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METHOD OF DETECTING THE PRESENCE OF AN ANTIBODY IN A SAMPLE

TECHNICAL FIELD

This invention relates to methods of detecting the presence of an antibody in a sample. The methods

are particularly useful where the antibody binds to a conjugate of an antigen associated with a carrier

protein.

BACKGROUND ART

Many vaccines take the form of conjugates of an antigen associated with a earner. For example,

saccharides from bacteria have been used for many years in vaccines. As saccharides are

T-independent antigens, however, they are poorly immunogenic. Conjugation to a carrier can convert

T-independent antigens into T-dependent antigens, thereby enhancing memoiy responses and

allowing protective immunity to develop. The most effective saccharide vaccines are therefore based

on glycoconjugates, and the prototype conjugate vaccine was against Haemophilus influenzae type b

('Hib') [e.g. see chapter 14 of ref. [1]].

In assessing the immune response in a subject to a candidate conjugate vaccine, an assay may be

used that detects the presence in a sample from the subject of an antibody raised in response to the

conjugate. Such an assay usually comprises an immobilized substance that binds specifically to the

antibody, for example, the antigen itself. Detection of bound antibody may then be achieved by use

of, for example, chemical, biological or radioactive labelling. For example, detection of bound

antibody may be achieved by use of a second antibody that recognizes antibodies from the subject,

for example, where the assay is in an enzyme-linked immunosorbent assay (ELISA) format. Where

the substance that binds specifically to the antibody is the antigen, a conjugate of the antigen

associated with a protein may be used. The protein facilitates immobilization of the conjugate, for

example to a multiwell plate. This facilitates detection of the antibody in the assay.

Use in the vaccine of a conjugate of the antigen associated with a protein can expose an artificial

epitope that is a product of the conjugation. For example, such an artificial epitope may be present at

the interface between the antigen and the protein. The candidate conjugate vaccine may therefore

give rise to antibodies to this artificial epitope in addition to antibodies to the native antigen. Use in

the assay of the conjugate of the antigen associated with a protein can also expose this artificial

epitope, and as a result the assay will detect antibodies to this artificial epitope in addition to

antibodies to the native antigen. This may give an inaccurate representation of the quantity of native

antigen-specific antibodies in the sample being tested. Moreover, in some instances the immobilized

conjugate can also cross-react with antibodies to other antigens [2].

In order to avoid detection of the artificial epitope, it is possible to simply use a physical mixture of

the antigen and a protein [2]. However, where the antigen is hydrophilic, such as, for example, a

saccharide, it can be difficult to immobilize the free antigen, for example to a plate. As a result,



assays involving free antigens, either in physical mixture with a protein or alone, tend to have an

inadequate level of sensitivity [3].

Development of a selective and sensitive method for detecting the presence of antibodies in a sample

has been particularly problematic in the case of group B streptococcus (GBS; Streptococcus

agalactiae). For example, in attempting to detect the presence of antibodies to a saccharide conjugate

vaccine, some researchers have investigated an ELISA technique where the GBS saccharide is

covalently linked to human serum albumin (HSA). The HSA component is intended to allow the

conjugate to effectively bind to the ELISA plate and confer sufficient sensitivity on the assay [4].

However, other researchers have found that use of a conjugate in the assay exposes an artificial

epitope (also present within the conjugate vaccine component) which is a product of the conjugation.

The ELISA is therefore thought to detect antibodies to this epitope that are not antibodies to the

native saccharide. The conjugate used in the assay can also cross-react with antibodies to

pneumococcal saccharides [2]. Such a method is therefore insufficiently specific for antibodies to the

GBS saccharide. In attempting to solve this problem, researchers have used a mixture of HSA and

saccharide. However, this adversely affects the immobilization of the saccharide to the multiwell

plate and the resulting assay is therefore insufficiently sensitive [3].

GBS infection constitutes a serious health threat to humans and animals. Of particular concern is the

occurrence of GBS infections at the time of childbirth. Expectant mothers who are earners of this

bacterium are exposed to a risk of postpartum infection, and they may also transfer the infection to

their child as the child passes through the birth canal. It is therefore useful to be able to determine

whether maternal antibody levels are sufficient to protect against neonatal infection. Methods are

therefore needed not only in the testing of a candidate conjugate vaccine but also in the surveillance

of the effects of a vaccine in a patient, and in testing subjects for existing antibody levels to identify

those subjects that may require vaccination. GBS infection is also a health threat to animals. For

example, it is the cause of mastitis in daily herds. Methods are therefore needed for testing and

surveillance in veterinary contexts.

With the development of conjugate vaccines, and in particular conjugate vaccines based on GBS

capsular saccharides, there is also a need for methods of assessing whether each batch of vaccine

manufactured by a given process meets regulatory requirements, e.g. in terms of potency (e.g.

immunogenicity). If the vaccine batch meets these requirements, then the vaccine should provide the

expected immune response; ideally, there would be no need for further tests such as immunizing a

test animal with a sample from the batch. Moreover, the requirements should be a more reliable

assessment of potency than a physical characterization of the vaccine alone. The regulatory

requirements for release of the vaccine are typically set by agencies such as the U.S. Food and Drug

Administration (the FDA) in the United States and the European Medicines Agency (the EMEA) in

Europe. It is therefore a further object of the invention to provide methods for assessing the potency

of conjugate vaccines that meet these standards.



Accordingly, there remains a need for further and better methods for detecting the presence of

antibodies in a sample, specifically of antibodies to a conjugate of an antigen associated with a

earner.

DISCLOSURE OF THE INVENTION

The invention is based on methods that can be used in place of the methods of the prior art for

detecting the presence in a sample of an antibody that binds to a conjugate of an antigen and a

earner, in particular an antibody that binds to the antigen within the conjugate. These methods may

be more specific and selective for the antibody in question than the prior art methods. For example,

the methods of the present invention may have improved specificity as they avoid the problem of

detection of antibodies to any artificial epitopes in a candidate conjugate vaccine. The methods of the

invention may also allow greater sensitivity as a second earner may be used that allows the antigen

to be effectively immobilized to a surface. In developing these methods, the inventors have made use

of an alternative conjugation method that will not expose any artificial epitopes that may be present

within the conjugate of the antigen and the first carrier. Accordingly, the methods can be used to

detect an antibody to a conjugate of an antigen of interest that is associated with a given carrier.

The invention therefore provides alternative or improved methods for detecting the presence in a

sample of an antibody that binds to a conjugate. The invention also provides kits, multiwell plates

and conjugates that are useful in the methods of the invention and further uses of the methods, for

example, for establishing the efficacy of a vaccine so that it can be provided for use by physicians,

for monitoring an immune response to the vaccine in a subject, or testing subjects for existing

antibody levels to identify those that may require vaccination.

Accordingly, in a first aspect, the invention provides a method for detecting in a sample the presence

of an antibody to a conjugate of an antigen associated with a first earner by a first association, said

method comprising the steps: (i) contacting a conjugate of the antigen associated with a second

earner by a second association with said sample under conditions that allow binding of the antibody

to the antigen; and (ii) introducing an agent to detect the presence of the antibody bound to said

antigen; wherein the first association is different from the second association. Typically, the first

association and the second association are covalent associations.

The method of the first aspect of the invention can be applied to establishing the efficacy of a

candidate conjugate vaccine so that it can be provided for use by physicians. For example, the

method can be used to test samples obtained from a clinical trial of the vaccine.

Accordingly, in a second aspect, the invention provides a method of providing for use by physicians

a vaccine comprising a conjugate of an antigen associated with a first carrier by a first association,

comprising the steps of: (a) administering the vaccine to a plurality of subjects; (b) collecting

samples from the subjects; (c) measuring the concentration of an antibody to the conjugate in each

sample using a method according to the first aspect of the invention; (d) comparing the



concentrations with a standard criterion for seroprotection for the antigen; and, if the comparison in

step (d) indicates concentrations equal or superior to the criterion for seroprotection in a

predetermined proportion of the subjects, (e) providing the vaccine for use by physicians. Typically,

the first association and the second association are covalent associations.

The method of the first aspect of the invention can also be applied to assessing whether a batch of a

vaccine meets regulatory requirements so that it can be released for use in patients. Instead of using

the method to detect the presence or absence of an antibody in a clinical sample as described above,

the sample is of a known antibody and the method is used to detect inhibition of the binding of this

antibody by the vaccine batch. This inhibition is compared to the inhibition obtained using a

reference vaccine of known potency, thereby allowing the potency of the vaccine batch to be

assessed.

Accordingly, in a third aspect, the invention provides a method of releasing a batch of a vaccine

comprising a conjugate of an antigen associated with a first earner by a first association, comprising

the steps of: (a) contacting, with an antibody to the conjugate in the presence of a portion of the

vaccine batch, a conjugate of the antigen associated with a second carrier by a second association

under conditions that allow binding of the antibody to the antigen; (b) introducing an agent to detect

the presence of the antibody bound to the antigen associated with a second earner by a second

association; (c) deteiTnining the quantity of the bound antibody; (d) carrying out steps (a) to (c) with

the portion of the vaccine batch substituted by a reference vaccine; (e) comparing the results of each

step (c); and, if the comparison in step (e) indicates that the vaccine batch meets pre-determined

requirements for release, (f) releasing the vaccine. Typically, the first association is different from

the second association. However, in this third aspect of the invention, the problem of artificial

epitopes discussed above can be avoided by the selection of an antibody that does not bind to any

artificial epitopes and therefore it is less significant for the first association to be different from the

second association. It is also typical for the first association and the second association to be covalent

associations.

The invention also provides conjugates for use in the methods as described herein. Also provided in

the present invention are kits for the methods of the first and second aspects of the invention. In

particular, a kit is provided for detecting an antibody to a conjugate of an antigen associated with a

first earner by a first association, said kit comprising a conjugate of the antigen associated with a

second earner by a second association; wherein the first association is different from the second

association. Typically, the first association and the second association are covalent associations. Also

provided are kits for the method of the third aspect of the invention. In particular, the kit comprises

the antibody and the conjugate of the antigen associated with a second earner by a second

association; wherein the first association is different from the second association. The kit may also

comprise the agent to detect the presence of the antibody. Finally, a multiwell plate for use in the

methods of the present invention is also provided.



The invention also provides antibodies that are useful for the third aspect of the invention.

The sample

Suitably the sample is selected from the group comprising whole blood, serum and plasma,

particularly serum. However, the sample may be a sample from any source. Thus, the sample may be

produced in the laboratory or may be derived from a subject. The subject is typically an animal, such

as a mammal or bird. Suitably the subject is a mammal such as a human. For example, the subject

may be a pregnant mammal, typically a pregnant human. The sample may, for example, be a fluid

(concentrated as may be necessaiy by known methods) such as milk, urine, or amniotic fluid.

Alternatively, the sample may be a sample from gastric swabs, urogenital swabs or placental swabs.

The antigen

Suitably the antigen is a saccharide, typically a saccharide that is a bacterial antigen, for example, a

bacterial capsular saccharide. The capsular saccharide may, in particular, be a group B streptococcus

capsular saccharide. The capsular saccharide is covalently associated with the peptidoglycan

backbone of GBS, and is distinct from the group B antigen, which is another saccharide that is

attached to the peptidoglycan backbone. As used herein, a saccharide includes a polysaccharide or an

oligosaccharide. Oligosaccharides are conveniently formed by fragmentation of purified

polysaccharide {e.g. by hydrolysis), which will usually be followed by purification of the fragments

of the desired size. Oligosaccharides will typically be sized prior to conjugation. Where the invention

includes a depolymerized saccharide, it is preferred that depolymerization precedes conjugation.

The invention is not limited to saccharides purified from natural sources, however, and the

saccharides may be obtained by other methods, such as total or partial synthesis.

As noted above, particularly suitable to the present invention are saccharides produced by GBS,

especially GBS capsular saccharide. The GBS capsular saccharides are chemically related, but are

antigenically very different. All GBS capsular saccharides share the following trisaccharide core:

p-D-GlcpNAc(l →3)p-D-Gal^(l →4)p-D-Glcp

The various GBS serotypes differ by the way in which this core is modified. The difference between

serotypes la and III, for instance, arises from the use of either the GlcNAc (la) or the Gal (III) in this

core for linking consecutive trisaccharide cores. Serotypes la and lb both have a

[a-D-Neu^NAc(2 →3) -D-Galp-(l → ] disaccharide associated with the GlcNAc in the core, but the

association is either 1→4 (la) or 1→3 (lb).

GBS-related disease arises primarily from serotypes la, lb, II, III, IV, V, VI, VII, VIII and IX, with

over 85% being caused by five serotypes: la, lb, II, III & V. The invention preferably uses a

saccharide from one or more of these five serotypes, particularly from one or more of serotypes: la,

lb & III. The capsular saccharides of each of these serotypes include: (a) a terminal N-acetyl-

neuraminic acid (NeuNAc) residue (commonly referred to as sialic acid), which in all cases is linked

2→3 to a galactose residue; and (b) a N -acetyl-glucosamine residue (GlcNAc) within the



trisaccharide core. The saccharides include galactose residues within the trisaccharide core, but

serotypes la, lb, II & III also contain additional galactose residues in each repeating unit.

Saccharides can be purified by known techniques, as described in the references herein such as refs.

[4] and [5]. A typical process for purifying GBS capsular saccharides involves base extraction,

centrifugation, filtration, RNase/DNase treatment, protease treatment, concentration, size exclusion

chromatography, ultrafiltration, anion exchange chromatography, and further ultrafiltration.

Treatment of GBS cells with the enzyme mutanolysin, which cleaves the bacterial cell wall to free

the cell wall components, is also useful. As an alternative, the purification process described in

reference [6] can be used. This involves base extraction, ethanol/CaCl2 treatment, CTAB

precipitation, and re-solubilisation. A further alternative process is described in reference [7].

Other saccharides may be used in the invention. In particular, other bacterial capsular saccharides

may be used in the invention. These bacterial capsular saccharides may for example be from N.

meningitidis, particularly serogroups A, C, W135 and Y; S. pneumoniae, particularly from serotypes:

1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and

33F; S. agalactiae, particularly serotypes la, lb, and III; Staphyloccocus aureus, particularly from S.

aureus type 5 and type 8; H. influenzae Type b; Salmonella enterica Typhi Vi; saccharide antigens

from Staphyloccocus epidermidis [e.g. type I, II and/or III capsular saccharide obtainable from

strains ATCC-31432, SE-360 and SE-10 as described in refs. 8, 9 and 10; and Clostridium difficile.

The invention may also use non-capsular bacterial saccharides. An exemplary non-capsular bacterial

saccharide is the Streptococcus pyogenes GAS carbohydrate (also known as the GAS cell wall

polysaccharide, or GASP). The invention may also use non-bacterial saccharides. For example, the

invention may use glucans, e.g. from fungal cell walls. Representative glucans include laminarin and

curdlan.

Additional antigens that may be used in the methods of the present invention include bacterial, viral

or parasitic antigens.

In some embodiments, the antigen associated with the first carrier is not identical, e.g. in structure

and/or purity, to the antigen associated with the second carrier. For example, when the antigen is a

saccharide, the antigen associated with the first earner may have a different average size and/or range

of sizes compared with the antigen associated with the second carrier. Each antigen may be prepared

by a different method and/or provided at a different level of purity. However, each antigen contains

the epitope or epitopes to which the antibody binds, such that binding to the antigen associated with

the second carrier is indicative of an ability to bind to the antigen associated with the first carrier.

The carriers

The first carrier and/or the second carrier may be a carrier molecule such as a protein or a peptide.

Typically both the first and the second carrier are proteins. Typically, the first carrier is different

from the second carrier, e.g. the first earner is one protein (typically diphtheria toxoid, tetanus



toxoid, CRMi 97 or protein D) and the second carrier is a different protein (typically human serum

albumin). In particular, the second canier is preferably selected so that it does not comprise any

antibody-binding epitopes in common with the first canier, such that antibodies to the conjugate that

bind to the canier within the conjugate are not detected in the method.

Useful proteins include bacterial toxins or toxoids, such as diphtheria toxoid or tetanus toxoid.

Fragments of toxins or toxoids can also be used e.g. fragment C of tetanus toxoid [ 11]. The CRMi 97

mutant of diphtheria toxin [12-14] is a particularly useful with the invention. Other suitable proteins

include the N meningitidis outer membrane protein [15], synthetic peptides [16,17], heat shock

proteins [18,19], pertussis proteins [20,21], cytokines [22], lymphokines [22], horaiones [22], growth

factors [22], human serum albumin (preferably recombinant), artificial proteins comprising multiple

human CD4+ T cell epitopes from various pathogen-derived antigens [23] such as N19 [24], protein

D from H. influenzae [25,26], pneumococcal surface protein PspA [27], pneumolysin [28], iron-

uptake proteins [29], toxin A or B from C.difficile [30], recombinant Pseudomonas aeruginosa

exoprotein A (rEPA) [31], a GBS protein (particularly GBS67) [32], etc. Also useful as carriers are

bacterial pili or fragments thereof, particularly those derived from GBS. Other suitable proteins

include the N. meningitidis outer membrane protein complex [33], synthetic peptides [34,35], heat

shock proteins [36,37], pertussis proteins [38,39], cytokines [40], lymphokines [40], hormones [40],

growth factors [40], artificial proteins comprising multiple human CD4+ T cell epitopes from various

pathogen-derived antigens [41] such as N19 [42], protein D from H. influenzae [43-45], pneumolysin

[46] or its non-toxic derivatives [47], pneumococcal surface protein PspA [48], iron-uptake proteins

[49], toxin A or B from C. difficile [50], recombinant P. aeruginosa exoprotein A (rEPA) [51], etc.

It is possible to use mixtures of proteins. A single protein may cany multiple different saccharides

[52].

Diphtheria toxoid, tetanus toxoid, CRMi 7 and protein D are particularly envisaged for use in the

conjugate of an antigen to the first canier.

The invention involves the use of a conjugate of an antigen associated with a second canier. The

second carrier facilitates immobilization of the antigen and may ensure a good degree of detection of

the antibody in the sample.

Proteins suitable for use in the conjugate of an antigen associated with the first canier are also

suitable for use in the conjugate of an antigen associated with the second canier. The inventors have

found that serum albumin, particularly human serum albumin, more particularly recombinant human

serum albumin, is suitable for use in the conjugate of an antigen associated with the second canier.



The association

A large number of types of associations between an antigen and a earner are known in the art,

particularly when the antigen is a saccharide and the carrier a protein, as detailed below. Associations

may be covalent or non-covalent. Non-covalent associations include electrostatic interactions and

physical mixtures. Covalent associations may be selected from the group comprising a linker group

of one or more atoms, and a direct bond.

In the present invention, any associations may be used, provided that in the first and second aspects

of the invention, and typically in the third aspect of the invention, the association between the antigen

and the first carrier (which may also be referred to as "the first association") is different from the

association between the antigen and the second earner (which may also be referred to as "the second

association"). For example:

I . The first and second associations are both covalent associations but each comprises a

different linker group, or one is a direct bond and the other comprises a linker group.

II. The first and second associations are both covalent associations but each is formed

between a different part of the carrier (for example, where the carrier is a protein, a

different residue of the protein).

III. The first and second associations are both covalent associations but each is formed

between a different part of the antigen (for example, where the antigen is a saccharide,

a different residue of the saccharide).

IV. Either the first or the second association is a covalent association and the other

association is a non-covalent association.

These options are not mutually exclusive and may be combined, e.g. options I, II and III above.

Suitably, the first association and the second association are covalent associations. Typically, the first

association is a first covalent association comprising a linker group, and the second association is a

second covalent association comprising a different linker group from the first covalent association

Suitably, the antigen is a saccharide and the first and/or second carrier is a protein. Various methods

are known for the conjugation of saccharides to a protein. In the present invention, any suitable

conjugation reaction can be used, with any suitable linker where necessary. As used herein, the term

"linker" refers to a divalent group of one or more atoms covalently bound to the residue of the

antigen and the residue of the earner.

A commonly used method for conjugating an antigen to a carrier protein, wherein the antigen is a

saccharide, involves formation of an association between an aldehyde group in the saccharide and an

amine group on the side chain of an amino acid residue in the protein, suitably a lysine residue. The

association may be formed by reductive amination as described in references [53] and [54] for

example. The aldehyde group in the saccharide may be generated by oxidation, for example,



periodate oxidation. η the case of GBS saccharide, the aldehyde group may be formed on the

aliphatic side chain of one or more sialic acid residues. This method may result in a conjugate of the

antigen associated with the earner (typically the first carrier in the present invention) wherein the

association between the antigen and the carrier is a covalent association comprising the linker -

NHCH2 . In this linker the secondary amino group is typically contributed by the carrier and the

carbon atom is typically the remainder of the aldehyde group following reductive amination.

Such a conjugate may be produced by a method comprising the following steps:

(i) providing a saccharide that comprises a vicinal diol, or other group oxidizable to form

an aldehyde;

(ii) oxidizing said saccharide using, for example, periodate to provide an aldehyde group;

(iii) providing a protein that comprises a free amine group;

(iv) linking the protein to the product of step (ii) by reductive amination

Where this first association is used, the second association in the methods of the present invention

may be any other association known in the art. Specifically, it may be a association through a

different residue on the protein and/or through a different linker group, Alternatively, it may be a

non-covalent interaction, as illustrated in the examples, particularly when the second carrier is a

protein such as HSA derivatized with a linker precursor as defined herein.

The conjugate of the antigen associated with the second carrier may suitably (and particularly in the

case where the first association is a covalent association comprising the linker -NHCH 2- ) comprise

an association that is a covalent association comprising the linker —

C(0)NHNHC(0)L 1C(0)NHNHC(0)- or the linker -C HNHC L NHNHC O - . Typically, the

second association comprises the linker -C(0)NHNHC(0)L C(0)NHNHC(0)-. In these linkers the

carbonyl groups at each end of the linker are typically contributed by the antigen and the earner. L1

is a divalent radical selected from the group comprising alkylene, alkenylene, arylene, heteroarylene,

arylalkylene, alkarylene, or alkylenearylalkylene. Preferably, L1 is C4-8 alkylene or phenylene (i.e.

/>ara-phenylene, -phenylene or ί -phenylene). L1may be C4 alkylene or C8 alkylene. Suitably,

L1is C4 alkylene. Where L is C4 alkylene, the linker precursor is ADH.

Such a conjugate may be produced by a method comprising the following steps:

(i) providing a protein that comprises a free carboxyl group;

(ii) reacting said protein with a carbodiimide;

(iii) providing a saccharide that comprises a free carboxyl group;

(iv) reacting said saccharide with a further carbodiimide; and

either

(v) reacting the O-acylisourea ester produced in step (ii) with a compound of the formula

H2NHNC(0) L'C(0)NHNH 2; and



(vi) reacting the (9-acylisourea ester produced in step (iv) with the product of step (v);

or

(vii) reacting the 0-acylisourea ester produced in step (iv) with a compound of the formula

H2NHNC(0) L C(0)NHNH 2; and

(viii) reacting the O-acylisourea ester produced in step (ii) with the product of step (vii).

Typically, each carbodiimide may be of the formula RN=C=NR, wherein each substituent R is

independently chosen from the group comprising Ci
-

alkyl, C _ alkenyl, C alkenyl-NR 2; wherein

each R is selected from H and C
1-4

alkyl. Suitably, each carbodiimide may be l-ethyl-3-(3-

dimethylaminopropyl) carbodiimide (EDAC).

Alternatively, and particularly in the case where the first association is a covalent association

comprising the linker —NHC¾- and where the antigen is a saccharide, the second association may

be a non-covalent interaction. In particular, the conjugate of the antigen associated with the second

protein may be a non-covalent complex between the saccharide and a protein derivatized by

converting a free carboxyl group to a group of the formula -C(0)NHNHC(0)L'C(0)NHNH 2,

wherein L1 is as defined above.

Such a conjugate may be formed by a method comprising the following steps:

(i) providing a protein that comprises a free carboxyl group;

(ii) reacting said second protein with a carbodiimide;

(iii) reacting the resulting O-acylisourea ester with a compound of the formula

H2NHNC(0) L1 C(0)NHNH 2;

(iv) mixing the product of step (iii) with a saccharide.

In general, attachment of the saccharide antigen to the protein may be via a -NH group e.g. in the

side chain of a lysine residue in a protein, or of an arginine residue. Where a saccharide has a free

aldehyde group then this can react with an amine in the protein to form a conjugate by reductive

amination. Attachment to the protein may also be via a -SH group e.g. in the side chain of a cysteine

residue. Alternatively the saccharide antigen may be attached to the protein via a linker group of one

or more atoms.

The saccharide will typically be activated or functionaliszed prior to conjugation. Activation may

involve, for example, cyanylating reagents such as CDAP (e.g. l-cyano-4-dimethylamino pyiidinium

tetrafluoroborate [55, 56, etc.]). Other suitable techniques use carbodiimides, hydrazides, active

esters, norborane, ^-nitrobenzoic acid, N-hydroxysuccinimide, S-NHS, EDC, TSTU (see also the

introduction to reference [57]).

Linkages via a linker group may be made using any known procedure, for example, the procedures

described in references [58] and [59]. A preferred type of linker results from an adipic acid linker



precursor, which may be formed by coupling a free — H2 group (possibly introduced to a saccharide

by amination) with adipic acid (using, for example, diimide activation), and then coupling a protein

to the resulting saccharide-adipic acid intermediate [60, 61, 62]. Another preferred type of linker is a

carbonyl linker, which may be formed by reaction of a free hydroxyl group of the saccharide with

carbonyldiimidazole (CDI) [63, 64] followed by reaction with a protein to form a carbamate

association. Other linkers and linker precursors include β-propionamido [65], nitrophenyl-ethylamine

[66], haloacyl halides [67], glycosidic associations [68], 6-aminocaproic acid [69], N-succinimidyl-3-

(2-pyridyldithio)-propionate (SPDP) [70], adipic acid dihydrazide (ADH) [71], C4 to C moieties

[72], etc. Carbodiimide condensation can also be used [73].

A process involving the introduction of amino groups into the saccharide (e.g. by replacing terminal

=0 groups with -NH2) followed by derivatization with an adipic diester (e.g. adipic acid

N-hydroxysuccinimido diester) and reaction with protein is typical.

A bifunctional linker precursor may be used to provide a first group for coupling to an amine group

in the saccharide and a second group for coupling to the protein (typically for coupling to an amine in

the protein).

The first group in the bifunctional linker precursor may thus be able to react with an amine group

(-NH2) on the saccharide. This reaction will typically involve an electrophilic substitution of the

amine' s hydrogen. The second group in the bifunctional linker precursor is able to react with an

amine group on the protein. This reaction will again typically involve an electrophilic substitution of

the amine.

Where the reactions with both the saccharide and the protein involve amines then a bifunctional

linker precursor may be used. For example, a homobifunctional linker precursor of the formula X-L-

X may be used, where the two X groups are the same as each other and can react with the amines;

and where L is a linking moiety in the linker. Similarly, a heterobifunctional linker precursor of the

formula X-L-X may be used, where: the two X groups are different and can react with the amines;

and where L is a linking moiety in the linker. A preferred X group is N-oxysuccinimide. L preferably

has formula -C(0)-L 1-C(0)-. Preferred L1 groups are defined herein.

A further example of a homobifunctional linker precursor is a linker precursor of the formula Y-L-Y,

where each Y group comprises a primary amine group that can react with a carbonyl group, possibly

activated by CDI. A typical Y group is a -ΝΗΝΗ group. L typically has foiTnula -C(0)-L 1-C(0)-,

where L1 is as defined herein, particularly -(CH2)4-. A typical additional linker precursor is thus

adipic acid dihydrazide (ADH), and the inventors have found this compound to be particularly

suitable as the linker precursor for the invention. However, shorter additional linker precursors may

be used, and the inventors have found that carbodihydrazine (CDH, i.e. Y-L-Y, wherein Y is -

ΝΗΝΗ2 and L is carbonyl) is also particularly suitable as the linker precursor for the invention.



Other X groups are those which form esters when combined with HO-L'-OH, such as norborane,

p-nitrobenzoic acid, and sulfo-N-hydroxysuccinimide.

Further bifunctional linker precursors for use with the invention include acryloyl halides (e.g.

chloride), haloacylhalides and dihydrazides. Dihydrazides include ADH and sebacic acid

dihydrazide.

The linker precursor will generally be added in molar excess to saccharide.

The resultant conjugates may have excess protein (w/w) or excess saccharide (w/w) e.g. in the ratio

range of 1:5 to 5:1. Conjugates with excess protein are typical e.g. in the range 0.2:1 to 0.9:1, or

equal weights. The conjugate may include small amounts of free (i.e. unconjugated) protein [74].

When a given protein is present in both free and conjugated form in a composition of the invention,

the unconjugated form is preferably no more than 5% of the total amount of the protein in the

composition as a whole, and more preferably present at less than 2% (by weight).

Conjugation of GBS saccharides has been widely reported e.g. see references [75], [76], [77], [78],

[79], [80], [81], [82] and [83]. The typical prior art process for GBS saccharide conjugation typically

involves reductive animation of a purified saccharide to a protein. The reductive animation involves

an amine group on the side chain of an amino acid in the protein and an aldehyde group in the

saccharide. As GBS capsular saccharides do not include an aldehyde group in their natural form then

this is typically generated before conjugation by oxidation (e.g. periodate oxidation) of a portion (e.g.

between 5 and 40%, particularly between 10 and 30%, preferably about 20%) of the saccharide's

sialic acid residues [76,84]. Conjugate vaccines prepared in this manner have been shown to be safe

and immunogenic in humans for each of GBS serotypes la, lb, II, III, and V [85]. However, when the

invention uses a serotype V capsular saccharide that is desialylated, then an aldehyde group may be

generated in this saccharide before conjugation by oxidation (e.g. periodate oxidation) of a portion

(e.g. between 5 and 40%, particularly between 10 and 30%, preferably about 20%) of the galactose

residues of the saccharide [86]. An alternative conjugation process involves the use of-NH 2 groups

in the saccharide (either from de-N-acetylation, or after introduction of amines) in conjunction with

bifunctional linkers, as described in ref. [87]. A further alternative process is described in refs. [88]

and [89]. In this process, the free aldehyde groups of terminal 2,5-anhydro-D-mannose residues

(produced by depolymerization of type II or type III capsular saccharides by mild deaminative

cleavage) are used for conjugation by reductive amination.

The antibody

In the first and second aspects of the invention, the antibody is suitably an immunoglobulin A (IgA)

or immunoglobulin G (IgG) antibody, particularly an IgG antibody. Suitable IgG antibodies include

IgGl, IgG2, IgG3 and IgG4. Suitable IgA antibodies include IgAl and IgA2. Typically the antibody

will be a plurality of antibodies in the sample that bind to the conjugate, e.g. when the sample is

serum from a subject who has been immunized with the conjugate. The plurality of antibodies may



bind to the antigen in the conjugate with different specificities and/or affinities. The method will

typically involve detection in the sample of the plurality of antibodies to the conjugate. In this way, it

is possible to measure the overall antibody response of a subject to the conjugate; the different

antibodies that are raised to the antigen during the response are detected in the method.

In the third aspect of the invention, the antibody is preferably a monoclonal antibody. The antibody

binds to the conjugate of an antigen associated with a first carrier by a first association, in particular

to the antigen within the conjugate. The epitope or epitopes to which the antibody binds are also

present in the conjugate of the antigen associated with a second earner by a second association, such

that binding to the antigen associated with the second earner is inhibited by the presence of the

antigen associated with the first carrier in the vaccine batch. The antibody may be obtained from any

source. Suitably, when the antigen is bacterial, the antibody is a bactericidal antibody. For the

purposes of this disclosure, bactericidal antibodies include any antibody that binds to an epitope

bound by bactericidal antibodies. Therefore, bactericidal antibodies include natural and synthetic

antibodies (e.g. engineered antibodies such as chimeric antibodies, humanized antibodies,

complementarity determining region (CDR)-grafted antibodies, veneered antibodies, phage-display

isolated antibodies, minibodies, other engineered scaffold proteins, etc.). Typically, the bactericidal

antibodies will not cross-react (i.e. they will only bind to the antigen of interest and do not bind to

any other antigens that may be present in the vaccine). One of skill in the art can readily screen for

bactericidal antibodies that do not cross react. Monoclonal antibodies are preferred, but polyclonal

antibodies may be used. One of skill in the art could readily remove cross-reacting antibodies in a

polyclonal antibody sample including, by way of example, by running the polyclonal antibody

sample through a chromatography column with immobilized antigens from the other components in

the vaccine.

One of skill in the art would understand that antigens of interest in any form may be used to generate

antibodies, in particular, bactericidal antibodies, that may be used in the invention. Any method that

can be used to generate antibodies may be used, such as immunization of an animal with a humoral

immune system, antibody phage display screened against the antigen of interest, etc. In certain

embodiments, the bactericidal antibody may be in the form of an antibody containing serum sample,

polyclonal antibodies, antigen-purified polyclonal antibodies or monoclonal antibodies.

When the antigen in the third aspect of the invention is a GBS type III capsular saccharide the

antibody may in particular be an antibody comprising at least one variable region comprising an

amino acid sequence with at least about 95% sequence identity, more preferably at least about 99%

sequence identity, and typically about 100% sequence identity, to a variable region within SEQ ID

NO. 2 or a variable region within SEQ ID NO. 4 . In particular, the antibody may comprise a light

chain variable region (VL) comprising an amino acid sequence with at least about 95% sequence

identity, more preferably at least about 99% sequence identity, and typically about 100% sequence

identity, to a variable region within SEQ ID NO: 2 and a heavy chain variable region (V )

comprising an amino acid sequence with at least about 95% sequence identity, more preferably at



least about 99% sequence identity, and typically about 100% sequence identity, to a variable region

within SEQ ID NO: 4. In particular, the variable region within SEQ ID NO. 2 may be the amino acid

sequence as set out in SEQ ID NO. 13. Similarly, the variable region within SEQ ID NO. 4 may be

the amino acid sequence as set out in SEQ ID NO. 14.

In these embodiments when the antigen in the third aspect is a GBS type III capsular saccharide, the

antibody may in particular be an antibody comprising a light chain third CDR (LC-CDR3)

comprising the amino acid sequence set out in SEQ ID NO. 33 and/or a heavy chain third CDR (HC-

CDR3) comprising the amino acid sequence set out in SEQ ID NO. 24. Typically, the antibody

comprises both of these CDR3s. When the antibody comprises an LC-CDR3 comprising the amino

acid sequence set out in SEQ ID NO. 33, the antibody typically also comprises the light chain first

CDR (LC-CDR1) and light chain second CDR (LC-CDR2) set out in SEQ ID NOs. 3 1 and 32

respectively. Similarly, when the antibody comprises an HC-CDR3 comprising the amino acid

sequence set out in SEQ ID NO. 24, the antibody typically also comprises the heavy chain first CDR

(HC-CDR1) and heavy chain second CDR (HC-CDR2) set out in SEQ ID NOs. 22 and 23

respectively. Typically, the antibody comprises all six of these CDRs. Each CDR may comprise one

or more conservative amino acid substitutions, although typically no such mutations are present.

In the embodiments of the two paragraphs above, the antibody specifically binds to GBS type III

capsular saccharide, typically with an affinity (KD) of <10 nM, preferably <5 nM and, more

preferably, <2.5 nM. The affinity may be measured by surface plasmon resonance, for example,

according to the protocol of example 13a. Preferably, the antibody shows functional activity, e.g. as

measured by GBS killing in opsonophagocytic assay (OPA) according to the protocol of Example

13b. Preferably, the antibody shows an OPA titre (antibody dilution mediating 50% of killing) of

>50, more preferably > 150 and more preferably, >500.

When the antigen in the third aspect of the invention is a GBS type lb capsular saccharide the

antibody may in particular be an antibody comprising at least one variable region comprising an

amino acid sequence with at least about 95% sequence identity, more preferably at least about 99%

sequence identity, and typically about 100% sequence identity, to a variable region within SEQ ID

NO. 6 or a variable region within SEQ ID NO. 8. In particular, the antibody may comprise a light

chain variable region (VL) comprising an amino acid sequence with at least about 95% sequence

identity, more preferably at least about 99% sequence identity, and typically about 100% sequence

identity, to a variable region within SEQ ID NO: 6 and a heavy chain variable region (VH)

comprising an amino acid sequence with at least about 95% sequence identity, more preferably at

least about 99% sequence identity, and typically about 100% sequence identity, to a variable region

within SEQ ID NO: 8. In particular, the variable region within SEQ ID NO. 6 may be the amino acid

sequence as set out in SEQ ID NO. 15. Similarly, the variable region within SEQ ID NO. 8 may be

the amino acid sequence as set out in SEQ ID NO. 16.



In these embodiments when the antigen in the third aspect is a GBS type lb capsular saccharide, the

antibody may in particular be an antibody comprising a light chain third CDR (LC-CDR3)

comprising the amino acid sequence set out in SEQ ID NO. 27 and/or a heavy chain third CDR (HC-

CDR3) comprising the amino acid sequence set out in SEQ ID NO. 30. Typically, the antibody

comprises both of these CDR3s. When the antibody comprises an LC-CDR3 comprising the amino

acid sequence set out in SEQ ID NO. 27, the antibody typically also comprises the light chain first

CDR (LC-CDR1) and light chain second CDR (LC-CDR2) set out in SEQ ID NOs. 25 and 26

respectively. Similarly, when the antibody comprises an HC-CDR3 comprising the amino acid

sequence set out in SEQ ID NO. 30, the antibody typically also comprises the heavy chain first CDR

(HC-CDR1) and heavy chain second CDR (HC-CDR2) set out in SEQ ID NOs. 28 and 29

respectively. Typically, the antibody comprises all six of these CDRs. Each CDR may comprise one

or more conservative amino acid substitutions, although typically no such mutations are present.

In the embodiments of the two paragraphs above, the antibody specifically binds to GBS type lb

capsular saccharide, typically with an affinity (KD) of < 1 nM, preferably <0.5 nM and, more

preferably, <0.1 nM. The affinity may be measured by surface plasmon resonance, for example,

according to the protocol of Example 13a. Preferably, the antibody shows functional activity, e.g. as

measured by GBS killing in an OPA assay according to the protocol of Example 13b. Preferably, the

antibody shows an OPA titre of >100, more preferably >500 and more preferably, >900.

When the antigen in the third aspect of the invention is a GBS type la capsular saccharide the

antibody may in particular be an antibody comprising at least one variable region comprising an

amino acid sequence with at least about 95% sequence identity, more preferably at least about 99%

sequence identity, and typically about 100% sequence identity, to a variable region within SEQ ID

NO. 10 or a variable region within SEQ ID NO. 12. In particular, the antibody may comprise a light

chain variable region (V ) comprising an amino acid sequence with at least about 95% sequence

identity, more preferably at least about 99% sequence identity, and typically about 100% sequence

identity, to a variable region within SEQ ID NO: 10 and a heavy chain variable region (VH)

comprising an amino acid sequence with at least about 95% sequence identity, more preferably at

least about 99% sequence identity, and typically about 100% sequence identity, to a variable region

within SEQ ID NO: 12.

In these embodiments when the antigen in the third aspect is a GBS type la capsular saccharide, the

antibody may in particular be an antibody comprising a light chain third CDR (LC-CDR3)

comprising the amino acid sequence set out in SEQ ID NO. 2 1 and/or a heavy chain third CDR (HC-

CDR3) comprising the amino acid sequence set out in SEQ ID NO. 36. Typically, the antibody

comprises both of these CDR3s. When the antibody comprises an LC-CDR3 comprising the amino

acid sequence set out in SEQ ID NO. 21, the antibody typically also comprises the light chain first

CDR (LC-CDR1) and light chain second CDR (LC-CDR2) set out in SEQ ID NOs. 19 and 20

respectively. Similarly, when the antibody comprises an HC-CDR3 comprising the amino acid

sequence set out in SEQ ID NO. 36, the antibody typically also comprises the heavy chain first CDR



(HC-CDR1) and heavy chain second CDR (HC-CDR2) set out in SEQ ID NOs. 34 and 35

respectively. Typically, the antibody comprises all six of these CDRs. Each CDR may comprise one

or more conservative amino acid substitutions, although typically no such mutations are present.

In the embodiments of the two paragraphs above, the antibody specifically binds to GBS type la

capsular saccharide, typically with an affinity (KD) of <5 nM, preferably <2.5 nM and, more

preferably, <0.75 nM. The affinity may be measured by surface plasmon resonance, for example,

according to the protocol of example 13a. Preferably, the antibody shows functional activity, e.g. as

measured by GBS killing in an OPA assay according to the protocol of example 13b. Preferably, the

antibody shows an OPA titre of >60, more preferably > 150 and more preferably, >500. In particular,

the variable region within SEQ ID NO. 10 may be the amino acid sequence as set out in SEQ ID NO.

17. Similarly, the variable region within SEQ ID NO. 12 may be the amino acid sequence as set out

in SEQ ID NO. 18.

The antibody preferably binds to an epitope in the GBS capsular saccharide that comprises sialic

acid. The ability of an antibody to bind to an epitope in the GBS capsular saccharide that comprises

sialic acid can be assessed by epitope mapping, for example, as in Example 13d. The presence of

sialic acid in the lateral chain of the repeating unit of the GBS polysaccharide is thought to affect the

potency of GBS conjugate vaccines, in particular, the potency of GBS III conjugate vaccines.

Specifically, interaction of sialic acid with the GBS backbone is thought to be important for defining

the immunodominant conformational epitope of native GBS. Therefore, degradation of the

chemically labile glycosidic bond of sialic acid can result in vaccine batches with reduced potency.

Preferably, antibodies of the present invention bind to an epitope that comprises sialic acid and, as a

result, can be used to discriminate such sub-potent vaccine batches from those in which sialic acid is

not degraded. In this way, the method of the third aspect of the invention can be applied to assays to

discriminate sub-potent vaccine batches, that is, vaccine batches with low sialic acid content.

The invention also provides isolated antibodies as described herein. These antibodies are suitable for

use, for example, as research tools. Specific antibody molecules may carry a detectable label, or may

be conjugated to an enzyme (e.g. via a peptidyl bond or linker). Such antibody molecule

compositions form an additional aspect of the present invention.

Fragments of an antibody that retain the ability to bind to the relevant antigen may be inserted into

various frameworks, see, for example, Ref. 90 which discusses various scaffolds which may be used

to display antibody loops previously selected on the basis of antigen binding. In addition, genes

encoding for VL and VH can be joined, using recombinant methods, for example using a synthetic

linker that enables them to be made as a single protein chain in which the V L and V regions pair to

form monovalent molecules, otherwise known as single chain Fvs (ScFvs) [91,92].

In specific embodiments, a variable heavy domain is paired with a variable light domain to provide

an antigen binding site. Alternatively, independent regions (e.g. a variable heavy domain alone) may

be used to bind antigen. The skilled person is also aware that two domains of an Fv fragment, V L and



VH, while perhaps coded by separate genes, may be joined, using recombinant methods, by a

synthetic linker that enables them to be made as a single protein chain in which the VL and VH

regions pair to form monovalent molecules (scFvs).

Manipulation of monoclonal and other antibodies to produce other antibodies or chimeric molecules

which retain the specificity of the original antibody is also known to the skilled person. Specific

immunoglobulins, into which the disclosed sequences may be inserted or, in the alternative, form the

essential part of, include but are not limited to the following antibody molecules which form

particular embodiments of the present invention: a Fab (monovalent fragment with VL), VH, constant

light (CL) and constant heavy 1 (CH i) domains), a F(ab') 2 (bivalent fragment comprising two Fab

fragments linked by a disulfide bridge or alternative at the hinge region), a Fd (V and C domains),

a Fv (VL and VH domains), a scFv (a single chain Fv where VL and VH are joined by a linker, e.g. a

peptide linker [91,92], IgG, IgGl, IgG2, IgG3, IgG4, IgM, IgD, IgA, IgE, or any derivatives thereof.

Specific antibodies of the present invention are monoclonal antibodies and, in particular

embodiments, are in one of the following antibody formats: IgD, IgA, IgE, IgM, IgGl, IgG2, IgG3,

IgG4 or any derivative thereof. In particular, the antibody may be an IgG antibody or a derivative.

The language "derivatives thereof or "derivatives" includes, inter alia, (i) antibodies and antibody

molecules with modifications in the framework or CDR regions of one or both variable regions (i.e.

VH and/or VL), (ii) antibodies and antibody molecules with manipulations in the constant regions of

the heavy and/or light chains, and (iii) antibodies and antibody molecules that contain additional

chemical moieties which are not normally a part of the immunoglobulin molecule (e.g. pegylation).

Available techniques exist to recombinantly produce other antibody molecules which retain the

specificity of an original antibody. A specific example of this is where DNA encoding the

immunoglobulin variable region or the CDRs is introduced into the constant regions, or constant

regions and framework regions, of another antibody molecule [93,94,95]. Cloning and expression of

antibody molecules, including chimeric antibodies, are described in the literature [96,97].

Also provided is an isolated nucleic acid encoding at least one antibody or variable region as defined

above or a component thereof. The isolated nucleic acid encoding the variable regions can be

provided within any desired antibody molecule format including, but not limited to, the following:

F(ab') 2, a Fab, a Fv, a scFv, IgG, IgGl, IgG2, IgG3, IgG4, IgM, IgD, IgA, IgE or any derivatives

thereof.

Preferably, the nucleic acid encodes at least one amino acid sequence selected from SEQ ID NO. 13,

14, 15, 16, 17 or 18, for example, a nucleic acid comprising a nucleic acid sequence selected from

SEQ ID NO. 1, 3, 5, 7, 9 or 11. In particular, the nucleic acid may encode (a) SEQ ID NO. 13 and

SEQ ID NO. 14; (b) SEQ ID NO. 15 ng SEQ ID NO. 16; or (c) SEQ ID NO. 17 and SEQ ID NO. 18.

For example, the nucleic acid may comprise (a) SEQ ID NO. 1 and SEQ ID NO. 3; (b) SEQ ID NO.

5 and SEQ ID NO. 7; or (c) SEQ ID NO. 9 and SEQ ID NO. 11. Alternatively, the amino acid

sequences may be encoded by separate nucleic acids, and the invention provides these nucleic acids



in combination. For example, the invention provides (a) a nucleic acid that encodes SEQ ID NO. 13

and a nucleic acid that encodes SEQ ID NO. 14; (b) a nucleic acid that encodes SEQ ID NO. 15 and

a nucleic acid that encodes SEQ ID NO. 16; and (c) a nucleic acid that encodes SEQ ID NO. 17 and

a nucleic acid that encodes SEQ ID NO. 18. Also included within the present invention are nucleic

acids including nucleotide sequences which are at least about 90% identical and more preferably at

least about 95% identical to the nucleotide sequences described herein, and which nucleotide

sequences encode antibodies or variable domains of the present invention.

In another aspect, the present invention provides vectors including said nucleic acid(s). Vectors in

accordance with the present invention include, but are not limited to, plasmids and other expression

constructs (e.g. phage or phagemid, as appropriate) suitable for the expression of the desired

antibody molecule at the appropriate level for the intended purpose; see, for example, ref. [98]. The

antibody light chain gene and the antibody heavy chain gene can be inserted into separate vectors or,

more typically, both genes are inserted into the same expression vector. The antibody genes are

inserted into the expression vector by standard methods (e.g. ligation of complementary restriction

sites on the antibody gene fragment and vector, or blunt-end ligation if no restriction sites are

present). The light and heavy chain variable regions of the antibodies described herein can be used to

create full-length antibody genes of any antibody isotype by inserting them into expression vectors

already encoding heavy chain constant and light chain constant regions of the desired isotype such

that the V segment is operatively linked to the CH segment(s) within the vector and the V segment

is operatively linked to the CL segment within the vector. Additionally or alternatively, the

recombinant expression vector can encode a signal peptide that facilitates secretion of the antibody

chain from a host cell. The antibody chain gene can be cloned into the vector such that the signal

peptide is linked in-frame to the amino terminus of the antibody chain gene. The signal peptide can

be an immunoglobulin signal peptide or a heterologous signal peptide (i.e. a signal peptide from a

non-immunoglobulin protein). Any technique available to the skilled peron may be employed to

introduce the nucleic acid into the host cell, for example, those described in ref. [99].

In another aspect, the present invention provides a host cell transformed with said nucleic acid(s) or

vector(s). A variety of different cell lines can be used for recombinant production of antibody

molecules, including but not limited to those from prokaryotic organisms (e.g. E. coli, Bacillus, and

Streptomyces) and from eukaryotic (e.g. yeast, Baculovirus, and mammalian) [100].

In another aspect, the present invention provides isolated cell(s) comprising a polypeptide of the

present invention.

In another aspect, the present invention provides a method of making an antibody molecule of the

present invention, which involves incubating a host cell of the invention under conditions that allow

the expression and assembly of said heavy and/or light chains into an antibody molecule, and

isolating said antibody molecule from the cell.



Furtherfeatures of the invention

Suitably the conjugate of the antigen associated with a second earner is immobilized on a surface,

particularly a multiwell plate.

The agent to detect the presence of the antibody may be a labelled antibody to the antibody. For

example, the antibody to the antibody may be labelled with a moiety, such as an enzyme, that

interacts with an indicator to give a detectable spectrophotometric, colorimetric, fluorimetric,

luminescent, electrochemical or radioactive signal. Suitably, the agent is an antibody to the antibody

that is conjugated to an enzyme selected from the group consisting of laccase (CotA enzyme),

alkaline phosphatase, /?-galactosidase, acetylcholinesterase, green fluorescent proteins, luciferases or

horseradish peroxidases. Suitably, the agent is an alkaline phosphatase-conjugated antibody to the

antibody.

Suitably, the method of the first aspect of the invention is for measuring the concentration of the

antibody in the sample, e.g. as an antibody titre. The concentration may be compared with a standard

criterion for seroprotection for the antigen. For example, the standard criterion may be a

concentration suitable to prevent infection resulting in symptomatic disease. The concentration may

be measured after administration of the conjugate to a subject and collection of a sample from the

subject, e.g. in order to verify the effect of the conjugate. The method may also be used to test

subjects for existing antibody levels to identify those that may require vaccination with the

conjugate.

In an alternative example, the standard criterion may be a concentration suitable to prevent neonatal

infection during childbirth. The methods, kits and conjugates of the present invention are useful in

methods of providing for use by physicians a vaccine comprising a conjugate of an antigen

associated with a first carrier by a first association, comprising the steps of: (a) administering the

vaccine to a plurality of subjects; (b) collecting samples from the subjects; (c) measuring the

concentration of antibody to the conjugate in each sample using a method according to the first

aspect of the invention; (d) comparing the concentration with a standard criterion for seroprotection

for the antigen; and, if the comparison in step (d) indicates a concentration equal or superior to the

criterion for seroprotection for a predetermined proportion of subjects, (e) providing the vaccine for

use by physicians.

The criterion for seroprotection for an antigen is typically an associated antibody titre above which a

host is considered to be seroconverted against the antigen. Such titres are well known and are

published by organisations such as WHO. For example, studies have identified in maternal blood

particular anti-GBS immunoglobulin G concentrations that account for a decreased probability of

neonatal infection with serotypes la or III [101, 102]. Therefore, a subject who has a serum level of

immunoglobulin G against a given GBS antigen of >0.5 g ml or >2 or particularly > 5

µ ΐ , or more particularly >10 ηΐ may be considered to be seroconverted against that antigen.



Preferably, more than 80% of a statistically significant sample of subjects is seroconverted, more

preferably more than 90%, still more preferably more than 93% and most preferably 96- 100%.

The methods, kits and conjugates of the present invention are useful in methods of testing a subject's

immune response to a conjugate of an antigen associated with a first carrier by a first association.

Such methods may comprise the steps of

(i) administering to said subject said conjugate of an antigen associated with a first

earner by a first association;

(ii) obtaining a sample from said subject;

(iii) contacting a conjugate of the antigen associated with a second earner by a second

association with said sample under conditions that allow binding of the antibody to

the antigen, wherein said conjugate is immobilized on a surface; and

(iv) introducing an agent to detect the presence of the antibody bound to said antigen;

wherein the first association is different from the second association.

The third aspect of the invention involves release of a batch of a vaccine that comprises a conjugate

of an antigen associated with a first earner by a first association. "Release" within this context

includes release for use in patients, i.e. providing the batch for medical use. Any form of release is

envisaged, both commercial and non-commercial. Accordingly, the concept of "release" includes

putting the batch onto the market for purchase by healthcare providers and/or private individuals, and

also donating the batch for charitable use. The batch is typically the stock of vaccine made from a

single run of the vaccine's manufacturing process. The method involves a portion of this batch,

which is selected to be representative of the batch as a whole.

In order to be released, the batch may be required to meet regulatory requirements for release. The

regulatory requirements may comprise a minimum potency (e.g. immunogenicity) requirement and a

measurement reliability requirement. The measurement reliability requirement may be the variation

of the measurements being less than a maximum value, for example, 15%. The regulatory

requirements may be those determined by, for example, the U.S. Food and Drug Administration or

the European Medicines Agency. The method uses binding of the antibody to the vaccine batch as a

proxy to assess potency (e.g. immunogenicity). This binding is measured indirectly by assessing the

extent to which the batch can compete with the antigen associated with a second carrier by a second

association for binding to the antibody. This competition is compared to the competition observed

with a reference vaccine instead of the vaccine batch. The reference vaccine comprises the conjugate

of an antigen associated with a first earner by a first association and may be known to meet the

regulatory requirements for release. The reference vaccine may comprise other antigens in addition

to the conjugate. For example, it may contain one or more other conjugates of an antigen associated

with a carrier by an association as defined above. In particular, it may be a multivalent GBS



conjugate vaccine as described in ref. [103], especially the multivalent GBS vaccines described in the

claims and examples of that document.

Methods according to the third aspect of the invention may further comprise steps wherein step (a) to

(c) are repeated with serial dilutions of the reference vaccine and/or portion of the vaccine batch.

Typically, such methods include at least two, at least three, at least four or at least five serial

dilutions of the reference vaccine and/or the portion of the vaccine batch. This facilitates the

comparison in step (e).

In vitro methods according to the third aspect of the invention may measure vaccine potency with

high reproducibility, specificity and sensitivity. For example, the methods show greater

reproducibility and sensitivity than commonly used animal immunogenicity tests. The high

specificity means that the assay allows the precise amount of either GBS la, GBS lb or GBS III

present in a sample of a trivalent GBS vaccine (i.e. one containing conjugates of GBS la, GBS lb and

GBS III, and CRMi 97) .

General

The practice of the present invention will employ, unless otherwise indicated, conventional methods

of chemistiy, biochemistiy, molecular biology, immunology and pharmacology, within the skill of

the art. Such techniques are explained fully in the literature. See, e.g., references 104-1 11, etc.

Where the invention concerns an "epitope", this epitope may be a B-cell epitope and/or a T-cell

epitope. Such epitopes can be identified empirically {e.g. using PEPSCAN [112,113] or similar

methods), or they can be predicted {e.g. using the Jameson- Wolf antigenic index [114], matrix-based

approaches [1 15], MAPITOPE [116], TEPITOPE [117,1 18], neural networks [1 19], OptiMer &

EpiMer [120, 121], ADEPT [122], Tsites [123], hydrophilicity [124], antigenic index [125] or the

methods disclosed in references 126-130, etc.). Epitopes are the parts of an antigen that are

recognized by and bind to the antigen binding sites of antibodies or T-cell receptors, and they may

also be referred to as "antigenic determinants".

References to a percentage sequence identity between two amino acid sequences means that, when

aligned, that percentage of amino acids are the same in comparing the two sequences. This alignment

and the percent homology or sequence identity can be determined using software programs known in

the art, for example those described in section 7.7.18 of ref. 131. A preferred alignment is determined

by the Smith-Waterman homology search algorithm using an affine gap search with a gap open

penalty of 12 and a gap extension penalty of 2, BLOSUM matrix of 62. The Smith-Waterman

homology search algorithm is disclosed in ref. 132. One method by which one skilled in the art could

obtain an antibody having variable sequences having high (i.e. 95% or greater) homology to the

variable sequences described herein is by mutagenesis (e.g. site-directed or random mutagenesis) of

nucleic acid molecules encoding SEQ ID NOs: 2, 4 and 6 and/or SEQ ID NOs: 8, 10 and 12,

followed by testing the encoded altered antibody for retained function using the functional assays



described herein. Alternatively, homologous antibodies may be obtained through other antibody

isolation approaches.

A "conservative amino acid substitution" is a substitution that replaces an amino acid residue with

one imparting similar or better (for the intended puipose) functional and/or chemical characteristics.

For example, conservative amino acid substitutions are often ones in which the amino acid residue is

replaced with an amino acid residue having a similar side chain. Families of amino acid residues

having similar side chains are known in the art. These families include amino acids with basic side

chains {e.g. lysine, arginine, histidine), acidic side chains (e.g. aspartic acid, glutamic acid),

uncharged polar side chains (e.g. glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine,

tryptophan), nonpolar side chains (e.g. alanine, valine, leucine, isoleucine, proline, phenylalanine,

methionine), beta-branched side chains (e.g. threonine, valine, isoleucine) and aromatic side chains

(e.g. tyrosine, phenylalanine, tryptophan, histidine). Such modifications in antibody CDRs may not

significantly reduce or alter the binding or functional characteristics of the antibody containing the

amino acid sequence and may sometimes improve such properties. Such modifications can be

introduced by standard techniques known in the art, such as site-directed mutagenesis and PCR-

mediated mutagenesis. One specific means by which the skilled person can accomplish conservative

amino acid substitutions is alanine scanning mutagenesis. The altered antibody molecules are tested

for retained or better function using functional assays, particularly those described herein.

Unless specifically defined elsewhere, the chemical groups discussed herein have the following

meaning when used in present specification:

The term "alkyl" includes saturated hydrocarbon residues including:

linear groups up to 10 atoms (C -C
10

), or of up to 6 atoms (Ci -C ), or of up to 4 atoms (C1-C4).

Examples of such alkyl groups include, but are not limited, to - methyl, C2 - ethyl, C3 - propyl

and C4- n-butyl.

- branched groups of between 3 and 10 atoms (C3-C10
), or of up to 7 atoms (C3-C ), or of up to 4

atoms (C3-C4) . Examples of such alkyl groups include, but are not limited to, C3 - iso-propyl, C4 -

sec-butyl, C4 - iso-butyl, C4 - tert-butyl and C - neo-pentyl.

The term "alkylene" refers to the divalent hydrocarbon radical derived from an alkyl group, and shall

be construed in accordance with the definition above.

The term "cycloalkyl" refers to a saturated monocyclic, bicyclic, or tricyclic hydrocarbon ring

system having three to fourteen carbon atoms and zero heteroatoms.

The term "cycloalkylene" refers to the divalent hydrocarbon radical derived from a cycloalkyl group,

and shall be construed in accordance with the definition above.

The term "alkenyl" includes monounsaturated hydrocarbon residues including:



linear groups of between 2 and 6 atoms (C2-C ) . Examples of such alkenyl groups include, but

are not limited to, C2 - vinyl, C3 - 1-propenyl, C3 - allyl, C4 - 2-butenyl

branched groups of between 3 and 8 atoms (C3-Cg). Examples of such alkenyl groups include,

but are not limited to, C4 - 2-methyl-2-propenyl and C6 - 2,3-dimethyl-2-butenyl.

The term alkenylene refers to the divalent hydrocarbon radical derived from an alkenyl group, and

shall be constmed in accordance with the definition above.

The term "cycloalkenyl," refers to a non-aromatic, partially unsaturated monocyclic, bicyclic, or

tricyclic ring system having three to fourteen carbon atoms and zero heteroatoms.

The term "cycloalkenylene" refers to the divalent hydrocarbon radical derived from an cycloalkenyl

group, and shall be constmed in accordance with the definition abo.

The term "aryl" includes a single or fused aromatic ring system containing 6 or 10 carbon atoms;

wherein, unless otherwise stated, each occurrence of aryl may be optionally substituted with up to 5

substituents independently selected from (Ci-C )alkyl, (C C )alkoxy, OH, halo, CN, COO 4 , CF3

and NR 4R15 ; as defined above. Typically, aryl will be optionally substituted with 1, 2 or 3

substituents. Optional substituents are selected from those stated above. Examples of suitable aiyl

groups include phenyl and naphthyl (each optionally substituted as stated above). Aiylene refers the

divalent radical derived from an aiyl group, and shall be constmed in accordance with the definition

above.

The term "heteroaryl" includes a 5, 6, 9 or 10 membered mono- or bi-cyclic aromatic ring,

containing 1 or 2 N atoms and, optionally, an NR14 atom, or one NR14 atom and an S or an O atom,

or one S atom, or one O atom; wherein, unless otherwise stated, said heteroaiyl may be optionally

substituted with 1, 2 or 3 substituents independently selected from (Ci-C )alkyl, (Ci-Ce)alkoxy, OH,

halo, CN, COOR 14, CF and NR 14R15 ; as defined below. Examples of suitable heteroaiyl groups

include thienyl, furanyl, pyrrolyl, pyrazolyl, imidazoyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,

triazolyl, oxadiazolyl, thiadiazolyl, tetrazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, indolyl,

benzimidazolyl, benzotriazolyl, quinolinyl and isoquinolinyl (optionally substituted as stated above).

Heteroarylene refers the divalent radical derived from heteroaryl, and shall be constmed in

accordance with the definition above.

The term "aiylalkyl" refers to an alkyl group substituted with one, two, or three aryl groups.

The term "arylalkylene" refers to a divalent arylalkyl group, where one point of attachment to the

parent molecular moiety is on the aryl portion and the other is on the alkyl portion.

The term "alkaryl" refers to an aryl group substituted with one, two, or three alkyl groups.

The term "alkarylene" refers to a divalent alkaiyl group, where one point of attachment to the parent

molecular moiety is on the alkyl portion and the other is on the aryl portion.



The term "alkylarylalkyl" refers to an alkylaryl group attached to the parent molecular moiety

through an alkyl group.

The term "alkylarylalkylene" refers to a divalent alkylarylalkyl group, where one point of attachment

to the parent molecular moiety is on one alkyl portion and the other is on the other alkyl portion.

In the above definitions R14 and R15 are independently selected from H and (Ci-C6)alkyl.

The term "comprising" encompasses "including" as well as "consisting" e.g. a composition

"comprising" X may consist exclusively of X or may include something additional e.g. X + Y.

The term "about" in relation to a numerical value x means, for example, +10 .

The word "substantially" does not exclude "completely" e.g. a composition which is "substantially

free" from Y may be completely free from Y. Where necessary, the word "substantially" may be

omitted from the definition of the invention.

Where the invention provides a process involving multiple sequential steps, the invention can also

provide a process involving less than the total number of steps. The different steps can be performed

at veiy different times by different people in different places {e.g. in different countries).

It will be appreciated that sugar rings can exist in open and closed form and that both forms are

encompassed by the invention. Similarly, it will be appreciated that sugars can exist in pyranose and

furanose forms and that both forms are also encompassed. Different anomeric forms of sugars are

also encompassed.

Various embodiments of the invention are described herein. It will be appreciated that the features

specified in each embodiment may be combined with other specified features, to provide further

embodiments. In particular, embodiments highlighted herein as being suitable, typical or preferred

may be combined with each other (except when they are mutually exclusive).

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 shows synthetic routes to (a) a polysaccharide-HSA conjugate linked by ADH, (b) a

polysaccharide derivatized with ADH and (c) human serum albumin derivatized with ADH.

Figure 2 shows SDS-PAGE analysis of HSA derivatized by introduction of (a) 10-12 mol or (b) 26-

28 mol of ADH.

Figure 3 shows characterization by mass spectrometry (MS) of HSA derivatized by introduction of

(a) 10-12 mol or (b) 26-28 mol of ADH and (c) HSA as supplied by Sigma.

Figure 4 shows SDS-PAGE analysis of purification of GBS-ADH-HSA conjugates by (a) HA

column, (b) Sepharyl S400 column and (c) Sepharyl S400 column, 215nm.

Figure 5 shows purification of the GBS-ADH-HSA by HA column.

Figure 6 shows purification of the GBS-ADH-HSA by Sephacryl S400 column.



Figure 7 shows purification of the GBS-ADH-HSA by Sephacryl S400 column.

Figure 8 shows Western blot analysis of conjugates of GBS lb HSA—ADH using anti-GBS lb

CRM197.

Figure 9 shows capillary electrophoresis analysis of covalent conjugates of GBS lb with HSA—ADH

prepared in the following molar ratios: (a) 1:1; (b) 1:2; and (c) 1:4.

Figure 10a shows in schematic the production of CRM197—GBS la conjugate vaccine (free

polysaccharide<10%).

Figure 10b shows in schematic the production of HSA—GBS la ELISA coating reagent (free

polysaccharide< 10%).

Figure 10c shows in schematic the production of GBS Ia-ADH-HSA. ELISA coating reagent (free

polysaccharide~60-90%).

Figure 11 shows inhibition by pre-incubation of the native polysaccharide of the immunoglobulin G

(IgG) responses obtained by ELISA analysis of sera from animals immunized with CRMi 7-

conjugated la (figures 11a and lib), lb (figure 11c) and III (figure id) polysaccharides, expressed

as a percentage of the response obtained without the inhibitor.

Figure 12 shows comparison between the performances of ELISA assays using free GBS saccharide

la for coating and those using la conjugated to ADH.

Figure 13 shows the reproducibility and the linearity of the assay of the present invention for GBS la,

lb and III polysaccharides, investigated using mouse and human sera. As shown the assay is highly

reproducible and shows good linearity for all three polysaccharides.

Figure 14 illustrates the concept of the third aspect of the present invention.

Figure 15 shows an inhibition curve of monoclonal antibody binding to the test vaccine and the

reference vaccine in the third aspect of the present invention.

Figure 16 shows binding of antibodies of the present invention to polysaccharide-HSA conjugates in

the presence of conjugates of CRM 9 to different GBS polysaccharides.

Figure 17 maps binding of antibodies of the present invention to GBS polysaccharides.

Figure 18 shows results of assays according to the third aspect of the invention using polysaccharide

batches with decreasing sialic acid content.

Figure 19 shows reproducibility of an assay according to the third aspect of the invention, as tested

by determining potency values for two vaccine batches.

Figure 20 shows results of assaying increasing concentrations of GBS trivalent vaccine.

Figure 2 1 shows the results of the assay for changing concentrations of GBS in a GBS trivalent

vaccine.



MODES FOR CARRYING OUT THE INVENTION

Example 1—production of polysaccharide derivatized with ADH

GBS polysaccharide was derivatized with ADH according to scheme in Figure lb.

GBS saccharide lb Lot TR19 (liquid, K+) and Lot TR8 (solid, Ca +) was mixed with ADH (Sigma;

molar ratio of ADH to polysaccharide repeating unit of 20:1), EDAC (Sigma; molar ratio of EDAC

to polysaccharide repeating unit of 3:10 or 1:1) in MES lOOmM/NaCl 250mM pH 5.0 and stin-ed for

l h at room temperature. Purification was by PD10 column in H20 . The percentage derivatization

with ADH was determined and is shown in Table 1.

Table 1

Amine group analysis using ADH for the standard curve

Sample % Derivatization ADH

PS lb Lot TR19 (EDAC 30%) 4.26

PS b Lot TR19 (EDAC 100%) 6.26

PS lb Lot TR8 (EDAC 100%) 6.51

Example 2 —production of HSA-ADH

HSA was derivatized with ADH according to the scheme in Figure l c under conditions to introduce

different numbers of moles of ADH.

Example 2a. Production ofHSA-ADHby introduction of 10-12 mol of ADH

HSA (10-12mg/ml), ADH (molADH:molCOOH TOTHSA=13.4:l) and EDAC (Sigma;

molEDAC:molCOOH TOTHSA=l:2) in lOOmM MES buffer at pH 6.0 were mixed for 1 hour at room

temperature. Purification was by dialysis with 6-8 kDa membrane against MES lOmM/NaCl 150mM

pH6.0 and then against MES 5mM pH7.0 at 4°C with slow stirring. The resultant conjugates were

analysed by SDS-PAGE (Figure 2a).

Example 2b. Production of HSA—ADH by introduction of 26-28 mol of ADH

HSA (10-12mg/ml), ADH (molADH:molCOOH ToTHSA=13.4:l) and EDAC

(molEDAC:molCOOH ToTHSA=2:l) in lOOmM MES buffer at pH 5.0 were mixed for 3 hours at

room temperature. Purification was by dialysis with 6-8 kDa membrane against MES 5mM/NaCl

150mM pH7.2 and then against MES 5mM pH7.0 at 4°C with slow stirring. The resultant conjugates

were analysed by SDS-PAGE (Figure 2b).



Example 2c. Characterization of HSA—ADH conjugates

The HSA-ADH conjugates were characterized by MS. ESI+ Capillary 3kV Sample cone 30V Direct

infusion ΙΟµΙ/min sample in 25%MeCN+0.1%HCOOH+75%AcNH 4 (lmg/ml). Figure 3a shows the

product of example 2a; Figure 3b shows the product of example 2b; Figure 3c shows HSA as

obtained from Sigma for comparison.

Example 3 production of GBS-ADH-HSA

Example 3a

GBS polysaccharide la, lb or III (2mg/ml), HSA-ADH in an amount such that the molar ratio of

polysaccharide to ADH residues introduced on HSA was 2:1, and EDAC at a 1:1 molar ratio with

polysaccharide were mixed in lOOmM MES buffer at pH 5.0 for 3 hours at room temperature.

Purification was by dialysis with 6-8 kDa membrane against H20 and then against NaPi lOmM

pH7.0 at 4°C with slow stirring. The conjugate was then loaded in an HA column, using as elution

buffer NaPilOmM pH7.2 and as gradient buffer NaPi400mM pH7.2. The resultant conjugates were

analysed by SDS-PAGE (Figure 4a).

Example 3b

GBS polysaccharide lb (5mg/ml), HSA-ADH in an amount such that the molar ratio of

polysaccharide to ADH residues introduced on HSA was (i) 1:0.2, (ii) 1:0.4, (iii) 1:0.8 or (iv) 1:1.6,

EDAC at a 1:1 molar ratio with polysaccharide, and N -hydroxysulfosuccinimide at a 1:1 molar ratio

with polysaccharide were mixed overnight in MES100mM/NaC1250mM at pH 5.0 at room

temperature. The reaction is quenched adding NaPi400mM pH7.2 in order to neutralize pH reaction.

Then the conjugate is loaded in S400 column, using as elution buffer NaPil0rnM/NaC1250mM

pH7.2. The resultant conjugates were analysed by SDS-PAGE (Figure 4b).

Example 4 —further purification and analysis of GBS—ADH—HSA

Example 4a. Chromatography

Several methods were used to purify the GBS—ADH—HSA conjugates by chromatography: HA

column 10ml; elution buffer: NaPilO mM pH 7.2; gradient buffer: NaPi400 mM pH 7.2) (Figure 5);

Sephaciyl S400 column 170ml; elution buffer: NaPilO mM/NaC1250mM pH7.2 (Figure 6); and

Sephaciyl S400 column 170ml; elution buffer: NaPilO mM/NaC1250mM pH7.2, 215nm (Figure 7).

The conjugate could not readily be separated from the mixture of the HSA-ADH and the

polysaccharide. This suggests that there may be a non-covalent complex of the polysaccharide and

HSA-ADH that runs at the same polarity as the conjugate.



Example 4b. Western Blot analysis

The products of Example 3b were analysed by Western blot (Figure 8) using anti-GBS lb CRM197.

The blots indicate the presence of covalent conjugates.

Example 5

The possibility of a non-covalent interaction in a physical mix of ADH-derivatized HSA and GBS

saccharides was investigated further. GBS saccharide lb (PSIb) and HSA—ADH were mixed in 1ml

NaPi35mM pH7.2/Tween20 0.05%. 1ml of K2HP04 (8.6M, saturated solution) was added. The

mixture was cooled for 30 min in ice then subjected to centrifugation and the pellet separated. The

pellet was dissolved in 1 ml NaPilOmM pH7.2 and analysed.

The saccharide alone was shown not to precipitate when subjected to these conditions, whereas the

protein alone does precipitate. The results are given in Table 2

Table 2

Example 6

The sensitivity of the two ELISA assays was compared using the same standard sera for the each

methods. The optical density (OD) values for each ELISA assay, using the same increasing

concentrations of serum are shown below.



The data show that higher values are obtained for the covalently conjugated GBS Ib-HSA—ADH

compared to the physical mixture of PSIb and HSA-ADH. Binding is evidenced between the two

components of the physical mixture but the sensitivity is lower.

Example 7 —characterization of GBS-HSA—ADH samples

Example 7a

Saccharide content was detennined by colorimetnc sialic acid assay. Protein content was detennined

by MicroBCA. Free saccharide content was detennined by Capillaiy electrophoresis. The results are

shown in Table 3 and Table 4.

Table 3: anal sis of preparations according to Example 3a

Table 4: analysis of the preparation of example 3b



Example 7b —capillary electrophoresis

GBS Ib-HSA-ADH conjugates were also analysed by capillary electrophoresis. Buffer H3B03 100

mM; SDS pH 9.0, SDS 25 mM; Run time 15 min; Voltage 25 KVTemp. 20° C; Capillary 50mm,

50cm. Conjugates in the following weightweight ratios were analysed: GBS Ib:HSA-ADH 1:1

(Figure 9a; percentage of free saccharide is 65.8 %); GBS Ib:HSA~ADH 1:2 (Figure 9b; percentage

of free saccharide is 90.1 %); and GBS Ib:HSA~ADH 1:4 (Figure 9c; percentage of free saccharide

is 81.0 %).

Example 8 - example of assay method

Coating of multiwellplates

»Ia: 100 µ of 1 µg/mL solution of HSA-ADH covalently conjugated polysaccharide in IX

Phosphate Buffered Saline (PBS) were dispensed in each well of the plate. The plate was incubated

overnight at room temperature and then washed three times in washing buffer (0.05% Tween 20 in

IX PBS).

•Ib: 100 µ , of 1 µg/mL solution of HSA-ADH covalently conjugated polysaccharide in IX PBS

were dispensed in each well of the plate. The plate was incubated overnight at room temperature and

then washed three times in washing buffer.

•Ill: 100 µΐ of 1 µg/mL solution of HSA-ADH covalently conjugated polysaccharide in IX PBS

were dispensed in each well of the plate. The plate was incubated overnight at room temperature and

then washed three times in washing buffer.

Post-coating

250 µ of post-coating solution (2% BSA, 0.05% Tween 20 in PBS) were dispensed in each well of

the plate. The plate was incubated 90 min at 37°C and then aspirated to remove the post-coating

solution.

Serum incubation

Mouse sera were diluted in dilution buffer (2% BSA, 0.05% Tween 20 in PBS). Standard serum (a

pool of hyper-immune sera was prepared by pooling appropriate semm sample) was diluted in order

to obtain an OD above 2.000 at 405 nm (for the starting dilution). The plate was incubated one hour

at 37°C and then washed three times in washing buffer (0.05% Tween 20 in IX PBS).

Alkaline phosphatase (AP)-conjugated antibody incubation

100 of a solution of AP-conjugated anti-species in dilution buffer (2% BSA, 0.05% Tween 20 in

PBS) were dispensed in each well of the plate. The plate was incubated 90 minutes at 37°C and then

washed three times in washing buffer (0.05% Tween 20 in IX PBS).



Cromogenic reaction and calculation of antibody titres

100 µ ΐ of a chromogenic (p-nitrophenylphosphate) solution were added in each well. After an

incubation of 25-30 minutes at room temperature, ΙΟΟµΙ of an EDTA solution 7.0% pH 8.0 were

added to each well to stop the enzymatic reaction. The developed colour was measured using a plate

reader with wavelength set at 405 nm. Total IgG titres against GBS polysaccharide antigens (la, lb

and III) were calculated by using the Reference Line Assay Method and results were expressed as

arbitrary ELISA units/ml (EU/ml). For each of the three antigens, the standard serum IgG titre was

arbitrarily assigned a value of 1.0 EU/ml. Serum titres were estimated by interpolating ODs with the

titration curve (bias and slope) of the standard pool. Whenever the concentration of specific IgG of

the standard serum was known, the results were expressed as g/ml of specific IgG.

The ADH-HSA ELISA was compared with the classical HSA ELISA by a) measuring IgG responses

in sera from animals immunized with CRMi
7
-conjugated GBS la, lb and III polysaccharides and b)

measuring inhibition of those IgG responses by pre-incubation with the native polysaccharide. The

inhibition by native polysaccharide is shown in figures 11a, lib (GBS la), 11c (GBS lb) and lid

(GBSIII) as a percentage of the response obtained in the absence of inhibitor.

Three pools of sera with high, medium and low concentrations of antibody were tested. The sera

were incubated for 30 minutes at 37°C with increasing concentrations of polysaccharide: 0.5 g/ml;

1.0 g ml; 2.0 µg/ml and 4.0 µg/ml.

Immunoglobulin responses measured both for la and III were lower using plates coated in the

saccharide covalently linked to ADH-HSA than those coated in the saccharide covalently linked to

HSA, suggesting that the classical HSA method detects additional epitopes that are possibly present

in the CRMi 97 conjugates and not in the native polysaccharide.

The antibodies that are found to bind in the method of the present invention can be completely

inhibited by pre-incubation with native la, lb or III polysaccharide whereas the antibodies detected in

the method of the prior art (using a mixture of HSA and saccharide) can only be partially inhibited.

This suggests that the method of the prior art is indeed detecting antibodies not specific to the native

saccharide, whereas the method of the present invention is not.

Inhibition of immunoglobulin responses with the native polysaccharide was higher using ADH-HSA

compared with classical HSA. This was demonstrated with multiple sera and again indicates that the

classical HSA method detects additional epitopes that may be present in the CRM197 conjugates and

not in the native polysaccharide. This is particularly clear for la (observed with all 3 sera, particularly

the "medium", which attains 100% with ADH and remains 50% with HSA). Better inhibition by free

saccharide in the ADH plate in the case of lb also. For III, the difference between ADH and HSA can

be seen with the "low" serum, while 100% inhibition is quickly reached for the other sera. The

procedure for III may therefore be optimized further. More generally it seems that there is a tendency



for ADH to bind a smaller amount of antibodies for the III antigen than for la antigen, suggesting it is

more selective and specific.

Example 9 - further comparison with the method of the prior art

A method of the invention was compared with that of the prior art based on free capsular

polysaccharide. The method of the invention allowed use of a lower concentration of polysaccharide

and reduced incubation time with clearly better results in terms of precision, accuracy, linearity and

coating stability for each GBS polysaccharide (Table 5). As shown in figure 12, the comparison

study shows an acceptable agreement between the two different approaches as all data falls within

the confidence limits p< 0.05 (outer lines); therefore, the method with free polysaccharide can be

substituted with that of the invention.

Table 5 - Parameters of the ELISA method developed using saccharide-ADH-HSA conjugate for coating.

Range ofla lb III V
Acceptability

Repeatability 3.4 4.7 5.7 4.6 < 15%
Reproducibility 3.6 4.5 4.4 5.1 < 20%
Accuracy 9 1 99 104 103 80-120%
Linearity 0.9966 0.9972 0.9924 0.9982 R > 0.9
Plate stability 12 12 12 12 days

Example 10 —linearity assays

Linearity evaluation was performed with 1 1 replicates of the standard curve for GBS Ia-ADH-HSA

(mouse, figure 13a; human, figure 13b), GBS Ib-ADH-HSA (mouse, figure 13c; human, figure

13d), GBS Ia-ADH-HSA (mouse, figure 13e; human, figure 13f) and for the physical mixture of

GBS lb with ADH-derivatized HSA.

Example 11—potency assay

An example of the third aspect of the invention is a method to evaluate the potency of a GBS

capsular saccharide conjugate vaccine. An example of this method is outlined in Figure 14. Briefly,

the method compares the results of two competition ELISAs, in which (a) a reference GBS capsular

saccharide conjugate vaccine of known potency and (b) a batch of the GBS capsular saccharide

conjugate vaccine of unknown potency separately compete with a conjugate of the saccharide

associated with ADH-HSA for binding to a monoclonal antibody to the saccharide. It is envisaged

that the method may be carried out in the following way.

Microtitre plates are coated, at a known final concentration in PBS pH 7.4, with a covalent conjugate

of ADH-HSA and the saccharide that is comprised in the vaccine to be tested. Plates are sealed,

incubated overnight at 2°-8°C, then washed and saturated with a PBS pH 7.4 solution containing 1%

porcine gelatin, as a blocking reagent, for a two-hour incubation at 37 °C. Then plates are fixed with

a saline solution, containing 4% polyvinyl-pyrrolidone and 10% sucrose, and incubated at room



temperature for two hours. After incubating, the fixing solution is aspired and plates are left to dry

overnight on the bench.

In a different polypropylene microtitre plate the specific competitors (for example, a reference

vaccine tested in human clinical trials and a portion of a test vaccine batch) are diluted appropriately

with buffer solution (1% bovine serum albumin in PBS pH 7.4 with 0.01% TWEEN 20 (TM)). The

same volume of a monoclonal antibody to the saccharide, at a fixed dilution, is then added to the

wells and allowed to interact directly with the competitor at room temperature. After this step the

mixture is transferred to the coated and saturated plates and incubated for two hours at 37°C. Plates

are then washed and a goat-anti-mouse IgG antibody conjugated to alkaline phosphatase is added.

The secondaiy antibody is incubated for 1.5 hours at 37 C and, after washing, plates are left for 30

min at room temperature with a chromogenic substrate solution. Plates are blocked with a NaOH

solution and then absorbance values are read at a wavelength of 405-620 nm.

The response curve of the vaccine batch is detennined by a relative potency evaluation with respect

to the reference vaccine, using the Parallel-Line Model, as described in the European Pharmacopoeia

6.0. According to this model, the relationship between the logarithmic transformation of the dose and

the response (OD or a transformation) can be represented as a straight line over the range of doses

used; the model is based on the parallelism assumption between the unknown and the reference

vaccine. The horizontal distance between the two lines indicates the potency and immunogenicity of

the unknown batch relative to the reference batch. An example of a plot used to assess this value

(produced by a protocol similar to that outlined in this example) is shown in Figure 15.

Example 12 —generation of antibodies

Mouse monoclonal antibodies (mAbs) were generated following standard procedures. B-cell

hybridoma clones were isolated from spleen cells of immunized mice with the specific glyco-

conjugate. Positive clones were first selected by ELISA and then culture supematants were screened

for binding to the surface of GBS strains, expressing the homologous capsular polysaccharide, by

flow cytometry and by OPA assay in order to select bactericidal antibodies. Positive primary

hybridoma clones were then subjected to single cell cloning and sub-cloning by limiting dilution.

The sequences of the antibodies and the nucleic acids encoding them were detennined by standard

methods. The CDRs were predicted using the program described in ref. [133]. The SEQ ID NO for

each sequence is set out in



Table 6, and refers to the accompanying sequence listing.



Table 6

Example 13 —characterization of antibodies

Example 13a

The affinity of the antibodies for the relevant antigen was measured by surface plasmon resonance

(SPR) using a Biacore XI00 instrument (GE Healthcare).

GBS capsular polysaccharide Ia-HSA (10 µg ml), GBS capsular polysaccharide Ib-HSA (2 µg/ml)

and GBS capsular polysaccharide III-HSA (2 g/ml), in 10 mM sodium acetate pH 4.5, were

immobilized on CM5 biosensor chips (GE Healthcare). Optimum pH for immobilization of each

glycoconjugate in the range of pH 4 —5 was determined by a preliminary pH scouting test.

Immobilization was earned out for 9 min at a flow rate of 10 µΐ/min in flow cell 2, using standard

primary amine coupling (Amine Coupling Kit, GE Healthcare) in which the carboxymethylated CM5

dextran layers were activated at 10 µ / η for 7 min, by mixing equal volumes of 0.4 M N-ethyl-N-

(3-dimethylaminopropyl) carbodiimide (EDC) and 0.1 M N-hydroxysuccinimide (NHS). Unreacted

NHS-ester groups were blocked with three injections (4 min each) of 1.0 M ethanolamine

hydrochloride, atpH 8.5. The immobilization procedure allowed obtaining CM5-HSA-PSIa, CM5-

HSA-PSIb and CM5-HSA-PSIII biosensors of -2300 RU, -550 RU and - 1100 RU, respectively.

Untreated flow cell 1 was used as reference. HBS-EP with 0.005% (v/v) Tween 20 pH 7.2-7.4 was

used as running buffer for conjugate immobilization.

The three mAbs of Example 12 were investigated for their binding capacity to GBS capsular

polysaccharide la, lb and III, respectively, in SPR kinetic experiments. Interaction parameters in

terms of association (ka) and dissociation (ka) rate constants, and binding affinity (K = d / ka) were

determined.



Five two-fold serial dilutions of mAbs in mnning buffer (starting from 20 nM for the GBS capsular

polysaccharide la and lb specific mAbs and 50 nM for GBS capsular polysaccharide III specific

mAb) were injected over the respective coated biosensor for 2 min at 45 µΐ νη ίη followed by 10 min

dissociation time. Biosensor regeneration was performed after each concentration cycle using 3.5 M

MgCl2 (2 min, 10 µΐ/min). This treatment did not damage the biosensor surface as shown by

equivalent signals of binding ligand in different runs. Each kinetic experiment was performed in

triplicate and preceded by an identical binding-regeneration cycle of buffer as analyte. This cycle

was used as blank and subtracted from all the active curves to correct background effects.

The association, dissociation and affinity constants were determined by a simultaneous fitting of the

kinetic curves with a model of equimolar stoichiometiy ( 1:1) using the BIAevaluation X100 software

version 1.0 (GE Healthcare). Kinetic constants were determined as the average results of three

independent kinetic experiments. For the GBS capsular polysaccharide la and lb specific mAbs,

HBS-EP with 0.005% (v/v) Tween 20 pH 7.2 was used as mnning buffer for the kinetic experiments,

while for the GBS capsular polysaccharide III specific mAb PBS buffer pH 7.2 with 0.005% (v/v)

Tween 20 was used.

The results (average of three experiments) are shown in Table 7. The tested antibodies all showed

high affinity.

Table 7

Example 13b

The functional activity of these antibodies was measured by GBS killing in an OPA assay. Briefly,

GBS samples were incubated with prediluted sera from immunized mice (heated at 56°C for 30

minutes prior to testing to inactivate endogenous complement activity), differentiated HL-60 cells in

DMF (0.8%) and complement (C3b) for 1 hour with shaking. The mixtures were sampled, diluted

and plated at T O (after mixing) and at T60 (after shaking). Plates were stored overnight, then the

number of colony-forming units for each dilution was quantified. Based on these data, the OPA titre

(antibody dilution mediating 50% of killing) was determined.

The results are shown in Table 8. The tested antibodies all showed high functional activity.

Table 8



Example 13c

The specificity of the antibodies for a conjugate of GBS polysaccharide and CRMi over the

corresponding HSA conjugate was assessed by ELISA competition assays as described in Example

11. All 3 antibodies were IgGl. The concentrations were as follows: -Ia, 0.20 µg/ml; -Ib, 0.16

ml; a-III, 0.56 g l.

Each CRM197 conjugate inhibited binding of its specific antibody to the corresponding HSA

conjugate in a dose dependent, reproducible manner. A trivalent vaccine comprising CRM 7

conjugates of GBS polysaccharides from each serotype also inhibited binding in a dose dependent,

reproducible manner. Binding was not inhibited by CRM197 conjugates of other serotypes. The

results are shown in Figure 16.

Example 13d

Epitope mapping was carried out by saturation transfer difference NMR using antibodies according

to the invention. It was demonstrated that NeuNAc residues, in addition to other residues constituting

the repeating units, are involved in the antibody binding for all the GBS polysaccharides. Results are

shown in Figure 17.

Example 14 —discrimination of sub-potent vaccine batches

Batches of GBS la, lb and III polysaccharide conjugates were prepared with sialic acid content

decreasing from 100 to <5% (50mM NaAc, pH 4.75, 80°C; filtration with 30kDa MWCO, 10 mM

NaPi pH 7.2; dialysis). Sialic acid content was determined by NMR. Representative results of assays

according to Example 1 1 using these batches are shown in Figure 18. These indicate that sialic acid

concentrations lower than 32% (GBS la and III) and 5% (GBS lb) result in absence of potency

according to this assay. OPA titres and survival after lethal challenge in mice decrease when sialic

acid concentrations are below 24%, whereas ELISA titres are higher at lower sialic acid

concentration.

Example 15 —characterization of assay according to Example 11

Example 15a

Assay reproducibility was tested by determining potency values for two vaccine batches. The results

are shown in Figure 19. The assay shows CV% of potency values of lower than 15% for two

different vaccine batches in the case of GBS la, lb and III.

Example 15b

The assay was used to determine the relative potency values of increasing concentrations of GBS

trivalent vaccine. The results showed linearity over a high dynamic range (analysed for

concentrations from 0.25 to 1.6 g/ml of each of GBS la, lb and III) as shown in Figure 20. The



assay therefore allows determination of the precise amount of each single antigen component in the

trivalent vaccine.

Example 15c

Specificity and selectivity of the assay was assessed by measuring the spike recoveiy effect. The

composition of the trivalent GBS vaccine was changed by adding increasing amounts of a single

component: GBS Ia-CRMi conjugate. The results are shown in Figure 2 1 and demonstrate the

selectivity and specificity of the assay for a single GBS polysaccharide antigen (in this case GBS la

polysaccharide).

It will be understood that the invention has been described by way of example only and

modifications may be made whilst remaining within the scope and spirit of the invention.
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CLAIMS

I . A method for detecting in a sample the presence of an antibody to a conjugate of an

antigen associated with a first canier by a first association, said method comprising the steps:

(i) contacting a conjugate of the antigen associated with a second carrier by a second

association with said sample under conditions that allow binding of the antibody to the

antigen; and

(ii) introducing an agent to detect the presence of the antibody bound to said antigen;

wherein the first association and the second association are covalent associations and the first

association is different from the second association.

2. A method of claim 1, wherein the method is for measuring the concentration of the

antibody in the sample.

3. A method of any preceding claim, wherein the sample is selected from the group

comprising whole blood, serum and plasma.

4. A method of claim 3, wherein the sample is serum.

5. A method of any preceding claim wherein the sample is a sample from a pregnant

mammal.

6. A method of claim 2, wherein the method further comprises a step:

(iii) comparing the concentration with a standard criterion for seroprotection for the

antigen, e.g. against neonatal infection during childbirth.

7. A method of any preceding claim, wherein the antibody is an immunoglobulin G

antibody.

8. A method of any preceding claim, wherein the first canier is a protein.

9. A method of claim 8, wherein the first canier is diphtheria toxoid, tetanus toxoid,

CRM197 or protein D.

10. A method of any preceding claim, wherein the second carrier is a protein.

II. A method of claim 10, wherein the second canier is serum albumin.

12. A method of any preceding claim, wherein the antigen is a saccharide

13. A method of claim 12, wherein the saccharide is a bacterial antigen.

14. A method of claim 12, wherein the saccharide is a group B streptococcus capsular

saccharide.

15. A method of any preceding claim, wherein the conjugate of the antigen associated with

the second canier is immobilized on a surface.

16. A method of any claim 15, wherein the conjugate of the antigen associated with the

second canier by a second association is immobilized on a multiwell plate.

17. A method of any preceding claim, wherein the agent to detect the presence of the

antibody is an labelled antibody to the antibody.



18. A method of claim 1 , wherein the agent to detect the presence of the antibody is an

alkaline phosphatase-conjugated antibody to the antibody.

19. A method of any preceding claim, wherein the first association is a first covalent

association; and wherein the second association is a second covalent association comprising a

different linker group from the first covalent association.

20. A method of any of claims 1 to 19, wherein the first association comprises the linker —

NHCH2- .

21. A method of any of claims 1 to 20, wherein the second association comprises the linker —

C(0)NHNHC(0)L C(0)NHNHC(0>- wherein L1 is a divalent radical selected from the group

comprising alkylene, alkenylene, cycloalkylene, cycloalkenylene, arylene, heteroarylene,

arylalkylene, alkarylene, or alkylenearylalkylene.

22. A method of claim 21, wherein L1 is C4.8 alkylene or phenylene.

23. A method of claim 22, wherein L1is C4 alkylene.

24. A method of claim 1, wherein the antigen is a group B streptococcus capsular saccharide,

the first earner is CRM 197,

the first association comprises the linker—NHCH2- ,

the second earner is a serum albumin,

and the second association comprises the linker -C(0)NHNHC(0)(CH 2)4C(0)NHNHC(0)- wherein

L1 is C4 alkylene.

25. A conjugate as described in any of claims 1, 8 to 14 and 19 to 24.

26. A multiwell plate coated in a conjugate according to claim 25.

27. A kit for detecting an antibody to a conjugate of an antigen associated with a first carrier

by a first association, said kit comprising a conjugate of the antigen associated with a second carrier

by a second association; wherein the first association and the second association are covalent

associations and the first association is different from the second association.

28. A method of providing for use by physicians a vaccine comprising a conjugate of an

antigen associated with a first carrier by a first association, comprising the steps of: (a) administering

the vaccine to a plurality of subjects; (b) collecting samples from the subjects; (c) measuring the

concentration of an antibody to the conjugate in each sample using the method of any of claims 1 to

24; (d) comparing the concentrations with a standard criterion for seroprotection for the antigen; and,

if the comparison in step (d) indicates concentrations superior to the criterion for seroprotection in a

predetermined proportion of the subjects, (e) providing the vaccine for use by physicians.

29. A method according to claim 28, wherein the predetermined number of subjects is 80%

of a statistically significant sample of subjects.

30. A method of releasing a batch of a vaccine comprising a conjugate of an antigen

associated with a first carrier by a first association, comprising the steps of:



(a) contacting, with an antibody to the conjugate in the presence of a portion of the vaccine

batch, a conjugate of the antigen associated with a second carrier by a second association under

conditions that allow binding of the antibody to the antigen;

(b) introducing an agent to detect the presence of the antibody bound to the antigen

associated with a second earner by a second association;

(c) determining the quantity of the bound antibody;

(d) carrying out steps (a) to (c) with the portion of the vaccine batch substituted by a

reference vaccine;

(e) comparing the results of each step (c); and, if the comparison in step (e) indicates that the

vaccine batch meets pre-determined requirements for release,

(f) releasing the vaccine.

31. A method of claim 30, wherein the antibody is an immunoglobulin G antibody.

32. A method of claim 30 or claim 31, wherein the first carrier is a protein.

33. A method of claim 32, wherein the first earner is diphtheria toxoid, tetanus toxoid,

CRM197 or protein D.

34. A method of any of claims 30 to 33, wherein the second earner is a protein.

35. A method of claim 34, wherein the second carrier is serum albumin.

36. A method of any of claims 30 to 35, wherein the antigen is a saccharide

37. A method of claim 36, wherein the saccharide is a bacterial antigen.

38. A method of claim 36, wherein the saccharide is a group B streptococcus capsular

saccharide.

39. A method of any of claims 30 to 38, wherein the conjugate of the antigen associated with

the second carrier is immobilized on a surface.

40. A method of any claim 39, wherein the conjugate of the antigen associated with the

second earner by a second association is immobilized on a multiwell plate.

41. A method of any of claims 30 to 40, wherein the agent to detect the presence of the

antibody is a labelled antibody to the antibody.

42. A method of claim 41, wherein the agent to detect the presence of the antibody is an

alkaline phosphatase-conjugated antibody to the antibody.

43. A method of any of claims 30 to 42, wherein the first association is a first covalent

association; and wherein the second association is a second covalent association comprising a

different linker group from the first covalent association.

44. A method of any of claims 30 to 43, wherein the first association comprises the linker —

NHCH2- .

45. A method of any of claims 30 to 44, wherein the second association comprises the linker

-C(0)NHNHC(0)L 1C(0)NHNHC(0)- wherein L is a divalent radical selected from the group



comprising alkylene, alkenylene, cycloalkylene, cycloalkenylene, arylene, heteroarylene,

arylalkylene, alkaiylene, or alkyleneaiylalkylene.

46. A method of claim 45, wherein L1is C4 - alkylene or phenylene.

47. A method of claim 46, wherein L1 is C4 alkylene.

48. A method of claim 30, wherein the antigen is a group B streptococcus capsular

saccharide,

the first earner is CRM197,

the first association comprises the linker—NHCH2- ,

the second earner is a serum albumin,

and the second association comprises the linker -C(0)NHNHC(0)(CH 2)4C(0)NHNHC(0>- wherein

L is C4 alkylene.

49. An isolated antibody comprising (a) at least one variable region comprising an amino

acid sequence with at least about 95% sequence identity to a variable region within SEQ ID NO. 2 or

a variable region within SEQ ID NO. 4 or (b) a light chain third CDR (LC-CDR3) comprising the

amino acid sequence set out in SEQ ID NO. 33 and/or a heavy chain third CDR (HC-CDR3)

comprising the amino acid sequence set out in SEQ ID NO. 24.

50. An isolated antibody according to claim 49, comprising at least one variable region

comprising an amino acid sequence with about 100% sequence identity to a variable region within

SEQ ID NO. 2 or a variable region within SEQ ID NO. 4.

51. An isolated antibody according to claim 49, comprising a V comprising an amino acid

sequence with at least about 95% sequence identity to a variable region within SEQ ID NO: 2 and a

V comprising an amino acid sequence with at least about 95% sequence identity to a variable region

within SEQ ID NO: 4 .

52. An isolated antibody according to claim 51, comprising a VL comprising an amino acid

sequence with about 100% sequence identity to a variable region within SEQ ID NO: 2 and a VH

comprising an amino acid sequence with about 100% sequence identity to a variable region within

SEQ ID NO: 4.

53. An isolated antibody according to any of claims 49 to 52, wherein the variable region

within SEQ ID NO. 2 is the amino acid sequence as set out in SEQ ID NO. 13.

54. An isolated antibody according to any of claims 49 to 53, wherein the variable region

within SEQ ID NO. 4 is the amino acid sequence as set out in SEQ ID NO. 14.

55. An isolated antibody according to any one of claims 49 to 54, wherein the antibody binds

to GBS type III capsular saccharide with a KD of<5 nM.

56. An isolated antibody comprising (a) at least one variable region comprising an amino

acid sequence with at least about 95% sequence identity to a variable region within SEQ ID NO. 6 or

a variable region within SEQ ID NO. 8 or (b) a light chain third CDR (LC-CDR3) comprising the



amino acid sequence set out in SEQ ID NO. 27 and/or a heavy chain third CDR (HC-CDR3)

comprising the amino acid sequence set out in SEQ ID NO. 30.

57. An isolated antibody according to claim 56, comprising at least one variable region

comprising an amino acid sequence with about 100% sequence identity to a variable region within

SEQ ID NO. 6 or a variable region within SEQ ID NO. 8.

58. An isolated antibody according to claim 56, comprising a V L comprising an amino acid

sequence with at least about 95% sequence identity to a variable region within SEQ ID NO: 6 and a

VH comprising an amino acid sequence with at about least about 95% sequence identity to a variable

region within SEQ ID NO: 8.

59. An isolated antibody according to claim 58, comprising a V L comprising an amino acid

sequence with about 100% sequence identity to a variable region within SEQ ID NO: 6 and a V

comprising an amino acid sequence with about 100% sequence identity to a variable region within

SEQ ID NO: 8 .

60. An isolated antibody according to any of claims 56 to 59, wherein the variable region

within SEQ ID NO. 6 is the amino acid sequence as set out in SEQ ID NO. 15.

6 1. An isolated antibody according to any of claims 56 to 60, wherein the variable region

within SEQ ID NO. 8 is the amino acid sequence as set out in SEQ ID NO. 16 .

62. An isolated antibody according to any one of claims 56 to 6 1, wherein the antibody binds

to GBS type lb capsular saccharide with a K of <0.5 nM.

63 . An isolated antibody comprising (a) at least one variable region comprising an amino

acid sequence with at least about 95% sequence identity to a variable region within SEQ ID NO. 10

or a variable region within SEQ ID NO. 12 or (b) a light chain third CDR (LC-CDR3) comprising

the amino acid sequence set out in SEQ ID NO. 2 1 and/or a heavy chain third CDR (HC-CDR3)

comprising the amino acid sequence set out in SEQ ID NO. 36.

64. An isolated antibody according to claim 63, comprising at least one variable region

comprising an amino acid sequence with about 100% sequence identity to a variable region within

SEQ ID NO. 10 or a variable region within SEQ ID NO. 12.

65. An isolated antibody according to claim 63, comprising a V L comprising an amino acid

sequence with at least about 95% sequence identity to a variable region within SEQ ID NO: 10 and a

V H comprising an amino acid sequence with at least about 95% sequence identity to a variable region

within SEQ ID NO: 12 .

66. An isolated antibody according to claim 65, comprising a V L comprising an amino acid

sequence with about 100% sequence identity to a variable region within SEQ ID NO: 10 and a V H

comprising an amino acid sequence with about 100% sequence identity to a variable region within

SEQ ID NO: 12.



67. An isolated antibody according to any of claims 63 to 66, wherein the variable region

within SEQ ID NO. 10 is the amino acid sequence as set out in SEQ ID NO. 17.

68. An isolated antibody according to any of claims 63 to 67, wherein the variable region

within SEQ ID NO. 11 is the amino acid sequence as set out in SEQ ID NO. 18.

69. An isolated antibody according to any one of claims 63 to 68, wherein the antibody binds

to GBS type la capsular saccharide with a K of <2.5 nM.
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