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Recommendations publisi#€d by the WHO are intended to be scientific and advisory. Each
of the following sections constitutes guidance for national control authorities and for
manufacturers of biological products. If a national control authority so desires, these
Recommendations may be adopted as definitive national requirements, or modifications may be
justified and made by the national control authority. It is recommended that modifications to
these Recommendations be made only on condition that modifications ensure that the vaccine is
at least as safe and efficacious as that prepared in accordance with the recommendations set out
below. The parts of each section printed in small type are comments for additional guidance
intended for manufacturers and national control authorities, which may benefit from those
detalls.

Adopted by the 54th meeting of the WHO Expert Committee on Biological Standardization, 17-21 November 2003. A
definitive version of this document, which will differ from this versionin editorial but not scientific detail, will be published in
the WHO Technical Report Series.




Introduction

Recommendations (formerly known as Requirements) for pneumococcal polysaccharide
vaccines were drafted in1980 but were never adopted by the WHO Expert Committee on
Biological Standardization®. VVaccines based on the capsular polysaccharides of the 23 serotypes
of Streptococcus pneumoniae most commonly associated with human disease have been
licensed in many countries’. These vaccines have been shown to be efficacious against invasive
pneumococcal disease and have proved to be effective for the protection of individuals who are
at particular risk of infection. Nevertheless, their inability to elicit protective responses in young
infants or to induce good immunological memory has prevented their implementation in
national infant immunization schedules.

The development of bacterial capsular polysaccharide-protein conjugates represents a
major advance in prophylaxis against bacterial infections®. Following the successful introduction
of the Haemophilus influenzae type b conjugate (Hib) and meningococcal C conjugate (MenC)
vaccinesinto paediatric vaccination schedules, considerable progress has been made in the
development of similar conjugate vaccines based on pneumococca capsular polysaccharides.
Glycoconjugate vaccines are both physically and immunobiologically distinct from their
unconjugated counterparts, emphasizing the need for recommendations specifically for these
products.

General Considerations

Infections caused by Streptococcus pneumoniae, the pneumococcus, are responsible for
substantial morbidity and mortality, particularly in the very young and in the elderly**.
Pneumococci are divided into serotypes based upon their chemically and serologically distinct
capsular polysaccharides. Of the 90 pneumococcal serotypes’, the capsular polysaccharides of
the 23 most commonly associated with disease are included in the polysaccharide vaccines
produced by various manufacturers. These vaccines are effective in individuas from about two

years of age but, asthey elicit T-cell independent immunity, they are not effective in younger
children. In addition, they fail to induce boostable immunity and have little or no impact on
nasopharyngeal carriage’. In contrast, polysaccharide-protein conjugates have been shown to be
highly immunogenic in infants and induce T-cell dependent immunity. Severa pneumococcal
conjugate vaccines are now available or at an advanced stage of development®*°. Controlled
clinical trials with these vaccines have demonstrated that such conjugates are both safe and
highly immunogenic, T-cell dependent antigens'?. They have been shown to induce high
levels of serum antibody and to offer protective immunity against invasive pneumococcal
disease™. They are effective in young children, induce immunological memory and reduce
nasopharyngeal carriage of the pneumococcal serotypesincluded in the formulation™. A 7-
valent conjugate, manufactured using diphtheria protein CRM 197 as the carrier protein for al
seven serotypes, was first licensed in the USA in 2000 and has become increasingly available
worldwide.

Protective levels of antibody elicited by the CRM 197 conjugated vaccines against invasive
pneumococcal disease have been estimated based on data from three clinica efficacy trials: in
Northern Caifornia; among Navajo Indians and in Soweto, South Africa. The aggregate
efficacy for the seven serotypes these vaccines had in common was 93.0% (Cl 81.0%, 98.2%).
Using the anti-capsular polysaccharide antibody ELISA data from these studies, an estimate of
0.35 pg/ml aggregated across the serotypes was associated with the point estimate of clinical
efficacy against invasive disease (see addendum for additional details). Thisreference valueis
neither applicable to the determination of the protective status of the individua nor to protection
against other disease end-points, e.g. pneumonia, otitis media. Due to practical or ethical



considerations, it may not be possible to perform protective efficacy trials of most new vaccine
formulations. Therefore, this reference value will be important for the licensure of future
products using data from immunogenicity trials. This reference value is not gpplicable in the
determination of the protection status of an individual.

Differences in the incidence of serotypes causing disease from one continent to another
has lead to the development of pneumococca vaccine formulations consisting of increasing
numbers of conjugated components™. Recently clinical trials of 7-valent and 9-valent
formulations have been completed in Finland and South Africa respecti vely'®*8 while further
formulations with potentially greater coverage are under development From a practical
perspective, however, it is evident that there is alimit to the nuber of serotypes that can be
included in such conjugate vaccine formulations and the incig ok dlsease causing serotyp%
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inclusion of additional serotypesislikely ¥
epidemiological setting.

Special consider ations

gccine rmulati ons could be developed in which more than
pcturer has a choice of possible carrier proteins providing

it impossible to assess the potficy of these vaccines for man on the basis of studiesin animals.
Consequently, it isimportant that new pneumococca vaccine formulations are evaluated in man
for immunogenicity by monitoring the production of serotype specific 1gG. Immune responses
to pneumococcal vaccines have been measured using methods that determine either the tota
amount of antibody binding to capsular polysaccharide or the amount of functional antibody
present in serum. Antibody binding is typically evaluated by the use of enzyme linked
immunosorbant assays (EL1SAS) or radioimmunoassays™#, while the opsonophagocytic assay
is used to measure functional antibodies™ . Clinical studies of conjugate vaccines have shown
a good association between antibody levels measured by ELISA and protection (see Appendix).
However, such studies also usualy include an analysis of a subset of serato confirm their
functional (eg opsonophagocytic) activity. Whichever assay is used, it should be standardised so
asto ensure comparability of data both between laboratories and between different clinical
studies. A set of calibration sera are available to help establish comparability between
laboratories™. As conjugate vaccines should induce a T-cell dependent immune response, this



should also be evaluated during clinical trials. Indicators of T-cell dependent immunity include
the production of predominantly high avidity IgG antibody and the demonstration of a good
booster responsein primed children™.

Given the lack of a suitable animal models that will predict the potency of all pneumococcal
serotypes, the strategy for the control of the vaccine is dominated by the use of tests for
molecular characterisation and purity. These tests focus on physicochemical criteriato ensure
each vaccine lot is consistent with the specification of the vaccine lots used in the definitive
clinical trials that confirmed their safety and efficacy. The use of animals forms an essential part
of the development of these vaccines to provide evidence that they induce T-cell dependent
immunity and to characterize the immunogenicity of the vaccine during stability studies.
However, an immunogenicity test in animalsis not necessary for routine lot release when
vaccine consistency has been assured by alternative means.

Combination vaccines containing pneumococcal polysaccharide conjugate components

The introduction of Hib and MenC conjugates as additional elements of infant
immunization programmes has served to highlight the need to combine paediatric vaccines for
effective vaccine delivery?’. Vaccine formulations consisting of multiple components that
include pneumococca conjugates are likely to be developed within the next decade. If one or
more conjugated pneumococcal components are indicated for coadministration with other
vaccines, the possible effects on the clinical performance of each component in the vaccine,
including the pneumococca conjugate components, should be evaluated in terms of their safety
and immunogenicity. Similarly, the clinical effect of concomitant administration of a
pneumococcal conjugate vaccine with other vaccines at different sites should be evaluated.
Because of the problems associated with performing physicochemica anal yses on complex
vaccine formulations, the manufacturer should consider which batch release tests are appropriate
to perform on final bulks of aparticular product and which tests on final lots of such vaccines.
The tests should be agreed with the national control authority.

Part A. Manufacturing Recommendations
1. Déefinitions
11 Proper Name

The proper name of the vaccine shall be "pneumococcal conjugate vaccine” translated into
the language of the country of use. The serotypes included in the vaccine should be associated
with the name of the vaccine and listed in the packaging material. The use of this proper name
should be limited to vaccines that satisfy the requirements formulated below.

1.2  Descriptive definition

Multivalent pneumococcal conjugate vaccine is a preparation of capsular polysaccharide
from specific serotypes of Streptococcus pneumoniae that are covalently linked to carrier
protein.
1.3 International Reference Materials

No formally established international reference materials that would alow the

standardization of immune responses to pneumococca conjugate vaccines are currently
available.



The following reagents are available through the courtesy of individuas, manufacturers and
national control or reference laboratories:

C-polysaccharide (Statens Serum Ingtitut, Copenhagen, Denmark)

Capsular polysaccharides (ATCC, Manassas, Virginia, USA)

89-SF reference serum (Dr Carl Frasch, CBER/FDA, Washington DC, USA)?

96DG secondary reference serum (provided by Dr David Goldblatt and distributed by NIBSC,
UK)

ELISA caibration sera (provided by Dr David Goldblatt and distributed by NIBSC, UK )%
Pneumococcal serotyping reagents (Statens Serum Ingtitut, Copehnkagen, Denmark).

HL-60 cells (ATCC, Manassas, Virginia, USA or ECACC,
Sdisbury, UK)

1.4 Terminology

polysaccharid€
together.

a T-cell dependent immune response to the pneumococca polysaccharide.

Monovalent Bulk Conjugate. A conjugate prepared from a single lot or pool of lots of
polysaccharide and a single lot or apool of lotsof protein. Thisisthe parent material from
which the final bulk is prepared.

Final Bulk Conjugate. The blend of monovalent conjugates present in a single container from
which the final containers are filled, either directly or through one or more intermediate
containers derived from the initial single container.

Final Lot. A number of sealed, final containers that are equivalent with respect to therisk of
contamination during filling and, when it is performed, freeze-drying. A fina lot must therefore
have been filled from a single container and freeze-dried in one continuous working session.



2. General manufacturing requirements

The general manufacturing recommendations contai ned in Good Manufacturing Practices
for Pharmaceuticals® and Biological Products™ should be gpplied to establishments
manufacturing pneumococcal conjugate vaccines with the addition of the following:

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

S. pneumoniae is aBiological Safety Level (BSL) 2 pathogen and represents a particular
hazard to health through infection by the respiratory route. The organism should be handled
under appropriate conditions for this class of pathogen®. Standard operating procedures need to
be developed for deding with emergencies arising from the accidental spillage, |eakage or other
dissemination of pneumococcal organisms. Personnel employed in the production and control
facilities should be adequately trained and appropriate protective measures including
vaccination with a pneumococcal vaccine licensed for use in adults should be implemented.
Adherence to current Good Manufacturing Practices is important to the integrity of the product,
to protect workers and to protect the environment.

3. Production Control
3.1 Control of Polysaccharide
3.1.1 Strainsof S. pneumoniae

The gtrains of S. pneumoniae used for preparing the polysaccharide should be agreed with
the national control authority. Each strain should have been shown to be capable of producing
polysaccharide of the appropriate serotype. Each master seed |ot should be identified by a record
of its history, including the source from which it was obtained and the tests made to determine
the characteristics of the strain.

The cultures may be examined for the following characteristics: 1)
microscopically, stained smears from a culture should appear
typical of S. pneumoniae; 2) the organism should grow at 37°C ,
but not at 25°C, and should have characteristic smooth apha
haemolytic colonies; 3) the ability to ferment inulin; 4) the
organism should be lysed in the bile solubility test and be sensitive
to Optochin; 5) a suspension of the culture should be agglutinated
or give a positive Quellung reaction with the appropriate
serotyping serum.

Nuclear magnetic resonance spectroscopy (either *H or *C) isa
suitable method for the confirmation of identity of purified
polysaccharide.



3.1.2 Seed lot system

The production of pneumococca polysaccharide should be based on aworking seed lot
system. Cultures derived from the working seed lots shall have the same characteristics asthe
cultures of the strain from which the master seed lot was derived (A3.1.1). If materials of animal
origin are used in the medium for seed production, preservation of strain viability for freeze-
drying or for frozen storage, then they should comply with the guidance given in the Report of a
WHO Consultation on Medical and other Products in Relation to Human and Animal
Transmissible Spongiform Encephal opathies® and should be approved by the national control
authorities.

Manufacturers are encouraged to
of materials of animal origin.

i(d wherever possible the use

that will form aprecipitate upon purification of thé g If materials of
animal origin are used then they should complygadth '

it should be discarded. killing Jpfocess should smilarly be adequately validated.

3.1.6 Purified polysaccha(idg

Each lot of pneumococcal polysaccharide should be tested for identity, purity and
molecular size. A number of approaches to determining polysaccharide identity and purity give
complementary but incomplete information, so a combination of methods should be employed
to provide all necessary data should be agreed by the national control authority. The purity
limits given below are expressed with reference to the polysaccharide in its salt form (sodium or
calcium), corrected for moisture. Variations in these specifications that may be appropriate if
unusual salt forms are present should be agreed by the national control authority.

Generally, after killing the organism the culture is harvested and
the polysaccharide isolated and purified by techniques such as
fractional precipitation, chromatography, enzyme treatment and
ultrafiltration. The polysaccharide is partially purified by fractional
precipitation, washed and dried to aresidual moisture content
shown to favour the stability of the polysaccharide. Methods used



for the purification of bulk polysaccharide should be approved by
the national control authority. Purified pneumococcal
polysaccharide and, when necessary partially purified
intermediates, are usualy stored at or below -20°C to ensure
stability.

3.1.6.1 Polysaccharide ldentity

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

A serological method such as countercurrent
immunoelectrophoresis and/or nuclear magnetic resonance
spectroscopy (either *H or *3C) provide convenient methods for
this purpose®>*. In some cases, the identity of the polysaccharide
can be deduced from its composition, if appropriate anal ytical
methods are employed.

3.1.6.2 Polysaccharide Composition

The composition of the polysaccharide provides information on its purity, identity and the
amount of specific impurities, such as pneumococcal C-polysaccharide, that are present.
Analyses should be based on the dry weight of the polysaccharide. The composition of the
polysaccharide can be defined in a number of ways depending on the methodology employed
and the salt form present. The specifications used should be agreed by the national control
authority.

Chemically, the composition of pneumococcal polysaccharides can
be defined by the percentage of total nitrogen, phosphorus, uronic
acid, hexosamine, methyl pentose and O-acetyl groups. These are
usually determined by a combination of simple wet chemical tests

with colorimetric read outs. Typical specifications are tabulated

below™.
Serotype Total Phosphorus* Uronic acid Hexosamines Methyl O-acetyl
nitrogen (%) (%) (%) (%) pentose (%) groups (%)
1 3.56 (3.5-6) 0(0-15) 55.17 (> 45) 0 0 5.47 (> 1.8)
2 0(0-1) 0(0-10) 22.59 (>15) 0 50.58 (>38) 0
3 0(0-1) 0(0-10) 60.23 (> 40) 0 0 0
4 4.95 (4—6) 0(0-15) 0 71.84 (> 40) 19.11 (> 10) 0
5 3.04 (25-6) 0(<2) 23.59 (= 12) 44.14 (> 20) 35.22 (= 25) 0
6B 0(0-2) 4.38 (2.5-5.0) 0 0 22.86 (= 15) 0
7F 2.28 (1.5-4.0) 0(0-10) 0 33.09 26.40 (> 13) 3.5 (present)
8 0(0-1) 0(0-1.0) 31.70 (=25) 0 0 0
ON 3.09 (2.2-4.0) 0(0-1.0) 23.96 (>20) 44.82 (> 28) 0 0
9V 1.44 (0.5-3) 0(0-1.0) 22.33 (=15) 20.89 (= 13) 0 8.85 (present)
10A 1.12(0.5-35) | 2.48(15-35) 0 16.21 (> 12) 0 0
11A 0(0-25) 3.25(2.0-5.0) 0 0 0 1354 (> 9)
12F 3.82(3-5) 0(0-1.0) 19.73 (> 15) 55.36 (> 25) 14.73 (> 10) 0
14 2.03(15-4) 0(0-1.0) 0 29.44 (> 20) 0 0
158 1.31 (1-23) 2.89 (2.0-4.5) 0 18.94 (> 15) 0 4,01 (present)
17A 0(0-15) 0(0-3.5) 16.16 (> 10) 0 24.12 (> 20) 3.2 (present)
17F 0(0-15) 2.93 (0-3.5) 0 0 30.60 (= 20) 4.06 (present)
18C 0(0-1) 3.05 (2.4 -4.9) 0 0 15.96 (= 14) 4.24 (present)




19A 227(06-35) | 504(30-7.0) 0 32,98 (= 12) 26.32 (> 20) 0

19F 2.27(L4-35) | 504 (30-505) 0 3298 (> 125) | 26.32( 20) 0

20 128(05-25) | 0(L5-40) 0 18.49 (> 12) 0 7.83 (present)
22F 0(0-2) 0(0-1.0) 21.30 (>15) 0 3180 (> 25) | 4.22 (present)
23F 0(0-1) 3.90 3.0-45) 0 4077 (> 37) 0
33F 0(0-2) 0(0-10) 0 0 0 4.24 (present)

* theoretical value with suggested range in parenthesis, based on published structures. These are calculated using
broad definitions of the classes of sugars, so, for example “hexosamine” include 2-acetamido-2,6-dideoxyhexoses and
2-acetamido-2-deoxyuronic acids, “methylpentose” includes 2-acetamido-2,6-dideoxyhexoses and “uronic acid”
includes 2-acetamido-2-deoxyuronic acids. It is not certain that such sugars would give an identical response in
chemical tests used to determine the composition. The values are cited as equivalents of probably reference
compounds used in such compositional tests. The values assume complete O-acetylation at each distinct site for O-
acetylation, using published and unpublished data

ance anion exchange

Other methods, such as High Perfg

be used to define aspects
Y olysa;chande types, but

polysaccharide may be
'H and *'P nuclear magnetic

3.1.6.3 Moisture content

should be assayed todetect 1% protein contamination accurately.

ach Jot of purified polysaccharide should typically contain not
¥than 3% by weight of protein. However, this will vary
ggpending upon the serotype and an acceptable level of protein
contamination should be agreed with the national control authority.

3.1.6.5 Nucleic acid impurity

Each lot of polysaccharide should contain not more than 2% by weight of nucleic acid as
determined by ultraviolet spectroscopy, on the assumption that the absorbance of a1l ¢/l nucleic
acid solution contained in a cell of 1 cm path length at 260 nm is 20 * or by another validated
method.

Sufficient polysaccharide shall be assayed to detect 2% nucleic
acid contamination accurately.
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3.1.6.6 Pyrogen content

The pyrogen content of the purified polysaccharide should be determined and shown to be
within acceptable limits agreed by the national control authority.

A recognized pyrogenicity test can be performed in rabbits.
Alternatively, the Limulus amoebocyte | ysate test can be
performed.

3.1.6.7 Molecular Size Distribution

The molecular size of each lot of purified polysaccharide provides an indication of the
manufacturing consistency. An acceptable level of consistency should be agreed with the
national control authority and can be established either by process validation or measurement on
each lot..

The distribution constant (Kp) can be determined by measuring the
molecular size distribution of the polysaccharide at the main peak
of the elution curve obtained by a suitable chromatographic
method. The Kp value and/or the mass distribution limits should
be established.

Methods such as: i) gel filtration through Sepharose CL-4B or
CL-6B (or similar) ina0.2 molar buffer using either arefractive
index detector or colorimetric assay for the detection of the
polysaccharide; and ii) high performance size-exclusion
chromatography (HPSEC) with refractive index detectors either
alone or in combination with light scattering (e.g. Multiple Angle
Laser Light Scattering, MALLS) are suitable for this purpose® .
The methodology and column used should be validated to
demonstrate sufficient resolution in the appropriate molecular
weight range.

3.1.7 Maodified polysaccharide

Modified polysaccharide preparations may be partially depolymerised either before or
during the chemical modification. The registered and several candidate pneumococcal
conjugate vaccines use polysaccharides and oligosaccharide chains.

3.1.7.1 Chemical modification

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

The current methods used are smilar to those employed in the
production of conjugate vaccines against Haemophilus influenzae
type b. For example, polysaccharide may be oxidised with
periodate and the periodate activated polysaccharide attached to
free amino groups on the carrier protein by reductive amination.
Alternatively, the polysaccharide can be randomly activated by
cyanogen bromide, or a chemically similar reagent, and a
bifunctional linker added, which then allows the polysaccharide to



be attached to the carrier protein directly, or through a secondary
linker.

3.1.7.2 Extent of modification of the polysaccharide

The manufacture should demonstrate consistency of the degree of modification of the
polysaccharide, either by an assay of each batch of the polysaccharide or by validation of the
manufacturing process.

3.1.7.3 Molecular sizedistribution

The degree of size reduction of the polysaccharide will gegendupon the manufacturing

The molecular sizg ion on soft
Elone, or in
combination with laser LLS) 34;41

3.2 Control of thecarrier protein
321 Microorganismsandculturemedi

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

Proteins and purification methods that might be used include:

1. Tetanus or diptheria toxoid. This must satisfy the relevant
requirements published by WHO “* and be of high purity™.

2. Diphtheria CRM 197 protein. This is a non-toxic mutant of
diphtheria toxin, isolated from cultures of Corynebacterium
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diphtheriae C7 /3197*. Protein of purity should be greater than
90% as determined by an appropriate method. When produced in
the same facility as diphtheria toxin, methods must be in place to
digtinguish the CRM 197 protein from the active toxin.

The protein carrier should aso be characterized. The identity may
be determined serologically. Physico-chemical methods that may
be used to characterize protein include SDS-PAGE, isoelectric
focusing, HPLC, amino acid analysis, amino acid sequencing,
circular dichroism, fluorescence spectroscopy, peptide mapping
and mass spectrometry as appropriate™.

3.3 Control of monovalent bulk conjugates

There are a number of possible conjugation methods that might be used for vaccine
manufacture; al involve multi-step processes. Both the method and the control procedures used
to ensure the reproducibility, stability, and safety of the conjugate should be established for
licensing . The derivatization and conjugation process should be monitored by analysis for
unique reaction products or by other suitable means. The conditions used in the conjugation
chemistry may affect the structure of the polysaccharide chain by causing the loss of labile
substituents. Unless the combination of tests used to characterize the bulk monovalent conjugate
provide this information, an explicit identity test on the polysaccharide present should be
performed.

Residual activated functional groups potentially capable of reacting in vivo may be present
following the conjugation process. The manufacturing process should be validated to show that
the activated functional groups do not remain at the conclusion of the manufacturing process are
inferior to alimit approved by the NRA.

After the conjugate has been purified, the tests described below should be performed in
order to assess consistency of manufacture. The tests are critical for assuring lot-to-lot
consistency.

331 Identity

A test should be performed on the monovalent bulk to verify itsidentity. The method
should be validated to show that it distinguishes the desired monovalent material from all other
polysaccharides and conjugates produced on that manufacturing site.

3.3.2 Residual reagents

The conjugate purification procedures should remove residual reagents used for conjugation and capping.
Theremova of reagents and reaction by-products such as cyanide, 1-ethyl-3,3-(3-di methylaminopropyl)-
carbodiimide

(EDAC and others, depending on the conjugation chemistry, should be confirmed by suitable
tests or by validation of the purification process.

3.3.3 Polysaccharide-protein ratio and conjugation markers.
For each batch of the bulk conjugate of each serotype the ratio of polysaccharide to

carrier protein should be determined as a marker of the consistency of the conjugation
chemistry. For each conjugate, the ratio should be within the range approved for that particular



conjugate by the national control laboratory and should be consistent with vaccine
shown to be effectivein clinical trials.

Typically for pneumococcal conjugate vaccines the ratio isinthe
range of 0.3 to 3.0 but varies with the serotype. The ratio can be
determined ether by independent measurement of the amounts of
protein and polysaccharide present (corrected for unbound protein
and unbound polysaccharide), or by methods which give a direct
measure of the ratio. Methods include *H nuclear magnetic
resonance spectroscopy or the use of HPSEC with dual monitoring
(eg. refractive index and UV, for material and protein content

respectively).

If the chemistry of conjugation resultsin the creatio hque linkage marker (eg. a
ould be assessed to
guantify the extent of degree of subgtitution of the cz ' ent reaction of the

334 Capping markers

al groups on ether the

Each batch should be shown to be free of\g
i erpgtively, the product of the capping

chemically modified polysacctiarite

at is covalently bound to the carrier protein, i.e.

¢y important for clinical protection. Each batch of
nd or free polysaccharide in order to ensure that the amount
{r} the limits agreed by the national control authority based on
xfficacious.

present in the purified X
|ots shown to be clinical ly

)y ods that have been used to separate unbound polysaccharide
Srior to assay, and potentially applicable to pneumococcal
conjugates, include hydrophobic chromatography, acid
precipitation, precipitation with carrier protein-specific antibodies,
gel filtration and ultrafiltration. The amount of unbound
polysaccharide can be determined by specific chemical or
immunological tests, or by HPAEC after hydrolysis.

3.3.6 Protein content
The protein content of the conjugate should be determined by means of an appropriate

validated assay and comply with limits for the particular product. Each batch should be tested
for conjugated and unbound protein.
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If possible, the unconjugated protein should also be measured.
Appropriate methods for the determination of conjugated and
unconjugated protein include HPLC or capillary electrophoresis.

3.3.7 Molecular sizedistribution

The molecular size of the polysaccharide-protein conjugate is an important parameter in
establishing consistency of production and in studying stability during storage.

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

Typically the size may be examined by gel filtration on Sepharose
CL-2B, or by HPSEC on an appropriate column. Since the
saccharide-protein ratio is an average value, characterisation of
thisratio over the size distribution (e.g. by dual monitoring of the
column eluent) can be used to provide further proof of
manufacturing consistency®.

338 Sterility

The bulk purified conjugate should be tested for bacterial and mycotic sterility in
accordance with the requirements of Part A, sections 5.1 and 5.2, of the revised Requirements
for Biological Substances®’ or by a method approved by the national control authority. If a
preservative has been added to the product, gppropriate measures should be taken to prevent it
from interfering with the test.

3.3.9 Specific toxicity of carrier protein

The bulk conjugate should be tested for the absence of specific toxicity of the carrier
protein where appropriate (e.g. when tetanus or diphtheria toxoids have been used). Absence of
specific toxicity of the carrier protein may also be assessed through validation of the production
process.

3.3.10 Endotoxin content

To ensure an acceptable level of endotoxin in the final product, the endotoxin content of
the monovalent bulk may be determined and shown to be within acceptable limits agreed by the
national control authority.
3.4 Final bulk
34.1 Preparation

To formulate the final bulk, monovalent conjugate bulks may be mixed together and an
adjuvant, a preservative and/or stabiliser is added before final dilution. Alternatively, the

monovalent conjugate bulks may also be adsorbed to adjuvant individually before mixing them
to formulate the final vaccine.



342  Sterility

Each final bulk should be tested for bacteria and mycotic sterility as indicated in section.
3.3.7.

3.5 Filling and containers

The recommendations concerning filling and containers given in Good M anufacturing
Practices for Biological Products (39, Annex 1, Section 4) should be applied®.

3.6 Control testson final product

3.6.1 Identity

An identity test should be performed which de
pneumococcal polysaccharide serotypes are present i
performed on the final bulk.

E0

polysaccharide may be Us

36.2 Sterility

The contents of final containers should B d for bacte

indicated in section 3.3.7.

f’and mycotic Serility as

3.6.3 9 de content

Qlysacchagjfde in the final containers should be
determined, and shown to be withitthe Spegifteatigns agreed by the national control authority.

3.6.4 Residual Moisture

If the vaccine is freeze-dried, the average moisture content should be determined by
methods accepted by the national control authority. Values should be within limits of the
preparations shown to be adequately stable in the stability studies of the vaccine.

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

The vaccine in the final container should be tested for endotoxin content by a Limulus
amoebocyte lysate test (LAL). Endotoxin content or pyrogenic activity should be consistent with
levels found to be acceptable in vaccine lots used in clinical trials and approved by the national
control authority.

3.6.6 Adjuvant content

If an adjuvant has been added to the vaccine, its content should be determined by a
method approved by the national control authority. The amount and nature of the adjuvant
should be agreed with the national control authority. If aluminium compounds are used as
adjuvants, the amount of aluminium should not exceed 1.25 mg per single human dose.

3.6.7 Preservative content

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

3.6.8 General Safety Test (Innocuity)

The requirement to test lots of pneumococcal conjugate vaccine for unexpected toxicity
(abnormal toxicity) should be agreed with the national control authority.

Such atest may be omitted for routine lot rel ease once
consistency of production has been well established to the
satisfaction of the national control authority and when
Good Manufacturing Practice isin place.

369 pH

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

3.6.10 Inspection of final containers

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

Records

The recommendations in Section 8 of Good Manufacturing Practices for Biological
Products 39, Annex 1) should be applied®.



Retained samples

The recommendations in Section 9.5 of Good Manufacturing Practices for Biological
Products (39, Annex 1) should be applied®.

Labelling

The recommendations in Section 7 of Good Manufacturing Practices for Biological
Products (39, Annex 1) should be applied with the addition of the following®.

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

— the pneumococca serotype and carrier protein present i g&ChNg ngle human dose;

— the amount of each conjugate present in a single huma :

—  thetemperature recommended during storage and traRs

limited time;

- the volume and nature of the diluent to b
vaccine, pecifying that the diluent should be
by the national control authority.

Distribution and transport

The recommendations in Section 8 of G i actices for Biological
Products (3 9, Annex 1) should be applied®.

Stability, storage and exp
8.1 Stability testing

aldpart of the vaccine development studies. The
a{he recommended storage temperatures should be

Given the complexity of these multivalent vaccines,
other approaches may be used, with the approval of the
national regulatory authority.

The polysaccharide component of conjugate vaccines may be subject to gradua hydrolysis
at arate which may vary depending upon the type of conjugate, the type of formulation or
adjuvant, the type of excipients and conditions of storage. The hydrolysis may result in reduced
molecular size of the pneumococcal polysaccharide component, a reduction in the amount of the
polysaccharide bound to the protein carrier and in a reduced molecular size of the conjugate.

The structural stability of the oligosaccharide chains and of the
protein carrier vary between different conjugate vaccines.

Tests shall be conducted before licensing to determine the extent to which the stability of
the product has been maintained throughout the proposed validity period. The vaccine should
meet the specifications for final product up to the expiry date.
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Molecular sizing of the final product may be carried out to ensure
the integrity of the conjugate. The antigen content of each
serotype conjugate may be determined by a quantitative
serological assay.

The desorption of antigen from aluminium-based adjuvants, if used, may take place over
time. The level of adsorption should be shown to be within limits agreed by the national control
authority, unless data are available to show that the immunogenicity of the final product is not
dependent upon adsorption of the antigen to the adjuvant.

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

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

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

8.2 Storage conditions

Storage conditions should be based on stability studies and approved by the national
control authority.

Storage of both liquid and freeze-dried vaccines at atemperature
of 2-8°C has been found to be satisfactory. The stability of
pneumococca conjugate components varies with serotype of the
capsular polysaccharide.

8.3 Expiry date

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

Part B. Requirementsfor national control authorities

General

The general recommendations for control laboratories contained in the Guiddines for
National Authorities on Quality Assurance for Biological Products® should be applied.

Official release and certification

A vaccine lot should bereleased only if it fulfils national requirements and/or Part A of
these Recommendations.

A statement signed by the appropriate official of the national control authority should be
provided at the request of the manufacturing establishments and should certify that the lot of
vaccine in question satisfies all national requirements as well as Part A of these Requirements.
The certificate should state the number under which the lot was released by the national
controller, and the number gppearing on the labels of the containers. Importers of pneumococcal



conjugate vaccines should be given a copy of the official national release document. The
purpose of the certificates isto facilitate the exchange of vaccines between countries.

Reactogenicity and immunogenicity of vaccinein man

The national control authority should satisfy itself that adequate control of the
pneumocococcal conjugate vaccine has been achieved. Clinical data supporting consistency of
vaccine production should be obtained prior to registration of the product. Several different lots
of the product should be used during the clinical studies and shown to give similar immune
responses. Such studies may need to be repeated if changes in production are made, or when the
pneumococcal conjugate is part of a new combination vaccine fgry ulation. The national control

regarded as minor.

Authors

Dr N. Raven y
South Africa

Dr I. Feavers, Division of Bactefgblogy, National Institute for Biological Standards and Control,
Potters Bar, Herts. EN6 3QG

Dr C. Frasch, Laboratory for Bacterial Polysaccharides, Center for Biologic Evaluation and
Research, FDA, Rockville, Maryland20852, USA

Dr C. Jones, Laboratory of Molecular Structure, National Institute for Biological Standards and
Control, Potters Bar, Herts. EN6 3QG, UK

Dr G. Carlone, Respiratory Diseases Branch, Division of Bacterial and Mycotic Disease,
National Center for Infectious Diseases, Atlanta, GA 30333, USA

Dr N. Cauwenberghs, Regulatory Affairs Paediatric Vaccines, GlaxoSmithKlines Biologicals,
Rixensart B-1330, Belgium

Dr C. Ceccarini, Viadi Catignano 10, Loc. Pianella, Castelnuovo Berardenga, 35010 Siena,
Italy

Dr E.C. Leal, Fundagao Oswado Cruz, National Institute for Quality Control, Manguinhos, Rio
de Janeiro, Brazil

Dr R. Dagan, Soroka Medical Center, Paediatric Infectious Disease Unit, Beer Sheva 84101,
Israel



20

Dr J. Eskola, Aventis Pasteur SA, 2 Avenue Pont Pasteur, Lyon F-69367, France

Dr D. Goldblatt, University College London Medical Schooal, Institute of Child Health,
Microbiology Unit, London WC1N 1EH, UK

Dr E. Griffiths, Biologics and Genetic Therapies Directorate, Tunney’ s Pasture, Ottawa ON
K1A 0OL2, Canada

Dr Sook-Jin Hur, Division of Bacterial Products, Department for Biologics Evaluation, Korea
Food and Drug Administration, Seoul 122 704, Republic of Korea

Dr M. H. Kayhty, Department of Vaccines, National Public Health Institute, FIN 00300
Helsinki, Finland

Prof. K. Klugman, Department of International Health, The Rollins School of Public Health,
Emory University, Atlanta 30322 GA, USA

Dr R. C. Kohberger, Statistics and Data Management, Wyeth-L ederle Vaccines, Pearl River,
New York 10965-1299, USA

Dr O. Levine, Bloomberg School of Public Health, Department of International Health, John
Hopkins University, Baltimore MD 21205, USA

Dr P. Lommel, Research and Development, GlaxoSmithKline Biologicals, Rixensart B —1330,
Belgium

Dr J. Maleckar, Pneumo Conjugate Project Leader, Aventis Pasteur, Swiftwater, PA 18370,
USA

Dr M. Nahm, Department of Pathology, University of Alabama at Birmingham, Birmingham
35294-2170, Alabama, USA

Dr K. O'Brien, Johns Hopkins School of Hygiene and Public Health, Center for American
Indian Health, Baltimore, MD 21205, USA

Dr V. Oppling, Paul-Ehrlich Institute, 63225 Langen, Germany

Dr B. Plikaytis, Division of Bacterial and Mycotic Diseases, National Center for Infectious
Diseases, Centers for Disease Control and Prevention, Atlanta, GA 30333, USA

Dr J. Poolman, Research and Development, GlaxoSmithKline Biologicals, Rixensart B-1330,
Belgium

Dr D. R. Pratt, Division of Vaccines and Related Product Applications, US Food and Drug
Administration, Rockville MD 20852, USA

Dr N. Ravenscroft, Department of Chemistry, University of Cape Town, University of Cape
Town, Rondebosch 7701, South Africa

Dr G. R. Siber, Vice-President & Chief Scientific Officer, Wyeth Lederle Vaccines and
Pediatrics, Pearl River, NY 10965, USA

Dr B. Thirion, GlaxoSmithKline Biologicals, Rixensart B-1330, Belgium

Dr N. Tornieporth, Research and Development, GlaxoSmithKline Biologicals, Rixensart B-
1330, Belgium

Dr 1. Uhnoo, Medica Product Agency, 75103 Uppsala, Sweden

Dr A. R. T. Utami, National Agency of Drug and Food Control, National Agency of Drug and
Food Control Indonesia, Jakarta 10560, Indonesia

Dr C. Whitney, Respiratory Diseases Branch, Centres for Disease Control and Prevention,
Division of Bacterial and Mycotic Diseases, National Center for Infectious Diseases, Atlanta
GA 30333, USA

Dr T. Cherian, Initiative for Vaccine Research (1VR), Vaccines and Biologicals, WHO, Geneva,
Switzerland

Dr Hong-ki Min, Quality Assurance and Safety of Biologicals (QSB), Vaccines and Biologicals,
WHO, Geneva, Switzerland

Dr D. Wood, Quality Assurance and Safety of Biologicals (QSB) Vaccines and Biologicals,
WHO, Geneva Switzerland

Acknowledgements are due to the following experts for their comments on the second draft:



Dr N. Cauwenberghs, Regulatory Affairs Paediatric Vaccines, GlaxoSmithKlines Biologicals,
Rixensart B-1330, Belgium

Dr M. Nahm, Department of Pathology, University of Alabama at Birmingham, Birmingham
35294-2170, Alabama, USA

Dr A. R. T. Utami, National Agency of Drug and Food Control, National Agency of Drug and
Food Control Indonesia, Jakarta 10560, Indonesia

Reference List

10.

11.

12.

13.

World Health Organization. Requirements for m polysaccharide vaccine,
Technical report series, N0.658. Geneva: World rganization; 1981. p. 29.

Research Awards. Prevention of syste itis, caused by
Haemophilus influenzae type b. Impact ompiiblic hsa th and impli ns for other
polysaccharide-based vaccines. JAMA 199627

Gray BM, Converse GM, Il1I DI\ expiologic studies of Streptococcus
pneumoniae in infants: acquisition, cacriage, ection during the first 24 months of

life. J Infect.Dis. 1980'142'923-33

pathogeneasimmu 3 dtreatm Npfect.Dis. 1992'-14'801-07
Henrichsen J. Six % gnized typeg,of Strepgococcus pneumoniae. J

Eskola J, Anttila M. Pheliochecal conjugatg
1999;18:543-51.

Huebner RE, Mbelle N, Forrest B, Madore DV, Klugman KP. Immunogenicity after
one, two or three doses and impact on the antibody response to coadministered
antigens of a nonavalent pneumococcal conjugate vaccine in infants of Soweto, South
Africa Pediatr.Infect.Dis.J 2002;21:1004-07.

Rennels MB, Edwards KM, Keyserling HL, Reisinger KS, Hogerman DA, Madore DV
et al. Safety and Immunogenicity of Heptavalent Pneumococcal Vaccine Conjugated
to CRM1g7 in United States Infants. Pediatrics 1998;101:604-11.

Shinefield HR, Black S, Ray P, Chang I, Lewis N, Fireman B et al. Safety and
immunogenicity of heptavalent pneumococca CRM197 conjugate vaccine in infants
and toddlers. Pediatr.Infect.Dis.J. 1999;18:757-63.

Black S, Shinefield H, Fireman B, Lewis E, Ray P, Hansen JR et al. Efficacy, safety
and immunogenicity of heptavalent pneumococca conjugate vaccine in children.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.
28.

29.

22

Northern California Kaiser Permanente Vaccine Study Center Group.
Pediatr.Infect.Dis.J 2000;19:187-95.

Eskola J. Immunogenicity of pneumococcal conjugate vaccines. Pediatr.Infect.Dis.J
2000;19:388-93.

Hausdorff WP, Bryant J, Paradiso PR, Siber GR. Which pneumococcal serogroups
cause the most invasive disease: implications for conjugate vaccine formulation and
use, part I. Clin.Infect.Dis. 2000;30:100-21.

Nurkka A, Ahman H, Yaich M, Eskola J, Kayhty H. Serum and sdlivary anti-capsular
antibodies in infants and children vaccinated with octavalent pneumococcal conjugate
vaccines, PncD and PncT. Vaccine 2001;20:194-201.

Klugman KP, Madhi SA, Huebner RE, Kohberger R, Mbelle N, Pierce N. A tria of a
9-valent pneumococcal conjugate vaccine in children with and those without HIV
infection. N.Engl.J.Med. 2003;349:1341-48.

Mbelle N, Huebner RE, Wasas AD, Kimura A, Chang |, Klugman KP.
Immunogenicity and impact on nasopharyngeal carriage of a nonavalent pneumococcal
conjugate vaccine. J Infect.Dis. 1999;180:1171-76.

Pelton SI, Dagan R, Gaines BM, Klugman KP, Laufer D, O'BrienK et al.
Pneumococcal conjugate vaccines. proceedings from an Interactive Symposium at the
41st Interscience Conference on Antimicrobial Agents and Chemotherapy. Vaccine
2003;21:1562-71.

Schiffman G, Douglas RM, Bonner MJ, Robbins M, Austrian R. A radioimmunoassay
for immunologic phenomena in pneumococcal disease and for the antibody response to
pneumococcal vaccines. |. Method for the radioimmunoassay of anticapsular
antibodies and comparison with other techniques. J Immunol.Methods 1980;33:133-
44,

Nahm MH, Siber GR, Olander JV. A modified Farr assay is more specific than ELISA
for measuring antibodies to Streptococcus pneumoniae capsular polysaccharides.
J.Infect.Dis. 1996;173:113-18.

Quataert SA, Kirch CS, Wiedl LJ, Phipps DC, Strohmeyer S, Cimino CO et al.
Assignment of weight-based antibody units to a human antipneumococcal standard
reference serum, lot 89-S. Clin.Diagn.Lab Immunol. 1995;2:590-97.

Guckian JC, Christensen GD, Fine DP. The role of opsonins in recovery from
experimental pneumococcal pneumonia. J Infect.Dis. 1980;142:175-90.

Vitharsson G, Jonsdottir I, Jonsson S, Valdimarsson H. Opsonization and antibodies to
capsular and cell wall polysaccharides of Streptococcus pneumoniae. J.Infect.Dis.
1994;170:592-99.

Romero-Steiner S, Libutti D, Pais LB, Dykes J, Anderson P, Whitin JC et al.
Standardization of an opsonophagocytic assay for the measurement of functional
antibody activity againg Streptococcus pneumoniae using differentiated HL-60 cells.
Clin.Diagn.Lab Immunol. 1997;4:415-22.

Plikaytis BD, Goldblatt D, Frasch CE, Blondeau C, Bybel MJ, Giebink GS et al. An
analytical model applied to a multicenter pneumococcal enzyme-linked
immunosorbent assay study. J.Clin.Microbiol. 2000;38:2043-50.

Choo S, Finn A. Pediatric combination vaccines. Curr.Opin.Pediatr. 1999;11:14-20.

World Health Organization. Good manufacturing practices for pharmaceutical
products, Technical report series, N0.823. Geneva: World Health Organization; 1992.
World Health Organization. Good manufacturing practices for biological products,
Technical report series, N0.822. Geneva: World Health Organization; 1992.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

World Health Organization. Biosafety guidelines for personnel engaged in the
production of vaccines and biologicals for medical use, Unpublished document,
available on request from Communicable Diseases, WHO.. Geneva: World Health
Organization; 1995.

World Health Organization. Recommendations on risk of transmitting animal
transmissible spongiform encephalopathy agents viamedicinal products, Technical
Report Series, No. 908. Geneva: World Health Organization; 2003. p. 21.

Jones C. Capsular polysaccharides from Neisseria meningitidis and Streptococcus
pneumoniae. Carbohydrates in Europe 1998;21:11-16.

Abeygunawardana C, Williams TC, Sumner JS, Hennessey JP, Jr. Development and
validation of an NM R-based identity assay for bacterigyolysaccharides.
Anal.Biochem. 2000;279:226-40.

Hsieh CL. Characterization of saccharide-CRM 197
Dev.Biol.(Basel) 2000;103:93-104.

poNugate vaccines.

in pneumococcal polysaccharides usi
2000;103:269-70.

2002. p. 2216-17.

Giannini G, Rappuoli R, Ratti G. The amino acid sequence of two non-toxic mutants
of diphtheriatoxin: CRM45 and CRM197. Nucleic.Acids.Res. 1984;12:4063-69.

Jones C, Lemercinier X, Crane DT, Gee CK, Austin S. Spectroscopic studies of the
structure and stability of glycoconjugate vaccines. Dev.Biol.(Basel) 2000;103:121-36.

Ravenscroft N, D'Ascenzi S, Proietti D, Norelli F, Costantino P. Physicochemical
characterisation of the oligosaccharide component of vaccines. Dev.Biol.(Basdl)
2000;103:35-47.

World Health Organization. General requirements for the sterility of biological
substances, Technical report series, N0.530. Geneva: World Health Organization;
1973.

Lee CJ. Quality control of polyvalent pneumococcal polysaccharide-protein conjugate
vaccine by nephelometry. Biologicals 2002;30:97-103.



24

Appendix

Serological criteriafor evaluation and licensure of new pneumococcal conjugate
vaccine formulationsfor usein infants

The lack of adefinitive serological correlate of protection and the multiplicity of
antigens involved, especially since the clinical efficacy of several of the individual serotypes
represented in the only licensed vaccine has not been established, have been an obstacle for
licensure of new formulations or combinations of pneumococcal conjugate vaccines. Indeed,
the clinical efficacy of several of the individual serotypes represented in the only licensed
vaccine has not been established.

W.H.O. undertook a series of consultations to develop serological criteriafor the
evaluation and licensure of new formulations/combinations or different vaccination
schedules of pneumococcal conjugate vaccines. At aconsultation held in Alaskain May
2002, preliminary analysis of data from the efficacy trial in northern Californiawere
presented. The results of the anal ysis showed that a threshold antibody concentration for
protection against invasive disease could be estimated using afew simplifying assumptions
and the following relationship between the point estimate of clinical efficacy (VE) and a
protective antibody concentration:

VE =1 - Probability of disease in Vax group
Probability of disease in Control group

O VE =1 - % of Vax subjects with [Ab] < Abprotedive
% of Control subjects with [Ab] < Abpoteciive

The threshold antibody concentration of 0.20 pg/ml thus derived was supported by a number of
other observations. These included: (1) the threshold corresponded with the threshold
opsonophagocytic antibody titre of 1:8; (2) it predicted age-specific disease rates; (3) it was
consistent with available data from passve immunization using bacterial polysaccharide
immune globulin (BPIG) to prevent pneumococcal otitis media and invasive pneumococca
disease; (4) it appeared to clearly discriminate between conjugate vaccinees and controlsin
immunogenicity studies; (5) infants with antibody above the threshold showed evidence for
priming and a booster response to a subsequent dose of vaccine. The rationale for selecting the
thresholoi antibody concentration are described in more detail in the proceedings of a WHO
meeting.

On the recommendations arising from this consultation, thisanalysis was repeated using the
pooled immunogencity and efficacy data from all the completed trials of pneumococcal
conjugate vaccines in order to narrow the confidence limits around the point estimate of
efficacy and to have additional populations represented. The threshold antibody concentration
derived from the pooled analysis using the methods described previously was 0.35 pg/ml .
Opsonophagocytic antibody titres were available from two of the three studies and analysis of
the data showed that antibody concentrations in the range of 0.20 to 0.35 pg/ml correlated

! Jodar L, et . Serological criteriafor evaluation and licensure of new pneumococcal conjugate vaccine
formulations for usein infants. Vaccine 2003: 21:3265-3272



best with an opsonophagocytic antibody titre of 1:8, which in turn correlates best with
protective efficacy. The results of the pooled analysis were presented at a second consultation
held in June 2003, which included expertsin pneumococca epidemiology and vaccine
evaluation, as well as representatives of regulatory agencies. Based on the data presented at
this consultation, the following criteria recommended for use asa relevant value to establish
non-inferiority of a new vaccine compared to alicensed vaccine against invasive
pneumococcal disease. The criteria should not be used to evaluate vaccines against other
clinical end points, e.g. pneumonia and otitis media. 1t should be noted that immunological
responses to pneumococcal conjugate vaccines may vary significantly by population, and a
new vaccine candidate shown to be inferior to the licensed vaccine in one population may
nevertheless be non-inferior in a second population, thereby alowing for acceptance in the
second population.

and to ensure the comparability and accepta
laboratories are located at the Ingtitute of : England ,and a the
ity of Birmingham ,

A, developed with

is available through the

Alabama, USA. The detailed protocol for th
technlca assstancefrom Wyet Vaccines, Ro

three dose p
licensing para

= A single threshold\oreferegice antibody concentration is recommended for use for all
pneumococcal serotyRes & reference antibody concentration of 0.35 pg/ml, as
determined through angooled anaysis of data from the efficacy trials with invasive
disease endpoints that have been completed to date, is recommended 2 °.

= Thisthreshold does not necessarily predict protection in an individua subject.

= The reference value is defined on the basis of datausing ELISA without pre-adsorption
with 22F. Antibody concentrations determined using an aternate method will need to be
bridged to this method to derive an equivalent threshold concentration. It is
recommended that the assay used be calibrated against a reference assay *.

2 Jodar L, et a. Serological criteriafor evaluation and licensure of new pneumococca conjugate vaccine
formulations for usein infants. Vaccine 2003: 21:3265-3272

3 Chang |, et a. Serological predictors against invasive pneumococcal disease: a summary of three pneumococcal
conjugate vaccine efficacy trials. Manuscript for publication
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= Head-to-head clinical comparison with aregistered vaccine is the preferred method for
evaluating new vaccine formulations.

» The percentage of responders (with post-immunization antibody concentration above the
threshold) should be used as the criteria to determine non-inferiority.

= For the serotypes present in aregistered vaccine, the percentage of responders to each
serotype in the new formulation/combination should be compared with percentage
responders to the same serotype in the registered vaccine in the same population. Non-
inferiority to antibody response for each of the serotypes in the registered vaccine is
desirable but not an absolute requirement. Registration of products where one or more
serotypes do not meet non-inferiority criteria would have to be decided on an individual
basis.”

= Serotypes not contained in a registered formulation may be evaluated on non-inferiority
to the aggregate response to the serotypesin the registered vaccine. Failure of one or
more new serotypes to meet this criterion may be considered on an individual basis.”

Additional criteria required to support registration:

In addition to showing non-inferiority with respect to the primary end point, additional
datato demonstrate the functional capacity of the antibody and induction of immunological
memory in a subset of the sera are required for registration.

a. Functional antibodies:
=  Opsonophagocytic activity as measured by opsonophagocytic assay after a three-dose
priming seriesis required to demonstrate the functionality of antibodies.

= The method used to demonstrate opsonophagocytic activity should be comparable to the
reference assay °

b. Immunological memory:

= Evidence of memory should be demonstrated. One method to show thisis by
administration of abooster dose of pneumococca PS vaccine and comparison of
concentrations between age-matched unprimed and primed individuass, data from non-
concurrent controls may be sufficient for the purposes of comparison.

= A full dose of polysaccharide vaccine should be used at this stage since use of areduced
dose of the polysaccharide vaccine as a booster is not sufficiently tested.

= Avidity of antibodiesis also auseful marker for immunological memory.

The following reference reagents and quality control and reference materials are available
for the serology assays (also available at: http://www.vaccine.uab.edu/information.htm )

1. Pneumococcal ELISA calibration sera: To obtain an aliquot of each of the 12 seraplease
contact (e-mail preferred)

* Training manual for Enzyme linked immunosorbent assay for the quantitation of Streptococcus pneumoniae
serotype specific 1gG (Pn PS ELISA).http://www.vaccine.uab.edu/

® For example, the local epidemiology of pneumococcal disease, specifically the importance of serotypesthat do
nor meet non-inferiority definitionsin causing disease as compared to presence of new immunogenic serotypesin
the new formulation. In case of certain serotypesin the vaccine not meeting non-inferiority criteria, the package
insert should include astatement to that effect.

® Romero-Steiner S, et d. Multilaboratory evaluation of a viability assay for the measurement of opsonophagocytic
antibodies specific to the capsular pol ysaccharide of Streptococcus pneumoniae (Pnc). Clinical and Diagnostic
Laboratory Immunology 2003;10:1019-24.



Dr David Goldblatt Email: d.goldblatt@ich.ucl.ac.uk

WHO Pneumococcal Reference Laboratory Direct Tel +44 (0)207 813 8491

Ingtitute of Child Health Fax +44 (0)207 813 8494

30 Guilford Street

London, WCIN 1EH, United Kingdom

Sera are stored and will be distributed by the National Institute of Biological Standards
and Control, Potters Bar, UK.
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2. Materias for pneumococca assays

Name Provider Address Fax Number | E-mail/Web address
C-PS Staten Serum 5, Artillerivej 45-3268- Serum@ssi.dk
Institute DK-2300 Copenhagen S 3167
Denmark
Capsular ATCC 10801 University Blvd. 1-703-365- http://iwww.atcc.org/
polysaccharide Manassas VA 20110- 2750
2209
U.S.A.
89-SF (standard) | Dr. Carl Frasch | CBER, FDA, 1-301-402- Frasch@cber.fda.gov
Bethesda, Maryland 21776
U.S.A.
ELISA Mr. Brian Centers for Disease 1-404-639- http://www.cdc.gov/nc
. Plikaytis Control and Prevention | 2780 idod/dbmd/bimb/elisa.
Calculation htm
program Atlanta, GA B

U.S.A.




3. Values assigned to 89 — SF (reference serum)

Pneumococcal Antibody Concentrations of

Pneumococcal reference serum, lot 89SF

Type # Total antibody I1gG (mg/l) IgM (mg/l) IgA (mg/l)
(mg/l)
1 10.7 6.3 1.7 1.4
3 7.9 2.4 0.6 43
4 7.0 4.1 1.4 1.2
5 10.0 5.8 4.2 1.2
6B 243 16.9 3.0 1.5
7F 7.3 5.2 1.9 1.1
9V 10.2 6.9 1.6 1.7
14 37 27.8 1.2 1.9
18C 6.7 4.5 1.3 0.8
19F 18.8 13.0 3.2 2.0*
23F 11.9 8.1 0.7 1.3

* The 1gG values are now officially assigned, except for 19F (actual may be lower).

# Serotypes 1 and 5 are included in a typical 9 valent vaccine and serotypes 3 and 7F are
included in a typical 11 valent vaccine.

Reference: Quataert et al. Clinical and Diagnostic Laboratory Immunology, 2: 590-597,1995.
Confirmed by Dr. Carl Frasch, USFDA, CBER (Aug. 28, 1998) except serotype 3.

Values assigned to 89-S for additional serotypes.

Type # Total Ig lgG(mg/l) || IgM(mg/l) |[ IgA(mg/l)
(mg/l)
2 21.4 12.2 5.1 3.9
8 11.5 5.1 2.0 2.0
9N 12.7 7.8 2.4 2.1

http://www.vaccine.uab.edu/refer/standard.htm
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