are alternative methods to the direct challenge models. 
The WHO and Ph. Eur. allow the use of the Vero cell toxin neutralization test (TNT) 
to measure functional antibody responses after immunization and bleeding of animals, 
and allow the use of ELISA subject to validation for a particular product [10, 11]. 
In each case, the serological response to the test vaccine is compared to that of the reference 
preparation and vaccine potency is expressed in IU. Therefore, a secondary aim of the 
collaborative study was to assess performance of the candidate replacement standards 
in serological assays. Participants were asked to perform a serological assay in mice 
(Vero cell assay) or in guinea pigs (Vero cell assay or ELISA) according to in-house protocols. 
14 laboratories participated by performing the mouse Vero cell assay and 8 laboratories 
participated by performing serology in guinea pigs. Participants were asked to test both 
candidate preparations and potency was expressed in relative terms only.
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Bulk material and processing

Adsorbed diphtheria toxoid (Lot no. IND07014) comparable to that used in the 
current WHO IS was kindly provided by Sanofi Pasteur (Marcy l’Etoile, France) 
and a second diphtheria toxoid (Lot no. BKN0701) was kindly provided by Biken 
(Osaka, Japan) with supporting documentation confirming safe handling as laboratory 
reagent. Full composition details of the 

two candidate materials provided to NIBSC for stabilization and freeze-drying are 
summarized in Table 1. Diphtheria toxoid adsorbed to aluminium hydroxide provided 
by Sanofi Pasteur had a value for antigen content of 150 Lf/ml. Diphtheria toxoid 
adsorbed to aluminium phosphate provided by Biken had a value for antigen content 
of 200 Lf/ml. The antigen content was confirmed by in-house capture ELISA at 
NIBSC (Table 1). The potency of the liquid toxoids was also determined at NIBSC 
using the intradermal challenge method in guinea pigs [11]. Animals, 8 per dose were 
immunized with 3 dilutions of one of the candidate liquid toxoids or the Third IS 
for Diphtheria Toxoid, Adsorbed (98/560) as the reference vaccine. After 28 days, 
animals were challenged by intradermal injection of 6 dilutions of diphtheria toxin 
(Ph. Eur. BRP batch 1) [12]. After 48 h each animal was given an intradermal score 
based on the presence or absence of specific erythema at the site of toxin challenge. 
The intradermal challenge scores were transformed (score2) and used to obtain an 
estimate of potency for the test vaccines relative to the scores obtained in animals 
immunized with the reference vaccine by pair wise parallel-line quantitative analysis. 
The higher diphtheria antigen content of the Biken toxoid was reflected in a higher in 
vivo potency of 566 (410 – 798) IU/ml, compared to the Sanofi Pasteur toxoid which 
had an in vivo potency of 302 (226 – 398) IU/ml (Table 1).

Five litres of each batch of diphtheria toxoid was stabilized by the addition of an 
equal volume (5 L) of sterile Haemaccel® solution (3.5% w/v degraded gelatine – 
polygeline) before freeze-drying. Filling (1 ml per ampoule) was performed at room 
temperature with constant stirring within NIBSC’s Standards Processing Division on 
16th August 2007 (Biken toxoid) and 10th September 2007 (Sanofi Pasteur toxoid). 
The filled materials were then freeze-dried and stored at -20°C in the dark at NIBSC. 
The finished products were coded 07/216 (Biken) and 07/218 (Sanofi Pasteur) 
respectively. A total of 9977 ampoules of Preparation B (07/216) were filled at NIBSC 
and 3000 were donated to the National Institute of Infectious Diseases (NIID) Japan, 
as per prearranged agreement. After collaborative study, in-house measurements and 
accelerated degradation studies, 6172 ampoules remain available at NIBSC, stored at 
-20oC, for use as the WHO IS.
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Characterization of freeze-dried candidate replacement standards

After filling and freeze-drying, the candidate toxoids were examined for appearance, 
residual moisture content, oxygen head space, total antigen content and potency 
(results are summarized in Table 2). The lyophilized product for both toxoids was of 
very good appearance, giving rise to robust and homogenous cakes. The precision of 
fill was determined by weighing ampoules after fill. Representative ampoules were 
weighed at 1 minute intervals throughout the production run. A total of 374 ampoules 
were weighed for 07/216 (Biken) and the mean fill mass was 1.005 g with a coefficient 
of variation (CV) of 0.21%. For 07/218 (Sanofi Pasteur) a total of 443 ampoules were 
weighed and the mean fill mass was 1.005 g with a CV of 0.18%. Ampoules were sealed 
under boil-off gas from high purity liquid nitrogen (99.999%) and measurement of 
the mean oxygen head space after sealing served as a measure of ampoule integrity. 
The mean oxygen head space was measured using an Orbisphere Pharmapack 3600 
analyser. Residual moisture content was measured using the colorimetric Karl Fischer 
method with total moisture expressed as a percentage of the mean dry weight of the 
ampoule contents. The results of measurements of residual moisture content and 
oxygen headspace are summarized in Table 2. Both candidate preparations fulfil the 
requirements for reference preparations regarding precision of fill, residual moisture 
and oxygen head space.

The antigen content and potency of 07/216 (Biken) was found to be 51% and 
47% of the value determined for the liquid starting material respectively. This is 
consistent with a 1:1 dilution of the toxoid after stabilization with Haemaccel®, and 
suggests near complete recovery of biological activity after freeze-drying. For 07/218 
(Sanofi Pasteur), the diphtheria antigen content of the freeze-dried material was 51% 
of the value determined for the starting material but the diphtheria potency was only 
38% of that determined for the starting material. As a result, the recovery of biological 
activity after freeze-drying was estimated to be approximately 75% for 07/218, which is 
comparable to the recovery of biological activity for the current WHO IS/Ph. Eur. BRP 
standard which was prepared using diphtheria toxoid of similar formulation [13]. 

Collaborative study design and methods

Calibration of candidate replacement standard

Study design
The two candidate toxoid preparations were included in an International collaborative 
study to calibrate the toxoids for diphtheria potency in International Units. 
Assays were performed using established WHO/Ph. Eur. challenge methods in guinea pigs 
[7,11] and potency was expressed in terms of the 3rd IS for Diphtheria Toxoid, 
Adsorbed. As stocks of the 3rd IS are very low, the Diphtheria vaccine (adsorbed) 
BRP batch 3, which is identical to the 3rd IS but which was kept at the EDQM, was 
donated by the EDQM and used for the calibration. The BRP had been sent to NIBSC 
before the study and was distributed together with the two candidate materials by the 
NIBSC. The 3rd IS and BRP batch 3 were tested at NIBSC using the in vitro antigen 
assay to determine diphtheria toxoid Lf content. Results confirmed that there was no 
difference between these two materials in terms of their antigen content: 3rd IS 98/560 
had an antigen content of 114 110 – 119 Lf/ml, n=4) and BRP batch 3 had an antigen 
content of 111 (107 – 115 Lf/ml, n=4).
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Diphtheria toxoids 07/218 (Sanofi Pasteur) and 07/216 (Biken) were coded as 
Preparations A and B respectively for the collaborative study. The current WHO IS/
Ph. Eur. BRP (Batch 3) was coded as Preparation C (defined potency 160 IU/ampoule). 
These samples were sent to participants with instructions for storage and use. Potency 
estimates for Preparations A and B determined at NIBSC after fill (Table 2) were 
provided to participants to help in the preparation of dilutions. Twenty-one laboratories 
from 17 different countries performed protection assays used for calibration of the 
replacement standard. A summary of participating laboratories, preparations tested and 
methods performed is listed in Table 3. The majority of participants performed two 
independent challenge tests as requested. Four laboratories (7, 18, 20 and 26) performed 
a single assay. Laboratories 2 and 22 performed 3 assays for both candidate preparations. 
Laboratory 13 performed 3 assays for Preparation B and 2 assays for Preparation A. 
The number of animals used per vaccine dilution ranged from 8-16 and the number of 
doses used per vaccine ranged from 3-6 (Table 3).

Reporting of data and statistical analysis
All raw data together with assay details (preparation of candidate standard dilutions 
and challenge toxin) were provided to NIBSC to permit independent analysis. 
Participants were asked to provide details of response and scores measured, and data 
from all assays were analyzed using the principles of parallel-line bioassay analysis 
comparing transformed assay responses to log vaccine dose. For systemic (lethal) 
challenge assays, a probit transformation was used. For the intradermal challenge assays, 
the (score)2 transformation was used. All analysis was performed using CombiStats 
(Version 4.0, EDQM). Note that for laboratory 3 a probit analysis was performed 
because guinea pigs were challenged intradermally with one dilution of toxin only. 
For all assays, the data for each candidate preparation were analyzed separately against 
the 3rd IS for Diphtheria Toxoid, Adsorbed (98/560, 160 IU/ampoule) and the resulting 
potency estimates are therefore based on direct pair-wise comparisons with the sample 
coded Preparation C.

Some data were excluded from the systemic challenge assays before statistical analysis. 
Where a maximum (100%) response was recorded for the two largest vaccine doses 
included in the assay, the largest dose was omitted from the analysis as the maximum 
response had clearly been achieved at the smaller of the two doses. Similarly, if a zero 
(0%) response was recorded for the two smallest vaccine doses, the smallest dose was 
omitted from the analysis. All other data were included in the analysis unless otherwise 
stated. For laboratory 2 the smallest vaccine dose was omitted for all preparations in 
all 3 assays performed as the vaccine was too dilute and all animals gave an intradermal 
score of zero.
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Stability studies

Representative samples (40 ampoules) for Preparations A and B were stored at each 
of +4°C, +20°C, +37°C, +45°C and +56°C for accelerated thermal degradation 
studies initiated after freeze-drying on 09 October 2007. After storage at the above 
temperatures for 1 year, samples from each temperature group were removed and 
shipped to participating laboratories for potency testing relative to an identical sample 
of the appropriate preparation stored at -20 °C. Six laboratories agreed to participate 
in these stability studies and each participant was asked to perform a single potency 
test using a WHO/Ph. Eur. challenge model. The stability study design is summarized 
in Table 4.

Data obtained for each degradation sample were analyzed separately against the 
appropriate preparation stored at -20°C using the parallel-line bioassay analysis methods 
described previously. Doses used by laboratory 1 where all animals gave an intradermal 
score of zero were omitted from the analysis.

Representative samples of Preparations A and B stored at the elevated temperatures 
listed above were also tested at NIBSC using an in-house antigen assay (in vitro) to 
measure total antigen content of the toxoid preparation. After desorption of antigen 
from adjuvant using sodium citrate, the total antigen content was measured using a 
capture ELISA. Antigen content was expressed in Lf/ml against the 2nd WHO IS for 
diphtheria toxoid for flocculation test (NIBSC code 02/176, 1100 Lf/ampoule). 

Serological assays

Study design
For serology studies, participants were asked to perform a serological assay in mice 
(Vero cell assay) or in guinea pigs (Vero cell assay or ELISA) according to in-house 
protocols. Participants were asked to test both candidate preparations (Preparations 
A and B) and potency was expressed in relative terms only. Potency estimates for 
Preparations A and B determined at NIBSC after fill (assay 1, Table 2) were provided 
to participants to help in the preparation of dilutions. 14 laboratories participated by 
performing the mouse Vero cell assay and 8 laboratories participated by performing 
serology in guinea pigs. The majority of laboratories performed two independent serology 
assays. Laboratory 6 performed a single serology assay in guinea pigs and laboratory 
24 performed a single serology assay in mice and in guinea pigs. Laboratory 22 performed 
3 independent serology assays in mice and in guinea pigs (a summary of assays performed 
is presented in Table 5). For the guinea pig serology assays, 4 laboratories performed 
analysis using the Vero cell assay and 3 laboratories performed analysis using ELISA. 
One laboratory analyzed results using both the Vero cell assay and ELISA. The Vero cell 
assay is an in vitro toxin neutralization test which measures the ability of serum samples 
from individual animals to protect Vero cells from a cytotoxic dose of diphtheria toxin. 
The general principle of the Vero cell assay was essentially as described previously [14] 
or with minor modifications [15]. See Table 5 for a summary of analysis methods and 
responses used in each laboratory. 
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Reporting of data and statistical analysis
All raw data together with assay details (preparation of candidate standard dilutions 
and details of in vitro assays) were provided to NIBSC to permit independent analysis. 
For the Vero cell assay performed as part of mouse or guinea pig serology assays, some 
laboratories reported results as negative or positive scores (representing presence or 
absence of a cytotoxic effect respectively). Some laboratories expressed results for 
individual serum samples in the Vero cell assay relative to a positive control serum 
[11]. All ELISA results were expressed relative to a positive control serum included 
in the in vitro assay. 

Data from all assays were analyzed using the principles of parallel-line bioassay analysis 
comparing assay responses (score or log antibody level) to log vaccine dose, as described 
previously. Where necessary, doses not on the linear section of the dose-response were 
excluded from the analysis. 

Results and discussion

Calibration of replacement standard

Assay validity
In general, the challenge tests satisfied the requirements for validity as set out in the 
Ph. Eur. monograph for diphtheria vaccine adsorbed [11]. The results from all assays 
valid at the 1% level of inference are included in this report. Assays where deviations 
from the model were significant at the 5% level (0.01<p<0.05) were observed as follows: 
for systemic challenge assays, non-linearity of Preparation A was observed in laboratory 
11 (assay 1) and laboratory 21 (assay 1). Non-parallelism of results was obtained with 
Preparations B and C in laboratory 9 (assay 1). For intradermal challenge assays, 
non-linearity was observed for Preparation B in laboratory 4 (assay 2). Non-parallelism 
of results was obtained with Preparations B and C in laboratory 2 (assay 1 and 3) 
and laboratory 26 (assay 1). All of these assays are included in the report and are 
clearly indicated in the results section. In addition, in laboratory 18 (assay 1) and 23 
(assay 2) only 40% protection was achieved at the largest dose of Preparation B although 
estimates of potency were calculated and included in the final calibration.

For some assays no potency estimates have been calculated: in systemic challenge 
assays, 20% protection was observed at the largest dose of Preparation A in laboratory 
6 (assay 1), 18 (assay 1) and 22 (assay 1). This was also the case for Preparation B in 
laboratory 22 (assay 1). In laboratory 7 (assay 1), 80% protection was observed at the 
smallest dose of Preparation B. In laboratory 22 significant non-parallelism (p<0.01) 
was obtained with Preparations A and C (assay 3).

Potency of Preparation A
Potency estimates (IU/ampoule) for Preparation A are summarized in Table 6 and 
Figures 1 and 2. Most estimates within individual laboratories were homogeneous and 
a weighted geometric mean was calculated for the laboratory mean. Estimates from 
laboratories 13 and 14 were significantly heterogeneous (p<0.05) and a semi-weighted 
geometric mean was calculated for the laboratory mean. The unweighted geometric 
mean potency estimate (with 95% confidence limits) for all laboratories (n=18) was 
101.4 (90.1 – 114.1) IU/ampoule. For intradermal challenge assays (n=3) the unweighted 
geometric mean potency was 98.3 (65.7 – 147.2) IU/ampoule, and for systemic challenge 
assays (n=15) was 102.0 (88.6 – 117.5) IU/ampoule. The between laboratory geometric 
coefficient of variation (GCV) was 26.8% for all assays, 17.6% for intradermal challenge 
assays and 28.9% for systemic challenge assays.
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The laboratory mean obtained for laboratory 21 was found to be an outlier 
(p<0.05, Grubbs test of log potency values). Excluding this laboratory, the unweighted 
geometric mean potency estimate (with 95% confidence limits) for all laboratories 
(n=17) was 97.2 (89.5 – 105.6) IU/ampoule. For systemic challenge assays (n=14) the 
unweighted geometric mean potency was 97.0 (88.1 – 106.7) IU/ampoule. The between 
laboratory GCV was 17.4% for all assays and 18.0% for systemic challenge assays. 
One-tailed t-test using log transformed values for lab means show that there is no 
significant difference in estimates for i.d. or s.c. assays (p=0.41; without lab 21 p=0.45). 
See Table 8 for a summary of potency estimates calculated for each assay method.

Material coded Preparation A was adopted by the Ph. Eur. Commission as Ph. Eur. 
BRP batch 4 for Diphtheria vaccine (adsorbed) in February 2009, with an assigned 
potency of 97 IU/ampoule based on the results of challenge assays returned by 
17 laboratories (lab 21 excluded as a statistical outlier).

Potency Preparation B
Potency estimates (IU/ampoule) for Preparation B are summarized in Table 7 and 
Figures 3 and 4. Most estimates within individual laboratories were homogeneous 
and a weighted geometric mean was calculated for the lab mean. Estimates from 
laboratory 14 were significantly heterogeneous (p<0.05) and a semi-weighted geometric 
mean was calculated for the lab mean (Table 5). The unweighted geometric mean 
potency estimate (with 95% confidence limits) for all laboratories (n=20) was 
224.2 (189.7 – 265.1) IU/ampoule. For intradermal challenge assays (n=5) the 
unweighted geometric mean potency was 249.0 (186.6 – 332.3) IU/ampoule, and for 
systemic challenge assays (n=15) was 216.6 (174.4 – 268.9) IU/ampoule. The between 
laboratory GCV was 43.0% for all assays, 26.2% for intradermal challenge assays and 
47.9% for systemic challenge assays.

Laboratory 21 was found to be a significant outlier for the analysis of Preparation 
A. Although the result returned by laboratory 21 was not a statistical outlier for 
Preparation B, this laboratory observed an unusual death pattern in animals immunized 
with the current WHO IS (coded Preparation C) which resulted in high potency 
estimates for Preparations A and B compared to other laboratories (Figures 2 and 
4). The Potency of Preparation A relative to Preparation B returned by laboratory 
21 was consistent with the results returned by all other laboratories performing 
challenge methods in guinea pigs (Figure 5). Excluding laboratory 21 from the 
calibration of Preparation B, the unweighted geometric mean potency estimate (with 
95% confidence limits) for all laboratories (n=19) was 213.4 (185.7 – 245.4) IU/ampoule. 
For systemic challenge assays (n=14) the unweighted geometric mean potency was 
202.0 (170.4 – 239.5) IU/ampoule. The between laboratory GCV was 33.5% for all 
assays and 34.3% for systemic challenge assays. One-tailed t-test using log transformed 
values for lab means show that there is no significant difference in estimates for i.d. 
or s.c. assays (p=0.23; without lab 21 p=0.09). See Table 8 for a summary of potency 
estimates calculated for each assay method.
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Stability studies

In vivo potency assays
The results from all assays were valid, showing no deviations from the model that 
were significant at the 5% level. Potency estimates relative to samples stored at -20°C 
are shown in Table 9. Laboratory 17 performed two assays on both samples and the 
weighted geometric mean of their assays is shown. No significant change in the relative 
potencies was observed over the range of temperatures used and the data do not allow 
predictions of stability to be made. The data suggest a greater loss of activity at elevated 
temperatures for Preparation A when compared to Preparation B where all assays 
showed no significant difference in potency compared to -20°C. Results obtained for 
Preparation B suggest that this preparation will be highly stable when stored at the 
recommended storage temperature of -20°C.

In vitro antigen assay
The antigen content results obtained for samples stored at elevated temperature were 
compared to those obtained for identical samples of the appropriate preparation stored 
at -20 °C. Results obtained using this assay are summarised in Table 10. The relative 
contents of the accelerated thermal degradation samples were used to fit an Arrhenius 
equation relating degradation rate to absolute temperature assuming first-order decay 
[16] and hence predict the degradation rates when stored at -20°C. A predicted loss 
of toxoid antigen content of 0.71% per year when stored at -20°C was obtained for 
Preparation B. For Preparation A, a significantly poor model fit was noted (p<0.001) 
and no estimate was calculated.

Serological assays

Assay validity
The results from all assays valid at the 1% level of inference are included in this report.
Assays where deviations from the model were significant at the 5% level (0.01<p<0.05) 
were observed as follows: for mouse Vero cell assays, non-linearity of Preparation A 
was observed in laboratory 22 (assay 1) and laboratory 33 (assay 2).  Non-linearity 
of Preparation B was observed in laboratory 14 (assay 2) and laboratory 32 (assay 1). 
Non-parallelism of results was observed in laboratories 2 (assay 1) and 22 (assay 2). 
For guinea pig Vero cell assays, non-linearity was observed for Preparation A in 
laboratory 14 (assay 2) and for B in laboratory 22 (assay 2). For guinea pig ELISA, 
non-linearity was observed for Preparation A in laboratory 25 (assay 1) and for B in 
laboratory 11 (assay 1). All of these assays are included in the report and are clearly 
indicated in the results section (Tables 11 and 12).  For some assays no potency estimates 
have been calculated: in mouse Vero cell assays, significant non-parallelism (p<0.01) 
was observed in laboratories 12 (assay 1), 22 (assay 3) and 24 (assay 1). Significant 
non-linearity (p<0.01) for Preparation B was observed in laboratories 2 (assay 2) 
and 12 (assay 2). This was also the case for Preparation A in laboratory 30 (assay 2). 
For guinea pig ELISA, significant non-parallelism (p<0.01) was observed in laboratory 
4 (assay 2). For guinea pig Vero cell assay 1 by laboratory 22, the antibody responses 
were below the limit of detection and no further analysis could be carried out. 
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Relative potency results (A vs. B)
Relative potency estimates for Preparation A against Preparation B are summarized 
in Table 11 (mouse serology) and Table 12 (guinea pig serology). For mouse serology 
assays, all estimates within individual laboratories were homogenous and a weighted 
geometric mean was calculated for the laboratory mean. For guinea pig serology 
assays, the estimates from laboratory 22 were significantly heterogeneous (p<0.05) 
and a semi-weighted geometric mean was calculated for the laboratory mean. 
The unweighted geometric mean relative potency estimate (A against B) for serological 
assays (n= 21) was 0.56 (0.47 – 0.65). For mouse Vero cell serology assays (n = 12) 
the unweighted geometric mean relative potency estimate was 0.52 (0.46 – 0.59). For 
guinea pig serology assays (n = 9) the unweighted geometric mean relative potency 
estimate was 0.61 (0.42 – 0.88) with an unweighted geometric mean relative potency 
estimate of 0.45 (0.30 – 0.69) for the assays analyzed using the Vero cell assay (n = 5) and 
0.88 (0.47 – 1.63) for the assays analyzed by ELISA (n = 4). The between laboratory 
GCV was 42.0% for all serology assays; 22.7% for mouse Vero cell serology assays; 
62.3% for all guinea pig serology assays (40.4% for assays analyzed by Vero cell assay 
and 47.6% for assays analyzed by ELISA). Where laboratories performing challenge 
models (intradermal or systemic challenge) had included both preparations A and B, 
the relative potency of Preparation A against Preparation B has been calculated for 
comparison: the unweighted geometric mean relative potency estimate for all challenge 
assays (n = 15) was 0.44 (0.39 – 0.50) with a GCV of 25.3%. A comparison of relative 
potency estimates for Preparation A against Preparation B for all methods is shown 
in figure 5. One way analysis of variance (ANOVA) comparing log relative potency 
estimates for Preparation A against Preparation B obtained in all assay methods used in 
the study (intradermal challenge, systemic challenge, mouse Vero cell serology, guinea 
pig Vero cell serology and guinea pig ELISA serology) showed a significant difference 
between the methods (p<0.001). Tukey’s test to compare all groups showed that results 
obtained in the guinea pig ELISA serology assays were significantly different to those 
obtained using the other 4 methods (p<0.05).

Conclusions

Because of the high demand for diphtheria vaccine reference material, it was agreed 
that separate standards for WHO and Ph. Eur. should be made in order to avoid the 
need for frequent replacements. Therefore, two candidate standards were included 
in the collaborative study. Ampoules coded Preparation A and Preparation B were 
stabilized with fragmented gelatine (Haemaccel®), rather than trehalose which was 
used in formulation of the current WHO IS/BRP. This approach was comparable 
to the formulation of the 2nd WHO IS (DIXA) and the appearance of the product 
formulated with this stabilizer was confirmed to be superior. Sample coded Preparation 
A (07/218) was adopted as the 4th Ph. Eur. BRP by the European Pharmacopoeia 
Commission in February 2009 with assigned activity of 97 IU/ampoule, based on 
data returned from 17 laboratories in protection challenge assays. It is proposed to 
recommend sample coded B (07/216) as suitable replacement WHO International 
Standard for Diphtheria toxoid (Adsorbed) for use in established protective potency 
assays in guinea pigs. It is recommended to assign a value of 213 IU/ampoule based 
on results returned from 19 laboratories using challenge assays in guinea pigs 
(result from laboratory 21 excluded).
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Potency estimates for Preparations A and B were calculated against material coded 
Preparation C which was the European BRP batch 3 for diphtheria toxoid adsorbed, 
donated for the study by the EDQM. This material was identical to the 3rd WHO 
IS but was kept at the EDQM. Preliminary analysis performed at NIBSC confirmed 
that this material and the 3rd WHO IS (coded 98/560) did not differ in terms of 
their diphtheria antigen content. In addition, laboratory 13 included the 3rd WHO 
IS for diphtheria toxoid, adsorbed (98/560) in all three systemic challenge assays 
performed for collaborative study (to enable testing of other vaccines at the same time). 
The results for this vaccine were also returned to NIBSC which allowed for relative 
potency calculation. The potency of BRP batch 3 relative to the 3rd WHO IS was 
1.06 (0.86 – 1.30), weighted geometric mean of 3 challenge assays. This supports the 
conclusion from the antigen assay and confirms that there is no difference in diphtheria 
potency between the material coded 98/560 and stored at NIBSC and the BRP batch 
3 stored at EDQM. 

Between-laboratory GCV (%) for all assays was higher for Preparation B than 
for Preparation A, but comparable to results obtained in calibration of the current 
3rd WHO IS. The lower variability in potency estimates obtained for Preparation 
A may be due to the fact that results are expressed against a reference preparation 
(current WHO IS) of identical formulation adsorbed to the same adjuvant whereas 
Preparation B was formulated using diphtheria toxoid from a different manufacturer 
adsorbed to a different adjuvant.

Ampoules coded Preparation B were tested and confirmed to fully comply with 
WHO recommendations for precision of fill, residual moisture content and integrity. 
The recovery of activity for Preparation B was confirmed as approximately 94% which 
is superior to the current standard and Preparation A. From degradation studies included 
as part of the collaborative study it was not possible to make formal predictions of 
long term stability, because no significant loss of activity was observed after storage for 
1 year at any of the elevated temperatures used. It is proposed to continue monitoring 
stability post adoption, as part of use, and/or rely on more sensitive in vitro method to 
monitor integrity of antigen on yearly basis and under recommended storage. 

Some laboratories performed additional serological studies in mice or guinea pigs 
following in house protocols and experience. Participants were asked to test Preparations 
A and B and results were expressed as relative potency of A vs. B. Preparations A and 
B were confirmed as suitable for use in these serological assays with both preparations 
showing significant regression of the dose response with no significant deviations from 
linearity in the majority of assays. In terms of the relative potency estimates obtained, 
results from Vero cell assays used with both mouse and guinea pig serology methods 
were comparable to the results obtained in challenge assays. This suggests that Vero 
cell serology assays may also be suitable for calibration of new standards. From these 
studies it is however not possible to predict performance with formulated vaccines and 
additional studies may need to be performed if standard is intended for use in routine 
potency testing. The results obtained using ELISA with guinea pig serology were 
significantly different from the results obtained in challenge assays. Although only a 
small number of laboratories performed this assay as part of the collaborative study the 
results suggest that this method will not be suitable for calibration of new standards. 
Use of ELISA assay in routine testing requires validation and use of a product specific 
reference.
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A total of 9977 ampoules of Preparation B (07/216) were filled at NIBSC and 
3000 were donated to the National Institute of Infectious Diseases (NIID) Japan, 
as per prearranged agreement. After collaborative study, in-house measurements and 
accelerated degradation studies, 6172 ampoules remain available at NIBSC (-20oC) 
for use as the WHO IS. Based on the recommended potency and current use, it can be 
predicted that this will be sufficient for the next 15-20 years.

Recommendation

Based on the results of direct challenge assays performed in the collaborative study, 
the material coded Preparation B can be recommended as the 4th WHO IS for 
Diphtheria vaccine (adsorbed). The recommended unitage assigned to Preparation B 
is proposed as 213 IU/ampoule based on the results of challenge assays returned by 
19 laboratories.

Comments from participants

All 30 participants were asked to comment on the report content and conclusions. 
15 participants responded (50%) and all were in full agreement with the interpretation 
and presentation of their data and the conclusions of the report. 
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Table 1: Summary of candidate diphtheria vaccines – bulk material

Candidate 1 Candidate 2

Biken

Lot No. IND07014 BKN0701

Diphtheria Toxoid Content 
(Stated value)

150 Lf/ml 200 Lf/ml

Adjuvant Aluminium Hydroxide Gel
2.5 mg/ml (aluminium)

Aluminium Phosphate
1.5 mg/ml (aluminium)

Buffer Na2HPO4.2H2O 0.12 mg/ml
KH2PO4 0.60 mg/ml

Na2HPO4

NaH2PO4 . 2H2O 0.56 mg/ml

Inactivator Formaldehyde 0.06 mg/ml Formaldehyde 0.05 mg/ml

Preservative None Thiomersal <0.005 mg/ml

Diphtheria Toxoid Content 
(NIBSC)

n n

Potency (NIBSC) 566 (410-798) IU/ml

Table 2: Summary of stabilized, freeze-dried candidate replacement standards

Candidate 1 Candidate 2

Biken

NIBSC Code 07/218 07/216

Collaborative Study Code Preparation A Preparation B

No. Ampoules Filled 9970 9977

Appearance  Robust homogenous cake  Robust homogenous cake

Diphtheria Toxoid Content 
(NIBSC)

n n

Potency (NIBSC) 114 (76 – 160) IU/ampoule

1.005 g (CV 0.18%) (n 1.005 g (CV 0.21%) (n

0.029 g (CV 0.57% ) (n n

0.68% (CV 18.08%) (n 0.40% (CV 12.17%) (n

0.28% (CV 88.74%) (n 0.04% (CV 99.54%) (n
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Table 3: Summary of methods used for calibration of Preparations A and B

Lab
Code

Preparations
Tested

Challenge
Method No. of Assays No. Vaccine

Dilutions
No. Animals
Per Dilution

1 A, B, C Intradermal 2 4 8

2 A, B, C Intradermal 9

B, C Intradermal 2 4 10

4 A, B, C Intradermal 2 8

26 B, C Intradermal 1 4 14

6 A, B, C Systemic 2 16

7 A, B, C Systemic 1 10

8 A, B, C Systemic 2 12

9 A, B, C Systemic 2 16

10 A, B, C Systemic 2 4 14

11 A, B, C Systemic 2 4 12

12 A, B, C Systemic 2 16

A, B, C Systemic 4 10

14 A, B, C Systemic 2 12

17 A, B, C Systemic 2 16

18 A, B, C Systemic 1 10

19 A, B, C Systemic 2 4 8

20 A, B, C Systemic 1 4 8

21 A, B, C Systemic 2 16

22 A, B, C Systemic 4-6 10

A, B, C Systemic 2 16

Labs 5, 15 and 16 withdrew due to time/workload pressures or problems with animal 
supply. Lab numbers 24, 25 and 27-33 performed serology assays only.

Table 4: Design of in vivo stability studies

Lab
Code Preparation Method Accelerated degradation 

temperatures

1 A Intradermal
challenge

8 A Systemic challenge -20, +20, +45°C

11 A Systemic challenge

14 B Systemic challenge

17 B Systemic challenge -20, +20, +45°C

19 B Systemic challenge
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Table 6: Potency estimates (IU/ampoule) for Preparation A 
against Preparation C (3rd WHO IS/Ph. Eur. BRP Batch 3)

Lab
Code

Challenge
Method Assay 1 Assay 2 Assay 3 Lab Mean

1 Intradermal 65.5 97.7 81.7

2 Intradermal 119.8 99.1 100.1 105.2

Intradermal NT

4 Intradermal 114.0 107.8 110.6

26 Intradermal NT

6 Systemic Invalid# 81.0 81.0

7 Systemic

8 Systemic 100.4 106.9 104.5

9 Systemic 105.5

10 Systemic 88.7 92.5 90.4

11 Systemic

12 Systemic 95.2

Systemic 58.6 127.7 86.0

14 Systemic 61.8 107.8 80.4

17 Systemic 80.5 94.7 86.0

18 Systemic Invalid# N/A

19 Systemic 72.2 105.5

20 Systemic 85.5 85.5

21 Systemic 207.5 208.5

22 Systemic Invalid# 94.1 Invalid# 94.1

Systemic 124.0 106.0

NT = preparation not tested; *denotes non-linearity of the dose response for preparation 
A (0.01<p<0.05); #see text for details of invalid tests.
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Figure 1: Individual laboratory estimates for potency of Preparation A as 
determined by intradermal or systemic challenge in guinea pigs. Data are IU/

ampoule with 95% confidence limits. *denotes non-linearity of the dose response 
for preparation A (0.01<p<0.05).
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Figure 2: Histogram showing the estimates of potency (lab mean), 
expressed in IU/ampoule for Preparation A, as determined by 

intradermal challenge (open boxes) and systemic challenge (grey boxes) 
against Preparation C (3rd WHO IS/Ph. Eur. BRP Batch 3). Boxes represent 
individual laboratories and are code labelled. The estimate from laboratory 

21 is a statistical outlier (p<0.05).
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Table 7: Potency estimates (IU/ampoule) for Preparation B against 
Preparation C (3rd WHO IS/Ph. Eur. BRP Batch 3)

Lab Code Challenge
Method Assay 1 Assay 2 Assay 3 Lab Mean

1 Intradermal 156.1 280.2

2 Intradermal § 287.1 254.6§ 261.5

Intradermal

4 Intradermal 268.0 256.6

26 Intradermal 177.2§ 177.2

6 Systemic 249.1 255.1

7 Systemic Invalid# N/A

8 Systemic 251.2 244.4

9 Systemic 298.6§ 280.2 288.6

10 Systemic 222.1 252.8

11 Systemic 212.9 216.7 214.2

12 Systemic 160.7 188.9 175.8

Systemic 162.6 157.1 185.2

14 Systemic 156.2 271.5

17 Systemic 167.4 244.4 199.4

18 Systemic 146.2 146.2

19 Systemic 187.2 154.2

20 Systemic

21 Systemic 558.9 582.4 572.8

22 Systemic Invalid# 127.5

Systemic 185.2 151.2 167.2

* denotes non-linearity of the dose response for preparation B (0.01<p<0.05); §denotes non-
parallelism between preparations B and C (0.01<p<0.05); #see text for details of invalid tests.
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Figure 3: Individual laboratory estimates for potency of 
Preparation B as determined by intradermal or systemic challenge 
in guinea pigs. Data are IU/ampoule with 95% confidence limits. 
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Figure 4. Histogram showing the estimates of potency (lab mean), 
expressed in IU/ampoule for Preparation B, as determined by intradermal 

challenge (open boxes) and systemic challenge (grey boxes) against 
Preparation C (3rd WHO IS/Ph. Eur. BRP Batch 3). 

Boxes represent individual laboratories and are code labelled.
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Table 8: Final potency estimates calculated for Preparations A and B

Assay Method
Preparation A Preparation B

Potency n GCV % Potency n GCV %

Intradermal Challenge 98 (66 – 147) 17.6 5 26.2

Systemic Challenge
Without lab 21

102 (89 – 118)
97 (88 – 107)

15
14

28.9
18.0

217 (174 – 269)
202 (170 – 240)

15
14

47.9

All Challenge Assays
Without lab 21

101 (90 – 114)
97 (90 – 106)

18
17

26.8
17.4

224 (190 – 265) 20
19

All results are IU/ampoule with 95% confidence limits. GCV: geometric coefficient 
of variation
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Table 9. Results of in vivo stability assays for Preparations A and B

Preparation Storage
temperature Lab Code

Potency relative to 
-20°C sample

(with 95% 

A +4°C 1 0.90 (0.62 – 1.29)

+20°C 8

11 0.60 (0.42 – 0.86)

1 0.76 (0.56 – 1.05)

+45°C 8

+56°C 11

B +4°C 14 0.84 (0.59 – 1.18)

+20°C 17 1.00 (0.82 – 1.21)

19 1.09 (0.68 – 1.76)

14 1.08 (0.76 – 1.54)

+45°C 17

+56°C 19 0.99 (0.59 – 1.66)

Table 10. Results of in vitro stability assays for Preparations A and B

Preparation Storage
temperature

Total antigen (Lf/ml) Geometric
mean relative 

contentAmpoule 1 Ampoule 2 Ampoule 3

A -20°C 122 85 .

+4°C 77 108 86 0.91

+20°C 76 71 0.80

80 92 84 0.87

+45°C 71 77 91 0.80

+56°C 55 65 65 0.62

B -20°C 162 162 .

+4°C 182 194 1.02

+20°C 174 179 0.98

0.84

+45°C 120 117 152 0.79

+56°C 111 115 0.74
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Table 11. Summary of relative potency estimates 
obtained in mouse Vero cell serology assays

Lab Code Assay Method Assay 1 Assay 2 Assay 3 Lab Mean

2 Vero cell assay 0.52§ Invalid# 0.52

9 Vero cell assay 0.48 0.44

12 Vero cell assay Invalid# Invalid# -

14 Vero cell assay 0.42 0.52

20 Vero cell assay 0.42 0.54 0.49

22 Vero cell assay 0.45§ Invalid# 0.46

24 Vero cell assay Invalid# -

27 Vero cell assay

28 Vero cell assay 0.45 0.50 0.47

29 Vero cell assay 0.45 0.44 0.44

Vero cell assay 0.69 Invalid# 0.69

Vero cell assay

Vero cell assay 0.69

Vero cell assay 0.60 0.54

* denotes non-linearity of the dose response for Preparation A or B (0.01<p<0.05);§denotes non-
parallelism between Preparations A and B; #see text for details of invalid assays

Table 12. Summary of relative potency estimates 
obtained in guinea pig serology assays

Lab Code Assay Method Assay 1 Assay 2 Assay 3 Lab Mean

4 Vero cell assay 0.59 Invalid# 0.59

6 Vero cell assay

14 Vero cell assay 0.51 0.50

22 Vero cell assay Invalid# 0.22 0.26

24 Vero cell assay 0.59 0.59

4 ELISA 0.56 Invalid# 0.56

11 ELISA 1.17

19 ELISA 0.79 0.65 0.72

25 ELISA 0.98 1.26

All lab means are weighted geometric means with the exception of the estimate for lab 
22 which is semi-weighted due to the significant heterogeneity between the assay estimates; 

* denotes non-linearity of the dose response for Preparation A or B (0.01<p<0.05); #see text for details 
of invalid assays
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Figure 5. Histogram showing the estimates of potency (lab mean), expressed 
in relative terms for preparation A against preparation B, as determined by 

intradermal challenge (open boxes), systemic challenge (grey boxes), mouse Vero 
cell serology (dark grey boxes), guinea pig serology Vero cell assays (diagonal 
lines) and guinea pig serology ELISA assays (vertical lines). Boxes represent 

individual laboratories and are code labelled. Note that estimates obtained by 
guinea pig serology ELISA assays are significantly different from the estimates 

obtained in the other methods (p<0.05, ANOVA with Tukey’s test).
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Appendix 8: 
Study documentation: 

Yellow fever vaccine

Appendix 8a Invitation/ Questionnaire, Study Protocol, 
Results form

Invitation letter

Dear

WHO International Collaborative study on yellow fever vaccine

Some time ago David Wood initiated plans for a collaborative study to assess the 
suitability of candidate reference materials to serve as an International Standard for 
yellow fever vaccine. As David is now at WHO permanently, I am taking forward some 
of his NIBSC standardisation projects.

I would like to invite you to participate in an international collaborative study to assess 
the suitability of two candidate reference materials to serve as an International Standard 
for yellow fever vaccine. Additional aims of the study are to investigate the sensitivity of 
plaque assays in use around the world and to investigate further the current relationship 
between LD50 and plaque forming units.

Although participants in some countries now have difficulty in undertaking animal 
experiments, I hope that as many participants as possible will be able to assay the study 
vaccines in both cell culture plaque assays and mouse LD50 tests so that conclusions can 
be reached on the need to correlate plaque assays with mouse LD50 tests. 

I attach the study protocol for comment and would be grateful if you could return the 
attached form. A copy of the finalised study protocol will be sent with the samples. I 
plan to ship the study samples on dry ice so would be grateful if you ensure that your 
full shipping address for receipt of packages sent by courier and your telephone number 
is given. As communication by e-mail saves a lot of time, I would like to compile a list 
of e-mail address for those involved in the study so would be grateful if this could be 
given on the form. 

Thank you for your help in this matter. I look forward to hearing from you in the 
near future.

Yours sincerely
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Study protocol and result form

Protocol for a collaborative study to assess the suitability of a candidate 
International Standard for Yellow Fever Vaccine

Background

Yellow fever vaccines are live viral vaccines derived from a number of related strains. 
The WHO requirements for potency on the final container require ‘three vials to be 
assayed on the same day against a reference preparation of yellow fever vaccine approved 
by the National Control Authority. The containers shall be assayed ‘in cell cultures or 
mice by a technique demonstrated to be sensitive.’ … ‘The titre of the vaccine shall not 
be less than 1000mouse LD50 or its equivalent in PFU, in the dose recommended by 
the manufacturer for use in humans. Each laboratory shall establish to the satisfaction 
of the National Control Authority the relationship between mouse LD50 and PFU. 
Each laboratory using a cell culture assay shall have the approval of the National 
Control Authority for this assay’.

A collaborative study undertaken in the early 1980s (Seagroatt and Magrath, 
1983 J Biol Stand 11, 47-54) highlighted differences between estimates of infectivity 
obtained by different laboratories using both plaque assay and mouse LD50 techniques. 
The conclusion drawn from the study was that the expression of potencies relative to a 
common preparation would greatly reduce the variation between laboratories for both 
plaque and mouse tests. However, it was also concluded at that time that the variation 
in sensitivity of the assay systems used in different laboratories was such that it would 
not be feasible to assign an agreed virus content to a particular preparation that would 
have the same value in all laboratories. As a result of this conclusion, no International 
Standard for Yellow Fever vaccine was established and it remains difficult to assess the 
comparative sensitivity of assays undertaken in different laboratories. 

A more recent study involved potency and thermostability tests (plaque assays) by 
3 National Control Laboratories on 3 lots of vaccine + the in-house reference from a 
single manufacturer. The results of this study demonstrated inter-laboratory differences 
in assay sensitivity. In addition, studies to establish the relationship between LD50
and PFU potency tests which is required in the WHO requirements for yellow fever 
vaccine were undertaken many years ago in most laboratories and the relationship is 
not necessarily valid today. 

The aim of this collaborative study is to assess the suitability of two candidate 
preparations to serve as an International Standard for yellow fever vaccine. In addition, 
the study will investigate the relationship between the mouse LD50 test and plaque 
forming units with a view to updating the WHO requirements. 

Study materials

Candidate standards produced at NIBSC and the Robert Koch Institute, Berlin will be 
assessed for suitability to serve as the International Standard. In addition, two vaccines 
typical of routine production from two different manufacturers will be included along 
with a coded duplicate of one sample and a vaccine of known low potency. All study 
materials will be supplied coded.
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All samples should be stored at –20o and reconstituted as follows:

Sample A - Reconstitute in 1.0ml distilled H2O
Sample B - Reconstitute in 1.0ml distilled H2O
Sample C - Reconstitute in 1.0 ml distilled H2O
Sample D - Reconstitute in 2.5ml distilled H2O
Sample E – Reconstitute in 0.5ml saline
Sample F - Reconstitute in 0.5ml (diluent supplied)

CAUTION

THESE PREPARATIONS ARE NOT FOR ADMINISTRATION TO 
HUMANS.
They should be used and discarded according to your own laboratory’s safety 
procedures. Care should be exercised in opening vials and ampoules to avoid 
cuts.

Coded in glass ampoules should be opened with care as followed 

Take care to avoid cuts and projectile glass fragments. 

Tap the ampoule gently to collect the material at the bottom (labelled end). 

Where an ampoule safety breaker is provided, ensure that it is pushed down on 
the stem of the ampoule against the shoulder of the ampoule body. Hold the 
body of the ampoule in one hand. Hold the safety breaker between the thumb 
and forefinger of the other hand. 

Apply a gentle bending force to snap open the ampoule.

Participants

Manufacturers of yellow fever vaccine are invited to participate in the study along 
with their corresponding National Control Laboratories. Additional National Control 
Laboratories who assay the vaccine routinely or have an interest in the standardisation 
of yellow fever vaccines are also being invited to participate. A list of invited participants 
is attached.

Design of the study

All study vaccines, coded samples A to F, should be assayed at the same time so that 
the potency of each vaccine relative to the candidate standards can be calculated. 
This complete assay should be repeated on three separate occasions, preferably at least 
one week apart, with freshly reconstituted vials of each coded vaccine. 

Samples should be assayed in plaque assays using the tests in routine use in the 
participant’s laboratory and, where possible, in the mouse LD50 potency test. 
Sufficient ampoules of the study materials will be supplied so that mouse and plaque 
assays can be performed on different days.

The WHO Requirements for yellow fever vaccine, TRS 872, recommend the use of 
three vials of final lot to be assayed for potency. However, this would require the use 
of an unacceptably large proportion of the candidate standard vaccine batches being 
used up in the collaborative study. 
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For the purposes of this study, a single vial of each vaccine should be used in each assay. 
For cell culture assays, 3 independent series of dilutions should be prepared from the 
re-constituted contents of each coded sample and added to three cell culture wells 
(or an appropriate number of duplicate wells for each dilution). The use of a single series 
of dilutions for the inoculation of mice is acceptable for the purposes of this study so 
long as each dilution is inoculated into a group of at least 10 mice. 

Assay methods

Mouse LD50 tests
For the LD50 tests, if participants do not have a documented procedure, a suggested test 
method is documented in the WHO requirements for yellow fever vaccines in WHO 
Technical Report Series 872 (1998) page 68. As only a single vial of each vaccine shall 
be used in this study, it is suggested that at least 4 groups of between 10 to 20 mice 
per dilution are used, depending on the capacity of the laboratory. A single test will 
therefore require the use of between 240 and 480 mice, 

Plaque assays
Participants should use the cell culture assay in routine use in their laboratories. 
The medium, passage level/population doubling of the cells used should be reported on 
the data sheet, along with any limits on the passage level/population doubling which 
can be used in these assays.

Results and data analysis

Raw data should be returned to NIBSC on the Yellow Fever Vaccine in vivo assays or 
Yellow Fever Vaccine Plaque Assay Results Form. A separate form should be completed 
for each assay. 

In vitro assays should be reported by 31st January 2002 and in vivo mouse LD50 assays 
by 31 March 2002.

Data will be analysed at NIBSC using appropriate statistical methods. A report 
to participants will be circulated for comment prior to submission to WHO for 
consideration by the Expert Committee on Biological Standardization. 



WHO Manual for the establishment of national and other secondary standards for vaccines146

Results Form – WHO Collaborative Study -Yellow fever vaccine in vivo 

Participant............................................................................................................................................

Brief outline of method.........................................................................................................................

(Diluent, volume inoculated, mouse strain) .........................................................................................

..................................................................................................................................

..................................................................................................................................

Sample Dilution Number
of mice 

inoculated

Number of mice dying/ 

causes eg as a result of 
inoculation procedure 

Number of mice 
dying of yellow 

fever

Sample A

Sample B

Sample C

Sample D

Sample E

Sample F

Please return to 
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Results Form – WHO Collaborative Study Yellow fever vaccine plaque assays

Participant............................................................................................................................................

..................................................................................................................................

Brief outline of method (Diluent, number replicates, volume inoculated, cells line, passage/doubling 
level) ....................................................................................................................................................

What are the limits on passage level/population doubling for assays undertaken in your laboratory

.............................................................................................................................................................

Criteria of validity of assay (eg plaque counts considered in calculation of the titre) .........................

.............................................................................................................................................................

Sample Dilution Number of plaques (3 values per dilution)

Sample A

Sample B

Sample C

Sample D

Sample E

Sample F

Please return to 
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Questionnaire

WHO Collaborative study to assess the suitability of candidate International 
Standards for Yellow Fever vaccine

Participant............................................................................................................................................

...................................................................................................................................

Shipping address if different ................................................................................................................

Telephone number...............................................................................................................................

Fax number .........................................................................................................................................

E-mail ..................................................................................................................................................

In order to determine how many vials of each vaccine should be distributed to your laboratory 
please indicate if assays will be undertaken in

Cell culture in ……………………………….cell line(s) YES NO

50

Comments on draft protocol ................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

Please return to ...................................................................................................................................

FAX .....................................................................................................................................................

E-mail mailto:mferguson@nibsc.ac.uk

Telephone ...........................................................................................................................................

* delete as necessary
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Appendix 8b Yellow fever vaccine collaborative study 
report

WHO/BS/03.1985
ENGLISH ONLY

EXPERT COMMITTEE ON BIOLOGICAL STANDARDIZATION
Geneva, 17 to 21 November 2003

Collaborative study to assess the suitability of a candidate 
International Standard for Yellow Fever Vaccine

Morag Ferguson and Alan Heath, 
National Institute for Biological Standards and Control, 

South Mimms, Potters Bar, Herts, EN6 3 QG, UK

© World Health Organization 2003

All rights reserved. Publications of the World Health Organization can be obtained 
from Marketing and Dissemination, World Health Organization, 20 Avenue Appia, 1211 
Geneva 27, Switzerland (tel: +41 22 791 2476; fax: +41 22 791 4857; email: bookorders@
who.int). Requests for permission to reproduce or translate WHO publications – whether 
for sale or for noncommercial distribution – should be addressed to Publications, at 
the above address (fax: +41 22 791 4806; email: permissions@who.int).

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

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

The World Health Organization does not warrant that the information contained in 
this publication is complete and correct and shall not be liable for any damages incurred 
as a result of its use.
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Summary

Yellow fever vaccines are routinely assayed by plaque assay. However, the results 
of these assays are then converted into mouse LD50 using correlations/conversion 
factors which, in many cases, were established many years ago. The minimum required 
potency in WHO Recommendations is 103 LD50/dose. 13 participants in 8 countries 
participated in a collaborative study whose aim was to assess the suitability of two 
candidate preparations to serve as an International Standard for yellow fever vaccine. 
In addition, the study investigated the relationship between the mouse LD50 test and 
plaque forming units with a view to updating the WHO recommendations.

Plaque assays were more reproducible than mouse assays, as expected. Differences in 
sensitivities of plaque assays were observed between laboratories but these differences 
appear to be consistent within a laboratory for all samples and the expression of 
potency relative to a standard vaccine improves the reproducibility of the assay 
between laboratories. However, the use of potencies had little effect on the between 
laboratory variability in mouse LD50 assays. There appears to consistent relationship 
between overall mean LD50 and plaques for all study preparations other than Sample E. 
The slope of the correlation curve is >1 and it would appear that 103LD50 is approximately 
equivalent to 104plaque forming units (pfu), based on the overall means of all laboratory 
results.

Ampoules of the candidate standard 99/616 were stored at elevated temperatures for 
up to 15 months and assayed in plaque assays. Vaccine stored at +20º and +4º for 
15 months had a loss in titre of 0.5 and 0.2 log10 pfu per ampoule respectively. The loss 
in the standard stability test was approximately 0.5 log10 pfu. This vaccine can therefore 
be considered stable when stored at –20º.

It is proposed that candidate standard, Samples A&C, NIBSC Code 99/616, 
be established as the First International Standard for yellow fever vaccine with an 
assigned potency of 104.5 International Units (IU) per ampoule. 

It is also suggested that the use of a minimum potency of 4.0log10 International Units 
per dose in plaque assays be evaluated for suitability as the minimum potency for 
vaccines through the inclusion of a standard calibrated in IU by manufacturers and 
control laboratories in all assays performed over a period of 6 months so that additional 
data are available before a review of the WHO requirements, including the minimum 
potency per dose, is undertaken.

Introduction

Yellow fever vaccines are live viral vaccines derived from a number of related strains. 
The WHO requirements 1 for potency on the final container require ‘Three final 
containers shall be selected at random from each filling lot and shall be individually 
tested on the same day against a reference preparation of yellow fever vaccine approved 
by the National Control Authority. The containers shall be assayed in cell cultures or 
mice by a technique demonstrated to be sensitive. The titre of the vaccine shall not 
be less than 1000 mouse LD50 or its equivalent in PFU, in the dose recommended by 
the manufacturer for use in humans. Each laboratory shall establish to the satisfaction 
of the National Control Authority the relationship between mouse LD50 and PFU. 
Each laboratory using a cell culture assay shall have the approval of the National 
Control Authority for this assay’.
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A collaborative study undertaken in the early 1980s by Seagroatt and Magrath2

highlighted differences between estimates of infectivity obtained by different 
laboratories using both plaque assay and mouse LD50 techniques. The conclusion drawn 
from the study was that the expression of potencies relative to a common preparation 
would greatly reduce the variation between laboratories for both plaque and mouse 
tests. However, it was also concluded at that time that the variation in sensitivity of 
the assay systems used in different laboratories was such that it would not be feasible 
to assign an agreed virus content to a particular preparation that would have the same 
value in all laboratories. As a result of this conclusion, no International Standard for 
Yellow Fever vaccine was established and it remains difficult to assess the comparative 
sensitivity of assays undertaken in different laboratories. 

A more recent study involved potency and thermostability tests (plaque assays) by 
3 National Control Laboratories on 3 lots of vaccine + the in-house reference from a 
single manufacturer. The results of this study demonstrated inter-laboratory differences 
in assay sensitivity. In addition, most studies to establish the relationship between LD50
and PFU potency tests which is required in the WHO requirements for yellow fever 
vaccine were undertaken many years ago in most laboratories and the relationship is 
not necessarily valid today 2.

The aim of this collaborative study was to assess the suitability of two candidate 
preparations to serve as an International Standard for yellow fever vaccine. In addition, 
the study investigated the relationship between the mouse LD50 test and plaque forming 
units with a view to updating the WHO requirements.

The candidate standards

90/616 was produced at NIBSC from a commercially produced vaccine bulk derived 
from 17D-204 strain. It was included in the study as coded samples A and C. 
Each ampoule contains the freeze-dried residue of 0.35 ml of vaccine bulk in glass 
sealed ampoules. The mean weight of contents was 0.3508g with a coefficient of 
variation (CV) of 1.52% and a residual moisture content of 0.08%. More than 2000 
ampoules are offered to WHO. Participants were asked to reconstitute each ampoule in 
1.0ml distilled H2O

Coded sample Sample E was filled in glass ampoules by a vaccine manufacturer as 
50 l volumes of 17D-204 vaccine bulk material. The mean weight of lyophilized material 
is 5.84mg (5.2-7.1) with a coefficient of variation of 7.51%. The residual moisture of 
the lyophilized material is 1.8% Participants were asked to reconstitute each ampoule 
in 0.5ml saline

Study vaccines

Two vaccines typical of routine production from two different manufacturers were 
included in the study as coded samples D (17DD strain) and F (17D-204 strain). 
Participants were asked to reconstitute these samples in 2.5ml distilled water and 0.5ml 
saline respectively. Coded sample B was a produced at NIBSC (NIBSC code 99/832) 
and contained the freeze dried residue of 0.35ml of the vaccine bulk used to prepare 
samples A and C but which had been diluted to contain less than the minimum potency. 
Participants were asked to reconstitute this sample in 1.0ml distilled H2O.

Participants were asked to store all samples at –20oC .
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Stability

Ampoules of the candidate standard 99/616 were stored at elevated temperatures 
for up to 15 months. Ampoules were then stored at –20ºC until assayed in 3 independent 
plaque assays. Vaccine stored at–20ºC continuously had a mean titre of 5.2log10.
When vaccine was stored at +45ºC for 3 months it had no residual activity whereas 
it had a titre of 4.0 and 3.1 log10 after storage at 37ºC for 3 and 6 months respectively. 
Vaccine stored at +20ºC and +4ºC for 15 months had a titre of 4.7 and 5.0log10
respectively. In the required stability test for batch release in which vaccine is stored 
at +37ºC for 14 days, 99/616 had a titre of 4.6 log10 and therefore met the minimum 
required loss of < 1.0log10.

The assays on the materials stored at –20ºC over a period of 36 months indicate no loss 
in potency. The thermostability data also indicate that when the candidate standard 
99/616 is stored at –20ºC it is as stable as production batches of the vaccine which are 
often stored at –20ºC for long periods prior to distribution. However, as it would appear 
that approximately 0.5 log10 pfu is lost on storage at 37ºC for 2 weeks, consideration 
will be given to shipping this material by courier on ice-packs.

Design of the study 

Participants were asked to assay all study vaccines at the same time so that the potency 
of each vaccine relative to the candidate standards can be calculated. They were asked 
to repeat this complete assay on three separate occasions, preferably at least one week 
apart, with freshly reconstituted vials of each coded vaccine. 

Although the WHO Requirements for yellow fever vaccine, TRS 872, recommend 
the use of three vials of final lot to be assayed for potency, this would have required 
the use of an unacceptably large proportion of the candidate standard vaccine batches 
being used up in the collaborative study. For the purposes of this study, participants 
were asked to use a single vial of each vaccine. For cell culture assays, they were asked 
to produce 3 independent series of dilutions from the re-constituted contents of each 
coded sample and to add each to cell culture wells (or an appropriate number of duplicate 
wells for each dilution). The use of a single series of dilutions for the inoculation of 
mice was considered acceptable for the purposes of this study so long as each dilution 
is inoculated into a group of at least 10 mice. 

Participants

13 laboratories participated in the study including manufacturers of yellow fever 
vaccine and National Control Laboratories. The list of participants is attached as 
Appendix 1. Participants are assigned a random code number, not necessarily in the 
order in Appendix 1. 

Assays

Participants were asked to assay the study vaccines in plaque assays using the tests 
in routine use in the participant’s laboratory and, where possible, in the mouse LD50
potency test. 
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All participants performed plaque assays. The cell line used by each participant is listed 
in Table 1a. Lab 11 submitted data from the use of two cell lines, and results are coded 
11a and 11b. 

6 participants also performed mouse LD50 tests.

Results

Plaque Assays - Statistical methods

Two methods of calculating plaque count were used, coded method A and 
method W. Method W was as detailed in the WHO technical laboratory manual and is 
based on the use of unweighted means across the dilution series. Method A was used 
by some participants and involves giving more weight to dilutions with higher counts. 
Provided counts are accurate, this is statistically more appropriate.

The raw counts were analysed as follows. For each dilution, the arithmetic mean 
count across replicates was calculated. If any of the counts were marked as ‘too many 
to count’, the entire dilution was excluded. The estimated number of infectious units 
per ml of original vaccine was calculated by taking the total of the mean counts at each 
countable dilution, divided by the sum of the equivalent volumes of original sample 
at each dilution. For example, if mean counts of 85.4, 10.7 and 2.6 were observed at 
dilutions of 10-5, 10-6 and 10-7 respectively, and 0.2 ml of sample is inoculated, then the 
estimated plaque forming units (pfu) per ml is calculated as:

(85.4 + 10.7 + 2.6) / ( 0.00001 + 0.000001 + 0.0000001)

= 98.7 / 0.0000111= 8891891.9 units/sample volume
= 5 x 8891891.9 units/ml
= 7.65 log 10 units/ml.

This method of calculation gives greater weight to dilutions with higher counts, 
and is therefore less susceptible to greater variation in counts at high dilutions (e.g. 0, 1, 
2 or 3 at 107). There were therefore no counts excluded as being below a lower validity 
limit (e.g. 10 counts), allowing full use to be made of the available data.

The upper limits for ‘valid’ numbers of plaques supplied by participants were used.

Analysis of Plaque assays

Participants used the cell culture assay in routine use in their laboratories. All performed 
three repeat assays. Lab 3 did an additional set in parallel with mouse test, giving total of 
4. All results are expressed as log10 PFU/0.5 ml, after correcting for volume inoculated 
to each well. It was assumed that participants had reconstituted ampoules correctly. 

Mean PFU for each laboratory are shown in Table 1a and 1b for methods of calculation 
A and W respectively. There was close agreement with lab’s own calculations across 
replicate tests where these were supplied. In addition there was little difference between 
the two methods of calculation with 96% of individual assay and sample calculations 
within 0.1 log by two methods used. Although the difference was greater than this in 
some instances, this was usually due to inconsistent plaque counts across dilution series 
(e.g. 10-fold change in dilution not reflected in 10-fold change in counts).
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Further statistical analysis was undertaken using the values calculated using 
Method A. Within lab repeatability (across three tests) is shown in Table 2. This is 
based on a comparison of the individual assay estimate for a particular vaccine on each 
of the three independent assays performed. The figures therefore include components 
of variability between assays, days and vials, as a separate vial was used for each assay. 
The figures in table 2 show the percentage of samples for which the range (maximum 
– minimum) of estimated PFU across assays is within 0.1, 0.2 or 0.3 log respectively. 
100% means good repeatability, 0% means poor repeatability etc. Labs 4, 7, 10, and 
11b (and 1) have very good repeatability. Labs 2, 3 and 6 have poor repeatability.

Overall means, and between lab variability (range and SD) are shown in Table 3. 
Lab means are also plotted in Figures 1a-f for each sample. There appeared to be large 
differences in sensitivity between labs, with ranges from 1.2 to 2.6 log10. Sample E 
was most variable, but this sample also had the overall highest titre. Overall titres of 
A & C are close, as expected for duplicates. Samples D & F which are typical production 
batches have overall titres of 4.3 and 4.4 log PFU/dose. The batch produced at NIBSC 
to be of low potency, vaccine B, has 4.0 PFU/dose. This is not a big difference relative 
to the difference between labs in assay sensitivity. Table 1 suggests that lab 1 may not 
pick up sample B as low relative to samples D and F.

Figure 1a-f and table 1a and b show that the pfu titres obtained by labs 2, 5, 6, 8 and 
10 are consistently lower than the other labs. This does not appear to be related to the 
cell line used (see Table 1a).

Potencies relative to candidate standard 90/616 in plaque assays

The potencies of samples B – F relative to sample A (corrected titres) were calculated, 
taking sample A as having an assigned value of 4.2 log10 PFU/0.5 ml (the overall 
study mean for samples A & C). The lab means are given in Table 4, and plotted in 
Figures 2b-f. The overall means and between lab variability are shown in Table 5. 
There is clearly a big reduction in between lab variability, with ranges dropping to 
0.4 – 1.3 log. Sample E is still the most variable. 

Mouse Assays -Statistical Methods

Mouse assays were analysed using the probit method 3. LD50’s were calculated either 
using a parallel line model on all assay data, or by independent calculations on individual 
samples only. 

All labs used 0.03 ml inoculum. The LD50 per mouse was converted to LD50 per 0.5ml 
dose by the addition of 1.22 log10. The figures in the tables 7 and 8 are calculated as LD50s
(reciprocal log10, i.e. 3.0 = 1:1000) per dose and assume correct reconstitution..

Analysis of mouse LD50 assays

Labs 2 & 9 returned 3 repeat assays. Lab 8 returned 2 assays. Labs 3 & 6 returned 
only 1 assay. Lab 7 tested samples A - C, and samples D – F on separate days, 
using 3 replicate groups of 6 animals per dose. This data was analysed as a single assay, 
pooling replicate sets of 6, and ignoring day to day effects.
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Sample E performed badly in the mouse test. Despite having the highest PFU, it often 
gave low responses at higher doses, making LD50’s hard to calculate, or very low. 
This is shown by inspection of the raw data given in Table 6. As a result, all assays 
were analysed both with and without the data from sample E. All assays from labs 2 
& 3 were statistically invalid (p<0.01 for overall fit to model) when including the data 
from E, but valid excluding it. Laboratory 9, assay 1 was marginally invalid (p=0.042) 
including data from sample E but valid without it. The assay from laboratory 6 was 
invalid (p<0.01) with or without E. The estimated LD50’s for samples A, B, C, D & 
F were calculated by fitting the parallel line model, excluding sample E for all assays. 
The estimated LD50’s for sample E are based on all data, resulting in invalid assays noted 
above. The results should therefore be treated with caution. The LD50s calculated by 
both methods of calculation are given in Table 7. The results from lab 6 are included, 
despite the statistical invalidity of the parallel line model.

Table 7 includes lab means, and where more than one assay was performed, individual 
assay results. There was insufficient data to satisfactorily estimate within lab 
repeatability, but overall it appears reasonable for this type of assay with a variation 
of up to 0.5 log10 in places. 

Sample E can be seen to be highly variable, having highest LD50 in lab 9, but low, or 
too low to measure in other labs/assays. Both samples D & F would generally pass 
the requirement of LD50 > 3.0 log10/dose, when corrected for dose. One exception 
was sample D in assays performed by Lab 8. Overall there was reasonable agreement 
for samples A & C, but as always in animal assays, some assays give poor agreement, 
reflecting level of assay variability (lab 2 assays 2 & 3. lab 8 assay 1).

Overall means and between lab variability are given in Table 8. Lab means are also plotted 
in Figures 3a-f (calculations from parallel line model only). The variability between labs 
(or those that can successfully do mouse test anyway) were lower than the differences 
in plaque assays, at 0.9 – 1.8 log10. Overall the potency of sample B is low relative to D 
& F with the difference greater for mouse test LD50s than plaque counts.

Potencies relative to candidate standard 90/616 in mouse assays

The mean LD50/0.5ml for sample A was 3.22 log10. This value was therefore used in 
the calculation of potencies of samples B-F relative to A and are shown in Table 9. 
Previous comments on parallelism and sample E apply. The overall means and variability 
of potency between labs is shown in Table 10. The lab means are also plotted in 
Figures 4 b-f The use of relative potencies has had little effect on the between lab 
variability, which remains at around 0.9 – 1.5 log10. Approximate Confidence Limits 
(+/- log10) for LD50 and potency by laboratory, based on the probit parallel-line model, 
excluding sample E are given in Table 11.
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Correlation of mean PFU log10 /0.5ml and mouse LD50

The correlation of individual LD50 and overall study mean plaque titres were plotted 
and are shown in Figure 5a. The overall study mean LD50 and mean plaque titres were 
plotted and are shown in Figure 5b. The range of potencies for the study vaccines in 
LD50 and pfu(log10) per 0.5ml is approximately the same but a log higher for plaque 
assays. Although the differences in LD50 and pfu of the vaccines is apparent from the 
correlation of individual LD50 to overall mean plaque titres for each vaccine as shown 
in Figure 5a, the difference is much clearer when means of both LD50 and plaques are 
considered.

The overall potencies relative to Sample A determined in mouse and plaque assays are 
listed in Table 12. However, the difference between the relative potencies in mouse and 
plaque assays is not the same for all vaccines.

Discussion and Conclusions

When the previous collaborative studies were undertaken in the early 1980s, laboratories 
had varying expertise in cell culture techniques and in the plaque assay of yellow fever 
vaccines. ECBS recommended the inclusion of a reference preparation in each titration 
but an International Standard was not established as it was perceived at that time that 
it was not possible to assign an agreed virus titre to a preparation even though the 
use of a standard had been shown to improve reproducibility between laboratories. 
Plaque assays are now routinely performed by both manufacturers and control 
laboratories and, as expected, in this study, were more reproducible than mouse assays. 
Differences in sensitivities of the assays performed in different laboratories still exist. 
However, these differences appear to be consistent within a lab for all samples and the 
expression of potency relative to a standard vaccine improves the reproducibility of the 
assay between and within laboratories. The use of a standard which has been assigned 
an arbitrary unitage in International Units plaque assays would therefore markedly 
improve the agreement in the results between laboratories.

The mouse assays are highly variable and the expression of potency relative to a standard 
vaccine gives no improvement. The range in mean LD50 for the study vaccines was 
from approximately 2.9 – 4.0 whereas the range of mean plaque number was from 
approximately 4.1 – 5.0. However, the difference between these values varies for each 
vaccine. Sample B was manufactured as being of lower potency than samples A/C and 
this is reflected in both plaque and mouse assays. The mean LD50 indicated that this 
vaccine did not meet the minimum WHO requirement. However, it was more difficult 
to identify this vaccine as of low potency in the plaque assays.

Samples A/C and E were considered as candidate standards. The coefficients of variation 
of the fills, 1.52 and 7.5 respectively, are higher than normally expected of International 
Standards. Sample A/C was filled as 0.35ml volumes as there were problems during 
trial fills in obtaining consistent plugs following freeze-drying 1ml volumes with this 
vaccine. Any changes to the composition of the vaccine to facilitate freeze-drying in 
volumes which would have achieved a satisfactory CV were likely to have resulted in 
an unacceptable standard with respect to stability. The CV for vaccine E which was 
filled with a smaller volume, was even higher. 
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Laboratories continue to convert pfu/dose into LD50 per dose using conversion factors 
which, in many instances, were established up to 20 years ago. This conversion factor 
allows for differences in sensitivities of plaque assays and although it gives a consistent 
adjustment within a laboratory, is meaningless in comparisons between laboratories 
because of the differences in conversion. Only two laboratories performed three mouse 
tests.

The data in Figure 5b indicate that for all study preparations other than E there appears 
to consistent relationship between overall mean LD50 and plaques. The slope of the 
correlation curve is >1. Therefore any relationship between mouse LD50 and pfu is 
dependent on the vaccine used. It would however appear that 103LD50 is approximately 
equivalent to 104plaques, based on the overall study means. The variation in the mouse 
test is such that on every occasion such a relationship is established, it is likely to be 
different. Adherence to the use of LD50 /pfu relationships to achieve a minimum potency 
of 103 mouse LD50 is therefore questionable. If an arbitrary unitage in International 
Units (IU) of 4.5 Log10 IU per ampoule (equivalent to 4.2 Log10 per 0.5ml) were assigned 
to the candidate standard 99/616, the data presented here suggest that a minimum 
potency of 4.0log10 IU /0.5ml relative to the candidate standard would be equivalent 
to 3log10 mouse LD50/0.5ml dose and may be an appropriate minimum potency. 
This is based on the relationship of overall study mean LD50 to overall study mean 
pfu as shown in figure 5b, excluding Sample E. This would have to be confirmed in 
a larger number of plaque assays in which a standard calibrated against the proposed 
standard 99/616 is included. 

The revised minimum potency will be an indication of consistency of production and, 
although it may not be directly related to clinical efficacy, all vaccines which meet the 
established potency can be assumed to meet the current minimum potency of 103 LD50,
and can therefore be considered to be efficacious. 

Proposals and the way forward

It is proposed that Samples A&C, NIBSC Code 99/616, be established as the 
First International Standard for yellow fever vaccine with an assigned potency of 104.5

International Units per ampoule.

It is proposed that the use of a minimum potency of 4.0log10 international units/0.5ml 
dose in plaque assays be evaluated for suitability as the minimum potency for vaccines 
through the inclusion of a standard calibrated in IU by manufacturers and control 
laboratories in all assays performed over a period of 6 months.
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Appendix 1 – Participants

Omitted

Table 1a: Laboratory Means from Plaque Assays expressed as Log10 PFU/0.5ml 
Calculation Method A

Lab Cell line used
PFU (Log10/0.5ml)

Sample A Sample B Sample C Sample D Sample E Sample F

1 PS 4.46 4.22 4.44

2 PS 2.80

Vero CCL81 4.59 4.54 4.86 5.67 4.86

4 Vero CCL81 4.40 4.14 4.16 5.28 4.46

5 Vero EP 4.62

6 PS

7 Vero EP 4.54 4.54 4.58 4.69

8 Vero 4.01 4.68

9 PS 4.86 4.55 4.76 4.55 5.26 4.84

10 Vero EP 5.04

11a PS 4.28 4.19 4.26 4.57

11b Vero 4.26 4.21 4.22 4.56

12 Vero 5.04 4.74 4.95 5.15 6.00 4.92

Vero 4.70 5.05 5.68 4.79

Table 1b: Laboratory Means from Plaque Assays expressed as Log10 PFU/0.5ml
Calculation Method W

Lab
PFU (Log10/0.5ml)

Sample A Sample B Sample C Sample D Sample E Sample F

1 4.46 4.42 4.22 4.80 4.42

2 2.88

4.60 4.54 4.86 5.68 4.86

4 4.21 4.20 4.48

5 4.64

6

7 4.55 4.57 4.58 4.68

8 4.02 4.72

9 4.87 4.66 4.79 4.66 5.27 4.95

10 5.07

11a 4.28 4.19 4.26 4.57

11b 4.26 4.21 4.22 4.56

12 5.04 4.79 4.95 5.17 6.01 4.92

4.75 4.68 4.94 5.06 5.68 4.80
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Table 2: Within Laboratory Repeatability of Plaque Assays

Lab
Percentage of Samples where range of estimated plaques (across replicate 

assays) within 0.1 log10; 0.2 log10; 0.3 log10

0.1 0.2 0.3

1 100 100
2 0 17 50

0 0
4 100 100
5 17 67
6 0 0 0
7 100 100 100
8 50 67 100
9 50 100 100
10 50 100 100
11a 50 67
11b 50 100 100
12 50 50

40 60 100

Table 3: Overall Means and Between Laboratory Variation from Plaque Assays 
expressed as Log10 PFU/0.5ml

Sample Overall Mean
Log10 PFU/0.5ml Minimum Maximum Range Standard

Deviation

A 4.21 5.04 1.75 0.56

B 2.80 4.74 1.94 0.62

C 4.16 4.95 1.82 0.60

D 5.15 1.74 0.52

E 4.97 6.00 0.74

F 4.92
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Table 4: Laboratory Mean of plaque assay potencies relative to 
Sample A (=4.2 log10 PFU/0.5ml) 

Lab
Potency relative to sample A in PFU (Log10/0.5ml) 

Sample B Sample C Sample D Sample E Sample F

1 4.08 4.17 4.56 4.18

2 4.04 4.78

4.14 4.47 5.28 4.46

4 4.10 5.08 4.26

5 4.00 4.29 5.00

6 4.09 4.14 4.24 4.52

7 4.05 4.20 4.24 4.99

8 4.27 4.86 5.19

9 4.10 4.60 4.18

10 4.15 4.62

11a 4.11 4.18 4.15 4.85 4.49

11b 4.16 4.16 4.28 5.24 4.50

12 4.11 5.16 4.07

4.55 5.01 4.29

Table 5: Overall Means and Between Laboratory Variation of Potency Relative 
to Sample A (= 4.2 Log10 PFU/0.5ml) from Plaque Assays

Sample Overall mean 
potency

Minimum Maximum Range Standard
Deviation

B 4.16 0.45 0.12

C 4.15 4.00 0.10

D 4.29 4.86 0.97 0.27

E 4.95 4.24 1.29

F 4.42 4.07 5.19 1.12 0.28
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Table 6: Raw Data from Mouse Test

Lab Assay Dilution Sample A Sample B Sample C Sample D Sample E Sample F
Number Responding/Number Tested

2 1 0.1 14/14 12/15 14/15 14/15 8/15 15/15
0.01 6/14 4/15 11/15 11/15 11/15
0.001 1/15 1/14 9/15 10/15
0.0001 1/14 0/15 0/15 1/15 2/15 2/14

2 2 0.1 8/9 7/10 7/8 10/10 5/10 10/10
0.01 1/10 6/10 5/10 5/10 8/10
0.001 0/10 0/10 1/10 0/10 6/10 4/10
0.0001 0/10 0/10 0/10 0/10 1/10

2 0.1 7/10 6/10 10/10 10/10 10/10
0.01 4/10 4/10 6/10 5/10 4/10 10/10
0.001 1/10 4/10 2/10 1/10 4/10 8/10
0.0001 0/10 1/10 0/10 0/10 2/10 0/10

1 0.1 9/10 9/10 10/10 10/10 9/10 10/10
0.01 8/10 5/10 8/10 6/10 10/10 10/10
0.001 2/10 0/10 1/10 6/10 6/10
0.0001 0/10 0/10 0/10 1/10 1/10
0.00001 2/10 0/10

6 1 0.1 7/9 7/10 9/10 10/10 10/10 10/10
0.01 1/10 4/10 8/9 4/10
0.001 0/9 1/9 0/10 2/10 1/10 2/10
0.0001 0/9 1/9 0/9 1/8 2/10 0/10

7 1 0.25 15/18 15/18 18/18 12/12
0.0625 11/18 14/18 15/18 10/18 16/18
0.0156 12/18 12/18 10/18 11/18 7/18 14/18

4/18 10/18 9/18 6/18
0.00098 1/18 1/18 2/18 5/18 5/18 4/18
0.00024 1/18 2/6 1/12 0/6

8 1 0.1 6/10 4/10 4/10 7/10 1/10 10/10
0.01 7/10 4/10 2/10 6/10
0.001 2/10 0/10 0/10 0/10 4/10
0.0001 0/10 1/10 0/10 1/10 0/10 1/10
0.00001 0/10 0/10 0/10 0/10 0/10 0/10

8 2 0.1 8/10 5/10 6/10 9/10 7/10 10/10
0.01 4/10 1/10 5/10 2/10 4/10 8/10
0.001 0/10 0/10 2/10 1/10 4/10 1/10
0.0001 1/10 0/10 0/10 0/10 0/10 1/10
0.00001 0/10 0/10 0/10 0/10 0/10 0/10

9 1 0.01 4/7 2/6 5/9 7/9 8/9 8/9
0.001 1/9 2/9 2/5 2/9 5/9
0.0001 0/8 2/8 0/9 0/9 1/9 1/9
0.00001 2/8

9 2 0.01 6/8 2/8 7/9 6/9 9/9 7/8
0.001 4/9 1/8 0/8 4/8
0.0001 1/9 0/6 1/7 1/9 2/9 0/9
0.00001 0/9

9 0.01 8/9 2/7 6/6 6/8 7/9 9/9
0.001 1/9 1/8 1/9 2/7 5/9
0.0001 1/8 0/9 0/8 0/9 1/8 2/9
0.00001 0/8
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Table 7a: LD50s (log10): Independent Calculations per Sample

Lab Assay
LD50s expressed as log10 LD50/0.5ml Number of 

mice per 
group

Sample
A

Sample
B

Sample
C

Sample
D

Sample
E

Sample
F

2 1 2.84 4.41 15

2 2.71 2.68 - 4.04 10

2.85 2.88 <2.22 4.52 10

mean 2.96 2.80

1 2.98 10

6 1 2.78 2.452 10

7 1 2.90 2.94 2.67

8 1 2.01 2.06 2.66 <2.22 10

2 2.97 2.87 2.94 10

mean 2.12 2.46 2.80

9 1 4.05 4.27 9

2 4.48 9

4.14 9

mean 4.22 4.19

Overall mean 2.69

Table 7b: LD50s (log10): Parallel Line Model (* Indicates estimate from assay that 
was invalid: significant deviation from parallel-line model)

Lab Assay
LD50s expressed as log10 LD50/0.5ml Number of 

mice per 
group

Sample
A

Sample
B

Sample
C

Sample
D

Sample
E

Sample
F

2 1 4.40 15

2 2.67 2.70 10

2.88 4.58 10

mean 2.96

1 2.97 10

6 1 10

7 1 2.90 2.95

8 1 2.44 1.90 2.68 2.08 10

2 2.10 2.98 2.88 10

mean 2.27 2.44 2.78

9 1 4.28 9

2 4.01 2.78 4.46 9

2.95 4.15 9

mean 4.27 4.17

Overall mean 2.86
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Table 8a: Overall means and between laboratory variation from mouse assays 
expressed as LD50/0.5ml (Log10) - Independent Calculations per Sample:

Sample
Mean

LD50/0.5ml
(Log10)

Minimum Maximum Range Standard
Deviation

A 2.78 0.95

B 2.69 2.12 0.42

C 2.46

D 2.80 1.15

E 2.67 1.76 0.67

F 1.28 0.50

Table 8b: Overall means and between laboratory variation from mouse assays 
expressed as LD50/0.5ml (Log10) Parallel Line Model

Sample
Mean

LD50/0.5ml
(Log10)

Minimum Maximum Range

Standard
Deviation of 
individual
laboratory

means

A 2.74 0.94

B 2.86 2.27 0.86

C 2.44

D 2.78 1.17

E 4.41 1.78 0.69

F 0.50
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Table 9: Potencies Relative to Sample A based on overall means of LD50s

Lab Assay
Potency relative to Sample A taking sample A as 3.22 

log10 LD50/0.5ml N mice

per groupSample B Sample C Sample D Sample E Sample F
2 1 15

2 4.58 10

4.92 10

mean 4.60

1 2.61 4.04 4.26 10

6 1 4.42 4.02 10

7 1

8 1 2.55 2.01 2.79 2.24 10

2 10

mean 2.60 2.94

9 1 9

2 1.99 2.64 9

9

mean 2.64

overall mean 4.02

Table 10: Overall Mean potency relative to Sample A and 
Between Laboratory Variation: Mouse Assays

Sample
potency

Range Standard Deviation of 

B 1.02 0.42

C 2.60

D 2.94 4.42 1.49 0.56

E 4.04 1.21 0.47

F 4.02 4.60 0.88

Table 11: Approximate Confidence Limits (+/- log10) for LD50 and Potency by 
Laboratory Based on Probit parallel-line model, excluding sample E

Lab C.I.
LD50

C.I.
Potency

N mice
Per group

2 0.4 0.6 10/15

0.4 0.6 10

6 0.5 0.7 10

7 0.4

8 0.6 0.8 10

9 0.6 0.9 9
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Table 12: Potencies relative to vaccine A in mouse and plaque assays

Sample
Mean relative 

potency in plaque 
assay

Mean relative 
potency in mouse 

assays

Difference in 
relative potency in 
plaque and mouse 

assays

B 1.04

C 4.15 0.85

D 4.29

E 4.95

F 4.42 4.02 0.4
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Figure 1a –f: Laboratory means for each sample from plaque assays 
in plaque forming units/0.5ml dose. 

a -sample A, b – sample B, c- sample C, 
d – Sample D, e –Sample E and f – Sample F.
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Figure 2b-f: The potency of Samples B - F relative to sample A 
which has an assigned potency of 4.2log10pfu/0.5ml.
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Figure 3a-f: Laboratory means for each sample from mouse LD50 0.5ml dose. 
a -sample A, b – sample B, c- sample C, 

d – Sample D, e –Sample E and f – Sample F.

0206 0807 0306 01 01

02

06 01

09

06

08

02

07

09

08 0706 02

03

10
9
8
7
6
5
4
3
2
1
0

1.5 2.0 2.5 3.0 3.5 4.54.0 5.0

Figure 3a: Sample A

LD50(log10/0.5ml)

10
9
8
7
6
5
4
3
2
1
0

1.5 2.0 2.5 3.0 3.5 4.54.0 5.0

Figure 3b: Sample B

LD50(log10/0.5ml)

0903

08

09

06

07 03

08 0602 07

09

10
9
8
7
6
5
4
3
2
1
0

1.5 2.0 2.5 3.0 3.5 4.54.0 5.0

Figure 3c: Sample C

LD50(log10/0.5ml)

10
9
8
7
6
5
4
3
2
1
0

1.5 2.0 2.5 3.0 3.5 4.54.0 5.0

Figure 3d: Sample D

LD50(log10/0.5ml)

0302

10
9
8
7
6
5
4
3
2
1
0

1.5 2.0 2.5 3.0 3.5 4.54.0 5.0

Figure 3e: Sample E

LD50(log10/0.5ml)

10
9
8
7
6
5
4
3
2
1
0

1.5 2.0 2.5 3.0 3.5 4.54.0 5.0

Figure 3f: Sample F

LD50(log10/0.5ml)



169WHO/IVB/11.03

Figure 4b-f: The potency of Samples B - F relative to sample A which has an 
assigned potency of mean LD50/0.5ml of 3.22 log10
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Figure 5: The correlation of LD50 and overall study mean plaque titres. 
a – individual test LD50. b - overall study mean LD50
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Appendix 9: 
Study documentation: 

Tetanus toxoid for use in 
flocculation test

Appendix 9a Invitation/ Questionnaire, Study Protocol, 
Results form

Invitation letter

Replacement International Reference Reagents 
for Diphtheria and Tetanus Toxoids for use in Flocculation Test. 

International Collaborative Study

January 2006

Dear colleague,

On behalf of the World Health Organisation, thank you for agreeing to take part in this 
International Collaborative Study. The purpose of this study is to calibrate proposed 
replacement reference reagents for the 1st International Reference Reagent (I.R.R.) 
for Diptheria Toxoid for Flocculation Test coded DIFT and for the 1st International 
Reference Reagent Tetanus Toxoid Flocculation Test coded TEFT.

The calibration will be based on flocculation test as described in WHO BLG/
UNDF/77.2.

The limit of flocculation value (Lf) will be determined by the number of units of 
antitoxin which, when mixed with the candidate toxoid, produces an optimally 
flocculating mixture.
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The following toxoids and suitable antitoxin preparations will be sent to you shortly.

Toxoids Code Concentration Quantity
provided

Diphtheria toxoid (not adsorbed) 
Candidate replacement

02/176 900 Lf/ampoule 6

Diphtheria Toxoid for Flocculation test
1st International Reference reagent

DIFT 900 Lf/ampoule 1

Tetanus toxoid (not adsorbed) 
Candidate replacement

900 Lf/ampoule 6

Tetanus toxoid (not adsorbed)
Candidate replacement

04/150 6

Tetanus Toxoid for Flocculation test
1st International Reference reagent

TEFT 1000 Lf/ampoule 2 or 0

Antitoxins

Diphtheria Antitoxin Equine for Flocculation Test
4th British Reference Preparation

Tetanus Antitoxin Equine for the Flocculation Test 66/021 1400 IU/ampoule 5

Method guidelines, suggested data format and data template forms are provided.

We look forward to your participation and help with this International Collaborative 
Study.

Best regards
Dr R. Preneta and Dr D Sesardic 
(Coordinating Laboratory)
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International Collaborative Study on Replacement International Reference 
Reagents for Diphtheria and Tetanus Toxoids for use in Flocculation Test

METHOD GUIDELINES AND SUGGESTED DATA FORMAT

Method guidelines:

WHO required method
A copy of WHO description of the flocculation test (BLG/UNDP/77.2) is 
provided.

Reconstitution of ampoules.
Unopened ampoules should be stored at -20

o
C.

Ampoules should be carefully opened making sure that none of the material is lost 
and reconstituted with 1,000μl of sterile water. Gently mix until all the contents are 
fully dissolved, aliquot and store frozen until required. The resulting concentrate may 
be diluted with saline buffer. Thawed aliquots can be kept for up to 2 weeks at 4-8°C, 
but repeated freeze-thawing should be avoided.

Assay buffer
Phosphate Buffer Saline pH 7.4 (PBS 1X) is prepared by dissolving 8 mM di-sodium 
hydrogen phosphate, 1.5 mM potassium dihydrogen orthophosphate(anhydrous), 
137 mM sodium chloride and 2.7 mM potassium chloride in 1 L of water. Stir the mixture 
until all the solids have completely dissolved. Adjust the pH to 7.4 and store at room 
temperature. Any deviation should be reported on the appropriate form.

About the assay:
For validity purpose, each test should be performed on at least 3 independent occasions 
and raw data provided using the appropriately modified forms.

Assays will be performed with toxoids provided by NIBSC but also with participant 
laboratory in-house toxoids routinely used to perform flocculation test.

Flocculation is a method for the quantification of the antigenic content of toxoids or 
toxins. It is based on the detection of a complex formed between the antigen and the 
antibody. The time required for the formation of this complex depends on the ratio 
toxoid / antitoxin. What is define as Limit of Flocculation (Lf) is the antigen content 
forming 1:1 ratio against 1 unit of antitoxin.
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Design of one assay with reference antitoxin with an initial concentration of 
100 IU/ml:

Reagents
Tubes

A B C D E F G H

Antitoxin (IU) 40 50 60 70 80 90 100

Antitoxin (ml) 0.4 0.5 0.6 0.7 0.8 0.9 1

PBS (ml) 0.7 0.6 0.5 0.4 0.2 0.1 0

Toxoid (ml) 1 1 1 1 1 1 1 1

Flocculation sequence F2 F1

In this example, tube B is the first tube where flocculation is observed and tube C is 
the last one.

If flocculation first appears in tube A or H, the assay must be performed again with 
either a different range of reference antitoxin or different dilution of tested toxoid.

Dr D SESARDIC and Dr R PRENETA
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Collaborative Study on Replacement International Reference Reagents for 
Diphtheria Tetanus Toxoids for use in Flocculation Test

Questionnaire/Report form

Code of Laboratory No:

DIPTHERIA TOXOIDS PROVIDED

1st International Reference Reagent (DIFT @ 900 Lf/ampoule):

Reconstitution details (solution/volume):

Reconstitution date:

Storage temperature of reconstituted aliquots (e.g. -20°C)

Candidate Replacement Reference Reagent (02/176 @ 900 Lf/ampoule):

Reconstitution details (solution/volume):

Reconstitution date:

Storage temperature of reconstituted aliquots (e.g. -20°C)

TETANUS TOXOIDS PROVIDED

1st International Reference Reagent (TEFT @ 1000 Lf/ampoule):

Reconstitution details (solution/volume):

Reconstitution date:

Storage temperature of reconstituted aliquots (e.g. -20°C)

Candidate Replacement Reference Reagent (02/232 @ 900 Lf/ampoule):

Reconstitution details (solution/volume):

Reconstitution date:

Storage temperature of reconstituted aliquots (e.g. -20°C)

Candidate Replacement Reference Reagent (04/150):

Reconstitution details (solution/volume):

Reconstitution date:

Storage temperature of reconstituted aliquots (e.g. -20°C)
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Questionnaire/Report form

Code of Laboratory No:

DIPHTHERIA ANTITOXIN

4TH British Reference Preparation details:
Provided antitoxin 63/007 @ 1300 IU/ampoule

Reconstitution details (solution/volume):

Reconstitution date:

Storage temperature of reconstituted aliquots (e.g. -20°C)

In-house Diphtheria toxoid details

Entire name of the reagent ( name and code used):

Conditioning:

Reconstitution details:

Other details:

TETANUS ANTITOXIN

Tetanus Antitoxin Equine Reference details:
Provided antitoxin 66/021 @ 1400 IU/ampoule

Reconstitution details (solution/volume):

Reconstitution date:

Storage temperature of reconstituted aliquots (e.g. -20°C) 

In-house Tetanus toxoid details

Entire name of the reagent ( name and code used):

Conditioning:

Reconstitution details:

Other details:
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Questionnaire/Report form

Code of Laboratory No:

A.1 - FLOCCULATION TEST FOR DIPHTHERIA TOXOID:

A.1.1 - Using 4TH British Reference Preparation antitoxin 63/007:

Dilution details ( volume, dilution factors, final concentration):
Antitoxin 63/007:
DIFT:
02/176:
In-house toxoid:

Tubes preparation: 3 series (1, 2, 3) of 8 tubes (A to H) containing increasing 
concentration of antitoxin should be prepared.

Reagents
Tubes

A B C D E F G H

Diluent PBS (ml)

A.1.1.1 - 1st IRR (DIFT) toxoid:

Reagents
Tubes

A1 B1 C1 D1 E1 F1 G1 H1

DIFT Toxoid (ml)

Flocculation sequence

Estimate value of 1st IRR (DIFT) toxoid (Lf/ml):

A.1.1.2 - Candidate replacement toxoid 02/176:

Reagents
Tubes

A2 B2 C2 D2 E2 F2 G2 H2

02/176 Toxoid (ml)

Flocculation sequence

Estimate value of Candidate replacement toxoid 02/176 (Lf/ml):

A.1.1.3 - In-house toxoid:

Reagents
Tubes

A3 B3 C3 D3 E3 F3 G3 H3

Toxoid (ml)

Flocculation sequence

Estimate value of in-house toxoid (Lf/ml):
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A.1.2 - Using in-house diphtheria antitoxin:

Dilution details ( volume, dilution factors, final concentration):
In-house antitoxin :
DIFT:
02/176:
In-house toxoid:

Tubes preparation: 3 series ( 1, 2, 3) of 8 tubes (A to H) containing increasing 
concentration of antitoxin should be prepared.

Reagents
Tubes

A B C D E F G H

Diluent PBS (ml)

A.1.2.1 - 1st IRR (DIFT) toxoid:

Reagents
Tubes

A1 B1 C1 D1 E1 F1 G1 H1

DIFT Toxoid (ml)

Flocculation sequence

Estimate value of 1st IRR (DIFT) toxoid (Lf/ml):

A.1.2.2 - Candidate replacement toxoid 02/176:

Reagents
Tubes

A2 B2 C2 D2 E2 F2 G2 H2

02/176 Toxoid (ml)

Flocculation sequence

Estimate value of Candidate replacement toxoid 02/176 (Lf/ml):

A.1.2.3 - In-house toxoid:

Reagents
Tubes

A3 B3 C3 D3 E3 F3 G3 H3

Toxoid (ml)

Flocculation sequence

Estimate value of in-house toxoid (Lf/ml):
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A 2 - FLOCCULATION TEST FOR TETANUS TOXOID:

A.2.1 - Using Reference Tetanus Antitoxin Equine 66/021:

Dilution details ( volume, dilution factors, final concentration):
Antitoxin 66/021:
TEFT:
02/232:
04/150:
In-house toxoid:

Tubes preparation: 3 or 4 series ( 1, 2, 3, 4) of 8 tubes (A to H) containing increasing 
concentration of antitoxin should be prepared.

Reagents
Tubes

A B C D E F G H

Antitoxin 66/021 (IU)

Antitoxin 66/021 (ml)

Diluent PBS (ml)

A.2.1.1 - 1st IRR (TEFT) toxoid

Reagents
Tubes

A1 B1 C1 D1 E1 F1 G1 H1

TEFT Toxoid (ml)

Flocculation sequence

Estimate value of TEFT toxoid ( Lf/ml):

A.2.1.2 - Candidate replacement toxoid 02/232 

Reagents
Tubes

A2 B2 C2 D2 E2 F2 G2 H2

Flocculation sequence

Estimate value of 02/232 toxoid ( Lf/ml):

A.2.1.3 - Candidate replacement toxoid 04/150

Reagents
Tubes

A3 B3 C3 D3 E3 F3 G3 H3

04/150 Toxoid (ml)

Flocculation sequence

Estimate value of 04/150 toxoid ( Lf/ml):

A.2.1.4 In–house Tetanus toxoid

Reagents
Tubes

A4 B4 C4 D4 E4 F4 G4 H4

Toxoid (ml)

Flocculation sequence

Estimate value of in-house toxoid ( Lf/ml):
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A.2.2 - Using In-house tetanus antitoxin:

Dilution details ( volume, dilution factors, final concentration):
Antitoxin 66/021: 
TEFT:
02/232:
04/150:
In-house toxoid:

Tubes preparation: 3 or 4 series ( 1, 2, 3, 4) of 8 tubes (A to H) containing increasing 
concentration of antitoxin should be prepared.

Reagents
Tubes

A B C D E F G H

In-house antitoxin (IU)

In-house antitoxin (ml)

Diluent PBS (ml)

A.2.2.1 - 1st IRR (TEFT) toxoid

Reagents
Tubes

A1 B1 C1 D1 E1 F1 G1 H1

TEFT Toxoid (ml)

Flocculation sequence

Estimate value of TEFT toxoid ( Lf/ml):

A.2.2.2 - Candidate replacement toxoid 02/232 

Reagents
Tubes

A2 B2 C2 D2 E2 F2 G2 H2

Flocculation sequence

Estimate value of 02/232 toxoid ( Lf/ml):

A.2.2.3 - Candidate replacement toxoid 04/150

Reagents
Tubes

A3 B3 C3 D3 E3 F3 G3 H3

04/150 Toxoid (ml)

Flocculation sequence

Estimate value of 04/150 toxoid ( Lf/ml):

A.2.2.4 In–house Tetanus toxoid

Reagents
Tubes

A4 B4 C4 D4 E4 F4 G4 H4

Toxoid (ml)

Flocculation sequence

Estimate value of in-house toxoid ( Lf/ml):
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Collaborative Study on Replacement International Reference Reagents for 
Diphtheria Tetanus Toxoids for use in Flocculation Test

Questionnaire/Report form

Code of Laboratory No: Flocculation test no: B

B.1 - FLOCCULATION TEST FOR DIPHTHERIA TOXOID:

B.1.1 - Using 4TH British Reference Preparation antitoxin 63/007:

Dilution details ( volume, dilution factors, final concentration):
Antitoxin 63/007:
DIFT:
02/176:
In-house toxoid:

Tubes preparation:
3 series ( 1, 2, 3) of 8 tubes (A to H) containing increasing concentration of antitoxin 
should be prepared.

Reagents
Tubes

A B C D E F G H

Diluent PBS (ml)

B.1.1.1 - Candidate replacement toxoid 02/176 

Reagents
Tubes

A2 B2 C2 D2 E2 F2 G2 H2

02/176 Toxoid (ml)

Flocculation sequence

Estimate value of Candidate replacement toxoid 02/176 (Lf/ml):

B.1.1.2 - In-house toxoid:

Reagents
Tubes

A3 B3 C3 D3 E3 F3 G3 H3

Toxoid (ml)

Flocculation sequence

Estimate value of in-house toxoid (Lf/ml):
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B.1.2 - Using in-house diphtheria antitoxin:

Dilution details ( volume, dilution factors, final concentration):
In-house antitoxin:
DIFT:
02/176:
In-house toxoid:

Tubes preparation:
3 series ( 1, 2, 3) of 8 tubes (A to H) containing increasing concentration of antitoxin 
should be prepared.

Reagents
Tubes

A B C D E F G H

In-house antitoxin (IU)

In-house antitoxin (ml)

Diluent PBS (ml)

B.1.2.1 - Candidate replacement toxoid 02/176:

Reagents
Tubes

A2 B2 C2 D2 E2 F2 G2 H2

02/176 Toxoid (ml)

Flocculation sequence

Estimate value of Candidate replacement toxoid 02/176 (Lf/ml):

B.1.2.2 - In-house toxoid:

Reagents
Tubes

A3 B3 C3 D3 E3 F3 G3 H3

Toxoid (ml)

Flocculation sequence

Estimate value of in-house toxoid (Lf/ml):
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B.2 - FLOCCULATION TEST FOR TETANUS TOXOID:

B.2.1 - Using Reference Tetanus Antitoxin Equine 66/021:

Dilution details ( volume, dilution factors, final concentration):
Antitoxin 66/021:
TEFT:
02/232:
04/150:
In-house toxoid:

Tubes preparation: 3 or 4 series ( 1, 2, 3, 4) of 8 tubes (A to H) containing increasing 
concentration of antitoxin should be prepared.

Reagents
Tubes

A B C D E F G H

Antitoxin 66/021 (IU)

Antitoxin 66/021 (ml)

Diluent PBS (ml)

B.2.1.1 - 1st IRR (TEFT) toxoid

Reagents
Tubes

A1 B1 C1 D1 E1 F1 G1 H1

TEFT Toxoid (ml)

Flocculation sequence

Estimate value of TEFT toxoid ( Lf/ml):

B.2.1.2 - Candidate replacement toxoid 02/232 

Reagents
Tubes

A2 B2 C2 D2 E2 F2 G2 H2

Flocculation sequence

Estimate value of 02/232 toxoid ( Lf/ml):

B.2.1.3 - Candidate replacement toxoid 04/150

Reagents
Tubes

A3 B3 C3 D3 E3 F3 G3 H3

04/150 Toxoid (ml)

Flocculation sequence

Estimate value of 04/150 toxoid ( Lf/ml):

B.2.1.4 - In–house Tetanus toxoid

Reagents
Tubes

A4 B4 C4 D4 E4 F4 G4 H4

Toxoid (ml)

Flocculation sequence

Estimate value of in-house toxoid ( Lf/ml):
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B.2.2 - Using In-house tetanus antitoxin:

Dilution details ( volume, dilution factors, final concentration):
Antitoxin 66/021:
TEFT:
02/232:
04/150:
In-house toxoid:

Tubes preparation: 3 or 4 series ( 1, 2, 3, 4) of 8 tubes (A to H) containing increasing 
concentration of antitoxin should be prepared.

Reagents
Tubes

A B C D E F G H

In-house antitoxin (IU)

In-house antitoxin (ml)

Diluent PBS (ml)

B.2.2.1 - 1st IRR (TEFT) toxoid

Reagents
Tubes

A1 B1 C1 D1 E1 F1 G1 H1

TEFT Toxoid (ml)

Flocculation sequence

Estimate value of TEFT toxoid ( Lf/ml):

B.2.2.2 - Candidate replacement toxoid 02/232 

Reagents
Tubes

A2 B2 C2 D2 E2 F2 G2 H2

Flocculation sequence

Estimate value of 02/232 toxoid ( Lf/ml):

B.2.2.3 - Candidate replacement toxoid 04/150

Reagents
Tubes

A3 B3 C3 D3 E3 F3 G3 H3

04/150 Toxoid (ml)

Flocculation sequence

Estimate value of 04/150 toxoid ( Lf/ml):

B.2.2.4 In–house Tetanus toxoid

Reagents
Tubes

A4 B4 C4 D4 E4 F4 G4 H4

Toxoid (ml)

Flocculation sequence

Estimate value of in-house toxoid ( Lf/ml):



185WHO/IVB/11.03

Questionnaire/Report form

Code of Laboratory No: Flocculation test no: C

C.1 - FLOCCULATION TEST FOR DIPHTHERIA TOXOID:

C.1.1 - Using 4TH British Reference Preparation antitoxin 63/007:

Dilution details ( volume, dilution factors, final concentration):
Antitoxin 63/007:
02/176:
In-house toxoid:

Tubes preparation: 3 series ( 1, 2, 3) of 8 tubes (A to H) containing increasing 
concentration of antitoxin should be prepared.

Reagents
Tubes

A B C D E F G H

Diluent PBS (ml)

C.1.1.1 - Candidate replacement toxoid 02/176 

Reagents
Tubes

A2 B2 C2 D2 E2 F2 G2 H2

02/176 Toxoid (ml)

Flocculation sequence

Estimate value of Candidate replacement toxoid 02/176 (Lf/ml):

C.1.1.2 - In-house toxoid:

Reagents
Tubes

A3 B3 C3 D3 E3 F3 G3 H3

Toxoid (ml)

Flocculation sequence

Estimate value of in-house toxoid (Lf/ml):
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C.1.2 - Using in-house diphtheria antitoxin:

Dilution details ( volume, dilution factors, final concentration):
In-house antitoxin:
DIFT:
02/176:
In-house toxoid:

Tubes preparation: 3 series ( 1, 2, 3) of 8 tubes (A to H) containing increasing 
concentration of antitoxin should be prepared.

Reagents
Tubes

A B C D E F G H

In-house antitoxin (IU)

In-house antitoxin (ml)

Diluent PBS (ml)

C.1.2.1 - Candidate replacement toxoid 02/176:

Reagents
Tubes

A2 B2 C2 D2 E2 F2 G2 H2

02/176 Toxoid (ml)

Flocculation sequence

Estimate value of Candidate replacement toxoid 02/176 (Lf/ml):

C.1.2.2 - In-house toxoid:

Reagents
Tubes

A3 B3 C3 D3 E3 F3 G3 H3

Toxoid (ml)

Flocculation sequence

Estimate value of in-house toxoid (Lf/ml):
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C.2 - FLOCCULATION TEST FOR TETANUS TOXOID:

C.2.1 - Using Reference Tetanus Antitoxin Equine 66/021:

Dilution details ( volume, dilution factors, final concentration):
Antitoxin 66/021:
02/232:
04/150:
In-house toxoid:

Tubes preparation: 3 or 4 series ( 1, 2, 3, 4) of 8 tubes (A to H) containing increasing 
concentration of antitoxin should be prepared.

Reagents
Tubes

A B C D E F G H

Antitoxin 66/021 (IU)

Antitoxin 66/021 (ml)

Diluent PBS (ml)

C.2.1.1 - Candidate replacement toxoid 02/232 

Reagents
Tubes

A2 B2 C2 D2 E2 F2 G2 H2

Flocculation sequence

Estimate value of 02/232 toxoid ( Lf/ml):

C.2.1.2 - Candidate replacement toxoid 04/150

Reagents
Tubes

A3 B3 C3 D3 E3 F3 G3 H3

04/150 Toxoid (ml)

Flocculation sequence

Estimate value of 04/150 toxoid ( Lf/ml):

C.2.1.3 - In–house Tetanus toxoid

Reagents
Tubes

A4 B4 C4 D4 E4 F4 G4 H4

Toxoid (ml)

Flocculation sequence

Estimate value of in-house toxoid ( Lf/ml):
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C.2.2 - Using In-house tetanus antitoxin:

Dilution details ( volume, dilution factors, final concentration):
Antitoxin 66/021:
TEFT:
02/232:
04/150:
In-house toxoid:

Tubes preparation:
3 or 4 series ( 1, 2, 3, 4) of 8 tubes (A to H) containing increasing concentration of 
antitoxin should be prepared.

Reagents
Tubes

A B C D E F G H

In-house antitoxin (IU)

In-house antitoxin (ml)

Diluent PBS (ml)

C.2.2.1 - Candidate replacement toxoid 02/232 

Reagents
Tubes

A2 B2 C2 D2 E2 F2 G2 H2

Flocculation sequence

Estimate value of 02/232 toxoid ( Lf/ml):

C.2.2.2 - Candidate replacement toxoid 04/150

Reagents
Tubes

A3 B3 C3 D3 E3 F3 G3 H3

04/150 Toxoid (ml)

Flocculation sequence

Estimate value of 04/150 toxoid ( Lf/ml):

C.2.2.3 In–house Tetanus toxoid

Reagents
Tubes

A4 B4 C4 D4 E4 F4 G4 H4

Toxoid (ml)

Flocculation sequence

Estimate value of in-house toxoid ( Lf/ml):
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Questionnaire/Report form

Code of Laboratory No: Flocculation test no: C

3 - SUMMARY OF THE DIFFERENT ASSAYS PERFORMED:

Flocculation value ( Lf/ml)

Diphtheria toxoids 1st assay 2nd assay 3rd assay

DIFT N/A N/A

02/176

In house Diphtheria toxoid

Tetanus toxoids 1st assay 2nd assay 3rd assay

TEFT N/A

04/150

In house Tetanus toxoid
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Summary

The 1st International Reference Reagent (IRR) of Tetanus Toxoid for Flocculation 
Test (TEFT) was established by the WHO in 1988. This reagent is essential for the 
standardisation of assays used to calculate Lf units of toxoids. The Lf unit is used in 
the control of tetanus toxoid during the production process and to confirm antigenic 
purity and content of toxoid prior to use in vaccine formulations. It can also be used 
for antigen content testing in the final products. TEFT is currently in limited supply 
and two replacement candidate materials were prepared. One candidate replacement 
material was provided by the Staten Serum Institute in Denmark and another from 
Aventis Pasteur MSD in France. Both preparations were formulated at NIBSC using 
different stabilisers and freeze-dried. 

An international collaborative study including 17 laboratories from 15 countries was 
carried out to examine the candidate replacement formulations. The primary aim of the 
study was to calibrate the candidate standards in Lf units and to confirm their suitability 
for use in flocculation test. The principal assay for calibration in Lf units and for stability 
testing was the WHO recommended flocculation test, but participants were also asked 
to include their in house methods, if used. Both materials were confirmed to be active 
in the flocculation test but flocculation times for 02/232 were significantly higher than 
for 04/150 and one laboratory was not able to observe flocculation data with 02/232. 
It is therefore proposed to recommend establishment of 04/150 as replacement WHO 
International Standard.

One laboratory performed stability studies on samples of 04/150 stored at elevated 
temperatures for up to 2 years. The predicted degradation rate was calculated as 0.57% 
loss of activity per year when stored at -20oC. This is higher than the recommended 
and desired degradation rate of <0.1%. It is proposed therefore that further stability 
studies are performed after 3 and 4 years to provide further assessment of stability. 

Tests for residual moisture, precision of fill and sterility were all satisfactory and all 
complied with WHO specifications. Analysis of the oxygen content of the sealed 
ampoules revealed high (>1%) and variable oxygen content suggesting that process 
of the stoppering and heat sealing had been sub-optimal. Whilst this is unlikely to 
have any impact on the stability of the material to serve as a WHO IS, this finding, 
taken together with the predicted degradation rate supports a requirement for further 
ongoing stability studies during the lifetime of the standard.

It is proposed that 04/150 is suitable to act as the 2nd International Standard of 
Tetanus Toxoid for Flocculation Test based on satisfactory performance in the flocculation 
assay and adequate stability, subject to the further stability studies post adoption. 
This was agreed and endorsed by all participants of the collaborative study. 

It is proposed to assign the value of 690 Lf/ampoule based on the results of flocculation 
tests performed in 17 laboratories using the provided antitoxin.

In March 2007, 5,284 ampoules of 04/150 remain available at NIBSC. Based on current 
and projected needs this should to be sufficient for at least 20 years.
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Introduction

Antigenic strength and purity of tetanus toxoid as well as content of toxoid (and toxin) in 
a sample can be expressed in flocculation value (Lf units). The current WHO minimum 
requirement for antigenic purity of tetanus toxoid has been set as not less than 1000 Lf 
units per milligram of protein nitrogen for use in production of vaccines for human use 
[1]. Purified tetanus toxoid of at least or higher purity is also recommended for use in 
conjugation process in production of conjugate vaccines.

All vaccine manufacturers use the original Ramon version of the flocculation test to 
express Lf units in toxoids [2,3]. The test is used as part of in process control during 
production and also to confirm antigenic purity of bulk toxoid [1]. 

Ramon flocculation assay is an immunological binding assay in which the flocculation 
value (Lf) of a toxoid (or toxin) is determined by the number of units of antitoxin 
which, when mixed with the sample produces an optimally flocculating mixture. 
Visible flocculation is formed as a result formation of antigen-antibody complexes. 
Because calibration of antitoxins in International Units will be assay dependent, 
antitoxins used in the Ramon assay must be directly calibrated against the 
International Reference Reagent (IRR) of Tetanus toxoid for flocculation test. 
The concentration of antitoxin thus determined may be indicated in Lf-equivalents 
per milliliter (Lf-eq/ml). 

By definitional, 1 Lf is the quantity of toxoid (or toxin) that flocculates in the shortest 
time with 1 Lf-eq of specific antitoxin. It is suggested that the Lf-unit of toxoids can be 
defined not by a relationship to the antitoxin unit but directly by means of a reference 
toxoid, calibrated in Lf units [4]. The First International Reference Reagent (IRR) of 
Tetanus Toxoid for Flocculation Test (TEFT) was thus established by the WHO in 
1988 [3,5]. By 2002, this material was almost depleted and at ECBS in November 2003 
WHO endorsed the project to initiate its replacement.

This report summarises the results of a collaborative study carried out to assess the 
suitability of two candidate materials to serve as replacement International Standard 
of Tetanus Toxoid for use in defining Lf units of tetanus toxoids preparations. 
The primary aim of the study was to calibrate replacement IRR and define it in Lf units 
using WHO established flocculation (Ramon) assay method. For this purpose a common 
antitoxin reagent was provided to all participants. A further aim of the collaborative 
study was to assess suitability of in house reagents and other suitable alternative assay 
methods to express toxoid content in Lf units. Alternative antigen detection methods 
have been developed which are also dependent on interaction between toxoid and 
specific antibodies. These are based on immunoprecipitation or immunodetection on 
solid surfaces by direct or capture methods or are dependent on the alternative more 
objective detection of antigen-antibody complexes, such as laser light-scattering [6]. 
Examples of several approaches have been included in the collaborative study to provide 
additional information.
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Participants

Seventeen laboratories representing fifteen countries (Argentina, Australia, Canada, 
China, Croatia, Denmark, Egypt, France, Hungary, India, Indonesia, Japan, Mexico, 
The Netherlands, Pakistan) participated in the study. Participating laboratories are 
listed in Appendix 1 and are referred to throughout this paper by a code number, 
allocated at random and not related to the order of listing.

Materials

All reagents were provided to participating laboratories with instructions for use and 
conditions of storage. Information on samples provided is detailed in Table 1.

1st International Reference Reagent of Tetanus Toxoid for Flocculation Test 
(TEFT)

TEFT was prepared and characterized by the Statens Serum Institute (SSI), Copenhagen, 
Denmark and in a WHO collaborative study. It was established in 1988 as the 1st IRR 
for Tetanus Toxoid for Flocculation Test [3]. TEFT is prepared from a purified tetanus 
toxoid originally donated by the Connaught Laboratories, Ltd., Canada with recorded 
purity of 1100 Lf/mg protein nitrogen. The protein was supplied in a medium containing 
sucrose (5%), tryptone T (oxoid 1%) and monosodium glutamate (1%). This solution 
was distributed into ampoules and freeze-dried at SSI, Denmark. Each ampoule contains 
by definition 1000 Lf units of tetanus toxoid [3,5].

Proposed candidate International Standard of Tetanus Toxoid for Flocculation 
Test, samples coded 04/150

Source: Purified tetanus toxoid non adsorbed coded Batch 95 was donated to NIBSC 
by the Serum Statens Institute (SSI), Copenhagen, Denmark in June 2004. The material 
was provided in 6 glass bottles labeled 345678 containing 6L preparation of tetanus 
toxoid with ca. 4,380,000 Lf and with purity of > 1000Lf/mg protein nitrogen. 

Freeze-dried formulation: In November 2004, the bottles of the provided material 
were diluted in a medium containing 0.1 M sodium chloride and 1% trehalose. 1 ml of 
solution was filled into ampoules and freeze-dried at Standards Processing Division, 
NIBSC. Trehalose was chosen as a stabilizer for this standard because of demonstrated 
superior stability, best visual appearance post freeze-drying and superior performance 
in flocculation test, when compared to other stabilizers, including sucrose which was 
used in the formulation of previous IRR (manuscript is preparation). Formation of 
satisfactory dry cake was observed visually taking random ampoules at various points 
of the production process. Ampoule integrity is not routinely tested at NIBSC but 
assumed by in process validation based on >10 years data. On visual inspection there 
were no obvious anomalies with the production process. 

Each ampoule was calculated to contain about 730 Lf units of tetanus toxoid. 
The average weight of the ampoule content was determined as 0.026 g of dry weight 
± 1%. Freeze-dried preparation was tested at NIBSC by SRD assays and determined 
to have about 700 Lf per ampoule. Ampoules were therefore provisionally labeled with 
700 Lf for use in the collaborative study.
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A total of 5,900 freeze-dried ampoules coded 04/150 was made in November 2004, 
with 5,856 ampoules available for use. In February 2005, sufficient ampoules were 
stored for the accelerated thermal degradation test at each of the following temperature: 
-20˚C, +4˚C, +20˚C, +37˚C, +45˚C and +56˚C. All other samples were stored at the 
recommended storage temperature of -20oC. In March 2007, 5,284 ampoules remain 
at NIBSC for donation as replacement IRR. Based on the current and predicted use, 
this is sufficient for at least 20 years.

Precision of fill was determined at NIBSC as 1.01g with CV of 0.04% (n=44). 
This complies with the WHO specifications for International Standards which requires 
CV of <0.25%.

Residual moisture content was determined for 6 individual ampoules using Karl Fischer 
method. Calculated value represents 0.92% moisture of total dry weight which complies 
with the WHO specifications (<1%). 

Atmospheric oxygen level was determined as 1.305% (n=22). This value is higher than 
WHO requirement (<1%). When looking at the data obtained with individual ampoules, 
13 showed atmospheric oxygen level of <1% while 9 ampoules showed level >1%. 
This high variability suggests that the process of heat sealing had been sub-optimal 
leading to an increase of the oxygen content for some of the ampoules. Therefore 
further on-going stability studies will be required during the life-time of the product 
to investigate if high oxygen level has any impact on the stability.

Sterility: Microbiological analyses were performed on freeze dried ampoules and the 
presence of bacteria, yeast and mould was assessed. No contamination was found after 
reconstitution of freeze-dried ampoules. Sterility was therefore confirmed as satisfactory 
by microbiology control.

Stability: Ampoules stored at elevated temperatures for 1.3 and 2 years were tested in 
one laboratory. A predicted degradation rate was calculated as 0.57% loss of activity per 
year when stored at -20oC. This result does not fully comply with WHO specifications 
and stability for 04/150 should be monitored for at least 2 more years post adoption 
to increase confidence in product stability.

Proposed candidate International Standard of Tetanus Toxoid for Flocculation 
Test, samples coded 02/232

Source: Purified tetanus toxoid non adsorbed coded FA082448 was donated to NIBSC 
by Aventis Pasteur MSD, France in 2002. The material was provided in one glass bottle 
containing 800 ml preparation of tetanus toxoid with ca. 4,000,000 Lf and with purity 
of > 1000Lf/mg protein nitrogen. 

Freeze-dried formulation: In November 2002, the bottle of the provided material 
was diluted at NIBSC in a medium containing 0.1 M sodium chloride and 5% glycine 
(50 mg). 1 ml of solution was filled into ampoules and freeze-dried at Division of 
Standards Processing at NIBSC. . Formation of satisfactory dry cake was observed 
visually taking random ampoules at various points of the production process. 



195WHO/IVB/11.03

Ampoule integrity is not routinely tested at NIBSC but assumed by in process validation 
based on >10 years data. Each ampoule was calculated to contain about 1000 Lf units 
of tetanus toxoid. The average weight of the ampoule content was determined as 
0.0631 g of dry weight ± 0.38%. Freeze-dried preparation was tested at NIBSC by SRD 
assays and found to have about 900 Lf content per ampoule. Ampoules were therefore 
provisionally labelled to contain 900 Lf for use in the collaborative study.

A total of 4000 freeze-dried ampoules coded 02/232 were made in November 2002, 
with 3790 ampoules available for use. Sufficient ampoules were stored for accelerated 
thermal degradation test at each of the following temperature: -70˚C, -20˚C, 
+4˚C, +20˚C, +37˚C, +45˚C and +56˚C. All other samples were stored at the 
recommended storage temperature of -20oC. In March 2007, 2951 ampoules remain at 
NIBSC for donation as replacement IS. Based on the predicted use, this is sufficient 
for about 15 years.

Precision of fill was determined at NIBSC as 1.01g with CV of 0.06% (n=52). 
This complies with WHO specifications for International Standards which requires 
CV of <0.25%.

Residual moisture content was determined for 6 individual ampoules using Karl Fischer 
method. Calculated value represents 0.26% moisture of total dry weight which complies 
with WHO specifications (<1%). 

Atmospheric oxygen level was determined as 0.58% (n=12) which also complies with 
WHO requirement (<1%). 

Sterility: Microbiological analyses were performed on freeze dried ampoules and the 
presence of bacteria, yeast and mould was assessed. While contamination was found 
positive for  and  in the pre-filled 
and filled samples, no contamination was found after reconstitution of freeze-dried 
ampoules. Sterility was therefore confirmed as satisfactory by microbiology control.

Stability: Ampoules stored at elevated temperatures for 4 years were tested in one 
laboratory. A predicted degradation rate was calculated as 0.003% loss of activity per 
year when stored at -20oC. This confirmed that candidate material is highly stable and 
fully complies with the WHO specifications.

Tetanus antitoxin equine for flocculation test (66/021)

This material was established in 1986 by NIBSC for use in flocculation test. 
Each ampoule contains a freeze dried residue of hyperimmune horse antiserum to 
tetanus toxoid/toxin. Each ampoule contains 1,400 International Units of tetanus 
antitoxin as determined by toxin neutralization test. Material was provided as a critical 
reagent for use in the flocculation Ramon test for calibration of flocculation (Lf) of 
candidate replacement IS. 
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Assay methods

Ramon flocculation assay 

This immunological binding assay in solution consists of the detection of a complex 
formed between the antigen and the antibody [7]. This assay, known as Ramon assay, 
is based on the observation by naked eye of a macroscopic flocculation complex. 
The time required for the formation of this complex depends on the ratio of toxoid 
and specific antitoxin. The time in minutes for the first flocculation to occur, is called 
the Kf value. Kf depends on concentration of both antigen and antitoxin. It is assumed 
that the quality of the antigen affects the Kf. Flocculation sequence is defined by 
the Kf observed for the first, second and third flocculation to occur. The 1st tube in 
which flocculation appears is used to determine the Lf value of the sample. The Lf 
or “Limit of Flocculation” is defined as the antigen content forming 1:1 ratio against 
1 unit of antitoxin [8]. 

Participants were provided with the original WHO methodology for the assay [2]. 
It was recommended to initiate the experiment with a series of eight concentrations of 
the tetanus antitoxin starting from 30 to 100 Lfeq./ml in Phosphate Buffer Saline pH 
7.4 and tetanus toxoids to the assumed value of 50 Lf/ml in Phosphate Buffer Saline 
pH 7.4.

However, if flocculation first appeared in the first or the last tube of the series, 
the assay had to be performed again with either a different range of reference antitoxin 
or different dilution of tested toxoid. All results were to be reported for statistical 
analyses at NIBSC.

Toxoid flocculation assay by laser light-scattering

This new method is based on the same principles as the original Ramon assay but 
the detection of the flocculating complex, instead of using visual determination as 
end point, relies on more accurate and objective detection using laser light-scaterring 
platelet aggregometer. A laser beam is passed through the suspension and particles in 
suspension are subjected to aggregometry. Scattered light intensity and signal counts 
are recorded, which provide highly reproducible and more objective quantification 
system to determine flocculation values. Recorded data (values) reflect size and number 
of detected particles, respectively [6]. Laser light scattering method was performed by 
one laboratory.

Single Radial Diffusion (SRD)

SRD immunoprecipitation method is a method of choice as a simple identity test to 
confirm presence of tetanus antigen in every final batch of vaccine. The method was 
published by Melville-Smith [9] and it is in routine use as an identity test. SRD method 
can however be used for quantitative measurement of Lf on non-adsorbed purified 
toxoid and intermediate products. A concentration gradient is established for the toxoid 
diffusing from an external source into the gel medium containing the antitoxin at a 
comparatively low concentration. When the equilibrium between the two components 
has been reached, circular precipitation ring appears, the diameter of which is directly 
proportional to the concentration of the antitoxin in the gel. The detection limit and 
liner dose response for tetanus toxoid is between 4-100 Lf/ml. Previous publications 
suggest that SRD could be used as an alternative to the flocculation test, because results 
in the two assay systems do not generally differ by more than 10% [10].



197WHO/IVB/11.03

Capture ELISA

Monoclonal Ab capture immunoassays provide addition specificity and may be useful 
tools in monitoring epitope specific integrity of toxoid [11]. This approach was used at 
NIBSC to provide additional information in support of stability and integrity of the 
candidate replacement IRRs. 

Study design

Each participating laboratory was provided with both candidate replacements coded 
04/150 and 02/232 and tetanus antitoxin (66/021). Sufficient ampoules were provided for 
each flocculation to be repeated using a new ampoule on four independent occasions. 
Due to very low stock of 1st IRR, TEFT, only 4 participants (laboratories coded 1, 
2, 3 and 5) received this material. Moreover, only 2 ampoules could be provided per 
laboratory allowing them to perform two independent experiments. Details of study 
design are shown in Table 2. 

The primary assay for the collaborative study was defined as the WHO flocculation 
(Ramon) test. Participants were also asked to perform the flocculation test with their 
own in-house reagents where these were available as detailed in Table 3. In addition 
to Ramon flocculation assay, participants were asked to perform suitable in house 
procedures where these were available and validated. 

Precise directions were given to participants to reconstitute and store the ampoules 
provided prior to use in the assay. Participants were asked to report information 
on ampoule reconstitution including date of reconstitution, dilution volume, final 
concentration and storage. Suitable forms were provided for collection of information. 
Any deviation to sample and ampoule reconstitution was to be reported using 
appropriate forms.

All raw data together with assay details were to be returned to NIBSC for analysis. 
All participants were asked to use provided data sheet to report details of results, as 
well as how dilutions were performed on each day of experiment, the date of each 
assay, the tube series and the flocculation sequence. Using the flocculation sequence, 
participants were asked to calculate the corresponding Limit of flocculation (Lf) value 
taking the initial dilution into account.

Statistical analysis

All mean results given in this report are unweighted geometric means with 95% 
confidence limits. Variability between assays and laboratories has been expressed using 
geometric coefficients of variation (% GCV) [12]. Comparisons of results have been 
made by unpaired t-test of log values. The relative activities of the accelerated thermal 
degradation samples were used to fit an Arrhenius equation relating degradation rate to 
absolute temperature assuming first-order decay [13] and predict the annual degradation 
rates of the preparations when stored at –20°C.
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Results and discussion

Results contributed to the study

All seventeen participants performed four independent flocculation assays on 
samples 04/150 and 02/232 using the provided antitoxin. A summary of results is 
shown in Table 4A. One participating laboratory (coded 3) chose to perform several 
experiments with each reconstituted ampoule of both candidate materials. 

Three participants (coded 1, 2 and 5) performed two independent assays with TEFT 
using provided antitoxin. One participant (coded 3) performed one assay with TEFT 
using provided antitoxin.

Fourteen laboratories additionally performed four independent flocculation assays of 
04/150 and 02/232 using their own in-house tetanus antitoxin. A summary of results is 
shown in Table 4B. Specifications of in-house antitoxins used in the study are provided 
in Table 2A for information. 

Nine laboratories performed additional assays of their own in-house tetanus toxoids, 
details of which are provided in Table 2B.

Results obtained for 1st IRR, TEFT

Tables 5A and 5B summarise the results (Lf/ampoule) for TEFT obtained using the 
provided and in-house antitoxins. TEFT was assigned a value of 1000 Lf/ampoule in 
the previous collaborative study [5] where a geometric mean value of 1000 Lf/ampoule 
(95% confidence limits: 963-1039; GCV 6.5%; n=13) was reported for Ramon test [4] 
using a different antitoxin. The results obtained in this study are in agreement with 
those reported previously.

The time for the 1st flocculation to occur, known as Kf, was reported as less than 
30 min for TEFT.

Calibration of candidate 2nd IS, 04/150

Table 6 summaries the results (Lf/ampoule) obtained for the candidate IRR 04/150 using 
the provided antitoxin. An overall geometric mean of 686 Lf/ampoule (95% confidence 
limits: 642-733; GCV 13.8%; n=17) was calculated. Within-laboratory GCV’s ranged 
from 0% to 28% with an average of 5.6% indicating a smaller level of variability than 
between laboratories. 

Thirteen of the participants also calibrated 04/150 using their own in-house antitoxin. 
Results are shown in Table 7. An overall geometric mean of 698 Lf/ampoule 
(95% confidence limits: 653-747; GCV 12.3%; n=14) was calculated. Although this did 
not differ significantly from the mean obtained using provided antitoxin, it is proposed 
to assign the value for replacement standard using only the set of results generated 
with the common antitoxin as the two means are derived non identical populations 
(i.e. 17 laboratories with provided antitoxin with 14 laboratories from in house 
antitoxin).

The time for the 1st flocculation to occur, known as Kf, was reported as less than 
30 min. and comparable to TEFT, the current IRR.
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Other methods 
One participant (coded 11) performed laser light scattering method. For this assay, 
one ampoule of 04/150 was reconstituted and the experiment was repeated three times 
with the same ampoule in order to be able to calculate the Lf value. The experiment was 
performed in presence of the in-house antitoxin. A mean value of 627 Lf/ampoule was 
obtained. This value is in agreement with the one shown in Table 7 for this laboratory, 
which suggests that comparable results can be obtained from the Ramon assay and 
laser light-scattering methods.

NIBSC also performed SRD assay on 04/150 using three independent ampoules 
and in house toxoid as reference as detailed in Table 3A. Results for samples kept at 
the recommended storage temperature (-20˚C) for 2 years gave a geometric mean of 
655 Lf/ampoule (95% confidence limits: 597-712) (Table 12 B) which is in agreement 
and not statistically different with the results from the Ramon assay in other laboratories 
(Table 7). 

Stability of 04/150

Accelerated thermal degradation studies
Flocculation tests were performed by one laboratory (coded 2) using their own antitoxin 
and candidate replacement IRR (04/150) previously incubated at -20˚C, +4˚C, +20˚C, 
+37˚C, +45˚C and +56˚C for 1.3 and 2 years. Data expressed in Lf limit and Flocculation 
times for these samples are shown in Table 10. A predicted degradation rate from these 
data was calculated as 0.57% loss of activity per year when stored at -20˚C. 

Samples of 04/150 stored at elevated temperature were also tested by SRD assay at 
NIBSC. Summary results are presented in Table 12. In-house tetanus toxoid (Table 3B) 
was used as a reference (calibrated in Lf) with tetanus antitoxin (66/021). A greater loss 
of antigen, defined in Lf unit, is observed by SRD at some temperatures. 

MAb capture ELISA was also performed on samples of 04/150 stored at elevated 
temperature. In–house tetanus toxoid (Table 3B) was used as a reference calibrated in Lf 
with specific capture and detection antibody reagents. A summary of results is shown 
in Table 13. At each time point the Lf value was calculated from the mean of 3 values 
indicating independent assays and expressed in Lf with 95% limits. Although Lf values 
determined in this assay are not comparable with those calibrated in flocculation or 
SRD tests, a greater loss of activity at elevated temperatures was observed (Figure 1).

Calibration of candidate 2nd IS, 02/232

Table 8 summaries the results (Lf/ampoule) obtained for the candidate IS 02/232 using 
the provided antitoxin. An overall geometric mean of 800 Lf/ampoule (95% confidence 
limits: 750-855; GCV 13.6%; n=17) was calculated. Within-laboratory GCV’s ranged 
from 0% to 18.3% with an average of 7.3% indicating a smaller level of variability 
than between laboratories. 

Thirteen of the participants also calibrated 02/232 using their own in-house antitoxin. 
Results are shown in Table 9. An overall geometric mean of 850 Lf/ampoule 
(95% confidence limits: 748-965; GCV 23.5%; n=14) was calculated. This did not differ 
significantly from the mean obtained using provided antitoxin.
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The time for the 1st flocculation to occur was considerably longer for 02/232 and on 
average reported to take > 1h. Moreover one laboratory (coded 5) reported that they 
could not observe flocculation even after 5 hours, in four independent trials.

The concentration of glycine used as stabiliser in candidate IS coded 02/232 was 50 mg 
per ampoule (5%). When the same stabiliser was used in candidate replacement IRR for 
Diphtheria toxoid (ampoules coded 02/176) this was at 13.5 mg per ampoule (1.35%). 
At this concentration there was no apparent interference in the Ramon flocculation 
assay and all participants were able to determine Kf values within 30-50 mins. 
However, combination of factors such as type and purity of antigen as well as presence 
of other excipients on Kf values cannot be entirely ruled out.

Other methods 
One participant (coded 11) performed laser light scattering method. For this assay, 
one ampoule of 02/232 was reconstituted and the experiment was repeated four times 
with the same ampoule in order to be able to calculate the Lf value. The experiment was 
performed in presence of the provided antitoxin. A mean value of 779 Lf/ampoule was 
obtained. This value is in agreement with the one shown in Tables 6 for this laboratory, 
which suggests that comparable results can be obtained from the Ramon assay and laser 
light-scattering methods. 

NIBSC also performed SRD assay on 02/232 using three independent ampoules and 
in house toxoid as reference as detailed in Table 3A. Results for samples kept at the 
recommended storage temperature (-20˚C) gave a geometric mean of 1091 Lf/ampoule 
(95% confidence limits: 1012-1169) (Table 11) which is higher than the results from 
the Ramon assay (Table 8) and higher that 10% of the Ramon assay.

Stability of 02/232 

Accelerated thermal degradation studies
Flocculation tests were performed by one laboratory (coded 2) using their own antitoxin 
and candidate replacement IRR (02/232) previously incubated for four years at -70˚C,
- 20˚C, +4˚C, +20˚C, +37˚C, +45˚C and +56˚C. However ampoules incubated at +37˚C, 
+45˚C and +56˚C for four years could not be completely dissolved and therefore it 
was not possible to use them to perform Ramon assay. Data expressed in Lf limit and 
Flocculation times for the samples incubated at -70˚C, +20˚C, +4˚C and +20˚C are shown 
in Table 10. A predicted degradation rate was calculated as 0.003% loss of activity per 
year when stored at -20oC. This result complies with the WHO specifications and 
confirms excellent stability. However, the flocculation time exceeds one hour for this 
formulation, making it unsuitable for use in the Ramon test.

Conclusions

Based on results of the collaborative study it is proposed to recommend sample 
coded 04/150 as replacement International Standard of Tetanus Toxoid for use in 
the Flocculation test. It is recommended to assign a value of 690 Lf/ampoule based 
on flocculation test data generated by 17 laboratories with provided antitoxin. 
These recommendations were agreed and confirmed satisfactory by all participants of 
the collaborative study.
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All 17 laboratories were able to use material 04/150 in the flocculation test with an 
acceptable flocculation time of around 30 min or less, and comparable to previous 
WHO IRR (TEFT). Compared to 04/150, sample coded 02/232 was less suitable as 
observed flocculation times were on average >1 h and some laboratories could not obtain 
the values within 4 hrs or more. Toxoid material could be of poorer antigen quality 
but interference by glycine at 50 mg per ampoule (5%) used as stabiliser in 02/232, 
cannot be ruled out together with other factors.

Furthermore, highly comparable values were determined for 04/150 using either 
Ramon assays with different antitoxins, light scattering or SRD immunodiffusion tests. 
Results for calibration of 02/232 were more variable.

Results with SRD confirm previous studies that quantitative Lf values which are 
within 10% of those generated by flocculation test are obtained making this suitable 
alternative test. However, on samples stored at elevated temperature faster rate of 
degradation were observed with SRD, compared to flocculation test. Capture MAb 
ELISA provided values that were different to flocculation and SRD and faster rate of 
degradation were observed.

Ampoules codes 04/150 and 02/232 were tested and confirmed to comply with WHO 
recommendations for moisture content, had acceptable precision of fill and were 
confirmed to comply with sterility test. Higher stability of samples coded 02/232 was 
predicted than for 04/150 because values after four years were used in calculation of 
predicted degradation rates. Degradation rate for sample coded 04/150 did not fully 
comply with the WHO requirement of <1%, but determined value of 0.5% loss per 
year at -20˚C was predicted using data after only two years. Further stability monitoring 
will therefore be performed after 3 and 4 years to provide more accurate predictions 
of stability.

Analysis of the 22 ampoules coded 04/150 for atmospheric oxygen revealed on average 
high (>1%) and variable oxygen content. These results suggested that process of 
stoppering and heat sealing may have been sub-optimal. Whilst this is unlikely to have 
any impact on the suitability of the material to serve as a WHO IRR at the time of 
establishment, this finding together with slightly sub-optimal predictions of stability 
warrants further stability studies during life-time of the standard.

In order to investigate possible impact of oxygen content on stability it is proposed 
to use non-invasive oxygen testing method to identify and separate population of 
samples showing high and low oxygen levels. Samples already placed in accelerated 
temperature degradation studies will be tested for oxygen levels before further analyses 
for residual activity. In event that insufficient samples are identified with high oxygen, 
among the samples already placed for stability, new suitable samples will be identified 
for the study. 

Samples coded 02/232 although not suitable for use in the flocculation test, have shown 
satisfactory performance in SRD assay. The material will therefore continue to be used 
as positive control in identity test presence of tetanus toxoid needs to be confirmed. 
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NIBSC antitoxin (66/021) was used in a collaborative study and is recommended to use 
in the flocculation assay, but it is not an essential reagent. Calibration values obtained 
with in-house antitoxins were not statistically different from calibration value obtained 
with the provided antitoxin. Laboratories are advised however to periodically calibrate 
in house antitoxins using IS for toxoid. 

A total of 5,284 ampoules of sample coded 04/150 remain available for use. 
With a predicted turnover of around 100 per year this would be sufficient for at least 
20 years.

Proposal

It is proposed to recommend samples coded 04/150 as replacement International 
Standard of Tetanus Toxoid for use in Flocculation test with assign value of 690 Lf/
ampoule.

Comments from participants

All 17 participating laboratories confirmed that they agreed with results of the 
study, they agreed on how their own data was interpreted and with conclusions and 
recommendations made.

There were few comments and suggestions from few participants and summary of these 
are included for information.

It was suggested that material should have been tested by Ramon method rather 1)
than SRD prior to collaborative study. Both candidate materials were tested in 
Ramon assay in one laboratory prior to collaborative study and preliminary 
values assigned from SRD were within 10% of the consensus value confirmed 
by the Ramon test.

It was suggested that further stability studies after reconstitution are useful and 2)
could be provided in information for use leaflet if sufficient data was available 
to make recommendations. 

It was suggested that it might be considered to average estimates for calibration 3)
using values generated with in-house antitoxin, in view that statistically 
comparable data was obtained. This approach was not used as not all laboratories 
contributed data with in-house anti-toxins.

It was suggested that Kf values are indicated with different preparations. 4)
This was included where information was available.

One participating laboratory question role of glycine in delaying Kf values in 5)
flocculation test. Longer Kf values were observed with preparation with higher 
glycine concentration per ampoule but it was mentioned in the report that other 
factors cannot be ruled out, such as choice of anti-toxin standard. 

It was pointed out that based on experience gained from this study further 6)
recommendations could be made about use of suitable stabilisers. This was in 
fact addressed during trial formulations and forms part of separate publication 
(in process of submission to Biologicals) but further data will be generated post 
adoption and in planned stability studies. .
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One participating laboratory suggested that moisture content and oxygen levels 7)
be taken into account for post adoption stability studies. This was in fact pointed 
out in the recommendations. 

One participating laboratory questioned hypothesis of relationship between 8)
Kf times and purity of antigen. This statement was deleted in final version as 
no evidence is available in support of this statement.
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Table 1: Reagents provided by NIBSC to the participants

Provided Reagents Code Concentration Formulation and 
characteristics

Toxoids

Tetanus Toxoid for 
Flocculation test 1st

International Reference 
Reagent

TEFT 1000 Lf/ampoule Freeze-dried
Sucrose 5%, tryptone 1%,
 monosodium glutamate 1%

Tetanus toxoid (not 
adsorbed)
Candidate replacement 
International Reference 
Reagent for Flocculation 
test

04/150
ampoule

Freeze-dried
trehalose 1%
>1000Lf/mgPN

Tetanus toxoid (not 
adsorbed)
Candidate replacement 
International Reference 
Reagent for Flocculation 
test

ampoule
Freeze-dried
50mg glycine
>1000Lf/mgPN

Antitoxins

Tetanus Antitoxin Equine for 
Flocculation Test

66/021 1400 IU/ampoule Freeze-dried
Horse serum

* based on preliminary data from one laboratory
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Table 2: Study design

Antitoxins Toxoids

1st assay 66/021  
02/176
04/150

04/150

2nd assay 66/021  

04/150

04/150

rd assay 66/021  
04/150

04/150

4th assay 66/021  
04/150

04/150

* where available
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Table 5: TEFT results (Lf/ampoule)

A: Using provided antitoxins

Lab Assay 1 Assay 2 Kf
(ca min)

1 1000 1000

2 1000 1000

1020 ND -

5 1000 1000 -

B: Using in-house antitoxins

Lab Assay 1 Assay 2 Kf
(ca. min)

1 1000 1200 18
2 960 960 19-20

ND ND. -
4 1000 1000 -

ND: Not done
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Table 6. 04/150 results (Lf/ampoule) using provided antitoxins

Lab Assay 1 Assay 2 Assay 3 Assay 4 Geometric
mean GCV (%) Kf

(ca. min)

1 700 700 700 682 5.4

2 700 700 700 700 700 0.0 24-28

681 691 675 672 680 1.2 6

4 1176 840 840 28.0 -

5 700 700 700 700 700 0.0 -

6 700 700 700 700 700 0.0 -

8 560 560 594 7.0 28

9 700 700 700 700 700 0.0

10 700 700 700 700 700 0.0 -

11 560 560 594 7.0 44-47

12 700 700 700 700 700 0.0 25

700 700 700 700 700 0.0 -

14 700 700 840 700 9.5 14-17

15 700 700 700 700 700 0.0 -

16 560 560 560 560 560 0.0 -

17 700 700 560 700 662 11.8 20-27

18 560 700 560 700 626 -

Geometric mean

GCV

686
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Table 7: 04/150 results (Lf/ampoule) using in-house antitoxins

Lab Assay 1 Assay 2 Assay 3 Assay 4 Geometric
mean GCV (%) Kf

(ca min)

1 700 700 700 700 700 0.0

2 672 672 806 672 9.5 15-18

672 . . . 672 . 6

4 840 840 840 840 840 0.0 -

5 700 560 560 700 626 -

6 840 840 840 840 840 0.0 -

8 700 700 700 700 700 0.0

9 700 700 700 700 700 0.0 14-16

10 700 700 700 700 700 0.0 -

11 560 560 594 7.0 40

12 700 700 700 700 700 0.0 25

560 560 560 560 560 0.0 -

14 700 840 840 840 9.5 2-4

15 . . . . . . -

16 . . . . . . -

17 . . . . . . -

18 700 700 700 700 700 0.0 -

Geometric mean

GCV

698
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Table 8: 02/232 results (Lf/ampoule) using provided antitoxins

Lab Assay 1 Assay 2 Assay 3 Assay 4 Geometric
mean GCV (%) Kf

(ca. min)

1 720 720 900 900 805 120-140

2 900 900 720 720 805

966 954 924 945 2.0 16-20

4 1008 1008 1080 1080 4.1 -

5 720 720 720 900 761 11.8 -

6 720 720 720 720 720 0.0 -

8 720 720 720 696 6.9 126

9 720 720 720 720 720 0.0 115-125

10 900 720 900 720 805 -

11 720 720 720 720 720 0.0

12 900 900 720 720 805 >2 hrs

600 700 900 700 717 -

14 900 1080 1080 1080 9.5

15 720 720 720 720 720 0.0 -

16 900 900 900 900 900 0.0 -

17 720 900 720 720 761 11.8 80-108

18 720 720 900 720 761 11.8 -

Geometric mean

GCV

800
(750 - 855)
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Table 9: 02/232 results (Lf/ampoule) using in-house antitoxins

Lab Assay 1 Assay 2 Assay 3 Assay 4 Geometric
mean GCV (%) Kf

(ca. min)

1 1080 1080 1080 1080 1080 0.0 57

2 864 864 691 864 817 11.8 70-80

. . . . 16

4 1260 1260 1080 1080 1167 >4 hrs

5 . . . . . . -

6 900 900 900 900 900 0.0 -

8 900 810 810 810 5.4

9 900 900 900 900 900 0.0 60-66

10 720 720 720 720 720 0.0 -

11 720 720 720 720 720 0.0

12 900 900 720 900 851 11.8 120

500 500 500 500 500 0.0 -

14 900 1080 1080 900 986 11.1 12 (not clear)

15 . . . . . . -

16 . . . . . . -

17 . . . . . . -

18 900 900 720 900 851 11.8 -

Geometric mean

GCV

850
(748 - 965)
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Table 10: Stability studies of 04/150 (laboratory 2 data)

A: After 1.3 years storage

Limit of flocculation:

Lf/ml
-20ºC

Lf/ml
+4ºC

Lf/ml
+20ºC

Lf/ml
+37ºC

Lf/ml
+45ºC

Lf/ml
+56ºC

ampoule 1 718 718 700 648

ampoule 2 700 656

718 665

(95% Limits)
747 724 700

(680-720)
689

(678-700)
656

(647-666)

Flocculation time:

Kf (min)
-20ºC

Kf (min)
+4ºC

Kf (min)
+20ºC

Kf (min)
+37ºC

Kf (min)
+45ºC

Kf (min)
+56ºC

ampoule 1 20.5 20.5 22 21 22 22

ampoule 2 21.5 20.5 20 20 20 20.5

20.5 20.5 21.5 20.5 20.5 20.5

B: After 2 years storage

Limit of flocculation:

Lf/ml
-20ºC

Lf/ml
+4ºC

Lf/ml
+20ºC

Lf/ml
+37ºC

Lf/ml
+45ºC

Lf/ml
+56ºC

ampoule 1 727 648 587

ampoule 2 727 665

744 665 622

(95% Limits)
744 715 659

(648-670)

Flocculation time:

Kf (min)
-20ºC

Kf (min)
+4ºC

Kf (min)
+20ºC

Kf (min)
+37ºC

Kf (min)
+45ºC

Kf (min)
+56ºC

ampoule 1 25.5 25.5 26 28.5

ampoule 2 22.5 24 26

25 27.5 28 28
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Table 11. Stability studies of 02/232 ( laboratory 2 data)

Limit of flocculation:

Lf/ml
4 years
-70ºC

Lf/ml
4 years
-20ºC

Lf/ml
4 years

+4ºC

Lf/ml
4 years
+20ºC

ampoule 1 819 819

ampoule 2 819 672

819 819

(95% Limits)
819 819 682

Flocculation time:

02/232
Lf/ml

4 years
-70ºC

Lf/ml
4 years
-20ºC

Lf/ml
4 years

+4ºC

Lf/ml
4 years
+20ºC

ampoule 1 67/68 66/68 71/72

ampoule 2 67/67

65/66 67/67 71/72 61/62

Ampoules incubated at +37 ºC, +45 ºC and +56 ºC were impossible to dissolve 
completely.
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 Figure 1: Accelerated thermal degradation data obtained with in 
MAb Capture ELISA for candidate replacement IRR(04/150) 
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Appendix 1.  List of participating laboratories 
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