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BEFORE THE CONTROLLER OF PATENTS

PATENT OFFICE KOLKATA

In the matter of Patents Act, 1970 as

amended by Patents (Amendment) Act 2005,

And

In the matter of Patents Rules, 2006

And

IN THE MAITER of Patents Application

No. 2533/KOLNP/2008 filed on 23/06/2008

by

GlaxoSmithKline Biologicals

Rue De L'Institute 89,

B- 1330 Rixensart, Belgium

........ Applicant

IN THE MAITER of representation by way

opposition of the grant of a patent thereto by

Panacea Biotec Ltd. B-1 Ext. IA-27,

Mohan Co-op. Indl. Estate,

Mathura Road,

New Delhi, 110044, INDIA

........... Opponent



REPRESENTATION UNDER SECTION 25(1)

We, Panacea Biotec Ltd, (hereinafter called 'opponent') make the following representation

under Section 25( 1) of the Act in opposing the grant of patent on the application indicated in

the cause title.

IMPUGNED APPLICATION

The impugned application no. 2533/KOLNP/2008 entitled "CONJUGATE VACCINES",

entered national phase on Jun 23, 2008, and arises out of International application no.

PCT/EP2006/070173 filed on Dec 22, 2006. For the purpose of priority date, the date

considered is Dec 23,2005.

The impugned application to the best of the information of the opponent is not granted and

therefore the present opposition is within time and ought to be taken on record.

1. THE OPPONENT'S BUSINESS AND ACTIVITIES

The opponent, Panacea Biotec Ltd, is a Company incorporated under laws of India and having

its principal office at B-1 Ext. IA-27, Mohan Co-op Indl. Estate, Mathura Road, New Delhi,

110 044, INDIA. The opponent is a leading manufacturer of medicines and vaccines in this

country and the opponent's products are sold under different brands and enjoy considerable

goodwill and reputation. The opponent is very well known and has been operating in this

country for several decades. The opponent is also engaged in the research and development of

vaccines, biopharmaceuticals, medicines and pharmaceutical products and preparations.

2. LOCUS STANDI

Locus standi is not a condition precedent for an opposition under Section 25( 1). In any event, it

is stated that the application under opposition relates to an alleged invention in the field of



medicinal products. The opponent being engaged in the research and development as well as in

the manufacture of drugs / medicinal compositions for many years and is thus a person

interested.

3. GROUNDS OF OPPOSITION UNDER SECTION 25 (1) OF THE INDIAN

PATENTS ACT, 1970

The application is opposed on the following grounds of Section 25 (1) (Pre-grant opposition to

the patents) which reads as under:

25( 1): Where an application for a Patent has been published but a patent has not been granted,

any person may in writing represent by way of opposition to the Controller against the grant of

patents on the ground-

b. that the invention so far as claimed in any claim of the complete specification

has been published before the priority date of the claim

(i) In any specification filed in pursuance of an application for a Patent made in India on or

after the 1st day of January, 1912; or(ii) In India or elsewhere, in any other document.

Provided that the ground specified in sub-clause (ii) shall not be available where such

publication does not constitute an anticipation of the invention by virtue of sub-section (2) or

sub-section (3) of section 29.

c. that the invention so far as claimed in any claim of the complete specification

is claimed in a claim of a complete specification published on or after the

priority date of the applicant's claim and filed in pursuance of an application

for a Patent in India, being a claim of which the priority date is earlier than that

of the applicant's claim;

e. that the invention so far as claimed in any claim of the complete specification

is obvious and clearly does not involve any inventive step, having regard to the



matter published as mentioned in clause (a) or having regard to what was used

in India before the priority date of the applicant's claim;

f. that the subject of any claim of the complete specification is not an invention

within the meaning of this Act, or is not Patentable under this Act;

4. CLAIMS OF THE ALLEGED APPLICATION

All the claims of the alleged application have been reproduced below:

1. A method for immunizing a human patient against a disease caused by Neisseria

meningitidis, comprising the step of administering to the human patient a composition that

comprises at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup A N

meningitidis and (ii) a tetanus toxoid or derivative thereof; (b) a conjugate of (i) the capsular

saccharide of serogroup C N meningitidis and (ii) a tetanus toxoid or derivative thereof; (c) a

conjugate of (i) the capsular saccharide of serogroup W135 N meningitidis and (ii) a tetanus

toxoid or derivative thereof; and (d) a conjugate of (i) the capsular saccharide of serogroup Y

N meningitidis and (ii) a tetanus toxoid or derivative thereof, wherein the patient has been pre-

immunized with (a) a tetanus toxoid or derivative thereof and/or (b) a conjugate of (i) a

capsular saccharide of an organism other than N meningitidis and (ii) a tetanus toxoid or

derivative thereof.

2. A method for immunizing a human patient against a disease caused by Neisseria

meningitidis, comprising the step of administering to the human patient a composition that

comprises at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup A N

meningitidis and (ii) a tetanus toxoid; (b) a conjugate of (i) the capsular saccharide of

serogroup C N meningitidis and (ii) a tetanus toxoid; (c) a conjugate of (i) the capsular

saccharide of serogroup W135 N meningitidis and (ii) a tetanus toxoid; and (d) a conjugate of

(i) the capsular saccharide of serogroup Y N meningitidis and (ii) a tetanus toxoid, wherein the

patient has been pre-immunized with (a) a tetanus toxoid and/or (b) a conjugate of (i) a

capsular saccharide of an organism other than N meningitidis and (ii) a tetanus toxoid.



3. The use of at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup AN

meningitidis and (ii) a tetanus toxoid or derivative thereof; (b) a conjugate of (i) the capsular

saccharide of serogroup C N meningitidis and (ii) a tetanus toxoid or derivative thereof; (c) a

conjugate of (i) the capsular saccharide of serogroup W135 N meningitidis and (ii) a tetanus

toxoid or derivative thereof; and (d) a conjugate of (i) the capsular saccharide of serogroup Y

N meningitidis and (ii) a tetanus toxoid or derivative thereof, in the manufacture of a

medicament for immunizing a human patient against a disease caused by Neisseria

meningitidis, wherein the patient has been pre-immunized with (a) a tetanus toxoid or

derivative thereof and/or (b) a conjugate of (i) a capsular saccharide of an organism other than

Nmeningitidis and (ii) a tetanus toxoid or derivative thereof.

4. The use of at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup AN

meningitidis and (ii) a tetanus toxoid; (b) a conjugate of (i) the capsular saccharide of

serogroup C N meningitidis and (ii) a tetanus toxoid; (c) a conjugate of (i) the capsular

saccharide of serogroup W 135 N meningitidis and (ii) a tetanus toxoid; and (d) a conjugate of

(i) the capsular saccharide of serogroup Y N meningitidis and (ii) a tetanus toxoid, in the

manufacture of a medicament for immunizing a human patient against a disease caused by

Neisseria meningitidis, wherein the patient has been pre-immunized with (a) a tetanus toxoid

and/or (b) a conjugate of (i) a capsular saccharide of an organism other than N meningitidis

and (ii) a tetanus toxoid.

5. The method of claim 1 or 2, wherein the composition comprises (a) and (b), (b) and (d), or

all four of (a), (b), (c) and (d).

6. The use of claim 3 or 4, wherein the use is of (a) and (b), (b) and (d), or all four of (a), (b),

(C) and (d). 7 The method or use of any preceding claim, wherein the patient has been pre-

immunised with a vaccine comprising a tetanus toxoid. 8 The method or use of any preceding

claim, wherein the patient has been pre- immunised with a vaccine comprising a Hib

conjugate.

9. The method or use of any preceding claim, wherein the patient has been pre- immunised

with a vaccine comprising at least one pneumococcal conjugate



10. The method or use of any preceding claim, wherein the patient was pre- immunised at least

0.5, 1, 2, 4 or 6 months before the method or use

11. The method or use of claim 10, wherein the patient was pre-immunised at least 8 years

before the method or use. 12 The method or use of any preceding claim, wherein the pre-

immunisation took place within 1 year of the patient's birth.

13. The method or use of any preceding claim, wherein the saccharides in the meningococcal

conjugates (a) to (d) are shorter than the native capsular saccharides seen in meningococcus. 14

The method or use of any preceding claim, wherein the meningococcal conjugates comprise a

tetanus toxoid carrier and an adipic acid linker

15. The method or use of claim 14, comprising no more than 50Jlg of tetanus toxoid carrier. 16

The method or use of any preceding claim, wherein the composition or medicament further

comprises a conjugated capsular saccharide from Streptococcus pneumoniae

17. The method or use of any preceding claim, wherein the composition or medicament further

comprises a conjugated capsular saccharide from Haemophilus influenzae type B. 18 The

method or use of any preceding claim, wherein the composition or medicament further

comprises a protein antigen from serogroup B of Neisseria meningitidis

19. The method or use of any preceding claim, wherein the composition or medicament

includes an aluminium hydroxide adjuvant and/or an aluminium phosphate adjuvant. 20 The

method or use of any preceding claim, wherein the disease caused by Neisseria meningitidis is

meningococcal meningitis

21. The method or use of claims 1-6, wherein: - the patient has been pre- immunised, at least

five years before the method or use, with a vaccine comprising a tetanus toxoid; - the

meningococcal conjugates comprise a tetanus toxoid carrier and, optionally, an adipic acid

linker; - the meningococcal conjugates are present at 2-15 Jlg/ml (measured as meningococcal

saccharide) per serogroup, - the saccharide:carrier weight ratio for at least one conjugate is

about 1:3; and - the medicament includes 20-50 Jlg/ml of tetanus toxoid.



22. A method for immunizing a human patient against a disease caused by Streptococcus

pneumoniae, comprising the step of administering to the human patient a composition that

comprises at least seven, ten, eleven, thirteen or fourteen conjugates of different capsular

saccharide serotypes of pneumococcus, at least one of which conjugated to a diphtheria toxoid

or CRM197 or a derivative thereof, wherein the patient has been pre-immunized with (a) a

diphtheria toxoid or derivative thereof and/or (b) a conjugate of (i) a capsular saccharide of an

organism other than pneumococcus and (ii) a diphtheria toxoid or CRM197 or derivative

thereof

23. A method for immunizing a human patient against a disease caused by Streptococcus

pneumoniae, comprising the step of administering to the human patient a composition that

comprises at least seven, ten, eleven, thirteen or fourteen conjugates of different capsular

saccharide serotypes of pneumococcus, at least one of which conjugated to tetanus toxoid or a

derivative thereof, wherein the patient has been pre-immunized with (a) a tetanus toxoid or

derivative thereof and/or (b) a conjugate of (i) a capsular saccharide of an organism other than

pneumococcus and (ii) a tetanus toxoid or derivative thereof.

24. A method for immunizing a human patient against a disease caused by Streptococcus

pneumoniae, comprising the step of administering to the human patient a composition that

comprises at least seven, ten, eleven, thirteen or fourteen conjugates of different capsular

saccharide serotypes of pneumococcus, at least one of which is conjugated to tetanus toxoid or

a derivative thereof and at least one of which is conjugated to diphtheria toxoid or CRM 197 or

a derivative thereof, wherein the patient has been pre-immunized with (a) a tetanus toxoid or

derivative thereof and/or (b) a conjugate of (i) a capsular saccharide of an organism other than

pneumococcus and (ii) a tetanus toxoid or derivative thereof and (c) a diphtheria toxoid or

derivative thereof and/or (d) a conjugate of (i) a capsular saccharide of an organism other than

pneumococcus and (ii) a diphtheria toxoid or CRM197 or derivative thereof.

25. The use of at least seven, ten, eleven, thirteen or fourteen conjugates of different capsular

saccharide serotypes of pneumococcus, at least one of which conjugated to a diphtheria toxoid

or CRM197 or a derivative thereof, in the manufacture of a medicament for immunizing a

human patient against a disease caused by pneumococcus, wherein the patient has been pre-



immunized with (a) a diphtheria toxoid or derivative thereof and/or (b) a conjugate of (i) a

capsular saccharide of an organism other than pneumococcus and (ii) a diphtheria toxoid or

CRM197 or derivative thereof.

26. The use of at least seven, ten, eleven, thirteen or fourteen conjugates of different capsular

saccharide serotypes of pneumococcus, at least one of which conjugated to a tetanus toxoid or

a derivative thereof, in the manufacture of a medicament for immunizing a human patient

against a disease caused by pneumococcus, wherein the patient has been pre-immunized with

(a) a tetanus toxoid or derivative thereof and/or (b) a conjugate of (i) a capsular saccharide of

an organism other than pneumococcus and (ii) a tetanus toxoid or derivative thereof.

27. The use of at least seven, ten, eleven, thirteen or fourteen conjugates of different capsular

saccharide serotypes of pneumococcus, at least one of which is conjugated to tetanus toxoid or

a derivative thereof and at least one of which is conjugated to diphtheria toxoid or CRM 197 or

a derivative thereof, in the manufacture of a medicament for immunizing a human patient

against a disease caused by pneumococcus, wherein the patient has been pre- immunized with

(a) a tetanus toxoid or derivative thereof and/or (b) a conjugate of (t) a capsular saccharide of

an organism other than pneumococcus and (n) a tetanus toxoid or derivative thereof and (c) a

diphtheria toxoid or derivative thereof and/or (d) a conjugate of (t) a capsular saccharide of an

organism other than pneumococcus and (ti) a diphtheria toxoid or CRM197 or derivative

thereof

28 The method or use of claims 22-27, wherein a meningococcal capsular saccharide conjugate

is not present in the composition or medicament

29 The method or use of claims 22-28, wherein the patient has been pre-immunised with a

vaccine comprising a diphtheria toxoid.

30 The method or use of claims 22-29, wherein the patient has been pre-immunised with a

vaccine comprising a tetanus toxoid.

31 The method or use of claims 22-30, wherein the patient has been pre-immunised with a

vaccine comprising a Hib conjugate



32. The method or use of claims 22-31, wherein the patient has been pre-immunised with a

vaccine comprising at least one meningococcal capsular saccharide conjugate.

33 The method or use of claims 22-32, wherein the patient was pre-immunised at least 0 5, 1,

2, 4 or 6 months before the method or use

34 The method or use of claim 33, wherein the patient was pre-immunised at least 8 years

before the method or use.

35. The method or use of claims 22-34, wherein the pre- immunisation took place within 1 year

of the patient's birth

36. The method or use of claims 22-35, wherein at least one of the saccharides in the

pneumococcal conjugates are shorter than the native capsular saccharides seen in

pneumococcus.

37. The method or use of claims 22-36, wherein at least one of the pneumococcal conjugates

comprises a diphtheria toxoid carrier and, optionally, an adipic acid linker. 38 The method or

use of claims 22-37, wherein at least one of the pneumococcal conjugates comprises a

CRM197 carrier and, optionally, an adipic acid linker

39. The method or use of claims 22-38, wherein at least one of the pneumococcal conjugates

comprises a tetanus toxoid carrier and, optionally, an adipic acid linker

40. The method or use of claim 37 or 38, comprising no more than 60llg of diphtheria toxoid or

CRM 197 earner.

4 1. The method or use of claim 39, comprising no more than 50llg of tetanus toxoid carrier.

42. The method or use of claims 22-41, wherein the composition or medicament further

comprises a conjugated capsular saccharide from Haemophilus influenzae type B.

43. The method or use of claims 22-42, wherein the composition or medicament further

comprises a protein antigen from serogroup B of Neisseria meningitidis.



44. The method or use of claims 22-43, wherein the composition or medicament includes an

aluminium hydroxide adjuvant and/or an aluminium phosphate adjuvant.

45. A method for immunising a human patient against a disease caused by Neisseria
rooningitidis, Borde/ella pertussis, Clostridium te/ani, COIYnebaclerium diphtheriae
and Streptococcus pneumoniae canprising the step of administering to the human
patient the following vaccines with the foltowing administration scheme:

~
. StrLMe

Visit 1 i Visit 2 Visit 3 Visit 4

~m:
' w··w'· ____________

;
-,--~~ m. "0_"" -

p X-_._._-_ ..- ...._ ..

e.2-- X X
ne I X J X

...._.-. ............ _ ......

wherein the visit to the medical practitioner all occur in the first 8 months of life,
wherein there is at least 2 weeks between each consecutive visit,
wherein DTP comprises DT, TT, and either whole cell (Pw) or acellular (Pa) pertussis
antigens.
wherein Strap is a multivalent pneumococcal capsular saccharide conjugate vaccine
comprising at least 7, 10, 11, 13 or 14 col1ugated serotypes,
wherein MenC comprises a conjugated N. meningitidis serogroup C capsular
saccharide,
wherein alleast one conjugated saccharide in each of the Strep and MenC vaCCines
is conjugated to DT or CRM197. or at least one conjugated saccharide in each of the
Strep and MenC vaccines is conjugated to TT.

46. A method for immunising a human patient against a disease caused by Neisseria
meningitidis, Bordetella pertussis, Clostridium tetani, Corynebacterium d;phtheriae
and Streptococcus pneumon;ae comprising the step of administering to the human
patient the following vaccines with the following administration scheme:

_L..:..:.. -'----mm -- mmm•........m. Qp!!9~~!tyL.:..X=____J

wherein the visit to the medical practitioner all occur in the first 8 months of life,
wherein there is at least 2 weeks between each consecutive visit.
wherein DTP comprises DT, TT. and either whole cell (Pw) or acellular (Pa) pertussis
antigens,
wherein Strep is a mUltivalent pneumococcal capSUlar saccharide conjugate vaccine
comprising at least 7. 10. 11. 13 or 14 conjugated serotypes.
wherein MenC comprises a conjugated N. meningitidis serogroup C capsular
saccharide.

wherein at least one conjugated saccharide in each of the Strep and MenC vaccines
is conjugated to DT or CRM197, or alleast one conjugated saccharide in each of the
Strep and MenC vaccines is conjugated to TT.



47. A method for Immunising a human patient against a disease caused by Neisseria
maningitidis. Bordetalla pertussis, Clostridium letani, Corynebacterium diphtheriae
and Streptococcus pneumoniae comprising the step of administering to the human
patient the following vaccines with the following administration scheme:
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wherein the visit to the medical practitioner all occur in the first 8 months of life.
wherein there Is at least 2 weeks between each consecutive visit,
wherein DTP ~rises DT. TI, and either whole cell (Pw) or acellular (Pa) pertussis
antigens,
wherein Strep is a multivalent pneumococcal capsular saccharide conjugate vaccine
comprising atleast 7, 10, 11, 13 or 14 conjugated serotypes,
wherein MenC comprises a conjugated N. meningitidis serogroup C capsular
saccharide,
wherein at least one conjugated saccharide in each of the Strap and MenC vaccines
is conjugated to DT or CRM197, or at least one conjugated saccharide in each of the
Strap and MenC vaccines is conjugated to IT.

48 The method of claims 45-47, wherein Visits 1,2 and 3 occur at 2,3,4 months of age; 3,4,5

months of age; 2, 4, 6 months of age; or 6, 10, 14 weeks of age.

49. The method of claims 45-48, wherein visit 4 occurs at 5 months of age.

50 The method of claims 45-49, wherein DTP, MenC and Strep are administered as separate

injections at anyone visit

51. The method of claims 45-49, wherein DTP, MenC and Strep are administered as a

combination vaccine at anyone visit.

52. The method of claims 45-51 , wherein MenB, aN meningitidis subunit protein vaccine or a

N meningitidis outer membrane vesicle vaccine (preferably isolated from a serogroup B strain),

is administered at Visit 1 and Visit 3.

53. The method of claim 52, wherein MenB is given as a booster dose at a further visit at 11-15

months of age



54 The method of claims 45-53, wherein DTP is given as a booster dose at a further visit at 11-

15 months of age

55. The method of claims 45-54, wherein MenC is given as a booster dose at a further visit at

11-15 months of age

56 The method of claims 45-55, wherein Strep is given as a booster dose at a further visit at

11-15 months of age.

57 The method of claims 45-56, wherein DTP further compnses HepB surface antigen

(optionally adsorbed onto aluminium phosphate).

58. The method of claims 45-57, wherein DTP further comprises inactivated polio virus.

59 The method of claims 45-58, wherein MenC further comprises a conjugated N. meningitidis

serogroup A capsular saccharide which is optionally conjugated to the same protein carrier as

MenC.

60. The method of claims 45-59, wherein MenC further comprises a conjugated N meningitidis

serogroup Y capsular saccharide which is optionally conjugated to the same protein carrier as

MenC.

61. The method of claims 45-60, wherein MenC further comprises a conjugated N meningitidis

serogroup W135 capsular saccharide which is optionally conjugated to the same protein carrier

as MenC

62. The method of claims 45-61 , wherein MenC further comprises a conjugated H influenzae

type B capsular saccharide which is optionally conjugated to the same protein carrier as MenC.

63. The method of claims 45-61 , wherein DTP further comprises a conjugated H influenzae

type B capsular saccharide which is optionally conjugated to the same protein carrier as MenC



i4. The method of claims 45-63, wherein at least one capsular saccharide is conjugated to IT

n the MenC and Strep vaccines

i5 The method of claims 45-64, wherein at least one capsular saccharide is conjugated to DT

n the MenC and Strep vaccines

56. The method of claims 45-65, wherein at least one capsular saccharide is conjugated to

:RM 197 in the MenC and Strep vaccines.

57. The use of the vaccines of claims 45-66 in the manufacture of a medicament for

lmmunising a human patient against a disease caused by Neisseria meningitidis, Bordetella

pertussis, Clostridium tetam, Corynebactenum diphthercae and Streptococcus pneumoniae,

wherein the patient is administered vaccine according to the vaccination schedule of claims 45-

67.

68. A kit comprising all the vaccines required for Visit 1 vaccine administration of claims 45-

67, and instructions for its use

69. A kit comprising all the vaccines required for Visit 2 vaccine administration of claims 45-

67, and instructions for its use.

70 A kit comprising all the vaccines required for Visit 3 vaccine administration of claims 45-

67, and instructions for its use

Thus, claims 1- 4 are independent claims, claims 5- 21 being dependent on the claims 1- 4.

The claims 22- 27 are independent claims and the claims 28- 44 are dependent on claims

22-27. The claims 45- 47 are independent claims. The claims 48- 70 are dependent on

claims 45- 47, as reproduced above.

5. DOCUMENTS RELIED UPON BY THE OPPONENT



Dl- Booster response to the tetanus and diphtheria toxoid carriers of II-valent pneumococcal

conjugate vaccine in adults and toddlers- Rose-Marie Olander Vaccine 20 (2002) 336-341.

D2- 2864/KOLNP/2007 by CHIRON SRL; International application no: PCT/GB061000120

(WO 2006075170); Priority date: 14/0112005; date of publication of the application-

07/0912007. The claims as filed for the Indian application are similar to the PCT claims and

hence, WO 2006075170, the PCT application can be considered as the prior art.

D3- W002080965 A2 by GlaxoSmithKline Biologicals; priority date: Apr 3, 2001; date of

publication: Oct 17,2002.

D4- W02005105141A2 by CHIRON SRL; priority date: Apr, 302004

Dl by Rose-Marie Olander, an article accepted for publication on Aug 15, 2001 and

published in 2002, relates to Streptococcus pneumoniae conjugate vaccines. This document

qualifies as a prior art to the current application.

This article discloses on page 336 column 1, lines 12-14, 16-18 that the vaccination schedules

for the Pneumococcal conjugate vaccines, which comprise of saccharides conjugated to DT or

IT as carrier proteins, coincide with or succeed diphtheria, tetanus and pertussis (DTP)

vaccinations in childhood. On the page 336 column 2, lines 10-14, it states the purpose of the

study is to assess tetanus and diphtheria antibody responses after administration of one dose of

an II-valent pneumococcal conjugate vaccine to adults and toddlers, all previously primed

with diphtheria and tetanus toxoid vaccines.

Further it gives the design of the study wherein the toddlers who had already been given

vaccines so as to prime them with DT andl or TT, were given the pneumococcal vaccine. The

vaccine contained 1 g per dose of types 1, 4, 5, 7F, 9V, 19F and 23F pneumococcal

polysaccharides (PS) conjugated to tetanus toxoid, 3g per dose of types 3, 14 and 18C PSs

conjugated to diphtheria toxoid and 109 of type 6B PS conjugated to diphtheria toxoid.



D2- This application assigned to CHIRON, has a priority date (Jan 14, 2005) which is

earlier to that of the alleged application (Dee, 23 2005).

The claims as filed for the Indian application are similar to the PCT claims and hence WO

2006075170, the PCT application can be considered as the prior art.

This application thus, has a priority date before the priority date of the alleged application and

has been published after the priority date of the same and has been filed in pursuance of an

application for a Patent in India. Also, it claims similarly to the alleged application and hence it

qualifies as a prior art under section 25 (1) (c) of the Indian Patents Act.

Some of the claims of the prior art D2 have been reproduced below:

1. A method for immunizing a human patient against a disease caused by Neisseria

meningitidis, comprising the step of administering to the human patient a composition that

comprises at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup A

N.meningitidis and (ii) a tetanus toxoid; (b) a conjugate of (i) the capsular saccharide of

serogroup C N.meningitidis and (ii) a tetanus toxoid; (c) a conjugate of (i) the capsular

saccharide of serogroup Wi 35 N. meningitidis and (ii) a tetanus toxoid; and (d) a conjugate of

(i) the capsular saccharide of serogroup Y N. meningitidis and (ii) a tetanus toxoid, wherein the

patient has been pre-immunized with (a) a tetanus toxoid and/or (b) a conjugate of (1) a

capsular saccharide of an organism other than N. meningitidis and (ii) a tetanus toxoid.

2. The use of at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup AN.

meningitidis and (ii) a tetanus toxoid; (b) a conjugate of (i) the capsular saccharide of

serogroup C N. meningitidis and (ii) a tetanus toxoid; (c) a conjugate of (i) the capsular

saccharide of serogroup Wi 35 N. meningitidis and (ii) a tetanus toxoid; and (d) a conjugate of

(i) the capsular saccharide of serogroup Y N. meningitidis and (ii) a tetanus toxoid, in the

manufacture of a medicament for immunizing a human patient against a disease caused by

Neisseria meningitidis, wherein the patient has been pre-immunized with (a) a tetanus toxoid

and/or (b) a conjugate of (i) a capsular saccharide of an organism other than N. meningitidis

and (ii) a tetanus toxoi?



D3- This application assigned to GlaxoSmithKline Biologicals has a priority date of Apr 3,

2001 and hence clearly qualifies as a prior art to the alleged application.

This application relates to a new combination vaccine formulation conferring protection

against diseases caused by B. pertussis, C. tetani, C. diphtheriae, Hepatitis B virus, Polio virus,

N. meningitides and S. pneumoniae, etc. On page 11, para 2, lines 26 and 27, it states that the

pneumococcal polysaccharides are preferably conjugated to PD, DT, CRM197 or IT. On ~

14, para 1, lines 1- 14 it gives a schedule of administration of the vaccine of the invention. It

states that the administration of all the components of the vaccine can occur on the same day,

same time or may be spaced (eg. 3 visit system).

D4- This application assigned to Chiron has a priority date of Apr, 30 2004 and hence it

qualifies as a prior art to the alleged application.

This invention provides a composition for immunizing a patient against a disease caused by

Neisseria meningitidis, wherein (1) the composition comprises conjugates for at least two of

the four meningococcal serogroups A, C, W135 and Y, where at least two of the conjugates

have a common carrier protein; and (2) the composition includes the common carrier in an

unconjugated form at less than 10 J..lglml.It also states on page 5, para 4, that the four

particularly preferred carrier proteins for use as common carriers are diphtheria toxoid (Dt),

tetanus toxoid (Tt), CRM197 and protein D from H injluenzae. On page 16, Para 6, lines 25

and 26, it states that the compositions of the invention are particularly useful for immunizing

thr patients who have already received the common carrier protein in a previous immunization.

On page 16, Para 7, lines 27- 36, it states that before or substantially the same time as receiving

the composition of the invention, the patient may be immunized with one or more further

vaccines. The other vaccines that have been included to be or to have been already

administered to the patient include DT, TT, pertussis, Hib, typically conjugated, HBsAg,

pneumococcal saccharide, typically multivalent and conjugated, influenza virus, IPV, and other

antigens.



6. GROUNDS OF OPPOSITION

6.1 LACK OF NOVELTY

6.1.1) The following is a quotation of Section 25(1) (b) which forms the basis for all

oppositions based on lack of novelty

Section 25(1) (b)

1. Where an application for a patent has been published but a patent has not been granted, any

person may, in writing, represent by way of opposition to the controller against the grant of

patent on the ground:

b. that the invention so far as claimed in any claim of the complete specification has

been published before the priority date of the claim

(i) In any specification filed in pursuance of an application for a Patent made in India

on or after the IstdayofJanuary, 1912; or

(ii) In India or elsewhere, in any other document.

Provided that the ground specified in sub-clause (ii) shall not be available where such

publication does not constitute an anticipation of the invention by virtue of sub-section (2) or

sub-section (3) of section 29.

6.1.2) Lack of novelty of claims 1-21 in view of D4 under section 25(1) (b) (m of the

Indian Patents Act

Claim 1 of the alleged invention is as follows:

1. A method for immunizing a human patient against a disease caused by Neisseria

meningitidis, comprising the step of administering to the human patient a composition that

comprises at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup A N

meningitidis and (ii) a tetanus toxoid or derivative thereof; (b) a conjugate of (i) the capsular

saccharide of serogroup C N meningitidis and (ii) a tetanus toxoid or derivative thereof; (c) a



conjugate of (i) the capsular saccharide of serogroup W135 N. meningitidis and (ii) a tetanus

toxoid or derivative thereof; and (d) a conjugate of (i) the capsular saccharide of serogroup Y

N. meningitidis and (ii) a tetanus toxoid or derivative thereof, wherein the patient has been pre-

immunized with (a) a tetanus toxoid or derivative thereof and/or (b) a conjugate of (i) a

capsular saccharide of an organism other than N. meningitidis and (ii) a tetanus toxoid or

derivative thereof.

Comparison of the claim 1 of the alleged application with the disclosure in the prior art D4

Alleged application no. 2533/ KOLNP/2008 Prior art D4 (W02005105141 by Chiron)

Essential elements of the claim 1 are as under: Disclosure in the prior art:

1. A composition Page 2, para 4, lines 29- 37

2. Comprising at least 2 of (a) a Thus, the invention provides a composition ...

conjugate of (i) the capsular saccharide comprising at least 2 of. .....

of serogroup AN. meningitidis and (ii)

a tetanus toxoid or derivative thereof; Page 5, para 3, lines 18- 20

(b) a conjugate of (i) the capsular Typical carrier proteins for use in

saccharide of serogroup C N. conjugates ... usually in toxoided form ...

meningitidis and (ii) a tetanus toxoid

or derivative thereof; (c) a conjugate Page 16, para 6, lines 25, 26

of (i) the capsular saccharide of The compositions of the invention are

serogroup W135 N. meningitidis and particularly useful for immunizing patients

(ii) a tetanus toxoid or derivative who have already received the common

thereof; and (d) a conjugate of (i) the carrier protein in a previous immunization.

capsular saccharide of serogroup Y N.

meningitidis and (ii) a tetanus toxoid Page 16, para 7, lines 27- 36

or derivative thereof Before or at substantially the same time as

3. patient has been pre-immunized with receiving the composition of the invention,

(a) a tetanus toxoid or derivative the patient may be immunized with one or

thereof more further vaccines. Other vaccines that

and/ or may have been or may be administered



include, but are not limited to: diphtheria

antigens, such as a diphtheria toxoid; tetanus

antigens, such as a tetanus toxoid. '"

Haemophilus injluenzae type B capsular

saccharide, typically conjugated .....

Streptococcus pneumoniae capsular

saccharide, typically multivalent and

conjugated .

(b) a conjugate of (i) a capsular

saccharide of an organism other than

N meningitidis and (ii) a tetanus

toxoid or derivative thereof.

Thus, the disclosure in the given prior art relates to a vaccine composition comprising 2 of the

4 meningococcal saccharides conjugated to one of the typical carrier proteins, including OT

and TT, etc., may be administered to a patient who has already been primed with a vaccine

comprising TT, DT, (or their derivatives) or saccharide conjugates of organisms other than

meningococcal (which may be H. injluenzae or Streptococcus pneumoniae, etc.), with OT or

IT. Thus, the above prior art disclosure 04, reveals all the essential elements of the claim 1.

Thus, the disclosure in D4 teaches all the elements of the claim 1 of the alleged invention and

hence is anticipatory. The claim 1 thus, lacks novelty over the given prior art 04.

Claim 2 of the alleged invention is as follows:

2. A method for immunizing a human patient against a disease caused by Neisseria

meningitidis, comprising the step of administering to the human patient a composition that

comprises at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup A

Nmeningitidis and (ii) a tetanus toxoid; (b) a conjugate of (i) the capsular saccharide of

serogroup C N meningitidis and (ii) a tetanus toxoid; (c) a conjugate of (i) the capsular

saccharide of serogroup W135 N meningitidis and (ii) a tetanus toxoid; and (d) a conjugate of

(i) the capsular saccharide of serogroup Y N meningitidis and (ii) a tetanus toxoid, wherein the

patient has been pre-immunized with (a) a tetanus toxoid and/or (b) a conjugate of (i) a

capsular saccharide of an organism other than N meningitidis and (ii) a tetanus toxoid.



Comparison of the claim 2 of the alleged application with the disclosure in the prior art D4

Alleged application no. 2533/ KOLNP/2008 Prior art D4 (W02005105141 by Chiron)

Essential elements of the claim 2 are as under: Disclosure in the prior art:

1.' A composition Page 2, para 4, lines 29- 37

2. Comprising at least 2 of (a) a Thus, the invention provides a

conjugate of (i) the capsular saccharide composition ... comprising at least 2 of. .....

of serogroup A Nmeningitidis and (ii)

a tetanus toxoid; (b) a conjugate of (i) Page 5, para 3, lines 18- 20

the capsular saccharide of serogroup C Typical carrier proteins for use in

Nmeningitidis and (ii) a tetanus conjugates ... usually in toxoided form ...

toxoid; (c) a conjugate of (i) the

capsular saccharide of serogroup Page 16, para 6, lines 25,26

W135 Nmeningitidis and (ii) a tetanus The compositions of the invention are

toxoid; and (d) a conjugate of (i) the particularly useful for immunizing patients

capsular saccharide of serogroup Y who have already received the common

Nmeningitidis and (ii) a tetanus toxoid carrier protein in a previous immunization.

3. patient has been pre-immunized with

(b) a tetanus toxoid Page 16, para 7, lines 27- 36

and/ or Before or at substantially the same time as

(b) a conjugate of (i) a capsular receiving the composition of the invention,

saccharide of an organism other than the patient may be immunized with one or

Nmeningitidis and (ii) a tetanus more further vaccines. Other vaccines that

toxoid. may have been or may be administered

include, but are not limited to: diphtheria

antigens, such as a diphtheria toxoid; tetanus

antigens, such as a tetanus toxoid ....

Haemophilus injluenzae type B capsular

saccharide, typically conjugated .....

Streptococcus pneumoniae capsular

saccharide, typically multivalent and



__________________ IL_c_o_nJ_ou_g_a_te_d_._._.._._.._----------

Thus, the disclosure in the given prior art relates to a vaccine composition comprising 2 of the

4 meningococcal saccharides conjugated to one of the typical carrier proteins, including DT

and IT, etc., may be administered to a patient who has already been primed with a vaccine

comprising IT, DT, (or their derivatives) or saccharide conjugates of organisms other than

meningococcal (which may be H. injluenzae or Streptococcus pneumoniae, etc), with DT or

IT. Thus, the above prior art disclosure D4, reveals all the essential elements of the claim 2.

Thus, the disclosure in D4 teaches all the elements of the claim 2 of the alleged invention and

hence is anticipatory. The claim 2 thus, lacks novelty over the given prior art D4.

Claim 3 of the alleged invention is as follows:

3. The use of at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup AN

omeningitidis and (ii) a tetanus toxoid or derivative thereof; (b) a conjugate of (i) the capsular

saccharide of serogroup C Nmeningitidis and (ii) a tetanus toxoid or derivative thereof; (c) a

conjugate of (i) the capsular saccharide of serogroup W135 N meningitidis and (ii) a tetanus

toxoid or derivative thereof; and (d) a conjugate of (i) the capsular saccharide of serogroup Y

Nmeningitidis and (ii) a tetanus toxoid or derivative thereof, in the manufacture of a

medicament for immunizing a human patient against a disease caused by Neisseria

meningitidis, wherein the patient has been pre-immunized with (a) a tetanus toxoid or

derivative thereof and/or (b) a conjugate of (i) a capsular saccharide of an organism other than

Nmeningitidis and (ii) a tetanus toxoid or derivative thereof.

The claim 3 is very similar to the claim 1 of the alleged invention, differing in that it claims the

use of the composition as claimed in claim 1



Comparison of the claim 3 of the alleged application with the disclosure in the prior art D4

Alleged application no. 2533/ KOLNP12008 Prior art D4 (W02005105141 by Chiron)

Essential elements of the claim 3 are as under: Disclosure in the prior art:

1. Use of a composition Page 2, para 4, lines 29- 37

4. Comprising at least 2 of (a) a Thus, the invention provides a

conjugate of (i) the capsular saccharide composition ... comprising at least 2 of ......

of serogroup AN. meningitidis and (ii)

a tetanus toxoid or derivative thereof; Page 5, para 3, lines 18- 20

(b) a conjugate of (i) the capsular Typical carrier proteins for use in

saccharide of serogroup C N. conjugates ... usually in toxoided form ...

meningitidis and (ii) a tetanus toxoid or

derivative thereof; (c) a conjugate of Page 16, para 6, lines 25,26

(i) the capsular saccharide of The compositions of the invention are

serogroup W135 N. meningitidis and particularly useful for immunizing patients

(ii) a tetanus toxoid or derivative who have already received the common

thereof; and (d) a conjugate of (i) the carrier protein in a previous immunization.

capsular saccharide of serogroup Y N.

meningitidis and (ii) a tetanus toxoid or Page 16, para 7, lines 27- 36

derivative thereof patient has been pre- Before or at substantially the same time as

immunized with receiving the composition of the invention,

(c) a tetanus toxoid or derivative the patient may be immunized with one or

thereof more further vaccines. Other vaccines that

and/ or may have been or may be administered

(b) a conjugate of (i) a capsular include, but are not limited to: diphtheria

saccharide of an organism other than antigens, such as a diphtheria toxoid; tetanus

N. meningitidis and (ii) a tetanus antigens, such as a tetanus toxoid ....

toxoid or derivative thereof. Haemophilus injluenzae type B capsular

saccharide, typically conjugated .....

Streptococcus pneumoniae capsular

saccharide, typically multivalent and



__________________ I_c_on_~_u_g_at_e_d_.._._.._.. _

Thus, the disclosure in the given prior art relates to a vaccine composition comprising 2 of the

4 meningococcal saccharides conjugated to one of the typical carrier proteins, including DT

and IT, etc., may be administered to a patient who has already been primed with a vaccine

comprising IT, DT, (or their derivatives) or saccharide conjugates of organisms other than

meningococcal (which may be H injluenzae or Streptococcus pneumoniae, etc), with DT or

TT. Thus, the above prior art disclosure D4, reveals all the essential elements of the claim 3.

Thus, the disclosure in D4 teaches all the elements of the claim 3 of the alleged invention and

hence is anticipatory. The claim 3 thus, lacks novelty over the given prior art D4.

Claim 4 of the alleged invention is as follows:

4. The use of at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup A

N.meningitidis and (ii) a tetanus toxoid; (b) a conjugate of (i) the capsular saccharide of

serogroup C N. meningitidis and (ii) a tetanus toxoid; (c) a conjugate of (i) the capsular

saccharide of serogroup W 135 N.meningitidis and (ii) a tetanus toxoid; and (d) a conjugate of

(i) the capsular saccharide of serogroup Y N.meningitidis and (ii) a tetanus toxoid, in the

manufacture of a medicament for immunizing a human patient against a disease caused by

Neisseria meningitidis, wherein the patient has been pre-immunized with (a) a tetanus toxoid

and/or (b) a conjugate of (i) a capsular saccharide of an organism other than N.meningitidis and

(ii) a tetanus toxoid.

The claim 4 is very similar to the claim 2 of the alleged invention, differing in that it claims the

use of the composition as claimed in claim 2



Comparison of the claim 4 of the alleged application with the disclosure in the prior art D4

Alleged application no. 2533/ KOLNP/2008 Prior art D4 (W020051 05141 by Chiron)

Essential elements of the claim 4 are as under: Disclosure in the prior art:

1. Use of a composition Page 2, para 4, lines 29- 37

2. Comprising at least 2 of (a) a Thus, the invention provides a

conjugate of (i) the capsular composition ... comprising at least 2 of ......

saccharide of serogroup A N.

meningitidis and (ii) a tetanus toxoid; Page 5, para 3, lines 18- 20

(b) a conjugate of (i) the capsular Typical carrier proteins for use in

saccharide of serogroup C N. conjugates ... usually in toxoided form ...

meningitidis and (ii) a tetanus toxoid;

(c) a conjugate of (i) the capsular Page 16, para 6, lines 25,26

saccharide ofserogroup W135 N. The compositions of the invention are

meningitidis and (ii) a tetanus toxoid; particularly useful for immunizing patients

and (d) a conjugate of (i) the capsular who have already received the common

saccharide of serogroup Y N. carrier protein in a previous immunization.

meningitidis and (ii) a tetanus toxoid

patient has been pre-immunized with Page 16, para 7, lines 27- 36

(d) a tetanus toxoid Before or at substantially the same time as

and! or receiving the composition of the invention,

(b) a conjugate of (i) a capsular the patient may be immunized with one or

saccharide of an organism other than more further vaccines. Other vaccines that

N. meningitidis and (ii) a tetanus may have been or may be administered

toxoid. include, but are not limited to: diphtheria

antigens, such as a diphtheria toxoid; tetanus

antigens, such as a tetanus toxoid ....

Haemophilus injluenzae type B capsular

saccharide, typically conjugated .....
f

Streptococcus pneumoniae capsular

saccharide, typically multivalent and



__________________ I_c_o_nJ_·u_g_a_te_d_._.'-'-''-'-----------

Thus, the disclosure in the given prior art relates to a vaccine composition comprising 2 of the

4 meningococcal saccharides conjugated to one of the typical carrier proteins, including OT

and IT, etc., may be administered to a patient who has already been primed with a vaccine

comprising TT, OT, (or their derivatives) or saccharide conjugates of organisms other than

meningococcal (which may be H. injluenzae or Streptococcus pneumoniae, etc), with OT or

IT. Thus, the above prior art disclosure 04, reveals all the essential elements of the claim 4.

Thus, the disclosure in 04 teaches all the elements of the claim 4 of the alleged invention and

hence is anticipatory. The claim 4 thus, lacks novelty over the given prior art 04.

Further, the claims 5- 21 are dependent on the claims 1-4 or on claims dependent on claims 1-

4), which are not novel over the prior art 04. Consequently, the claims 5- 21 are also not novel

over the prior art 04.

Thus, the claims 1- 21 are opposed under section 25 (1) (b) on the basis that these claims are

not novel over the prior art 04.

6.1.3) Lack of novelty of claims 22-44 in view of Dl under section 25(1) (b) (m of the

Indian Patents Act

Claim 22 claims a method of immunizing a human patient with a composition comprising at

least 7, 10, 11, 13 or 14 pneumococcal conjugates, with at least one conjugated to OT or CRM

or its derivative, and the patient has been pre-immunized with OT or its derivative and/or a

conjugate of (i) a capsular saccharide of an organism other than pneumococcus and (ii) a OT or

CRM 197 or derivative thereof.

Thus, the essential elements of the claim are as under:

1. A composition

2. comprising at least 7, 10, 11, 13 or 14 pneumococcal conjugates



3. at least one conjugated to DT or CRM or its derivative

4. patient has been pre-immunized with DT or its derivative

5. and/or a conjugate of (i) a capsular saccharide of an organism other than pneumococcus

and (ii) a diphtheria toxoid or CRM197 or derivative thereof

The above prior art recognizes the fact that the pneumococcal vaccines that are newly

introduced or are being newly introduced comprise of saccharide conjugates, conjugated

whether to DT or TT. The prior art talks about a study conducted to assess tetanus and

diphtheria antibody responses after administration of one dose of an II-valent pneumococcal

conjugate vaccine to adults and toddlers, all previously primed with diphtheria and tetanus

toxoid vaccines.

In the above prior art, the subjects who were subjected to the studies had been pre-immunized

already with diphtheria toxoid or its derivative (as a part of the DTP or DT vaccine) and/or a

conjugate of (i) a capsular saccharide of an organism other than pneumococcus and (ii) a

diphtheria toxoid or CRM197 or derivative thereof (as a part of the Rib b- CRM 197).

The disclosure is same as that claimed in the claim 22, and hence the prior art anticipates claim

22.

Claim 23 claims a method of immunizing a human patient with a composition comprising at

least 7, 10, 11, 13 or 14 pneumococcal conjugates, with at least one conjugated to TT or its

derivative, and the patient has been pre-immunized with TT or its derivative and/or a conjugate

of (i) a capsular saccharide of an organism other than pneumococcus and (ii) a TT or derivative

thereof.

Thus, the essential elements of the claim are as under:

1. A composition

2. comprising at least 7, 10, 11, 13 or 14 pneumococcal conjugates

3. at least one conjugated to TT or its derivative

4. patient has been pre-immunized with TT or its derivative



5. and/or a conjugate of (i) a capsular saccharide of an organism other than pneumococcus

and (ii) TT or derivative thereof

!
J

I
I

In the above prior art, the subjects who were subjected to the studies had been pre-immunized

already with tetanus toxoid or its derivative (as a part of the DTP or DT vaccine) and/or a

conjugate of a capsular saccharide of an organism other than pneumococcus

The above prior art recognizes the fact that the pneumococcal vaccines that are newly

introduced or are being newly introduced comprise of saccharide conjugates, conjugated

whether to DT or TT. The prior art talks about a study conducted to assess tetanus and

diphtheria antibody responses after administration of one dose of an II-valent pneumococcal

conjugate vaccine to adults and toddlers, all previously primed with diphtheria and tetanus

toxoid vaccines.

23.

The disclosure is same as that claimed in the claim 23, and hence the prior art anticipates claim

Claim 24 claims a method of immunizing a human patient with a composition comprising at

least 7, 10, 11, 13 or 14 pneumococcal conjugates, with at least one conjugated to DT or CRM

197 or its derivative, and at least one conjugate is conjugated to TT or its derivatives, and the

patient has been pre-immunized with TT or its derivative and/or a conjugate of (i) a capsular

saccharide of an organism other than pneumococcus and (ii) a TT or derivative thereof and DT

or its derivative and/ or a conjugate of (i) a capsular saccharide of an organism other than

pneumococcus and (ii) a DT or CRM 197 or derivative thereof.

1. A composition

2. comprising at least 7, 10, 11, 13 or 14 pneumococcal conjugates

3. at least one conjugated to TT or its derivative

4. at least one conjugated to DT or its derivative

5. patient has been pre-immunized with TT or its derivative

The essential elements of the claim are



6. and/or a conjugate of (i) a capsular saccharide of an organism other than pneumococcus

and (ii) TT or derivative thereof and

7. patient has been pre-immunized with DT or its derivative

8. and/or a conjugate of (i) a capsular saccharide of an organism other than pneumococcus

and (ii) a diphtheria toxoid or CRM197 or derivative thereof

The above prior art recognizes the fact that the pneumococcal vaccines that are newly

introduced or are being newly introduced comprise of saccharide conjugates, conjugated

whether to DT or TT. The prior art talks about a study conducted to assess tetanus and

diphtheria antibody responses after administration of one dose of an II-valent pneumococcal

conjugate vaccine to adults and toddlers, all previously primed with diphtheria and tetanus

toxoid vaccines.

In the above prior art, the subjects who were subjected to the studies had been pre-immunized

already with tetanus toxoid or its derivative as well as DT or its derivatives (as a part of the

DTP or DT vaccine) and/or a conjugate of a capsular saccharide of an organism other than

pneumococcus conjugated to TT or DT.

The disclosure is same as that claimed in the claim 24, and hence the prior art anticipates

claim 24.

Claim 25 claims the use of a composition for immunizing a human patient with a composition

comprising at least 7, 10, 11, 13 or 14 pneumococcal conjugates, with at least one conjugated

to DT or CRM or its derivative, and the patient has been pre-immunized with DT or its

derivative and/or a conjugate of (i) a capsular saccharide of an organism other than

pneumococcus and (ii) a DT or CRM197 or derivative thereof.

This claim is very similar to the claim 22, the difference being that the claim 25 is essentially a

method of use for the composition as claimed in the claim 22.

The above prior art recognizes the fact that the pneumococcal vaccmes that are newly

introduced or are being newly introduced comprise of saccharide conjugates, conjugated

whether to DT or TT. The prior art talks about a study conducted to assess tetanus and



diphtheria antibody responses after administration of one dose of a pneumococcal conjugate

vaccine to adults and toddlers, all previously primed with diphtheria and tetanus toxoid

vaccmes.

In the above prior art, the subjects who were subjected to the studies had been pre-immunized

already with diphtheria toxoid or its derivative (as a part of the DTP or DT vaccine) and/or a

conjugate of (i) a capsular saccharide of an organism other than pneumococcus and (ii) a

diphtheria toxoid or CRM 197 or derivative thereof (as a part of the Hib b- CRM 197).

The disclosure is same as that claimed in the claim 25, and hence the prior art anticipates claim

25.

Claim 26 claims the use of a composition for immunizing a human patient with a composition

comprising at least 7, 10, 11, 13 or 14 pneumococcal conjugates, with at least one conjugated

to IT or its derivative, and the patient has been pre-immunized with IT or its derivative and/or

a conjugate of (i) a capsular saccharide of an organism other than pneumococcus and (ii) a TT

or derivative thereof.

This claim is very similar to the claim 23, the difference being that the claim 26 is essentially a

method of use for the composition as claimed in the claim 23.

The above prior art recognizes the fact that the pneumococcal vaccines that are newly

introduced or are being newly introduced comprise of saccharide conjugates, conjugated

whether to DT or TT. The prior art talks about a study conducted to assess tetanus and

diphtheria antibody responses after administration of one dose of a pneumococcal conjugate

vaccine to adults and toddlers, all previously primed with diphtheria and tetanus toxoid

vaccmes.

In the above prior art, the subjects who were subjected to the studies had been pre-immunized

already with tetanus toxoid or its derivative (as a part of the DTP or DT vaccine) and/or a

conjugate of a capsular saccharide of an organism other than pneumococcus



The disclosure is same as that claimed in the claim 26, and hence the prior art anticipates claim

26.

Claim 27 claims the use of a composition for immunizing a human patient with a composition

comprising at least 7, 10, 11, 13 or 14 pneumococcal conjugates, with at least one conjugated

to DT or CRM 197 or its derivative, and at least one conjugate is conjugated to IT or its

derivatives, and the patient has been pre-immunized with IT or its derivative and/or a

conjugate of (i) a capsular saccharide of an organism other than pneumococcus and (ii) a IT or

derivative thereof and DT or its derivative and/ or a conjugate of (i) a capsular saccharide of an

organism other than pneumococcus and (ii) a DT or CRM 197 or derivative thereof.

This claim is very similar to the claim 24, the difference being that the claim 27 is essentially a

method of use for the composition as claimed in the claim 24.

The above prior art recognizes the fact that the pneumococcal vaccines that are newly

introduced or are being newly introduced comprise of saccharide conjugates, conjugated

whether to DT or TT. The prior art talks about a study conducted to assess tetanus and

diphtheria antibody responses after administration of one dose of a pneumococcal conjugate

vaccine to adults and toddlers, all previously primed with diphtheria and tetanus toxoid

vaccines.

In the above prior art, the subjects who were subjected to the studies had been pre-immunized

already with tetanus toxoid or its derivative as well as DT or its derivatives (as a part of the

DTP or DT vaccine) and/or a conjugate of a capsular saccharide of an organism other than

pneumococcus conjugated to TT or DT.

The disclosure is same as that claimed in the claim 27, and hence the prior art anticipates claim

27.

Claims 28-44 are dependent on the either dependent on one or more of the claims from 22- 27

or are dependent on the claims dependent on the claims 22-27. Such claims are thus dependent



on the claims that fall within the scope of the sec 25 (b) of the Indian Patent Act, 1970 and

hence incidentally are within the ambit of the sec 25 (b).

The claims 22- 44 of the alleged application 2533/ KOLNP/2008 are thus, opposed under sec

25 (b) of the Indian Patent Act.

6.2 PRIOR CLAIMING

6.2.1) The following is the quotation of Section 25(1) (c) which forms the basis of the

oppositions under prior claiming

c. that the invention so far as claimed in any claim of the complete specification is claimed in a

claim of a complete specification published on or after the priority date of the applicant's claim

and filed in pursuance of an application for a Patent in India, being a claim of which the

priority date is earlier than that of the applicant's claim;

6.2.2) Prior claiming in a complete specification published on or after the priority date of

the applicant's claim and filed in pursuance of an application for a Patent in India, of

claims 1- 21 in view ofD2 under section 25(1) (c) ofthe Indian Patents Act

Claim 1 of the alleged application is as under:

1. A method for immunizing a human patient against a disease caused by Neisseria

meningitidis, comprising the step of administering to the human patient a composition that

comprises at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup A

Nmeningitidis and (ii) a tetanus toxoid or derivative thereof; (b) a conjugate of (i) the capsular

saccharide of serogroup C Nmeningitidis and (ii) a tetanus toxoid or derivative thereof; (c) a

conjugate of (i) the capsular saccharide of serogroup W135 Nmeningitidis and (ii) a tetanus

toxoid or derivative thereof; and (d) a conjugate of (i) the capsular saccharide of serogroup Y

Nmeningitidis and (ii) a tetanus toxoid or derivative thereof, wherein the patient has been pre-



immunized with (a) a tetanus toxoid or derivative thereof and/or (b) a conjugate of (i) a

capsular saccharide of an organism other than N.meningitidis and (ii) a tetanus toxoid or

derivative thereof.

Comparison of the claim 1 of the alleged application with the claim 1 of the prior art

application 2864IKOLNP/2007

Alleged application no. 2533/ KOLNP/2008 Prior art 2864/KOLNP/2007

Essential elements of the claim 1 are as under: Essential elements of the claim 1 are as under:

1. A composition 1. A composition

2. Comprising at least 2 of (a) a 2. Comprising at least 2 of (a) a

conjugate of (i) the capsular conjugate of (i) the capsular saccharide

saccharide of serogroup A of serogroup A N.rneningitidis and (ii)

N.meningitidis and (ii) a tetanus toxoid a tetanus toxoid; (b) a conjugate of (i)

or derivative thereof; (b) a conjugate the capsular saccharide of serogroup C

of (i) the capsular saccharide of N.meningitidis and (ii) a tetanus

serogroup C N.meningitidis and (ii) a toxoid; (c) a conjugate of (i) the

tetanus toxoid or derivative thereof; capsular saccharide of serogroup W

(c) a conjugate of (i) the capsular 135 N meningitidis and (ii) a tetanus

saccharide of serogroup WI3 5 toxoid; and (d) a conjugate of (i) the

N.meningitidis and (ii) a tetanus toxoid capsular saccharide of serogroup Y N.

or derivative thereof; and (d) a meningitidis and (ii) a tetanus toxoid

conjugate of (i) the capsular 3. patient has been pre-immunized with

saccharide of serogroup Y (a) a tetanus toxoid

N.meningitidis and (ii) a tetanus toxoid and/or

or derivative thereof (b) a conjugate of (l) a capsular

3. patient has been pre-immunized with saccharide of an organism other

(e) a tetanus toxoid or derivative than N meningitidis and (ii) a

thereof tetanus toxoid

and/ or

(b) a conjugate of (i) a capsular

saccharide of an organism other than



Nmeningitidis and (ii) a tetanus toxoid

or derivative thereof.

As seen above in the comparison, each of the elements of the claim 1 of the alleged application

25331 KOLNP/2008 is claimed in a claim 1 of the complete specification 2864/KOLNP/2007.

This application has been published after the priority date of the applicant's claim. This

application has been filed in pursuance of an application for a patent in India. Thus, all the

requirements under section 25 (c) of the Indian Patent Act have been fulfilled.

Claim 2 of the alleged application is as under:

2. A method for immunizing a human patient against a disease caused by Neisseria

meningitidis, comprising the step of administering to the human patient a composition that

comprises at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup A

Nmeningitidis and (ii) a tetanus toxoid; (b) a conjugate of (i) the capsular saccharide of

serogroup C Nmeningitidis and (ii) a tetanus toxoid; (c) a conjugate of (i) the capsular

saccharide of serogroup W135 Nmeningitidis and (ii) a tetanus toxoid; and (d) a conjugate of

(i) the capsular saccharide of serogroup Y Nmeningitidis and (ii) a tetanus toxoid, wherein the

patient has been pre-immunized with (a) a tetanus toxoid and/or (b) a conjugate of (i) a

capsular saccharide of an organism other than N meningitidis and (ii) a tetanus toxoid.

Comparison of the claim 2 of the alleged application with the claim 1 of the prior art

application 2864/KOLNP/2007

Alleged application no. 25331 KOLNP/2008 Prior art 2864/KOLNP/2007

Essential elements of the claim 1 are as under: Essential elements of the claim 1 are as under:

1. A composition 1. A composition

2. Comprising at least 2 of (a) a 2. Comprising at least 2 of (a) a

conjugate of (i) the capsular conjugate of (i) the capsular saccharide

saccharide of serogroup A of serogroup A Nrneningitidis and (ii)



Nmeningitidis and (ii) a tetanus

toxoid; (b) a conjugate of (i) the

capsular saccharide of serogroup C

Nmeningitidis and (ii) a tetanus

toxoid; (c) a conjugate of (i) the

capsular saccharide of serogroup

W135 Nmeningitidis and (ii) a tetanus

toxoid; and (d) a conjugate of (i) the

capsular saccharide of serogroup Y

Nmeningitidis and (ii) a tetanus toxoid

3. patient has been pre-immunized with

(f) a tetanus toxoid

and/ or

(b) a conjugate of (i) a capsular

saccharide of an organism other than

Nmeningitidis and (ii) a tetanus

toxoid.

a tetanus toxoid; (b) a conjugate of (i)

the capsular saccharide of serogroup C

Nmeningitidis and (ii) a tetanus

toxoid; (c) a conjugate of (i) the

capsular saccharide of serogroup Wi

35 N meningitidis and (ii) a tetanus

toxoid; and (d) a conjugate of (i) the

capsular saccharide of serogroup Y N

meningitidis and (ii) a tetanus toxoid

3. patient has been pre-immunized with

(b) a tetanus toxoid

and/or

(b) a conjugate of (1) a capsular

saccharide of an organism other

than N meningitidis and (ii) a

tetanus toxoid

As seen above in the comparison, each of the elements of the claim 2 of the alleged application

25331 KOLNP/2008 is claimed in a claim 1 of the complete specification 2864/KOLNP/2007.

This application has been published after the priority date of the applicant's claim. This

application has been filed in pursuance of an application for a patent in India. Thus, all the

requirements under section 25 (c) of the Indian Patent Act have been fulfilled.

Claim 3 of the alleged application is as under:

3. The use of at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup AN.

meningitidis and (ii) a tetanus toxoid or derivative thereof; (b) a conjugate of (i) the capsular

saccharide of serogroup C Nmeningitidis and (ii) a tetanus toxoid or derivative thereof; (c) a

conjugate of (i) the capsular saccharide of serogroup W135 N meningitidis and (ii) a tetanus



toxoid or derivative thereof; and (d) a conjugate of (i) the capsular saccharide of serogroup Y

Nmeningitidis and (ii) a tetanus toxoid or derivative thereof, in the manufacture of a

medicament for immunizing a human patient against a disease caused by Neisseria

meningitidis, wherein the patient has been pre-immunized with (a) a tetanus toxoid or

derivative thereof and/or (b) a conjugate of (i) a capsular saccharide of an organism other than

Nmeningitidis and (ii) a tetanus toxoid or derivative thereof.

Comparison of the claim 3 of the alleged application with the claim 1 of the prior art

application 2864IKOLNP/2007

Alleged application no. 2533/ KOLNP/2008 Prior art 2864/KOLNP/2007

Essential elements of the claim 1 are as under: Essential elements of the claim 2 are as under:

1. Use of a composition 1. Use of a composition

2. Comprising at least 2 of (a) a 2. Comprising at least 2 of (a) a

conjugate of (i) the capsular conjugate of (i) the capsular

saccharide of serogroup A N saccharide of serogroup A N

meningitidis and (ii) a tetanus toxoid rneningitidis and (ii) a tetanus toxoid;

or derivative thereof; (b) a conjugate (b) a conjugate of (i) the capsular

of (i) the capsular saccharide of saccharide of serogroup C N

serogroup C N meningitidis and (ii) a meningitidis and (ii) a tetanus toxoid;

tetanus toxoid or derivative thereof; (c) a conjugate of (i) the capsular

(c) a conjugate of (i) the capsular saccharide of serogroup Wi 35 N

saccharide ofserogroup W135 N meningitidis and (ii) a tetanus toxoid;

meningitidis and (ii) a tetanus toxoid and (d) a conjugate of (i) the capsular

or derivative thereof; and (d) a saccharide of serogroup Y N

conjugate of (i) the capsular meningitidis and (ii) a tetanus toxoid

saccharide of serogroup Y N 3. patient has been pre-immunized with

meningitidis and (ii) a tetanus toxoid (c) a tetanus toxoid

or derivative thereof and/or

3. patient has been pre-immunized with (b) a conjugate of (1) a capsular



(g) a tetanus toxoid or derivative

thereof

and/ or

(b) a conjugate of (i) a capsular

saccharide of an organism other than

N. meningitidis and (ii) a tetanus

toxoid or derivative thereof.

saccharide of an organism other

than N. meningitidis and (ii) a

tetanus toxoid

As seen above in the comparison, each of the elements of the claim 3 of the alleged application

25331 KOLNP/2008 is claimed in a claim 2 of the complete specification 2864/KOLNP/2007.

This application has been published after the priority date of the applicant's claim. This

application has been filed in pursuance of an application for a patent in India. Thus, all the

requirements under section 25 (c) of the Indian Patent Act have been fulfilled.

Claim 4 of the alleged application is as under:

4. The use of at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup AN.

meningitidis and (ii) a tetanus toxoid; (b) a conjugate of (i) the capsular saccharide of

serogroup C N. meningitidis and (ii) a tetanus toxoid; (c) a conjugate of (i) the capsular

saccharide of serogroup W 135 N. meningitidis and (ii) a tetanus toxoid; and (d) a conjugate of

(i) the capsular saccharide of serogroup Y N. meningitidis and (ii) a tetanus toxoid, in the

manufacture of a medicament for immunizing a human patient against a disease caused by

Neisseria meningitidis, wherein the patient has been pre-immunized with (a) a tetanus toxoid

and/or (b) a conjugate of (i) a capsular saccharide of an organism other than N. meningitidis

and (ii) a tetanus toxoid.

Comparison of the claim 4 of the alleged application with the claim 1 of the pnor art

application 2864/KOLNP/2007

Alleged application no. 25331 KOLNP/2008 Prior art 2864/KOLNP/2007

Essential elements of the claim 1 are as under: Essential elements of the claim 2 are as under:

1. Use of a composition 1. Use of a composition



2 Comprising at least 2 of (a) a

conjugate of (i) the capsular

saccharide of serogroup AN.

meningitidis and (ii) a tetanus toxoid;

(b) a conjugate of (i) the capsular

saccharide of serogroup C N.

meningitidis and (ii) a tetanus toxoid;

(c) a conjugate of (i) the capsular

saccharide ofserogroup W135 N.

meningitidis and (ii) a tetanus toxoid;

and (d) a conjugate of (i) the capsular

saccharide of serogroup Y N.

meningitidis and (ii) a tetanus toxoid

3. patient has been pre-immunized with

(h) a tetanus toxoid

and/ or

(b) a conjugate of (i) a capsular

saccharide of an organism other than

N. meningitidis and (ii) a tetanus

toxoid.

2. Comprising at least 2 of (a) a

conjugate of (i) the capsular

saccharide of serogroup AN.

rneningitidis and (ii) a tetanus toxoid;

(b) a conjugate of (i) the capsular

saccharide of serogroup C N.

meningitidis and (ii) a tetanus toxoid;

(c) a conjugate of (i) the capsular

saccharide of serogroup Wi 35 N

meningitidis and (ii) a tetanus toxoid;

and (d) a conjugate of (i) the capsular

saccharide of serogroup Y N.

meningitidis and (ii) a tetanus toxoid

3. patient has been pre-immunized with

(d) a tetanus toxoid

and/or

(b) a conjugate of (1) a capsular

saccharide of an organism other

than N meningitidis and (ii) a

tetanus toxoid

As seen above in the comparison, each of the elements of the claim 2 of the alleged application

25331 KOLNP/2008 is claimed in a claim 2 of the complete specification 2864/KOLNP/2007.

This application has been published after the priority date of the applicant's claim. This

application has been filed in pursuance of an application for a patent in India. Thus, all the

requirements under section 25 (c) of the Indian Patent Act have been fulfilled.

Claims 5-21 are dependent on the either dependent on one or more of the claims from 1-4 or

are dependent on the claims dependent on the claims 1-4. Such claims are thus dependent on



the claims that fall within the scope of the sec 25 (c) of the Indian Patent Act, 1970 and hence

incidentally are within the ambit of the sec 25 (c).

The claims 1-21 of the alleged application 2533/ KOLNP/2008 are thus, opposed under sec 25

(c) of the Indian Patent Act.

6.3 OBVIOUSNESS AND LACK OF INVENTIVE STEP

6.3.1) The following is the quotation of 25(1) (e) which forms the basis of the oppositions

under the ground of obviousness and lack of inventive step.

e. that the invention so far as claimed in any claim of the complete specification is obvious

and clearly does not involve any inventive step, having regard to the matter published as

mentioned in clause (a) or having regard to what was used in India before the priority date

of the applicant's claim;

6.3.2) Claims 1- 21 are obvious and lack inventive step over disclosure of D3 and D4

under section 25(1) (e) of the Indian Patents Act

Claim 1 of the alleged invention relates to a method of immunizing a patient against N.

meningitides, using at least two of saccharides of N. meningitides A, C, W 135 or Y, each

conjugated to IT or its derivative, wherein the patient has been pre-immunized with TT (or its

derivative) and! or conjugate of a saccharide of an organism other than N. meningitides with

TT or its derivative.

Claim 2 of the alleged invention relates to a method of immunizing a patient against N.

meningitides, using at least two of saccharides of N. meningitides A, C, W 135 or Y, each

conjugated to TT, wherein the patient has been pre-immunized with TT and/ or conjugate of a

saccharide of an organism other than N. meningitides with TT.

Claim 3 is essentially similar to the claim 1, differing in that the use of the composition

comprising the conjugates as foresaid has been claimed.



Claim 4 is essentially similar to the claim 2, differing in that the use of the composition

comprising the conjugates as foresaid has been claimed.

The prior art D3 relates to a new combination vaccine formulation conferring protection

against diseases caused by B. pertussis, C. tetani, C. diphtheriae, Hepatitis B virus, Polio virus,

N meningitides and S. pneumoniae, etc. On page 11, para 2, lines 26 and 27, it states that the

pneumococcal polysaccharides are preferably conjugated to PD, DT, CRM197 or TT. On ~

14, para 1, lines 1- 14 it gives a schedule of administration of the vaccine of the invention. It

states that the administration of all the components of the vaccine can occur on the same day,

same time or may be spaced. It states that preferably, the host is subsequently primed with both

or all the vaccines in the same way one or more (preferably 2) further times, each time

separates by 2-12 weeks (preferably approximately 1 month). Often a third priming

administration may be given between 2 weeks and 7 months after the second administration.

For instance, the vaccine may be administered as above according to a normal administration

schedule for DTP vaccines (such as a three visit system, each visit separated by 1 month, for

instance a 3, 4 and 5 month of age schedule; or a 3, 5 and 11 ; or a 3, 5 and 12 month of age

schedule). Such an administration schedule allows the optimization of the immune response

against the antigens in both (or all) containers of the kit.

Thus, when the schedule as given above is followed, the subject is already primed with DT

and! or its derivative and / or TT during the second or the third visit.

The prior art D4 relates to a method of overcoming the phenomenon of carrier-induced

epitopic suppression, encountered when multiple conjugates with the same carrier protein are

administered simultaneously. It uses a vaccine composition comprising conjugates for at least

two of the four meningococcal serogroups A, C, W135 and Y, where at least two of the

conjugates have a common carrier protein, with particular composition so as to overcome the

phenomenon. According to the authors, the compositions of the invention are particularly

useful where the patients have already been administered common carrier protein in the

previous immunization. These antigens that have been previously administered to the patient,

according to the specification include DT, TT, pertussis, Hib, typically conjugated, HBsAg,



pneumococcal saccharide, typically multivalent and conjugated, influenza virus, IPV, and other

antigens. Thus, this prior art teaches that the compositions of the invention can be used to

immunize the patients who have been pre-immunized with IT (or its derivative) and! or

conjugate of a saccharide of an organism other than N. meningitides with TT or its derivative.

Combining the above two prior arts, it is taught that the patient is given the meningococcal

vaccine of the invention and the patient has been pre-immunized with TT (or its derivative)

and! or conjugate of a saccharide of an organism other than N. meningitides with TT or its

derivative. Thus, the matter claimed in the claims 1- 4 of the alleged invention are already

known in the given two prior arts. The fact that the patient who is primed with a vaccine

composition comprising tetanus toxoid (or its derivative) and! or a saccharide conjugate of Hib

or pneumococcal saccharide conjugate comprising IT (or its derivative), is administered a

meningococcal vaccine comprising at least 2 of the saccharide (A, C, W 135, Y) conjugates

comprising TT or its derivative, is not a discovery. This is already known from the disclosures

and the teachings given in the prior arts D3 and D4. What has been claimed in the claim 1- 4 of

the alleged invention is that which was already known in the prior art. There was no

requirement of any skills or any experimentation to be done in the wet lab to arrive at the

conclusion that has been already well established in the given two prior arts D3 and D4. Thus,

the claims 1- 4 of the alleged invention are not inventive over the prior arts D3- D4.

The claims 5- 21 are dependent on the claims 1 -4 or are dependent on the claims dependent on

these claims of the alleged invention. Thus, these claims are dependent on the claims that are

not inventive over the prior arts D3 and D4. Incidentally, the claims 5- 21 are also not

inventive over the prior arts D3 and D4.

The claims 1- 21 are opposed on the basis that they are not inventive over the prior art D3 and

D4 taken together.

Thus, claims 1- 21 are opposed under section 25(1) (e) of the Indian Patents Act.



6.3.3) Claims 22 - 44 are obvious and lack inventive step over disclosure of Dl and D3

under section 25(1) ee) of the Indian Patents Act

The prior art D 1 recognizes the fact that the pneumococcal vaccines that are newly introduced

or are being newly introduced comprise of saccharide conjugates, conjugated whether to DT or

IT. The prior art talks about a study conducted to assess tetanus and diphtheria antibody

responses after administration of one dose of a pneumococcal conjugate vaccine to adults and

toddlers, all previously primed with diphtheria and tetanus toxoid vaccines.

In the above prior art, the subjects who were subjected to the studies had been pre-immunized

already with diphtheria toxoid or its derivative (as a part of the DTP or DT vaccine) and/or a

conjugate of (i) a capsular saccharide of an organism other than pneumococcus and (ii) a

diphtheria toxoid or CRM197 or derivative thereof (as a part of the Hib b- CRM 197).

The prior art D3 relates to a new combination vaccine formulation conferring protection

against diseases caused by B. pertussis, C. tetani, C. diphtheriae, Hepatitis B virus, Polio virus,

N. meningitides and S. pneumoniae, etc. On page 11, para 2, lines 26 and 27, it states that the

pneumococcal polysaccharides are preferably conjugated to PD, DT, CRM197 or TT. On ~

14, para 1, lines 1- 14 it gives a schedule of administration of the vaccine of the invention. It

states that the administration of all the components of the vaccine can occur on the same day,

same time or may be spaced. It states that preferably, the host is subsequently primed with both

or all the vaccines in the same way one or more (preferably 2) further times, each time

separates by 2-12 weeks (preferably approximately 1 month). Often a third priming

administration may be given between 2 weeks and 7 months after the second administration.

For instance, the vaccine may be administered as above according to a normal administration

schedule for DTP vaccines (such as a three visit system, each visit separated by 1 month, for

instance a 3, 4 and 5 month of age schedule; or a 3, 5 and 11 ; or a 3, 5 and 12 month of age

schedule). Such an administration schedule allows the optimization of the immune response

against the antigens in both (or all) containers of the kit.

Thus, when the schedule as given above is followed, the subject is already primed with DT

and/ or its derivative and / or TT during the second or the third visit.



Thus, given the above 2 pnor arts, it is clear that the vaccme of the invention can be

administered to the subject who has already been pre-immunized with one of the following:

1. diphtheria toxoid or derivative thereof and!or (b) a conjugate of (i) a capsular

saccharide of an organism other than pneumococcus and (ii) a diphtheria toxoid or

CRM197 or derivative thereof

2. a tetanus toxoid or derivative thereof and!or (b) a conjugate of (i) a capsular saccharide

of an organism other than pneumococcus and (ii) a tetanus toxoid or derivative thereof.

Given, the disclosure in the above 2 prior arts, it is clear that a method of immunizing a patient

using a pneumococcal vaccine, or use of a pneumococcal vaccine for immunizing a patient,

wherein the said vaccine comprises more than one saccharide, wherein at least one saccharide

is conjugated to DT and! or IT, was already known. Also, the prior arts teach that such patients

were pre-immunized with DT and! or its derivative and! or a conjugate of a saccharide from an

organism other than pneumococci and DT or its derivative. Also, the prior arts teach that the

above mentioned vaccine can be used to immunize patients who have been pre-immunized

with TT and! or its derivative and! or a conjugate of a saccharide from an organism other than

pneumococci and TT or its derivative. Thus, the claims 22 - 27 are nothing but a repetition of

what has already been known in the prior art. To arrive at the alleged invention, there was no

requirement of any experimentation or use of any skills on the part of the inventors. The

authors seem to have just redone whatever was already known in the prior art and seemed to

have claimed it as an invention. Such a part of work should not be acceptable as an invention.

Thus, claims 22- 27 are not inventive over the prior art D 1 and D3 taken together.

The claims 28- 44 are dependent on the claims 22- 27 or on claims that are dependent on them.

Thus, these claims are dependent on the claims that are not inventive over the prior art D 1 and

D3 taken together. Incidentally, the claims 28- 44 are also not inventive over the prior art D 1

and D3 taken together.

The claims 22- 44 are opposed on the basis that they are not inventive over the prior art D 1 and

D3 taken together.

Thus, claims 22- 44 are opposed under section 25( 1) (e) of the Indian Patents Act.



6.4 NOT AN INVENTION

6.4.1) The following are the relevant quotations for opposition under this ground

Section 25 (1) (1): states

'that the subject of any claim of the complete specification is not an invention within the

meaning of this Act, or is not patentable under this Act'

Section 3 (i):

"any process for the medicinal, surgical, curative, prophylactic, diagnostic, therapeutic or

other treatment of human beings or any process for a similar treatment of animals to render

them free of disease or to increase their economic value or that of their products".

6.4.2 ) The subject matter of claims 1-21, 22- 44 and 45- 70 of the alleged application, is

not an invention as per section 3m of Indian Patents Act 1970 as amended by Patents

(Amendment) Act 2005, so is opposed under Section 25(1) <0 of Indian Patents Act.

Claims 1- 4 relate to method of immunizing a human patient against a disease or use of a

composition as claimed in the manufacture of a medicament for immunizing a human patient

against a disease. As per section 3(i) of the Indian Patent Act, a method of treating a human is

not considered an invention and thus, does not qualify as a patentable subject matter. The

instant claims of the alleged application are not patentable and hence are subject matter of

opposition as per section 25(1) (t) ofIndian Patents Act.

The claims 5- 21 are dependent on the claims 1-4 (or claims dependent on claims 1-4) which

are related to a matter which is not an invention according to the section 3 (i) of the Indian

Patent Act. Thus, these claims are also not an invention according to the same provision.

Thus, claims 1- 21 are opposed under the ground that the claimed matter is not an invention

according to the Indian Patent Act.



Claims 22- 27 relate to method of immunizing a human patient against a disease or use of a

composition as claimed in the manufacture of a medicament for immunizing a human patient

against a disease. As per section 3(i) of the Indian Patent Act, a method of treating a human is

not considered an invention and thus, does not qualify as a patentable subject matter. The

instant claims of the alleged application are not patentable and hence are subject matter of

opposition as per section 25(1) (f) ofIndian Patents Act.

The claims 28- 44 are dependent on the claims 22-27 (or claims dependent on claims 22-27)

which are related to a matter which is not an invention according to the section 3 (i) of the

Indian Patent Act. Thus, these claims are also not an invention according to the same

provision.

Thus, claims 22- 44 are opposed under the ground that the claimed matter is not an invention

according to the Indian Patent Act.

Claims 45- 47 relate to method of immunizing a human patient against a disease. As per

section 3(i) of the Indian Patent Act, a method of treating a human is not considered an

invention and thus, does not qualify as a patentable subject matter. The instant claims of the

alleged application are not patentable and hence are subject matter of opposition as per section

25(1) (f) of Indian Patents Act.

The claims 45- 47 are dependent on the claims 45- 47 (or claims dependent on claims 45- 47)

which are related to a matter which is not an invention according to the section 3 (i) of the

Indian Patent Act. Thus, these claims are also not an invention according to the same

proviSIOn.

Thus, claims 45- 70 are opposed under the ground that the claimed matter is not an invention

according to the Indian Patent Act.



7.0) PRAYER

Given the foregoing, the Opponent humbly requests the Patent Office to reject the application

on all or any of the following grounds:

7.1) The alleged invention lacks novelty and inventive step over the pnor art

disclosures and hence it is not new;

7.2) The subject matter of the alleged invention has been priorly claimed in a complete

specification published on or after the priority date of the applicant's claim and filed in

pursuance of an application for a Patent in India;

7.2) The subject matter of the alleged application is not an invention under the

provisions of the Act.

All these grounds relate to material flaws that go to the heart of the Application and each is

sufficient to for it to be rejected in its entirety, rather than requiring a claim-by-claim

assessment.

8.0) REQUEST FOR HEARING AS PER RULE 55 (1) OF THE PATENT RULES 2006.

The Opponent further requests that the Patent Office grant a hearing as per Rule 55(1) of the

Patent Rules, 2006.



9,0) RELIEF SOUGHT

In the circumstances aforesaid the opponent prays for the following relief:

i) Revocation of the patent in entirety.

ii) Award of costs in favor of the opponents

iii) Such other relief or relief as the controller may deem appropriate.

Respectfully submitted,

On behalf of Panacea Biotec Ltd,

.......~~:.: . .....Q.~.~..9..f'.~~.~.~.....
Bhartee Gupta Date
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Abstract

We measured the tetanus and diphtheria antitoxin responses after administration of one dose of a mixed carrier (tetanus and diphtheria
toxoids) II-valent pneumococcal conjugate vaccine (PncDT) in 20 Finnish adults (mean age 26.1 years) and 20 Finnish (mean age 23.2
months) and 23 Israeli (mean age 18.5 months) toddlers. The vaccinees had previously been immunised with multiple doses of vaccines
containing diphtheria and tetanus toxoids. A double-antigen ELISA was used to measure the antitoxin concentrations. PncDT induced
significant booster responses in both adults and toddlers to the tetanus and the diphtheria carrier proteins. Thus, the effect on the tetanus and
diphtheria immunity of multivalent conjugate vaccines containing tetanus and diphtheria toxoids as carriers needs to be evaluated before
such vaccines are routinely implemented. © 2001 Elsevier Science Ltd. All rights reserved.

Keywords: Diphtheria; Tetanus; Immunity; Conjugate vaccines

1. Introduction

Conjugation technology has improved the immunogenic-
ity of polysaccharide vaccines, especially in small children.
Polysaccharides conjugated to various carrier proteins, e.g.
tetanus (T) or diphtheria (D) toxoids or mutant diphthe-
ria toxin (CRMI97), stimulate a T cell-dependent antibody
response and induce a long-term immunological memory.
The success of Haemophilus influenzae type b (Hib) con-
jugate vaccines has led to the development of new vaccines
against other childhood diseases caused by encapsulated
bacteria, such as Neisseria meningitidis and Streptococcus
pneumoniae [1,2]. .

In one of the new pneumococcal (Pnc) conjugate vaccines
(PncDT), each of the pneumococcal serotypes is conjugated
to either diphtheria (PncD) or tetanus (PncT) toxoids. This
results in a considerable amount of carrier protein in the
final vaccine. The vaccination schedules for the conjugate
vaccines coincide with or succeed diphtheria, tetanus and
pertussis (DTP) vaccinations in childhood. Previous studies
with early experimental lots of monovalent pneumococ-

, Corresponding author. Tel.: +358-9-47448-328;
fax: +358-9-47448-551.
E-mail address:rose-maric.olandcr@ktl.fi (R.-M. Olander).

I Present address: Aventis Pasteur, Lyon, France.

cal conjugate vaccines showed that adults respond to the
diphtheria and tetanus carrier proteins in addition to the
~olysaccharide [3,4]. However, the immune responses to
the carrier proteins in the multivalent conjugate vaccines
administered according to different schedules and with
different time intervals are not well documented.

We have reported previously that pneumococcal conju-
gate vaccines with tetanus and diphtheria toxoids as carriers
containing as many as II pneumococcal serotypes, are safe
in adults and toddlers [5,6). Here we assess tetanus and diph-
theria antibody responses after administration of one dose of
an II-valent pneumococcal conjugate vaccine to adults and
toddlers, all previously primed with diphtheria and tetanus
toxoid vaccines.

2. Materials and methods

2.1. Vaccinees and vaccination history

Twenty Finnish adults (mean age 26.1 years, range 22-35
years), 20 Finnish toddlers (mean age 23.2 months, range
21.1-24.8) and 23 Israeli toddlers (mean age 18.5 months,
range 13-24.5) were enrolled in safety and immunogenicity
studies of a new II-valent PncDT vaccine in 1997 [5,6].

0264-410X/Olf$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.
PH S0264-41 OX(O 1)00375:9
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Table I
Vaccination schedules

Age (months) 0 2 3 4 5 6 I 12 14 16 18 20 22 24

Finnish toddlers:
OTP + + +
Hib(HbOC} + +
IPV + +

MMR +

PncTO

Israeli toddlers:
OTP-IPVIPRP- T + + +
OTPIPRp·T +
OPV + + +
Hep B + + +
MMR +
PncTO

Range::

All the adults included in the study had a documented
history of at least one tetanus-diphtheria (Td) vaccination
one to 10 years ago. Records from the childhood vacci-
nations were not available. Since childhood immunisation
coverage rates have been high (i.e. >90%) throughout years
in Finland [7], it is likely that the majority had received
the routine vaccinations that consisted of four doses of
diphtheria-tetanus-pertussis or diphtheria-tetanus (DT)
vaccines until the age of 2 years.

Prior to the study, all toddlers had received the routine
vaccinations included in the Finnish and Israeli national
vaccination programmes, respectively. The vaccination pro-
grammes are presented in Table I.

Vaccines given to the Finnish toddlers before recruitment
to the current study had been as follows: the diphtheria,
tetanus, whole cell pertussis combination vaccine (DTP,
National Public Health Institute (KTL), Finland), contained
5 Lf (approximately 15 IJ-g)of purified tetanus toxoid, 19 Lf
(approximately 50 IJ-g) of purified diphtheria toxoid and
5 x 109 B. pertussis bacteria per dose. The H. injluenzae
type b vaccine (HbOC, Wyeth-Lederle, USA), contained
25 IJ.g of mutated non~toxic diphtheria CRM 197 toxin per
dose. The inactivated poliovirus vaccine (IPV) by Aventis
Pasteur, Lyon, France and the MMR vaccine by Merck,
Sharp & Dohme, West Point, USA. The Td vaccine (KTL,
Finland) administered to adults in Finland contained 5 Lf
(approximately 15 IJ.g) of purified tetanus toxoid and 2 Lf
(approximately 5 IJ.g)of purified diphtheria toxoid.

The DTP, PRP- T and IPV vaccines used in Israel were
produced by Aventis Pasteur, Lyon, France. The DTP was
given as a part of a combination vaccine administered in
one syringe, either with inactivated poliovirus (IPV) and

Hib vaccines (DTP-IPVIPRP-T) or with PRP-T vaccine
(DTP/PRP- T). It contained 10 Lf (approximately 30 IJ-g)of
tetanus toxoid and 25 Lf (approximately 66 IJ.g)of diphtheria
toxoid per dose and whole cell pertussis antigen (>4 IV/ml).
The PRP- T part of the vaccine contained 24 IJ.g of tetanus
toxoid per dose. The oral poliovirus vaccine (OPV) and the
Hepatitis B virus vaccine (Hep B) were from SmithKline
Beecham Biologicals, Rixensart, Belgium and the MMR
vaccine from Merck, Sharp & Dohme, West Point, USA.

The total amount of tetanus and diphtheria antigens thus
administered to the Finnish infants before the study was
approximately 45 IJ.g of tetanus toxoid in three injections
and approximately 2251J-gof diphtheria toxoid in five injec-
tions, whereas the Israeli infants had received approximately
200 IJ.gof tetanus toxoid and 260 IJ.g of diphtheria toxoid,
both in four injections (Table 1).

2.2. Study vaccines, vaccination schedule and sampling

The pneumococcal vaccine (PncTD) from Aventis
Pasteur, Lyon, France was a mixture of 11 individual
polysaccharide-protein conjugates. Two vaccine formula-
tions were used, one with aluminium hydroxide adjuvant
(300 IJ.gAI3+ per dose, lot number S34I6) and one without
(lot number S34I7). The vaccine contained I IJ.gper dose of
types I, 4, 5, 7F, 9V, I9F and 23F pneumococcal polysac-
charides (PS) conjugated to tetanus toxoid, 3 IJ.g per dose
of types 3, 14 and I8C PSs conjugated to diphtheria toxoid
and 10 IJ.g of type 6B PS conjugated to diphtheria toxoid.
The tetanus carrier protein content of the pneumococcal
conjugate vaccine was approximately 12IJ.g per dose and
the diphtheria toxoid content approximately 60 IJ.gper dose.
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The vaccines were administered once by intramuscular
injection into the right upper deltoid (adults) or right upper
tigh (toddlers). Blood samples were obtained before and 28
days (range ±5 days) after vaccination. The serum samples
were stored frozen until analysis.

2.3. Serological analysis

A double-antigen enzyme-linked immunosorbent assay
(ELISA) described by Kristiansen et a!. [8] was used to
measure tetanus and diphtheria antitoxins in serum sam-
ples taken on days 0 (pre) and day 28 (post). Duplicates
of eight serum samples, starting with the 1:100 dilution
and progressing by dilution factor of two were incubated
in ELISA plate wells coated with tetanus or diphtheria
toxoid. An immunoglobulin was used as an in-house stan-
dard and was calibrated against the WHO international
standards for tetanus and diphtheria antitoxins. The anti-
body concentrations were calculated with a reference line
method (Unitcalc; Unisys, Stockholm, Sweden). Tetanus
and diphtheria antitoxin concentrations were thus expressed
in international units per millilitre (ill/ml). The lower limit
of quantification was 0.007 ill/ml for both types of anti-
bodies. The interassay coefficient of variation was 12%. A
two-fold difference between the antitoxin concentrations of
the pre- and post-samples was considered as a significant
indication of response.

2.4. Statistical analysis

The geometric mean concentration (GMC) and 95% con-
fidence intervals (95% CI) oftetanus and diphtheria antitox-
ins at days 0 (pre) and day 28 (post) in each group was cal-
culated after logarithmic transformation of the data. The ge-
ometric mean fold rise and 95% confidence intervals (95%
CI) for each group was calculated from the individual post-
to pre-vaccination concentration ratios. The logarithmic data
were also used for analysis ofthe difference (Student's t-test)
between groups with or without adjuvant.

3. Results

Detailed safety and pneumococcal immunogemclty re-
sults have been published earlier [5,6]. Since the aluminium

hydroxide adjuvant had no significant effect on the response
of the adults or toddlers to the tetanus or diphtheria car-
rier proteins compared to the response seen with the PncTD
vaccine formulation without adjuvant (data not shown, P >
0.05 for all comparisons), we combined the results of the
two study vaccine groups for each age group.

3.1. Tetanus and diphtheria antitoxin
responses in adults

The tetanus antitoxin concentrations in the pre-vaccination
sera were all above 1ill/ml (GMC 4.35 ill/ml) (Fig. 1). Of
the 20 adults immunised with PncTD vaccine 18 (90%) re-
sponded to the tetanus carrier with a :::two-fold increase in
antitoxin concentrations. The tetanus carrier induced a mean
fold rise in the antitoxin concentrations of 4, resulting in a
post-vaccination tetanus GMC of 19.3 ill/ml (Table 2). The
pre-vaccination diphtheria antitoxin GMC· was 0.92 IV/ml.
All adults had a pre-vaccination diphtheria antitoxin con-
centration above 0.1 IU/ml and 11 out of 20 (55%) had
concentrations above 1.0 ill/m!. All vaccinees responded to
the diphtheria carrier protein with a :::two-fold increase in
antitoxin concentration. The mean fold rise in the antitoxin
concentrations was 29, resulting in a post-vaccination GMC
of 26.6 IV/ml (Table 2).

3.2. Tetanus and diphtheria antitoxin
responses in toddlers

All the Finnish and Israeli toddlers had pre-vaccination
tetanus and diphtheria antitoxin concentrations above
O. I IV/ml (Fig. 1), a level considered to provide good protec-
tion. Pre-vaccination tetanus antitoxin GMCs were 0.61 and
2.30 IV/ml for the Finnish and Israeli toddlers, respectively
(Table 2). These were positively correlated to the amount of
antigen and the number of doses previously received: 45 IJ.g
in three doses in Finland and 200 IJ.gin four doses in Israel.
All 20 Finnish toddlers (100%) and 18 out of 23 (78%)
Israeli toddles responded to the tetanus toxoid carrier in
the PncTD vaccine with at least a two-fold increase in an-
titoxin concentration (Fig. 1). The highest tetanus antitoxin
responses were seen among the Finnish toddlers (46-fold
mean rise) resulting in a GMC of 28.1 IU/ml (Table 2).
In Israeli toddlers, the rise was lower (9-fold mean rise)
though the GMC was as high as 20.1 IV/ml (Table 2).

Table 2
Tetanus and diphtheria antitoxin responses in the three study groups expressed as geometric mean concentrations (GMC, IV/ml) and geometric mean
fold rises (GMF) with 95% confidence intervals (95% CI)

Subjects n Tetanus antitoxin Diphtheria antitoxin

GMC (95% CI) GMF (95% CI) GMC (95% CI) GMF (95% CI)

Pre Post Pre Post

4.35 (3. I8-5.95) 19.3 (17.0-21.8) 4 (3-6) 0.92 (0.53-1.60) 26.6 (18.7-37.9) 29 (18-45)
0.6 I (0.42-1.07) 28.1 (21.9-36.0) 46 (33-65) 2.86 (1.60-5.11) 20.0 (12.5-31.9) 7 (5-10)
2.30 (1.27-4.17) 20.1 (13.0-31.2) 9 (4-17) 1.06 (0.56-2.02) 19.0 (11.2-32.1) 18 (9-36)

Finnish adults 20
Finnish toddlers 20
Israeli toddlers 23
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Although the Israeli toddlers had previously received
slightly more diphtheria toxoid than the Finnish toddlers
(see Section 2). Finnish toddlers showed a higher antitoxin
GMC (2.86 IV/mt) than the Israeli toddlers (1.06 IV/ml)
in the pre-vaccination samples, perhaps due to the booster
effect of the HbOC vaccine given alone on two occasions
to Finnish toddlers.

In both adults and toddlers, the fold response was in-
versely proportional to the pre-vaccination antibody concen-
trations, but in general the final post-vaccination antitoxin
concentration seemed not to correlate with the pre-vaccina-
tion antitoxin level (Fig. I).

4. Discussion

Many of the licensed or experimental conjugate vac-
cines contain tetanus toxoid, diphtheria toxoid or mutated
non-toxic diphtheria toxin (CRMI97) as a carrier protein.
Of these proteins, tetanus and diphtheria toxoids are also
included in DTP, DT and Td vaccines that are frequently
used in children and adults around the world to protect them
against diphtheria, tetanus and pertussis. The mutated diph-
theria toxin CRM 197 is not as such included in any vaccine
but it has been shown to induce neutralising antitoxin titres
as high as those induced by the diphtheria toxoid [9,10].

In this study we focused on the booster responses to diph-
theria and tetanus toxoid carriers included in two II-valent
pneumococcal conjugate vaccines administered to toddlers
and adults with history of DTP, PRP-T or PRP-CRMI97
and Td (only adults) vaccinations. Our results clearly show
that the routine diphtheria and tetanus vaccinations had
primed adults and children to respond to the carrier pro-
teins of the study vaccines. Furthermore, the magnitude of
this response, in terms of post- to pre-vaccination antibody
concentration ratio was negatively correlated to the pre-
vaccination concentrations, though the post-vaccination
concentrations were not in general dependent on the
pre-vaccination concentrations. This response resembles
the response to a DT or Td immunisation. Results from an
unpublished study in Finland show that II-year-old Finnish
children immunised with one dose of Td vaccine (KTL,
Finland) respond with a 50-fold mean increase in both
tetanus (pre-GMC 0.83 IV/ml, post-GMC 41.7 IV/ml) and
diphtheria (pre-GMC 0.12 IV/ml, post-GMC 6.48 IU/ml)
antitoxin concentrations.

The pre-immunisation antibody concentrations correlated
to the total amount of antigen and/or number of injections
previously received. Administration of a non-toxic diphthe-
ria toxin Hib conjugate vaccine (HbOC) during the second
year of life to Finnish toddlers having received three doses
of DTP are likely to have further increased their diphtheria
antitoxin concentrations. The differences seen between the
Finnish and the Israeli toddlers pre-immunisation antitoxin
concentrations may be due, not only to different amounts
of the antigen given according to different schedules, but

also to different commercial DTP vaccines used in the two
countries.

So far, polysaccharide-protein conjugate vaccines have
been primarily designed to induce protection against the
polysaccharide-bearing pathogens. However, it is obvious
that the carrier proteins are capable of both priming [11]
and boosting children and adults, as shown in this study.
In addition, simultaneous administration of conjugate vac-
cines using D, CRM197 or T as a carrier protein and DTP,
DT or Td vaccines containing the same proteins can even
reduce the response, both to the polysaccharide and to the
protein part of the vaccine [12-15]. With the introduction
of polysaccharide-protein conjugate vaccines, the deletion
of one or two tetanus-diphtheria vaccinations could reduce
the risk of negative interference and possible also reduce
the risk of adverse reactions. Additionally, from a public
health viewpoint, such a measure would be economically
favourable. The possibility of modifying the routine DTP,
DT or Td vaccine schedules should therefore be investigated
when new conjugate vaccines are introduced into vaccina-
tion programmes.
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MENINGOCOCCAL CONJUGATE VACCINATION

All documents cited herein are incorporated by reference in their entirety.

TECHNICAL FIELD
This invention concerns vaccines against Neisseria meningitidis. In particular, it concerns vaccines

based on conjugated capsular saccharides from multiple meningococcal serogroups.

BACKGROUND ART
Based on the organism's capsular polysaccharide, twelve serogroups of Nmeningitidis have been

identified (A, B, C, H, I, K, L, 29E, W135, X, Y and Z). Group A is the pathogen most often

implicated in epidemic disease in sub-Saharan Africa. Serogroups Band C are responsible for the

vast majority of cases in USA and in most developed countries. Serogroups W135 and Yare

responsible for the remaining cases in USA and developed countries.

A tetravalent vaccine of capsular polysaccharides from serogroups A, C, Y and W135 has been

known for many years [1,2]. Although effective in adolescents and adults, it induces a poor immune

response and short duration of protection and cannot be used in infants [e.g. ref. 3] because

polysaccharides are T cell-independent antigens that induce a weak immune response which cannot

be boosted. The polysaccharides in this vaccine are not conjugated [4].

Conjugate vaccines against serogroup C have been approved for human use, and include

Menjugate™ [5], Meningitec™ and NeisVac-CTM. Mixtures of conjugates from serogroups A+C are

known [6-8] and mixtures of conjugates from serogroups A+C+W135+Y have been reported [9-13].

While meningococcal conjugates are well known, they have not yet been fitted into existing pediatric

immunisation schedules, which for developed countries typically involve: hepatitis B vaccine at

birth; and, starting at 2 months, all of diphtheria/tetanus/pertussis (D-T-P), Hinjluenzae type b (Hib)

conjugate, inactivated poliovirus and pneumococcus conjugates at 2 months.

When adding conjugated vaccines to existing immunisation schedules, however, the issue of

carrier-induced epitopic suppression (or "carrier suppression", as it is generally known) must be

addressed, particularly suppression arising from carrier priming. "Carrier suppression" is the

phenomenon whereby pre-immunisation of an animal with a carrier protein prevents it from later

eliciting an immune response against a new antigenic epitope that is presented on that carrier [14].

As reported in reference 15, where several vaccine antigens contain the same protein component

(being used as an immunogen and/or as a carrier protein in a conjugate) then there is the potential for

interference between those antigens. In reference 15, the immune response against an antigen that

was conjugated to a tetanus toxoid (Tt) carrier was suppressed by pre-existing immunity against Tt.

Reference 16 reports how a combination of D-T-P vaccines with a Hib conjugate vaccine was

adversely affected where the carrier for the Hib conjugate was the same as the tetanus antigen from

the D-T-P vaccine. The authors concludes that this "carrier suppression" phenomenon, arising from
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interference by a common protein carrier, should be taken into account when introducing vaccines

that include multiple conjugates.

In contrast to references 15 and 16, reference 17 reported that priming with tetanus toxoid had no

negative impact on the immune response against a subsequently-administered Rib- Tt conjugate, but

suppression was seen in patients with maternally acquired anti-Tt antibodies. In reference 18,

however, an "epitopic suppression" effect was reported for a Tt-based peptide conjugate in patients

having existing anti-Tt antibodies resulting from tetanus vaccination.

In reference 19, it was suggested that a conjugate having CRM197 (a detoxified mutant of diphtheria

toxin) as the carrier may be ineffective in children that had not previously received diphtheria toxin

as part of a vaccine (e.g. as part of a D-T-P or D-T vaccine). This work was further developed in

reference 20, where a carrier priming effect by D-T immunisation was seen to persist for subsequent

immunisation with Rib conjugates.

In reference 21, the authors found that pre-immunisation with a diphtheria or tetanus toxoid carrier

protein reduced the increase in anti-Rib antibody levels after a subsequent immunisation with the Hib

capsular saccharide conjugated to those carriers, with IgG 1 and IgG2 being equally affected.

Responses to the carrier portions of the conjugates were also suppressed. Furthermore, a more

general non-epitope-specific suppression was seen, as pre-immunisation with one conjugate was seen

to affect immune responses ~gainst both the carrier and saccharide portions of a second conjugate

that was administered four weeks later.

The use of different carrier proteins in a single multivalent pneumococcal conjugate vaccine is

reported in reference 22, with multiple carriers being used in order to avoid carrier suppression. The

authors predict that there is a maximum load of a carrier protein that can be tolerated in a multivalent

conjugate vaccine without giving rise to negative interference. In reference 23 it was reported that

pneumococcal conjugate vaccines including mixed carrier proteins elicited, in parallel to the

anti-pneumococcus response, unintentional booster responses to the carriers.

In reference 24, an investigation of whether diphtheria and tetanus boosters could be administered

with monovalent meningococcal serogroup C conjugates, it was found that titres against the

meningococcal conjugate were reduced where the carrier was tetanus toxoid carrier and the patient

had received prior immunisation with a tetanus-containing vaccine.

Finally, reference 25 reports that "prior exposure to the carrier protein can either enhance or suppress

antibody response to polysaccharides administered in saccharide-protein conjugates". The conjugates

used in reference 25 used tetanus toxoid or the CRM 197 mutant as the carrier protein.

The situation concerning carrier priming and/or suppression is thus confused, and it remains unclear

whether any particular conjugate will suffer from carrier suppression or will benefit from a carrier

priming enhancement. Meningococcal conjugate vaccines will not be in a position to be integrated

into or added to existing pediatric immunisation schedules until this issue is addressed. Furthermore,
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as meningococcal conjugates are to be administered as tetravalent mixtures (i.e. four different

conjugates) then the potential for carrier suppression becomes even more of a risk.

In addition to the problem of priming with a carrier having a negative impact on immune responses

against saccharide conjugates, the reverse can also occur i.e. immunisation with a conjugate can have

a negative impact on immune responses against the carrier [26].

DISCLOSURE OF THE INVENTION
Reference 27 suggests that carrier suppression in meningococcal conjugate vaccines should be dealt

with by using more than one type of carrier protein. In particular, reference 27 suggests that

H.injluenzae protein D should be used as the carrier protein for meningococcal conjugates, with

tetanus toxoid (Tt) also being a possibility. To avoid epitope suppression, protein D is also the carrier

of choice in reference 28. Similarly, reference 29 suggests that Bordetella pertussis fimbriae should

be used as the carrier in order to avoid carrier suppression in multivalent conjugate vaccines. In

contrast, the invention uses tetanus toxoid (Tt) as the carrier for mixed meningococcal saccharide

conjugates.

Moreover, reference 27 also suggests that meningococcal conjugate vaccines should be administered

at the same time as D-T-P-Hib vaccines (e.g. see example 3), such that there is no previous exposure

to the carrier protein from the meningococcal conjugates. In contrast, it has now been found that

meningococcal conjugates can be administered to patients even where they have already received the

carrier protein, either in the form of a previous immunogen (e.g. in a D-T-P or a D-T immunisation)

or as a previous carrier protein (e.g. in a Hib conjugate or pneumococcal conjugate vaccine). The

previous study of carrier-induced epitopic suppression in monovalent serogroup C conjugate

vaccines [24] did not look at the effect of any prior administration of conjugates.

As well as contrasting with reference 27, the ability of a patient to raise an immune response against

a meningococcal conjugate, even where they have already received a different conjugate, contrasts

with reference 21.

Thus the invention provides a method for immunising a patient against a disease caused by Neisseria

meningitidis, comprising the step of administering to the patient a composition that comprises at least

two of: (a) a conjugate of (i) the capsular saccharide of serogroup A Nmeningitidis and (ii) a tetanus

toxoid; (b) a conjugate of (i) the capsular saccharide of serogroup C Nmeningitidis and (ii) a tetanus

toxoid; (c) a conjugate of (i) the capsular saccharide of serogroup W135 Nmeningitidis and (ii) a

tetanus toxoid; and (d) a conjugate of (i) the capsular saccharide of serogroup Y Nmeningitidis and

(ii) a tetanus toxoid, wherein the patient has been pre-immunised with (a) a tetanus toxoid and/or

(b) a conjugate of (i) a capsular saccharide of an organism other than N meningitidis and (ii) a tetanus

toxoid.

The invention also provides the use of at least two of: (a) a conjugate of (i) the capsular saccharide of

serogroup A Nmeningitidis and (ii) a tetanus toxoid; (b) a conjugate of (i) the capsular saccharide of
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serogroup C N.meningitidis and (ii) a tetanus toxoid; (c) a conjugate of (i) the capsular saccharide of

serogroup W135 N.meningitidis and (ii) a tetanus toxoid; and (d) a conjugate of (i) the capsular

saccharide of serogroup Y N.meningitidis and (ii) a tetanus toxoid, in the manufacture of a

medicament for immunising a patient against a disease caused by Neisseria meningitidis, wherein the

patient has been pre-immunised with (a) a tetanus toxoid andlor (b) a conjugate of (i) a capsular

saccharide of an organism other than N.meningitidis and (ii) a tetanus toxoid.

The meningococcal disease is preferably meningitis, more preferably bacterial meningitis, and most

preferably meningococcal meningitis. Thus the invention can be used to protect against

meningococcal infections that cause meningitis.

Tlte pre-immunised patient

The patient to be immunised has been pre-immunised with: (a) a tetanus toxoid; andlor (b) a

conjugate of (i) a capsular saccharide of an organism other than Neisseria meningitidis and (ii) a

tetanus toxoid. Typical pre-immunisation will have included: a tetanus toxoid antigen; a Rib capsular

saccharide conjugate using a tetanus toxoid carrier; andlor a pneumococcal capsular saccharide

conjugate using a tetanus toxoid carrier.

The patient will have received at least one (e.g. 1, 2, 3 or more) dose of the pre-immuriisation

antigen(s), and that dose (or the earliest of multiple doses) will have been administered to the patient

at least six (e.g. 6,9, 12, 15, 18,21,24,36,48,60, 120, 180,240, 300 or more) months before the

immunisation with the meningococcal conjugates according to the invention. In a preferred group of

patients, the pre-immunisation took place within 3 years of birth e.g. within 2 years of birth, within 1

year of birth, within 6 months of birth, or even within 3 months, 2 months or 1 month of birth.

The patient to be immunised according to the invention will typically be a human. The human will

generally be at least 1 month old e.g. at least 2 months old, at least 3 months old, at least 4 months

old, at least 6 months old, at least 2 years old, at least 5 years old, at least 11 years old, at least 17

years old, at least 40 years old, at least 55 years old, etc. A preferred set of patients is at least 6

months old. Another preferred set of patients is in the age group 2-55 years old, and another

preferred set of patients is in the age group 11-55 years old. A further preferred set of patients is less

than 11 years old e.g. 2-11 years old. In all cases, however, regardless of age, the patient will have

been pre-immunised as defined herein.

The patient will typically have received a tetanus toxoid as the 'T' antigen in a D-T-P or a D-T

pre-immunisation. Such immunisations are typically given to newborn children at ages 2, 3, and 4

months. Where the immunisation includes a pertussis vaccine, that vaccine may be a whole cell or

cellular pertussis vaccine ('Pw'), but is preferably an acellular pertussis vaccine ('Pa').

Pre-immunisation Pa vaccines will generally include one, two or three of the following well-known

and well-characterised B.pertussis antigens: (1) pertussis toxoid ('PT'), detoxified either by chemical

means or by site-directed mutagenesis e.g. the '9K/I29G' mutant [30]; (2) filamentous
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haemagglutinin ('FHA'); (3) pertactin (also known as '69 kiloDalton outer membrane protein').

Acellular pertussis vaccines may also include agglutinogen 2 and/or agglutinogen 3. The 'D' antigen

in a D-T-P pre-immunisation is typically a diphtheria toxoid.

The patient may also or alternatively have received the tetanus toxoid as the carrier protein of a

protein-saccharide conjugate. Such conjugates include the 'PRP-T' Rib conjugate [see Table 14-7 of

ref. 31] e.g. the ActlllB™, OmniHIBTMand HIBERJXTMproducts. The patient may also have been

pre-immunised with a serogroup C meningococcal ('MenC') conjugate. MenC conjugates that use a

tetanus toxoid carrier include the NeisVac-CTM product. Preferably, however, the patient has been

pre-immunised with Rib and/or pneumococcal conjugate, but not with a MenC conjugate. If the

patient has been pre-immunised with a MenC conjugate then the vaccine administered according to

the invention mayor may not include a serogroup C conjugate.

Where pre-immunisation was with a conjugated antigen then the patient will almost inevitably have

also received a small amount of free tetanus toxoid as a result of low-level contamination of the

conjugate (e.g. caused by hydrolysis of the conjugate during storage), but this small amount will not

typically have been adequate to provide a significant immune response.

Tetanus toxoid is a well known and well characterised protein [e.g. see chapter 13 of ref. 31] that can

be obtained by inactivation of the endopeptidase ('tetanus toxin') produced by Clostridium tetani.

The toxin can be treated to give a toxoid that is no longer toxic but that remains antigenic and is able

to stimulate the production of specific anti-toxin antibodies after injection. Preferred tetanus toxoids

are those prepared by formaldehyde treatment. The tetanus toxoid can be obtained by growing

C.tetani in growth medium (e.g. a Latham medium derived from bovine casein), followed by

formaldehyde treatment, ultrafiltration and precipitation. The material may then be treated by a

process comprising sterile filtration and/or dialysis. The term 'tetanus toxoid' as used herein includes

derivatives of tetanus toxoid that remain immunologically cross-reactive with tetanus toxin.

The result of the pre-immunisation is that the patient's immune system has been exposed to the

pre-immunisation antigens. This generally means that the patient will have raised an anti-Tt antibody

response (typically to give an anti-Tt titer >0.01 IO/ml) and will possess memory Band/or T

lymphocytes specific for Tt i.e. pre-immunisation is typically adequate to elicit an anamnestic anti-Tt

immune response in the patient. For pre-immunisation where Tt is a carrier for a saccharide within a

conjugate then the pre-immunisation will have raised an anti-saccharide response and the patient will

possess memory Band/or T lymphocytes specific for the saccharide i.e. the pre-immunisation is

typically adequate to elicit an anamnestic anti-saccharide immune response in the patient. The

pre-immunisation was preferably adequate to elicit protective immunity in the patient e.g. against

tetanus disease or against the saccharide-containing organism, respectively.

Thus the patients to be immunised according to the invention are distinct from patients in general, as

they are members of a subset of the general population whose immune systems have already

mounted an immune response to the pre-immunisation antigens, such that immunisation according to
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the invention with a meningococcal conjugate that includes a tetanus toxoid carrier elicits a different

immune response in the subset than in patients who have not previously mounted an immune

response to the pre-immunisation antigens. Patients who have been pre-immunised with Tt as the

carrier of a conjugate (particularly of a Rib conjugate) are preferred. Particularly preferred patients

have been pre-immunised with Tt as the carrier of a conjugate and also with Tt as an unconjugated

immunogen.

As well as having been pre-immunised with a tetanus toxoid, in conjugated or non-conjugated form,

the patient may have been pre-immunised with other antigens. Such antigens include, but are not

limited to: pertussis antigen(s) - see above; diphtheria toxoid - see above; Haemophilus injluenzae
type B - see above; hepatitis B surface antigen (HBsAg); poliovirus, such as an inactivated

poliovirus vaccine (IPV); Streptococcus pneumoniae - see above; influenza virus; BCG; hepatitis A

virus antigens; measles virus; mumps virus; rubella virus; varicella virus; etc.

The patient mayor may not have been pre-immunised with one or more meningococcal conjugate(s).

In some preferred embodiments, at the time when a patient first receives a meningococcal conjugate,

they have already been pre-immunised with Tt. In other embodiments, a meningococcal conjugate is

administered to a patient who has already been pre-immunised with both (i) Tt and (ii) a

meningococcal conjugate.

The conjugates

The invention immunises patients with conjugated saccharides. Conjugation is used to enhance the

immunogenicity of saccharides, as it converts them from T-independent antigens to T-dependent

antigens, thus allowing priming for immunological memory. Conjugation is particularly useful for

pediatric vaccines [e.g. ref. 32] and is a well known technique [e.g. reviewed in refs. 33 to 41].

The composition used according to the invention comprises at least two meningococcal conjugates,

wherein each conjugate comprises a tetanus toxoid (or derivative thereof) carrier protein, and the

capsular saccharide. The capsular saccharides are chosen from meningococcal serogroups A, C,

W135 and Y, such that the compositions include saccharides from 2, 3, or all 4 of these four

serogroups. Specific compositions comprise saccharides from: serogroups A & C; serogroups A &

W135; serogroups A & Y; serogroups C & W135; serogroups C & Y; serogroups W135 & Y;

serogroups A & C & W135; serogroups A & C & Y; serogroups A & Wl35 & Y; serogroups C &

W135 & Y; serogroups A & C & W135 & Y. Compositions including saccharides from all four

serogroups are most preferred.

The capsular saccharides of each of these four serogroups are well characterised. The capsular

saccharide of serogroup A meningococcus is a homopolymer of (al~6)-linked N-acetyl-D-

mannosamine-I-phosphate, with partial O-acetylation in the C3 and C4 positions. The acetyl groups

can be replaced with blocking groups to prevent hydrolysis [42], and such modified saccharides are

still serogroup A saccharides within the meaning of the present invention. The serogroup C capsular
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saccharide is a homopolymer of (a. 2-+9)-linked sialic acid (N-acetyl neuraminic acid, or 'NeuNAc').

Most serogroup C strains have O-acetyl groups at C-7 and/or C-8 of the sialic acid residues, but

about 15% of clinical isolates lack these O-acetyl groups [43,44]. The saccharide structure is written

as -+9)-Neu p NAc 7/8 OAc-(a.2-+ . The serogroup W135 saccharide is a polymer of sialic acid-

galactose disaccharide units. Like the serogroup C saccharide, it has variable O-acetylation, but at

sialic acid 7 and 9 positions [45]. The structure is written as: -+4)-D-Neup5Ac(7/90Ac)-a.-(2-+6)-

D-Gal-a.-(l-+ . The serogroup Y saccharide is similar to the serogroup W135 saccharide, except that

the disaccharide repeating unit includes glucose instead of galactose. Like serogroup W135, it has

variable O-acetylation at sialic acid 7 and 9 positions [45]. The serogroup Y structure is written as:

-+4)-D-Neup5Ac(7 /90Ac )-a.-(2-+6)-D-Glc-a.-(l-+ .

The saccharides used according to the invention may be O-acetylated as described above (e.g. with

the same O-acetylation pattern as seen in native capsular saccharides), or they may be partially or

totally de-O-acetylated at one or more positions of the saccharide rings, or they may be

hyper-O-acetylated relative to the native capsular saccharides.

The saccharides used according to the invention are preferably shorter than the native capsular

saccharides seen in bacteria. Thus the saccharides are preferably depolymerised, with

depolymerisation occurring after purification but before conjugation. Depolymerisation reduces the

chain length of the saccharides. A preferred depolymerisation method involves the use of hydrogen

peroxide [9]. Hydrogen peroxide is added to a saccharide (e.g. to give a final H202 concentration of

1%), and the mixture is then incubated (e.g. at about 55°C) until a desired chain length reduction has

been achieved. Another depolymerisation method involves acid hydrolysis [10]. Other

depolymerisation methods are known to the skilled person. The saccharides used to prepare

conjugates for use according to the invention may be obtainable by any of these depolymerisation

methods. Depolymerisation can be used in order to provide an optimum chain length for

immunogenicity and/or to reduce chain length for physical manageability of the saccharides.

Typical carrier proteins for use in conjugates are bacterial toxins or toxoids, such as diphtheria toxin

(or its CRMI97 mutant) and tetanus toxin. Other known carrier proteins include the N.meningitidis

outer membrane protein, synthetic peptides, heat shock proteins, pertussis proteins, cytokines,

lymphokines, hormones, growth factors, artificial proteins comprising multiple human CD4+ T cell

epitopes from various pathogen-derived antigens, protein D from H injluenzae, pneumococcal

surface protein PspA, iron-uptake proteins, toxin A or B from C.difficile, etc. According to the

invention, however, the meningococcal conjugates include a tetanus toxoid carrier protein. Covalent

conjugation is preferred.

It is possible to use more than one carrier protein in the compositions. Thus different carrier proteins

can be used for different serogroups e.g. serogroup A saccharides might be conjugated to Tt while

serogroup C saccharides might be conjugated to Dt. It is also possible to use more than one carrier

protein for a particular saccharide antigen e.g. serogroup A saccharides might be in two groups, with
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some conjugated to Tt and others conjugated to Dt. In general, however, it is preferred to use the

same carrier protein for all meningococcal saccharides in the composition, and more preferably for

all saccharides (i.e. including any non-meningococcal conjugates that may be present). It is preferred

that compositions of the invention do not include any diphtheria toxoid carrier protein.

A single carrier protein might carry more than one saccharide antigen [46]. For example, a single

carrier protein might have conjugated to it saccharides from serogroups A and C. To achieve this

goal, saccharides can be mixed prior to the conjugation reaction. In general, however, it is preferred

to have separate conjugates for each serogroup. Conjugates are preferably mixed to give substantially

a 1:1:1:1 ratio (measured as mass of saccharide) e.g. the mass of each serogroup' s saccharide is

within ±1O% of each other. A typical quantity of meningococcal antigen per serogroup in a

composition is between 1~g and 20~g e.g. between 2 and 10 ~g per serogroup, or about 4~g. As an

alternative to a 1:1:1:1 ratio, a double serogroup A dose may be used (2: 1:1:1).

Conjugates with a saccharide:protein ratio (w/w) of between 1:15 (i.e. excess protein) and 15:1 (i.e.

excess saccharide), preferably between 1:10 and 10:1, more preferably between 1:5 and 5: 1, are

preferred. Excess carrier protein is preferred. Conjugates with saccharide:protein ratio of about 1:12

or about 1:6 or about 1:3 are preferred.

Conjugates may be used in conjunction with free carrier protein [47]. When a given carrier protein is

present in both free and conjugated form in a composition of the invention, however, the

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

composition as a w~ole, and more preferably present at less than 2% by weight. Similarly,

unconjugated saccharide is preferably no more than 15% by weight of the total amount of saccharide.

Any suitable conjugation reaction can be used, with any suitable linker where necessary.

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

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

tetrafluoroborate [48,49, etc.]). Other suitable techniques use carbodiimides, hydrazides, active

esters, norborane, p-nitrobenzoic acid, N-hydroxysuccinimide, S-NHS, EDC, TSTU; see also the

introduction to reference 39).

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

described in references 50 and 51. One type of linkage involves reductive amination of the

polysaccharide, coupling the resulting amino group with one end of an adipic acid linker group, and

then coupling a protein to the other end of the adipic acid linker group [37, 52, 53]. Other linkers

include B-propionamido [54], nitrophenyl-ethylamine [55], haloacyl halides [56], glycosidic linkages

[57], 6-aminocaproic acid [58], ADH [59], C4 to CI2 moieties [60] etc. As an alternative to using a

linker, direct linkage can be used. Direct linkages to the protein may comprise oxidation of the

-8-



WO 2006/075170 PCT/GB2006/000120

polysaccharide followed by reductive amination with the protein, as described in, for example,

references 61 and 62.

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

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

N-hydroxysuccinimido diester) and reaction with carrier protein is preferred.

In one preferred conjugation method, a saccharide is reacted with adipic acid dihydrazide. For

serogroup A, carbodiimide may also be added at this stage. After a reaction period, sodium

cyanoborohydride is added. Derivatised saccharide can then be prepared e.g. by ultrafiltration. The

derivatized saccharide is then mixed with carrier protein (e.g. with a tetanus toxoid), and

carbodiimide is added. After a reaction period, the conjugate can be recovered. Further details of this

conjugation method can be found in reference 10. Conjugates obtainable by this method are preferred

conjugates for use according to the invention e.g. conjugates comprising a tetanus toxoid carrier and

an adipic acid linker.

Conjugates are preferably prepared separately and then mixed. After mixing, the concentration of the

mixed conjugates can be adjusted e.g. with sterile pyrogen-free, phosphate-buffered saline. Each

conjugate, before mixing, preferably contains no more than I51lg of carrier.

The result of administering meningococcal conjugates according to the invention is preferably that,

for each administered serogroup, the patient raises a serum bactericidal antibody (SBA) response,

with the increase in SBA titre (compared to the pre-immunised patient before receiving the mixed

meningococcal conjugates) being at least 4-fold, and preferably at least 8-fold. The SBA test is a

standard correlate for meningococcal protection. Further details of serologic correlates for

meningococcal vaccines are given in reference 63.

Further alltigenic compOilents of compositions used according to the illvention

In addition to meningococcal conjugates, compositions used according to the invention may

optionally include 1, 2 or 3 ofthe following further antigens:

1. A conjugated capsular saccharide from S.pneumoniae [e.g. chapter 23 of ref. 31; refs. 64-66].

It is preferred to include saccharides from more than one serotype of S.pneumoniae. For example,

mixtures of polysaccharides from 23 different serotype are widely used, as are conjugate

vaccines with polysaccharides from between 5 and 11 different serotypes [67]. For example,

PrevNarTM[68] contains antigens from seven serotypes (4, 6B, 9V, 14, I8C, I9F, and 23F) with

each saccharide individually conjugated to CRMI97 by reductive amination, with 21lg of each

saccharide per O.5ml dose (41lg of serotype 6B), and with conjugates adsorbed on an aluminium

phosphate adjuvant. Where pneumococcal conjugates are included in a compositions for use with

the invention, the composition preferably includes at least serotypes 6B, 14, 19F and 23F.

2. A conjugated capsular saccharide from Hinjluenzae B [e.g. chapter 14 of ref. 31].
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The carrier protein for the conjugate may be a tetanus toxoid, CRM197, Dt or an outer membrane

complex of N.meningitidis. The saccharide moiety of the conjugate may be a polysaccharide

(e.g. full-length polyribosylribitol phosphate (PRP)), but it is preferred to depolymerise the

capsular polysaccharides to form oligosaccharides (e.g. MW from -1 to -5 kDa). A preferred

Hib conjugate comprises an oligosaccharide covalently linked to CRM197 or Tt via an adipic

acid linker [69,70]. Administration of the Hib antigen preferably results in an anti-PRP antibody

concentration of >0.15 Jlglml, and more preferably> 1Jlglml. Where a composition includes a Hib

saccharide antigen, it preferably does not also include an aluminium hydroxide adjuvant. If the

composition includes an aluminium phosphate adjuvant then the Hib antigen may be adsorbed to

the adjuvant [71] or it may be non-adsorbed [27]. Prevention of adsorption can be achieved by

selecting the correct pH during antigen/adjuvant mixing, an adjuvant with an appropriate point of

zero charge, and an appropriate order of mixing for the various different antigens in a

composition [72].

3. A protein antigen from Neisseria meningitidis serogroup B [e.g. ref. 73].

The composition may comprise one or more of these further antigens.

Such antigens mayor may not be adsorbed to an aluminium salt.

If meningococcal conjugates are being administered in a series of doses then none, some or all of the

doses may include these extra antigens.

Compositions containing the meningococcal conjugates preferably do not include diphtheria toxoid.

They preferably do not include pertussis antigens. They preferably do not include hepatitis B virus

surface antigen. They preferably do not include poliovirus. A composition preferably contains no

more than 50Jlg of tetanus toxoid per meningococcal conjugate, and more preferably no more than

50Jlg of tetanus toxoid for all meningococcal conjugates combined.

The vaccine composition
The composition used according to the invention will typically include a pharmaceutically acceptable

carrier. Such carriers include any carrier that does not itself induce the production of antibodies

harmful to the individual receiving the composition. Suitable carriers are typically large, slowly

metabolised macromolecules such as proteins, polysaccharides, polylactic acids, polyglycolic acids,

polymeric amino acids, amino acid copolymers, sucrose, trehalose, lactose, and lipid aggregates

(such as oil droplets or liposomes). Such carriers are well known to those of ordinary skill in the art.

The vaccines may also contain diluents, such as water, saline, glycerol, etc. Additionally, auxiliary

substances, such as wetting or emulsifying agents, pH buffering substances, and the like, may be

present. Sterile pyrogen-free, phosphate-buffered physiologic saline is a typical carrier. A thorough

discussion of pharmaceutically acceptable carriers and excipients is available in reference 74.

Compositions used according to the invention may include an antimicrobial, particularly if packaged

in a multiple dose format.
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Compositions used according to the invention may comprise detergent e.g. a Tween (polysorbate),

such as Tween 80. Detergents are generally present at low levels e.g. <0.01%.

Compositions used according to the invention may include sodium salts (e.g. sodium chloride and/or

sodium phosphate). These can be used for tonicity. A concentration of l()±2mg/ml NaCI is typical

e.g. about 8.8mg/ml. A concentration of 1.2mg/ml sodium phosphate is typical.

Compositions used according to the invention will generally include a buffer e.g. a phosphate buffer.

Compositions used according to the invention may comprise a sugar alcohol (e.g. mannitol) or a

disaccharide (e.g. sucrose or trehalose) e.g. at about 15-30 mg/ml (e.g. 25 mg/ml), particularly ifthey

are to be lyophilised or if they include material which has been reconstituted from lyophilised

material. Preferred compositions, however, are not lyophilised i.e. all meningococcal conjugates are

present in aqueous form, from the packaging stage to the administration stage.

Compositions will generally be administered directly to a patient. Direct delivery may be

accomplished by parenteral injection (e.g. subcutaneously, intra~ritoneally, intravenously,

intramuscularly, or to the interstitial space of a tissue), or by rectal, oral, vaginal, topical,

transdermal, intranasal, ocular, aural, pulmonary or other mucosal administration. Intramuscular

administration (e.g. to the thigh or the upper arm) is preferred. Injection may be via a needle (e.g. a

hypodermic needle), but needle-free injection may alternatively be used. A typical intramuscular

dose is 0.5 ml.

Meningococcal conjugates from multiple serogroups are administered in admixture within a single

composition. The composition may be administered as a single dose, or may be administered more

than once in a multiple dose schedule. Multiple doses may be used in a primary immunisation

schedule and/or in a booster immunisation schedule. A primary dose schedule may be followed by a

booster dose schedule of the meningococcal conjugates. Suitable timing between priming doses (e.g.

between 4-16 weeks), and between priming and boosting, can be routinely determined. The

conjugates may conveniently be administered at the same time as other vaccines e.g. at the same time

as a D-T-P vaccine, or at the same time as a pneumococcal conjugate vaccine, or at the same time as

an influe~a vaccine, or at the same time as a MMR or MMRV vaccine. These vaccines will

generally be administered separately but during the same visit to the doctor.

Bacterial infections can affect various areas of the body and so compositions may be prepared in

various forms. For example, the compositions may be prepared as injectables, either as liquid

solutions or suspensions. Solid forms suitable for solution in, or suspension in, liquid vehicles prior

to injection can also be prepared (e.g. a lyophilised composition). The composition may be prepared

for topical administration e.g. as an ointment, cream or powder. The composition be prepared for oral

administration e.g. as a tablet or capsule, or as a syrup (optionally flavoured). The composition may

be prepared for pulmonary administration e.g. as an inhaler, using a fine powder or a spray. The

composition may be prepared as a suppository or pessary. The composition may be prepared for
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nasal, aural or ocular administration e.g. as spray, drops, gel or powder [e.g. refs 75 & 76]. In

general, however, the meningococcal conjugates are formulated for intramuscular injection.

Compositions used according to the invention mayor may not include a vaccine adjuvant. Adjuvants

which may be used in compositions of the invention include, but are not limited to:

A. Mineral-containing compositions
Mineral containing compositions suitable for use as adjuvants in the invention include mineral salts,

such as aluminium salts and calcium salts. The invention includes mineral salts such as hydroxides

(e.g. oxyhydroxides), phosphates (e.g. hydroxyphosphates, orthophosphates), sulphates, etc. [e.g. see

chapters 8 & 9 of ref. 77], or mixtures of different mineral compounds, with the compounds taking

any suitable fo~ (e.g. gel, crystalline, amorphous, etc.), and with adsorption being preferred. The

mineral containing compositions may also be formulated as a particle of metal salt [78].

Aluminium phosphates are particularly preferred, and a typical adjuvant is amorphous aluminium

hydroxyphosphate with POJAI molar ratio between 0.84 and 0.92, included at about 0.6mg Ae+/ml.

Adsorption with a low dose of aluminium phosphate may be used e.g. between 50 and 100J.1gAe+

per conjugate per dose. Where a composition includes conjugates from multiple bacterial species

then not all conjugates need to be adsorbed.

B. Oil Emulsions
Oil emulsion compositions suitable for use as adjuvants in the invention include squalene-water

emulsions, such as MF59 [Chapter 10 ofref. 77; see also ref. 79] (5% Squalene, 0.5% Tween 80, and

0.5% Span 85, formulated into submicron particles using a microfluidizer). Complete Freund's

adjuvant (CFA) and incomplete Freund's adjuvant (IFA) may also be used.

C. Saponinjomlulations [chapter 22 of ref 77J
Saponin formulations may also be used as adjuvants in the invention. Saponins are a heterologous

group of sterol glycosides and triterpenoid glycosides that are found in the bark, leaves, stems, roots

and even flowers of a wide range of plant species. Saponin from the bark of the Quillaia saponaria

Molina tree have been widely studied as adjuvants. Saponin can also be commercially obtained from

Smilax ornata (sarsaprilla), Gypsophilla paniculata (brides veil), and Saponaria officianalis (soap

root). Saponin adjuvant formulations include purified formulations, such as QS21, as well as lipid

formulations, such as ISCOMs. QS21 is marketed as Stimulon™.

Saponin compositions have been purified using HPLC and RP-HPLC. Specific purified fractions

using these techniques have been identified, including QS7, QSI7, QSI8, QS21, QH-A, QH-B and

QH-C. Preferably, the saponin is QS21. A method of production of QS21 is disclosed in ref. 80.

Saponin formulations may also comprise a sterol, such as cholesterol [81].

Combinations of saponins and cholesterols can be used to form unique particles called

immunostimulating complexs (ISCOMs) [chapter 23 of ref. 77]. ISCOMs typically also include a

phospholipid such as phosphatidylethanolamine or phosphatidylcholine. Any known saponin can be
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used in ISCOMs. Preferably, the ISCOM includes one or more of QuilA, QHA & QHC. ISCOMs are

further described in refs. 81-83. Optionally, the ISCOMS may be devoid of additional detergent [84].

A review of the development of saponin based adjuvants can be found in refs. 85 & 86.

D. Virosomes and virus-like particles
Virosomes and virus-like particles (VLPs) can also be used as adjuvants in the invention. These

structures generally contain one or more proteins from a virus optionally combined or fonnulated

with a phospholipid. They are generally non-pathogenic, non-replicating and generally do not contain

any of the native viral genome. The viral proteins may be recombinantly produced or isolated from

whole viruses. These viral proteins suitable for use in virosomes or VLPs include proteins derived

from influenza virus (such as HA or NA), Hepatitis B virus (such as core or capsid proteins),

Hepatitis E virus, measles virus, Sindbis virus, Rotavirus, Foot-and-Mouth Disease virus, Retrovirus,

Norwalk virus, human Papilloma virus, HIV, RNA-phages, QB-phage (such as coat proteins), GA-

phage, fr-phage, AP205 phage, and Ty (such as retrotransposon Ty protein pI). VLPs are discussed

further in refs. 87-92. Virosomes are discussed further in, for example, ref. 93.

E. Bacterial or microbial derivatives
Adjuvants suitable for use in the invention include bacterial or microbial derivatives such as

non-toxic derivatives of enterobacterial lipopolysaccharide (LPS), Lipid A derivatives,

immunostimulatory oligonucleotides and ADP-ribosylating toxins and detoxified derivatives thereof.

Non-toxic derivatives of LPS include monophosphoryl lipid A (MPL) and 3-0-deacylated MPL
(3dMPL). 3dMPL is a mixture of 3 de-O-acylated monophosphoryllipid A with 4, 5 or 6 acylated

chains. A preferred "small particle" fonn of 3 De-O-acylated monophosphoryllipid A is disclosed in

ref. 94. Such "small particles" of 3dMPL are small enough to be sterile filtered through a 0.221lm

membrane [94]. Other non-toxic LPS derivatives include monophosphoryllipid A mimics, such as

aminoalkyl glucosaminide phosphate derivatives e.g. RC-529 [95,96].

Lipid A derivatives include derivatives of lipid A from Escherichia coli such as OM-174. OM-174 is

described for example in refs. 97 & 98.

Immunostimulatory oligonucleotides suitable for use as adjuvants in the invention include nucleotide

sequences containing a CpG motif (a dinucleotide sequence containing an unmethylated cytosine

linked by a phosphate bond to a guanosine). Double-stranded RNAs and oligonucleotides containing

palindromic or poly(dG) sequences have also been shown to be immunostimulatory.

The CpG's can include nucleotide modifications/analogs such as phosphorothioate modifications and

can be double-stranded or single-stranded. References 99, 100 and 101 disclose possible analog

substitutions e.g. replacement of guanosine with 21-deoxy-7-deazaguanosine. The adjuvant effect of

CpG oligonucleotides is further discussed in refs. 102-107.

The CpG sequence may be directed to TLR9, such as the motif GTCGTT or TTCGTT [108]. The

CpG sequence may be specific for inducing a Th1 immune response, such as a CpG-A ODN, or it
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may be more specific for inducing a B cell response, such a CpO-B ODN. CpO-A and CpO-B ODNs

are discussed in refs. 109-111. Preferably, the CpO is a CpO-A ODN.

Preferably, the CpO oligonucleotide is constructed so that the 5' end is accessible for receptor

recognition. Optionally, two CpO oligonucleotide sequences may be attached at their 3' ends to form

"immunomers". See, for example, refs. 108 & 112-114.

Bacterial ADP-ribosylating toxins and detoxified derivatives thereof may be used as adjuvants in the

invention. Preferably, the protein is derived from E.coli (E.coli heat labile enterotoxin "LT"), cholera

("CT"), or pertussis ("PT"). The use of detoxified ADP-ribosylating toxins as mucosal adjuvants is

described in ref. 115 and as parenteral adjuvants in ref. 116. The toxin or toxoid is preferably in the

form of a holotoxin, comprising both A and B subunits. Preferably, the A subunit contains a

detoxifying mutation; preferably the B subunit is not mutated. Preferably, the adjuvant is a detoxified

LT mutant such as LT-K63, LT-R72, and LT-G192. The use of ADP-ribosylating toxins and

detoxified derivaties thereof, particularly LT-K63 and LT-R72, as adjuvants can be found in refs.

117-124. Numerical reference for amino acid substitutions is preferably based on the alignments of
the A and B subunits of ADP-ribosylating toxins set forth in ref. 125, specifically incorporated herein

by reference in its entirety.

F. Human immunomodulators
Human immunomodulators suitable for use as adjuvants in the invention include cytokines, such as

interleukins (e.g. IL-l, IL-2, IL-4, IL-5, IL-6, IL-7, IL-12 [126], etc.) [127], interferons (e.g.

interferon-'Y),macrophage colony stimulating factor, and tumor necrosis factor.

G. Bioadhesives and Mucoadhesives
Bioadhesives and mucoadhesives may also be used as adjuvants in the invention. Suitable

bioadhesives include esterified hyaluronic acid micro spheres [128] or mucoadhesives such as

cross-linked derivatives of poly(acrylic acid), polyvinyl alcohol, polyvinyl pyrollidone,

polysaccharides and carboxymethyl cellulose. Chitosan and derivatives thereof may also be used as

adjuvants in the invention [129].

H Microparticles
Microparticles may also be used as adjuvants in the invention. Microparticles (i.e. a particle of

-IOOnm to ~150~m in diameter, more preferably ~200nm to -30~ in diameter, and most preferably

-500nm to -10~ in diameter) formed from materials that are biodegradable and non-toxic (e.g. a

poly(a.-hydroxy acid), a polyhydroxybutyric acid, a polyorthoester, a polyanhydride, a

polycaprolactone, etc.), with poly(lactide-co-glycolide) are preferred, optionally treated to have a

negatively-charged surface (e.g. with SDS) or a positively-charged -surface (e.g. with a cationic

detergent, such as CTAB).

1. Liposomes (Chapters 13 & 14 o/ref 77)
Examples of liposome formulations suitable for use as adjuvants are described in refs. 130-132.
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1. Polyoxyethylene ether and polyoxyethylene ester formulations
Adjuvants suitable for use in the invention include polyoxyethylene ethers and polyoxyethylene

esters [133]. Such formulations further include polyoxyethylene sorbitan ester surfactants in

combination with an octoxynol [134] as well as polyoxyethylene alkyl ethers or ester surfactants in

combination with at least one additional non-ionic surfactant such as an octoxynol [135]. Preferred

polyoxyethylene ethers are selected from the following group: polyoxyethylene-9-lauryl ether

(laureth 9), polyoxyethylene-9-steoryl ether, polyoxytheylene-8-steoryl ether, polyoxyethylene-4-

lauryl ether, polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-lauryl ether.

L. Muramyl peptides
Examples of muramyl peptides suitable for use as adjuvants in the invention include N-acetyl-

muramyl-L-threonyl-D-isoglutamine (thr-MOP), N_acetyl_normuramyl-L-alanyl-D-isoglutamine

(nor-MOP), and N _acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine- 2-( 1'-2'·dipalmitoyl-sn-

glycero_3_hydroxyphosphoryloxy)-ethylamine MTP-PE).

K Polyphosphazene (PCPP)
pepp formulations are described, for example, in refs. 136 and 137.

M Imidazoquinolone Compounds.
Examples of imidazoquinolone compounds suitable for use adjuvants in the invention include

Imiquamod and its homologues (e,g. ''Resiquimod 3M"), described further in refs. 138 and 139.

N. Thiosemicarbazone Compounds.
Examples of thiosemicarbazone compounds, as well as methods of formulating, manufacturing, and

screening for compounds all suitable for use as adjuvants in the invention include those described in

ref. 140. The thiosemicarbazones are particularly effective in the stimulation of human peripheral

blood mononuclear cells for the production of cytokines, such as TNF-a..

0. Tryptanthrin Compounds.
Examples of tryptanthrin compounds, as well as methods of formulating, manufacturing, and

screening for compounds all suitable for use as adjuvants in the invention include those described in

ref. 141. The tryptanthrin compounds are particularly effective in the stimulation of human

peripheral blood mononuclear cells for the production of cytokines, such as TNF-a..

The invention may also comprise combinations of aspects of one or more of the adjuvants identified

above. For example, the following adjuvant compositions may be used in the invention: (1) a saponin

and an oil-in-water emulsion [142]; (2) a saponin (e.g. QS21) + a non-toxic LPS derivative (e.g.

3dMPL) [143]; (3) a saponin (e.g. QS21) + a non-toxic LPS derivative (e.g. 3dMPL) + a cholesterol;

(4) a saponin (e.g. QS21) + 3dMPL + IL-12 (optionally + a sterol) [144]; (5) combinations of3dMPL
with, for example, QS21 and/or oil-in-water emulsions [145]; (6) SAF, containing 10% squalane,

0.4% Tween 80TM,5% pluronic-block polymer LI21, and thr-MDP, either microfluidized into a

submicron emulsion or vortexed to generate a larger particle size emulsion. (7) Ribi™ adjuvant
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system (RAS), (Ribi Immunochem) containing 2% squalene, 0.2% Tween 80, and one or more

bacterial cell wall components from the group consisting ofmonophosphorylipid A (MPL), trehalose

dimycolate (TDM), and cell wall skeleton (CWS), preferably MPL + CWS (Detox™); (8) one or

more mineral salts (such as an aluminum salt) + a non-toxic derivative ofLPS (such as 3dMPL); and

(9) one or more mineral salts (such as an aluminum salt) + an immunostimulatory oligonucleotide

(such as a nucleotide sequence including a CpG motif).

Other substances that act as immunostimulating agents are disclosed in chapter 7 of ref. 77.

The use of an aluminium hydroxide or aluminium phosphate adjuvant is particularly preferred, and

conjugates are generally adsorbed to these salts [e.g. examples 7 & 8 ofref. 9; example J ofref. 10].

Mixing with aluminium salts with no adsorption is also possible [27, 72]. Calcium phosphate is

another preferred adjuvant. Conjugates may be mixed with (and optionally adsorbed to) the adjuvants

separately and then the conjugates may be mixed together, or the conjugates may be mixed together

and then mixed with adjuvant.

The pH of compositions used according to the invention is preferably between 6 and 8, preferably

about 7. Stable pH may be maintained by the use of a buffer. Where a composition comprises an

aluminium hydroxide salt, it is preferred to use a histidine buffer [146]. The composition may be

sterile and/or pyrogen-free. Compositions may be isotonic with respect to humans.

Compositions may include a preservative (e.g. thiomersal, 2-phenoxyethanol), or may be

preservative-free. Preferred compositions of the invention do not include any mercurial material

e.g. they are thiomersal-free.

To prevent interference between antigens, particularly conjugate antigens, it is possible to include a

polyanionic polymer, such as poly-L-glutamic acid [147].

Compositions may be presented in vials, or they may be presented in ready-filled syringes. The

syringes may be supplied with or without needles. A syringe will include a single dose of the

composition, whereas a vial may include a single dose or multiple doses. Injectable compositions

will usually be liquid solutions or suspensions. Alternatively, they may be presented in solid form

(e.g. freeze-dried) for solution or suspension in liquid vehicles prior to injection.

Compositions may be packaged in unit dose form or in multiple dose form. For multiple dose forms,

vials are preferred to pre-filled syringes. Effective dosage volumes can be routinely established, but a

typical human dose of the composition for injection has a volume ofO.5m!.

Where a composition is to be prepared extemporaneously prior to use (e.g. where a component is

presented in lyophilised form) and is presented as a kit, the kit may comprise two vials, or it may

comprise one ready-filled syringe and one vial, with the contents of the syringe being used to

reactivate the contents of the vial prior to injection. For compositions that include a serogroup A

capsular saccharide then the serogroup A saccharide may be lyophilised, whereas saccharide(s) from

other serogroup(s) may be present in liquid form.
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Compositions will comprise an immunologically effective amount of the meningococcal conjugates,

as well as any other components, as needed. By 'immunologically effective amount', it is meant that

the administration of that amount to an individual, either in a single dose or as part of a series, elicits

a protective anti-meningococcal immune response in patients. This amount varies depending upon

the health and physical condition of the individual to be treated, age, the taxonomic group of

individual to be treated (e.g. non-human primate, primate, etc.), the capacity of the individual's

immune system to synthesise antibodies, the degree of protection desired, the formulation of the

vaccine, the treating doctor's assessment of the medical situation, and other relevant factors. It is

expected that the amount will fall in a relatively broad range that can be determined through routine

trials, and a typical quantity of each meningococcal antigen per dose is between I J.1gand 20J.1gper

serogroup (measured in terms of saccharide) e.g. between 2 and 10 J.1gper serogroup. A dose of

about 4J.1gper serogroup is preferred (i.e. a total of 16J.1gin a tetravalent mixture).

The total amount of carrier protein in a composition preferably does not exceed 100J.1g1dosee.g. it is

:::::90J.1g1dose,:::::80J.1g1dose,S70J.1g1dose,:::::60J.1g1dose,:::::50J.1g1dose,etc. The total amount of carrier

protein in a composition will generally be at least 10J.1g1dose.

General

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, X±1 0%.

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.

MODES FOR CARRYING OUT THE INVENTION

Lack of carrier suppression using tetravalent A/C/W135/Y conjugate mixture

Mixtures of meningococcal conjugates for serogroups A+C, C+W+Y or A+C+W+Y can be prepared

as described in references 9 and 10. If desired, these can be mixed with aluminium hydroxide or

aluminium phosphate adjuvants, as also described in references 9 and 10. These vaccines are

prepared using a tetanus toxoid (Tt) carrier protein [147], covalently linked to the saccharides.

Patients who received pediatric D-T-P vaccination (either D-T-Pa or D-T-Pw), including those who

received vaccines containing D-T-P and other antigens (e.g. D-T-P-Hib tetravalent, D-T-P-HBsAg

tetravalent, D-T-P-Hib-HBsAg pentavalent, D-T-P-Hib-HBsAg-IPV hexavalent, etc.) are selected to

receive the mixture of conjugates that has a Tt carrier.

A control group of patients is selected to receive one of the two conjugate mixtures. The control

patients have not previously received tetanus toxoid, either as a separate antigen or as a carrier

protein in a conjugate.
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The ability of the tetravalent conjugates to elicit an immune response in the patients is assessed.

Carrier suppression is indicated if the test groups show significantly lower anti-meningococcal

immune responses than the control patients, and in particular if the conjugates fail to elicit a useful

SBA response in the patients.

In clinical trial V59P2, conducted in Finland and Germany with 620 subjects aged 12-16 months,

five formulations were tested. The vaccines used CRM197 carrier and an aluminium phosphate

adjuvant [10]. Doses of each serogroup saccharide, expressed as J1gsaccharide mass per 0.5ml dose,

were as follows:

Group MenA Mene MenW13S MenY
1 10 10 10 10
2 0 10 10 10
3 10 5 5 5
4 5 5 5 5
S 2.5 2.5 2.5 2.5

Subjects received an injection at time zero, and 25% of the subjects then received a second dose of

the vaccine 4 weeks later.

Sera of patients were collected 1 month after vaccine administration and were tested in a SBA assay

against N.meningitidis from each serogroup, using human complement. SBA titre increase relative to

time zero sera was assessed, with criteria being ~1:4 and ~1 :8. Anti-capsule titres (GMT) were also

measured for each serogroup. Results are shown in Table 1 below.

Thus the trivalent and tetravalent vaccines were both immunogenic in toddlers. The conjugates are

immunogenic at saccharide doses as low as 2.5J1g per conjugate. The immune response are

boostable, with large SBA titre increases after the second dose. No evidence of carrier suppression

was seen in this trial.

It will be understood that the invention is described above by way of example only and modifications

may be made while remaining within the scope and spirit of the invention.

-18-



WO 2006/075170 PCT/GB2006/000120

TABLE 1- Results of trial V59P2

Group A C W135 y
GMT (1 month after 1 dose)

1 3.9 6.4 7.1 8.9
2 2 6.1 8.3 8.5
3 5.7 5.2 6.9 12
4 3.8 4.5 7.0 9.6
5 3.9 5.3 7.0 12

GMT (1 month after 2 doses)
1 27 89 22 37
2 2 80 20 57
3 29 76 28 58
4 14 47 20 35
5 17 71 23 52

% patients with SBA >1:4 (1 month after 1 dose)
1 33 56 57 58
2 0 57 60 61
3 55 49 53 70
4 37 42 54 64
5 40 51 57 67

% patients with SBA >1:4 (1 month after 2 doses)
1 100 100 96 96
2 0 100 73 92
3 91 96 95 95
4 84 96 88 96
5 80 100 80 92

0./0 patients with SBA >1:8 (1 month after 1 dose)
1 25 44 46 48
2 0 40 50 49
3 39 34 45 64
4 23 30 44 51
5 26 35 40 60

0/0 patients with SBA >1:8 (1 month after 2 doses)
1 92 100 85 93
2 0 100 64 92
3 87 96 95 82
4 60 92 77 92
5 72 92 72 88

-19-



WO 2006/075170 PCT/GB2006/000120

REFERENCES (the contents of which are hereby incorporated by reference)

[1] Annand et aZ.(1982)J. BioI. Stand. 10:335-339.
[2] Cadoz et al. (1985) Vaccine 3:340-342.
[3] MMWR (1997) 46(RR-5) 1-10.
[4] Baklaic et al. (1983) Infect. Immun. 42:599-604.
[5] Jones (2001) Curr Opin Investig Drugs 2:47-49.
[6] Costantino et al. (1992) Vaccine 10:691-8.
[7] Lieberman et aZ.(1996) JAMA. 275:1499-503.
[8]W020051000345.
[9]W002/058737.
[10] W003/007985.
[11] Rennels et al. (2002) Pediatr Infect Dis J21:978-979.
[12]W02004/013400.
[13] Campbell et aZ.(2002) J Infect Dis 186:1848-1851.
[14] Herzenberg et aZ.(1980) Nature 285: 664-667.
[15] Schutze et aZ.(1985) J ImmunoZ135:2319-2322.
[16] Dagan et aZ.(1998) Infect Immun 66:2093-2098.
[17] Barington et aZ.(1994) Infect Immun 62:9-14.
[18] Di John et aZ.(1989) Lancet 2(8677):1415-8.
[19] Granoff et al. (1993) Vaccine Suppll: S46-51.
[20] Granoff et al. (1994) JAMA. 272:1116-1121.
[21] Barington et aZ.(1993) Infect Immun 61:432-438.
[22] Australian patent 748716 (granted from W098/51339).
[23] Olander et aZ.(2001) Vaccine 20:336-341.
[24] Burrage et aZ.(2002) Infect Immun 70:4946-4954.
[25] Peeters et aZ.(1999) Infect Immun 59:3504-3510.
[26] Hoppenbrouwers et aZ.(1999) Vaccine 17:2588-98.
[27]W002/00249.
[28]W000156360.
[29] Reddin et aZ.(2001) FEMS ImmunoZMed MicrobioZ31:153-162.
[30] Podda et al. (1991) Vaccine 9:741-745.
[31] Vaccines. (eds. Plotkin & Orenstein). 4th edition, 2004, ISBN: 0-7216-9688-0.
[32] Ramsay et aZ.(2001) Lancet 357(9251):195-196.
[33] Lindberg (1999) Vaccine 17 SuppI2:S28-36.
[34] Buttery & Moxon (2000) J R Coli Physicians Land 34: 163-168.
[35] Ahmad & Chapnick (1999) Infect Dis CUnNorth Am 13:113-33, vii.
[36] Goldblatt (1998) 1. Med. Microbiol. 47:563-567.
[37] European patent 0477508.
[38] US patent 5,306,492.
[39]W098/42721.
[40] Dick et aZ.in Conjugate Vaccines (eds. Cruse et aZ.)Karger, Basel, 1989, 10:48-114.
[41] Hermanson Bioconjugate Techniques, Academic Press, San Diego (1996) ISBN: 0123423368.
[42]W003/080678.
[43] Glode et aZ.(1979) J Infect Dis 139:52-56
[44]W094/05325; US patent 5,425,946.
[45] United Kingdom patent application 0323103.2.

-20-



WO 2006/075170 PCT/GB2006/000120

[46] W099/42130
[47] W096/40242
[48] Lees et al. (1996) Vaccine 14:190-198.
[49] W095/08348.
[50] US patent 4,882,317
[51] US patent 4,695,624
[52] Porro et al. (1985) Mol Immunol 22:907-919.
[53] EP-A-0208375
[54] WOOO/10599
[55] Gever et al. Med. Microbiol. Immunol, 165 : 171-288 (1979).
[56] US patent 4,057,685.
[57] US patents 4,673,574; 4,761,283; 4,808,700.
[58] US patent 4,459,286.
[59] US patent 4,965,338
[60] US patent 4,663,160.
[61] US patent 4,761,283
[62] US patent 4,356,170
[63] Balmer & Borrow (2004) Expert Rev Vaccines 3:77-87.
[64] Watson (2000) Pediatr Infect Dis J 19:331-332.
[65] Rubin (2000) Pediatr Clin North Am 47:269-285, v.
[66] Jedrzejas (2001) Microbiol Mol Bioi Rev 65:187-207.
[67] Zielen et af. (2000) Infect. Immun. 68:1435-1440.
[68] Darkes & Plosker (2002) Paediatr Drugs 4:609-630.
[69] Kama et al. (1999) The Turkish Journal of Paediatrics 42:421-427.
[70] Ravenscroft et af. (2000) Dev Bioi (Basel) 103: 35-47.
[71] W097/OO697.
[72] W096/37222; US patent 6,333,036.
[73] W02004/032958
[74] Gennaro (2000) Remington: The Science and Practice of Pharmacy. 20th ed. ISBN: 0683306472.
[75] Almeida & Alpar (1996) J. Drug Targeting 3:455-467.
[76] Agarwal & Mishra (1999) Indian J Exp Bioi 37:6-16.
[77] Vaccine Design ... (1995) eds. Powell & Newman. ISBN: 030644867X. Plenum.
[78] WOOO/23105.
[79] W09011483 7.
[80] US patent 5,057,540.
[81] W096/33739.
[82] EP-A-0109942.
[83] W096111711.
[84] WOOO/07621.
[85] Barr et al. (1998) Advanced Drug Delivery Reviews 32:247-271.
[86] Sjolanderet et al. (1998) Advanced Drug Delivery Reviews 32:321-338.
[87] Niikura et al. (2002) Virology 293:273-280.
[88] Lenz et al. (2001) J ImmunoI166:5346-5355.
[89] Pinto et al. (2003) J Infect Dis 188:327-338.
[90] Gerber et al. (2001) ViroI75:4752-4760.
[91] W003/024480

-21-



WO 2006/075170 PCT/GB2006/000120

[92] W003/024481
[93] Gluck et a1. (2002) Vaccine 20:BI0-BI6.
[94] EP-A-0689454.
[95] Johnson et al. (1999) Bioorg Med Chern Left 9:2213-2218.
[96] Evans et al. (2003) Expert Rev Vaccines 2:219-229.
[91] Meraldi et al. (2003) Vaccine 21:2485-249l.
[98] Pajak et al. (2003) Vaccine 21:836-842.
[99] Kandimalla et a1. (2003) Nucleic Acids Research 31:2393-2400.
[100] W002/26157.
[101] W099/62923.
[102] Krieg (2003) Nature Medicine 9:831-835.
[103] McCluskie et al. (2002) FEMS Immunology and Medical Microbiology 32:179-185.
[104] W098/40100.
[105] US patent 6,201,646.
[106] US patent 6,239,116.
[107] US patent 6,429,199.
[108] Kandimalla et al. (2003) Biochemical Society Transactions 31 (part 3):654-658.
[109] Blackwell et al. (2003) J Immunoll10:4061-4068.
[110] Krieg (2002) Trends ImmunoI23:64-65.
[111] WOOl/95935.
[112] Kandimalla et al. (2003) BBRC 306:948-953.
[113] Bhagat et al. (2003) BBRC 300:853-86l.
[114] W003/035836.
[115] W095/17211.
[116] W098/42375.
[117] Beignon et al. (2002) Irifect Immun 70:3012-3019.
[118] Pizza et al. (2001) Vaccine 19:2534-254l.
[119] Pizza et a1. (2000) Int JMed MicrobioI290:455-46l.
[120] Scharton-Kersten et a1. (2000) Infect Immun 68:5306-5313.
[121] Ryan et al. (1999) Infect Immun 67:6270-6280.
[122] Partidos et al. (1999) Immunol Left 67:209-216.
[123] Peppoloni et a1. (2003) Expert Rev Vaccines 2:285-293.
[124] Pine et al. (2002) J Control Release 85:263-270.
[125] Domenighini et al. (1995) Mol Microbial 15:1165-1161.
[126] W099/40936.
[127] W099/44636.
[128] Singh et al] (2001) J Cant Release 10:267-276.
[129] W099/27960.
[130] US patent 6,090,406
[131] US patent 5,916,588
[132] EP-A-0626169.
[133] W099/52549.
[134] WOOl/21207.
[135] WOOl/21152.
[136] Andrianov et al. (1998) Biomaterials 19:109-115.
[137] Payne et at. (1998)Adv Drug DelivelY Review 31:185-196.

-22-



wo 2006/075170

[138] Stanley (2002) Clin Exp DermatoI27:571-577.
[139] Jones (2003) Curr Opin Investig Drugs 4:214-218.
[140] W004/60308
[141] W004/64759.
[142] W099111241.
[143] W094/00153.
[144] W098/57659.
[145] European patent applications 0835318, 0735898 and 0761231.
[146] W003/009869.
[147] W020041110480.

-23-

PCT/GB2006/000120



WO 2006/075170 PCT/GB2006/000120

CLAIMS

1. A method for immunising a human patient against a disease caused by Neisseria meningitidis,
comprising the step of administering to the human patient a composition that comprises at least

two of: (a) a conjugate of (i) the capsular saccharide of serogroup A N.meningitidis and (ii) a

tetanus toxoid; (b) a conjugate of (i) the capsular saccharide of serogroup C N.meningitidis and

(ii) a tetanus toxoid; (c) a conjugate of (i) the capsular saccharide of serogroup W135

N.meningitidis and (ii) a tetanus toxoid; and (d) a conjugate of (i) the capsular saccharide of

serogroup Y N.meningitidis and (ii) a tetanus toxoid, wherein the patient has been pre-immunised

with (a) a tetanus toxoid and/or (b) a conjugate of (i) a capsular saccharide of an organism other
than N.meningitidis and (ii) a tetanus toxoid.

2. The use of at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup A
N.meningitidis and (ii) a tetanus toxoid; (b) a conjugate of (i) the capsular saccharide of

serogroup eN. meningitidis and (ii) a tetanus toxoid; (c) a conjugate of (i) the capsular saccharide

of serogroup W135 N.meningitidis and (ii) a tetanus toxoid; and (d) a conjugate of (i) the
capsular saccharide of serogroup Y N.meningitidis and (ii) a tetanus toxoid, in the manufacture of

a medicament for immunising a human patient against a disease caused by Neisseria
meningitidis, wherein the patient has been pre-immunised with (a) a tetanus toxoid and/or (b) a

conjugate of (i) a capsular saccharide of an organism other than N.meningitidis and (ii) a tetanus
toxoid.

3. The method of claim 1, wherein the composition comprises all four of (a), (b), (c) and (d).

4. The use of claim 2, wherein the use is of all four of (a), (b), (c) and (d).

5. The method or use of any preceding claim, wherein the patient has been pre-immunised with a
vaccine comprising a tetanus toxoid.

6. The method or use of any preceding claim, wherein the patient has been pre-immunised with a
vaccine comprising a Hib conjugate.

7. The method or use of any preceding claim, wherein the patient has been pre-immunised with a
vaccine comprising at least one pneumococcal conjugate.

8. The method or use of any preceding claim, wherein the patient was pre-immunised at least six
months before the method or use.

9. The method or use of claim 8, wherein the patient was pre-immunised at least 8 years before the
method or use.

10. The method or use of any preceding claim, wherein the pre-immunisation took place within 1
year of the patient's birth.

11. The method or use of any preceding claim, wherein the saccharides in the meningococcal

conjugates (a) to (d) are shorter than the native capsular saccharides seen in meningococcus.
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12. The method or use of any preceding claim, wherein the meningococcal conjugates comprise a

tetanus toxoid carrier and an adipic acid linker.

13. The method or use of claim 16, comprising no more than 60J.lgof tetanus toxoid carrier.

14. The method or use of any preceding claim, wherein the composition or medicament further

comprises a conjugated capsular saccharide from Streptococcus pneumoniae.

15. The method or use of any preceding claim, wherein the composition or medicament further

comprises a conjugated capsular saccharide from Haemophilus injluenzae type B.

16. The method or use of any preceding claim, wherein the compo~ition or medicament further

comprises a protein antigen from serogroup B of Neisseria meningitidis.

17. The method or use of any preceding claim, wherein the composition or medicament includes an

aluminium hydroxide adjuvant and/or an aluminium phosphate adjuvant.

18. The method or use of any preceding claim, wherein the disease caused by Neisseria meningitidis

is meningococcal meningitis.
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Vaccine Composition

The present invention relates to new combination vaccine formulations.

Combination vaccines (which provide protection against multiple pathogens) are very

5 desirable in order to minimise the number of immunisations required to confer

protection against multiple pathogens, to lower administration costs, and to increase

acceptance and coverage rates. The well-documented phenomenon of antigenic

competition (or interference) complicates the development of multi-component

vaccines. Antigenic interference refers to the observation that administering multiple

10 antigens often results in a diminished response to certain antigens relative to the

immune respo~e observed when such antigens are administered individually"

Combination vaccines are known ~hich can prevent Bordetella pertussis,

Clostridium tetani, Corynebacterium diphtheriae, and optionally Hepatitis B virus

and/or Haemophilus injluenzae type b (see, for instance, WO 93/24148 and WO

15 97/00697).

The present invention concerns the manufacture of the most ambitious multi-

valent vaccines to date, the administration of which can prevent or treat infection by

Bordetella pertussis, Clostridium tetani, Corynebacterium diphtheriae, Hepatitis B

virus, and N meningitidis, and preferably also Haemophilus injluenzae, Streptococcus

20 pneumoniae, Hepatitis A virus and/or Polio virus, wherein the components of the

vaccine do not significantly interfere with the immunological performance of anyone

component of the vaccine.

Accordingly, in a one aspect of the invention there is provided a multi-valent

25 immunogenic composition for conferring protection in a host against disease caused

by Bordetella pertussis, Clostridium tetani, Corynebacterium diphtheriae, Hepatitis B

virus, Polio virus and N. meningitidis comprising:

(a) either killed whole-cell Bordetella pertussis (Pw), or two or more

acellular pertussis components (Pa) [preferably the latter],

30 (b) tetanus toxoid (IT or T),

(c) diphtheria toxoid (DT or D),

(d) Hepatitis B surface antigen (HepB or HB),

(e) Inactivated polio virus (IPV), and

1
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(f) either or both conjugates of a carrier protein and a capsular

polysaccharide of a bacterium selected from the group N.

meningitidis type Y (Men Y) and N. meningitidis type C (MenC),

and

5 (g) optionally a conjugate of a carrier protein and the capsular

polys8:Ccharide of H. inj/uenzae type B (Rib).

The above immunogenic composition may further comprise one, two, three,

four, five, or six components selected from the following list: N. meningitidis type A

10 polysaccharide [MenA] (preferably conjugated), N. meningitidis type W

polysaccharide [MenW] (preferably conjugated), the Vi polysaccharide of Salmonella

typhi, N. meningitidis (preferably serotype B) outer membrane vesicles, one or more

N. mening;tidis (preferably serotype B) outer membrane (surface-exposed) proteins,

and killed, attenuated Hepatitis A virus (HepA - preferably the product known as

15 'Havrix™' [SmithKline Beecham Biologicals]) without substantial interference

problems for any of the antigens of the composition.

Ina second aspect of the invention there is provided various advantageous kits

comprising two or three multi-valent immunogenic compositions, said kits being,
20 capable of conferring protection in a host against disease caused by Bordetella

pertussis, Clostridium tetani, Corynebacterium diphtheriae, Hepatitis B virus, Polio

virus and Streptococcus pneumoniae, and optionally also N. meningitidis, and

Haemophilus inj1uenzae.

25 In a first embodiment of the second aspect of the invention there is provided a

kit comprising two multi-valent immunogenic compositions for conferring protection

in a host against disease caused by Bordetella pertussis, Clostridium tetani,

Corynebacterium diphtheriae, Hepatitis B virus, Polio virus and Streptococcus

pneumoniae, and optionally also N. meningitidis, and Haemophilus inj1uenzae.

30 The kit comprises a first container comprising:

(a) either killed whole-cell Bordetella pertussis (Pw), or two or more

acellular pertussis components (pa) [preferably the latter],

(b) tetanus toxoid (TT or T),

(c) diphtheria toxoid (DT or D),

2
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(d) Hepatitis B surface antigen (HepB or HB), and

(e) Inactivated polio virus (IPV),

and a second container comprising:

(2a) one or more conjugates of a carrier protein and a capsular

5 polysaccharide from Streptococcus pneumoniae [where the

capsular polysaccharide is preferably from a pneumococcal

serotype selected from the group consisting of I, 2, 3, 4, 5, 6A, 6B,

7F, 8, 9N, 9V, lOA, llA, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20,

22F, 23F and 33F].

10

In further advantageous embodiments of the above kit of the invention, the

first container additionally comprises: (f) either or both conjugates of a carrier protein

and a capsular polysaccharide of a bacterium selected from the group N. meningitidis

type Y (Men Y) and N. meningitidis type C (MenC), and (g) a conjugate of a carrier

15 protein and the capsular polysaccharide of H. injluenzae type B (Hib); or the second

container additionally comprises: (2b) either or both conjugates of a carrier protein

and a capsular polysaccharide of a bacterium selected from the group N. meningitidis

type Y (Men Y) and N. meningitidis type C (MenC), and (2c) a conjugate of a carrier

protein and the capsular polysaccharide of H. injluenzae type B (Hib); or the first

20 container additionally comprises: (f) either or both conjugates of a carrier protein and

a capsular polysaccharide of a bacterium selected from the group N. meningitidis type

Y (MenY) and N. meningitidis type C (MenC), and the second container additionally

comprises (2b) a conjugate of a carrier protein and the capsular polysaccharide of H.

injluenzae type B (Bib); or the first container additionally comprises (f) a conjugate of

25 a carrier protein and the capsular polysaccharide of H. injluenzae type B (Rib), and

the second container additionally comprises: (2b) either or both conjugates of a carrier

protein and a capsular polysaccharide of a bacterium selected from the group N.

meningitidis type Y (Men Y) and N. meningitidis type C (Mene).

30 In a second embodiment of the second aspect of the invention there is

provided a kit comprising two multi-valent immunogenic compositions for conferring

protection in a host against disease caused by Bordetella pertussis, Clostridium tetani,

Corynebacterium diphtheriae, Hepatitis B virus, Polio virus, N. meningitidis, and

Haemophilus inJluenzae.
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The kit comprises a first container comprising:

(a) either killed whole-cell Bordetella pertussis (Pw), or two or more

acellular pertussis components (pa) [preferably the latter],

(b) tetanus toxoid (TT or T),

5 (c) diphtheria toxoid (DT or D),

(d) Hepatitis B surface antigen (HepB or HB), and

(e) Inactivated polio virus (!PV),

and a second container comprising:

(2a) either or both conjugates of a carrier protein and a capsular

10 polysaccharide of a bacterium selected from the group N.

meningitidis type Y (Men Y) and N. meningitidis type C (Mene),

and

(2b) a conjugate of a carrier protein and the capsular polysaccharide

of H. injluenzae type B (Bib).

15

In a third embodiment of the second aspect of the invention there is provided a

kit comprising three multi-valent immunogenic compositions for conferring

protection in a host against disease caused by Bordetella pertussis, Clostridium tetani,

Corynebacterium diphtheriae, Hepatitis B virus, Polio virus and N. meningitidis,

20 Haemophilus inJluenzae and Streptococcus pneumoniae.

The kit comprises a first container comprising:

(a) either killed whole-cell Bordetella pertussis (Pw), or two or more

acellular pertussis components (pa) [preferably the latter],

(b) tetanus toxoid (TT or n,
25 (c) diphtheria toxoid (DT or D),

(d) Hepatitis B surface antigen (HepB orHB), and

(e) Inactivated polio virus (IPV),

and a second container comprising:

(2a) one or more conjugates of a carrier protein and a capsular

30 polysaccharide from Streptococcus pneumoniae [where the

capsular polysaccharide is preferably from a pneumococcal

serotype selected from the group consisting of 1,2,3,4,5, 6A, 6B,

7F, 8, 9N, 9V, lOA, llA, I2F, 14, I5B, 17F, 18C, 19A, 19F, 20,

22F, 23F and 33F],
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5

and a third container comprising:

(3a) either or both conjugates of a carrier protein and a capsular

polysaccharide of a bacterium selected from the group N.

meningitidis type Y (Men Y) and N. meningitidis type C (MenC),

and

(3b) a €;onjugate of a carrier protein and the capsular polysaccharide

of H. inj1uenzae type B (Bib).

10 Any or the above containers of the above kits of the invention may further

comprise one, two, three, four, five; 'six or seven components selected from the

following list: N. meningitidis type A polysaccharide [MenA] (preferably conjugated),

N. meningitidis type W polysaccharide [Men W] (preferably conjugated), the Vi

polysaccharide of Salmonella typhi, N. meningitidis (preferably serotype B) outer

15 membrane vesicles, one or more N. meningitidis (preferably serotype B) outer

membrane (surface-exposed) proteins, HepA (as described above), and one or more S.

pneumoniae proteins (preferably surface-exposed) without substantial interference

problems for any of the antigens of the composition.

The containers of the kit can be packaged separately or, preferably, packed

20 together. Preferably the kit is provided with a list of instructions for administration of

the vaccines in the two or more containers.

Where a container in a kit contains a certain polysaccharide conjugate, it is

preferred that the same conjugate is not present in the other containers of the kit.

25 The inventors have surprisingly found that a kit provided in the above ways

advantageously presents the various antigens to a host's immune system in an optimal

manner. The kit provides a medical practitioner with an optimal method of

immunising a host with one or more of the following advantages (preferably 2 or 3,

and most preferably all): protective efficacy for all antigens, minimal reactogenicity,

30 minimal carrier suppression interference, minimal adjuvant/antigen interference, or

minimal antigen/antigen interference. In such a way, these goals may be achieved

with the minimum number (two) administrations, preferably occurring at the same

visit to the practitioner.

5
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Although in a preferred embodiment the vaccines of the first and second (and

third where applicable) containers are administered concomitantly at different sites (as

described later), in an alternative embodiment the inventors envision that the contents

of the first and second containers may be mixed (preferably extemporaneously) before

5 administration as a single vaccine.

The antigens of the invention

Methods of preparing tetanus toxoid (TT) are well known in the art. For

instance, IT is preferably produced by purification of the toxin from a culture of

10 Clostridium tetani followed by chemical detoxification, but is alternatively made by

purification of a recombinant, or genetically detoxified analogue of the toxin (for

example, as described in EP 209281). 'Tetanus toxoid' also encompasses

immunogenic fragments of the full-length protein (for instance Fragment C - see EP

478602).

15 Methods of preparing diphtheria toxoid (DT) are also well known in the art.
For instance, DT is preferably produced by purification of the toxin from a culture of

Corynebacterium diphtheriae followed by chemical detoxification, but is alternatively

made by purification of a recombinant, or genetically detoxified analogue of the toxin

(for example, CRM197, or other mutants as described in US 4,709,017, US

20 5,843,711, US 5,601,827, and US 5,917,017).

Acellular pertussis components (pa) are well known in the art. Examples

include pertussis toxoid (PT), filamentous haemagluttinin (FHA), pertactin (PRN) and

agglutinogens.2 and 3. These antigens are partially or highly purified. Preferably 2 or

more acellular pertussis components are used in the vaccine. More preferably 2,3,4

2S or all 5 of the above example acellular pertussis componentS are incotporated in the

vaccine. Most preferably PT, FHA and PRN are included. PT may be produced by a

variety of manners, for instance by purification of the toxin from a culture of B.

pertussis followed by chemical detoxification, or alternatively by purification of a

genetically detoxified analogue ofPT (for example, as described in US 5,085,862).

30 Methods of preparing killed, whole-cell Bordetella pertussis (Pw) suitable for

this invention is disclosed in WO 93/24148, as are suitable fonnulation methods for

producing DT -TT -Pw-HepB and DT -IT -Pa-HepB vaccines.

Inactivated Polio Virus (IPV) preferably comprises types 1, 2 and 3 as is

standard in the vaccine art. Most preferably it is the Salk polio vaccine.
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Typically the Streptococcus pneumoniae vaccine of the present invention will

comprise polysaccharide antigens (preferably conjugated), wherein the

polysaccharides are derived from at least four serotypes of pneumococcus chosen

from the group consisting of 1,2, 3, 4, 5, 6A, 6B, 7F, 8, 9N, 9V, lOA, llA, 12F, 14,

5 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F. Preferably the four serotypes

include 6B, 14, 19F and 23F. More preferably, at least 7 serotypes are included in the

composition, for example those derived from serotypes 4, 6B, 9V, 14, 18C, 19F, and

23F. More preferably still more than 7 serotypes are included in the composition, for

instance at least 11 serotypes. For example the composition in one embodiment

10 includes 11 capsular polysaccharides derived from serotypes 1, 3, 4, 5, 6B, 7F,9V,

14, 18C, 19F and 23F (preferably conjugated). In a preferred embodiment.of the

invention at least 13 polysaccharide antigens (preferably cOnjugated) are included,

although further polysaccharide antigens, for example 23 valent (such as serotypes 1,

2,3,4,5, 6B, 7F, 8, 9N, 9V, lOA, llA, 12F, 14, 15B, 17F, l8C, 19A, 19F, 20, 22F,

15 23F and 33F), are also contemplated by the invention.
For elderly vaccination (for instance for the prevention of pneumonia) it is

advantageous to include serotypes 8 and 12F (and most preferably 15 and 22 as well)

to the preferred 11 valent antigenic composition described above to form a 13/15

valent vaccine, whereas for infants or toddlers (where otitis media is of more concern)

20 serotypes 6A and 19A are advantageously included to form a 13 valent vaccine.

Conjugates
The bacterial capsular polysaccharide conjugates may comprise any carrier

peptide, polypeptide or protein comprising at least one T-helper epitope. Preferably

25 the carrier protein(s) used is selected from the group comprising: tetanus toxoid,

diphtheria toxoid, CRM197, recombinant diphtheria toxin (as described in any ofDS

4,709,017, WO 93/25210, WO 95/33481, orWO 00/48638), pneumolysin (preferably

chemically detoxified, or a detoxified mutant) from S. pneumoniae, OMPC from N.

meningitidis, and protein D from H injluenzae (EP 594610). Due to the known effect

30 of carrier suppression, it is advantageous if in each of the comp~sitions of the

invention the polysaccharide antigens contained therein ('n' antigens) are conjugated

to more than one carrier. Thus (n-l) of the polysaccharides could be carried

(separately) on one type of carrier, and 1 on a different carrier, or (n-2) on one, and 2

on two different carriers, etc. For example, in a vaccine containing 4 bacterial
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polysaccharide conjugates, 1,.2 or all four could be conjugated to different carriers).

Protein D, however, is advantageously used as a carrier in the compositions of the

invention as it may be used for various (2, 3, 4 or more) polysaccharides in a

composition without a marked carrier suppression effect. Most preferably Rib is

5 present as a 'IT conjugate, pneumococcal polysaccharides are protein D, DT or

CRM197 conjugates, .aQ.dMenA, MenC, MenY and MenW are either TT or PD

conjugates. Protein D is also a useful carrier as it provides a further antigen which can

provide protection againstH. injluenzae.

The polysaccharide may be linked to the carrier protein by any known method

10 (for example, by Likhite, U.S. Patent 4,372,945 and by Armor et aI., U.S. Patent

4,474,757). Preferably, CDAP conjugation is carried out.(WO 95/08348).

In CDAP, the cyanylating reagent l-cyano-dimethylaminopyridinium

tetrafluoroborate (CDAP) is preferably used for the synthesis of polysaccharide-

protein conjugates. The cyanilation reaction can be performed under relatively mild

15 conditions, which avoids hydrolysis of the alkaline sensitive polysaccharides. This

synthesis allows direct coupling to a carrier protein.

Properties of the immunogenic compositions of the invention

The immunogenic compositions of the invention are preferably formulated as

20 a vaccine for in vivo administration to the host in such a way that the individual

components of the composition are formulated such that the immunogenicity of

individual components is not substantially impaired by other individual components

of the composition. By not substantially impaired, it is meant that upon immunisation,

an antibody titre (e.g. IgG) against each component is obtained which is more than

25 60%, preferably more than 70%, more preferably more than 80 %, still more

preferably more than 90%, and most preferably more than 95-100% of the titre

obtained when the antigen is administered in isolation.

Interestingly, with the kit combinations described above, it is possible, upon

immunisation, to obtain antibody titres against Hib capsular polysaccharide or some

30 pneumococcal polysaccharides approaching, or in excess of, 100% of the titre

obtained when the antigen is administered in isolation.

8
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Vaccine formulations

The immunogenic compositions of the invention are preferably formulated as

a vaccine for in vivo administration to the host, such that they confer an antibody titre

superior to the criterion for seroprotection for each antigenic component for an

5 acceptable percentage of human subjects. This is an important test in the assessment

of a vaccine's efficacy_throughout the population. Antigens with an associated

antibody titre above which a host is considered to be seroconverted against the antigen

are well known, and such titres are published by organisations such as WHO.

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

10 seroconverted, more preferably more than 90%, still more preferably more than 93%

and most preferably 96-100%.

The immunogenic compositions of the invention are preferably adjuvanted.

Suitable adjuvants include an aluminium salt such as aluminium hydroxide gel (alum)

or aluminium phosphate, but may also be a salt of calcium, iron or zinc, or may be an

15 insoluble suspension of acylated tyrosine, or acylated sugars, cationically pr

anionically derivatised polysaccharides, or polyphosphazenes.

The adjuvant may also be selected to be a preferential inducer of a THI type

of response to aid the cell mediated branch of the immune response.

High levels of Thl-type cytokines tend to favour the induction of cell

20 mediated immune responses to a given antigen, whilst high levels of Th2-type

cytokines tend to favour the induction of humoral immune responses to the antigen.

Suitable adjuvant systems which promote a predominantly Thl response

include, Monophosphoryllipid A or a derivative thereof: particularly 3-de-O-acylated

monophosphoryllipid A, and a combination of monophosphoryllipid A, preferably 3-

25 de-O-acylated monophosphoryllipid A (3D-MPL) together with an aluminium salt.

An enhanced system involves the combination of a monophosphoryl lipid A and a

saponin derivative, particularly the combination of QS21 and 3D-MPL as disclosed in

WO 94/00153, or a less reactogenic composition where the QS21 is quenched with

cholesterol as disclosed in WO 96/33739. A particularly potent adjuvant formulation

30 involving QS21, 3D-MPL and tocopherol in an oil in water emulsion is described in

WO 95/17210. The vaccine may additionally comprise a saponin, more preferably

QS21. The formulation may also comprises an oil in water emulsion and tocopherol

(WO 95/17210). Unmethylated CpG containing oligonucleotides (WO 96/02555) are

9
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also preferential inducers of a THI response and are suitable for use in the present

invention.

Aluminium salts are preferred adjuvants in the above immunogenic

compositions. In particular, HepB should preferably be adsorbed onto aluminium

5 phosphate before admixing with the other components. Pertactin is preferably

adsorbed onto aluminiUIll hydroxide before admixing with the other components. In

order to minimise the levels of adjuvant (particularly aluminium salts) in the

compositions of the invention, the polysaccharide conjugates may be unadjuvanted.

The present invention also provides a method for producing a vaccine

10 formulation comprising the step of mix~ng the components of the vaccine together

with a pharmaceutically acceptable excipient.

A particularly preferred DTPa composition of the invention (for independent

use or as the contents of the first container of one of the above-described kits)

15 comprises: IT, DT, Pa (preferably comprising PT, FHA and PRN - with PRN

preferably adsorbed onto almninium hydroxide), HepB (preferably adsorbed onto

aluminium phosphate), JPV, MenC (preferably conjugated onto either protein D, 'IT,

DT or CRM197), and, optionally, MenY (preferably conjugated onto either protein D,

'IT, DT or CRM197). The composition may also optionally comprise Hib (preferably

20 conjugated onto IT and/or unadsorbed onto adjuvant). Preferably the vaccine may be

supplied in 2 vials, the first containing DTPa-IPV-HepB in a liquid form, and a

second containing MenC (and optionally MenY and/or Rib) in a lyophilised form,

preferably in the presence of an anti-caking agent such as sucrose, lactose or

trehalose. The contents of the vials may be mixed extemporaneously in a single

25 container before administering to a host in a single administration/injection. This

composition may also be used in a kit described above (the contents of the first

container).

For the pwpose of kits comprising a container comprising Rib (preferably

conjugated onto 'IT and/or unadsorbed onto adjuvant) and/or either or both of MenC

30 and MenY (preferably conjugated onto either protein D, TT, DT or CRM197 and/or

unadsorbed onto adjuvant), this composition is preferably stored in a lyophilised form,

preferably in the presence of an anti-caking agent such as sucrose, lactose or

trehalose.

10
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For the purpose of DTPa compositions of the invention (for independent use

or as the contents of the first container of one of the above-described kits) comprising

a container comprising DTPa and Hib and/or either or both of MenC and MenY,

where the Hib and/or Men components are conjugated to TT, it is preferable to

5 balance the TT content in the vaccine such that the total content of IT in a single

container is not more than a critical threshold (such as 40. 45. 50. 60, 70 or 80 J.1gTT)

to reduce, minimise or prevent TT immune interference or carrier suppression of IT

conjugated polysaccharides. Preferably this threshold is 50 J.1g.The inventors have

found that the ratio of polysaccharide:IT may be reduced in the above conjugates to

10 1:0.5-1.5 by weight (preferablY 1: 0.6-1.2. most preferably around 1:1) to be

beneficial in this respect. For instance' in a DTPa-HB-IPV-Hib(TT)-MenC(TT)

vaccine the amount of T in DTPa should preferably be reduced below a typical

standard quantity (preferably about one to three quarters. most preferably about a half

of the regular amount) to, for instance, 10-30 J.1gTT, preferably 20-25 J.1gIT. For

15 example. if the amount of IT conjugated to Hib is around 12 J.1gTT, and the amount

conjugated to MenC is around 5 g IT. and the amount of unconjugated TT is 24 J.1g,

then the total IT will be about 41 g.

A particularly preferred HID I pneumococcal polysaccharide composition (for

20 independent use or as the contents of the second container of one of the above-

described kits) comprises: Hib (preferably conjugated onto IT and/or unadsorbed

onto adjuvant) and multiple (for instance more than 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 11)

pneumococcal polysaccharide conjugates (for instance those combinations described

in the paragraph on 'the Streptococcus pneumoniae vaccine of the present invention'

25 above). Most preferably 11 polysaccharides (from serotypes 1.3,4,5, 6B, 7F, 9V, 14,

18C. 19F and 23F) are included. Preferably pneumococcal polysaccharides are

conjugated onto PD, DT, CRMl97 or TT. In a preferred embodiment, the Hib

polysaccharide antigen is not adsorbed onto an adjuvant. particularly aluminium salts.

Although the pneumococcal polysaccharide antigen(s) may be adjuvanted (preferably

30 onto aluminium phosphate), they may also be not adsorbed onto an adjuvant,

particularly aluminium salts. In a particular embodiment, there is no aluminium

adjuvant salt present in the composition. Further antigens may be included in the

compositions of the invention (for instance N meningitidis Type C capsular
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polysaccharide conjugate [preferably conjugated onto either protein D, IT, DT or

CRMl97 and/or unadsorbed onto adjuvant]), however, in an alternative embodiment,

Hib and pneumococcal polysaccharide conjugates are the only antigens present in the

composition. fu a further specific embodiment of the above formulations, the Hib and

5 pneumococcal polysaccharides are not conjugated to the same carrier (particularly

where the carrier is CRMI97).

The vaccine may be supplied in one container (with the contents either in a

liquid or lyophilised form), or in two vials, the first containing Rib (preferably

lyopbilised), the second containing the pneumococcal antigens (preferably in a liquid

10 form). Lyopbilised compositions are preferably in the presence of an anti-caking

agent such as sucrose, lactose or ~halose. The contents of the vials may be mixed
. .

extemporaneously in a single container before 8dministering to a host in a single

administration/injection. With such a formulation it is possible, upon immunisation, to

obtain antibody titres against Hib capsular polysaccharide approaching, or most often

15 in excess of, 100010 of the titre obtained when the antigen is administered in isolation.

fu preferred embodiments, no (significantly) detrimental effect occur to the

pneumococcal polysaccharide conjugates (in terms of protective efficacy) in the

combination as compared to their administration in isolation. This can be assessed in

terms of measuring post-primary geometric mean concentrations (GMC) of anti-

20 polysaccharide antIbody 1 month after the last primary dose (primary doses being the

priming administrations - usually 3 - in the first year of life). The GMC (in J.1g1ml)

for a vaccine of the invention should be preferably over 55% (more preferably over

60, 70, 80, or 90%) of the GMC when the pneumococcal polysaccharides are

administered without the Hib conjugate. Another indication that no detrimental effect

25 has occurred is if the % of subjects with antibody concentrations of no less than 0.5

J.1g1ml differs by no more than 10% (preferably less than 9, 7, 5, 3 or 1%) when

comparing 1 month post-primary administrations of the vaccine of the invention

versus the vaccine without Hib conjugate.

Although the above refers to Hib, pneumococcal and meningococcal

30 'polysaccharides' it is envisaged that the invention may be extended to Hib and

pneumococcal 'sized-polysaccharides' and 'oligosaccharides' (polysaccharides

reduced in size for manageability, which are still capable of inducing a protective

immune response in a host) which are well known in the vaccine art (see for instance
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EP 497525). Advantageously, MenY may be present as an oligosaccharide conjugate

with the oligosaccharide 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, or 0.9 times the molecular

weight of the native polysaccharide.

5 fu. a further aspect of the present invention there is provided an immunogenic

composition or vaccine as herein described for use in a medicament.

fu. a still further aspect of the invention there is provided a use of the

immunogenic compositions of the invention in the manufacture of a medicament for

the treatment or prevention of diseases caused by infection by Bordetella pertussis,

10 Clostridium tetani, Corynebacterium diphtheriae, Hepatitis B virus, Polio virus and

N. meningitidis (and optionally H. injluenzae). Furthermore, there is provided a use of

the immunogenic compositions of the invention in the manufacture of a vaccine kit

for the treatment or prevention of diseases caused by infection by Bordetella

pertussis, Clostridium tetani, Corynebacterium diphtheriae, Hepatitis B virus, Polio

15 virus, HaemophiZusinjluenzae, Streptococcus pneumoniae andN. meningitidis.

Additionally, a method of immunising a human host against disease caused by

Bordetella pertussis, Clostridium tetani, Corynebacterium diphtheriae, Hepatitis B

virus, Polio virus and N. meningitidis (and optionally H. injluenzae), which method

comprises administering to the host an immunoprotective dose of the immunogenic

20 composition of the invention is also provided.

A further aspect of the invention concerns a method of immunising a human

host against disease caused by Bordetella pertussis, Clostridium tetani,

Corynebacterium diphtheriae, Hepatitis B virus, and Polio virus, and one or more of

25 Haemophilus injluenzae, Streptococcus pneumoniae and If."meningitidis,with the kits

of the invention described above, which method involves a concomitant

administration schedule as defined below.

Concomitant administration schedule

30 Such a schedule comprises the step of administering to a host an

immunoprotective dose of an immunogenic composition of a first container of a kit

(for instance one of the kits of the invention) at a different site drained by a different

lymph nodes from the site at which the immunogenic composition of the second (or

third) container of the kit is administered. Preferably the different sites are different
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limbs. Preferably the adminis~tion of the vaccines occurs within 24 hours of each

other, more preferably within the same day, and most preferably at the same visit of

the host to the practitioner. Preferably, the host is subsequently primed with both (or

all) vaccines in the same way one or more (preferably 2) further times, each time

5 separated by 2-12 weeks (preferably approximately 1 month). Often a third priming

administration maybe .given between 2 weeks and 7 months after the second

administration. For instance, the vaccine may be administered as above according to a

normal administration schedule for DTP vaccines (such as a three visit system, each

visit separated by 1 month, for instance a 3, 4 and 5 month of age schedule; or a 3, 5

10 and 11; or a 3, 5 and 12 month of age schedule). Such an administration schedule

allows the optimisation of the immune response against the antigens in both (or all)

containers of the kit.

A booster administration of the vaccines may be given in the same way

anytime from the second year of life to adulthood. Although priming is preferably

15 done via the intramuscular route, boosting may advantageously be carried out

mucosally, optionally in the presence of a mucosal adjuvant (preferably laureth 9 or

Heat Labile Toxin [LT] from E. coli and mutants or fragments thereof), (for instance

intranasal administration of the vaccines is easy to administer and can work extremely

well especially when the host is primed parentemally), and site of administration of

20 the vaccines need not drain to different lymph nodes.

The use of the immunogenic compositions of the invention within containers

ill a method of manufacturing a vaccine kit of the invention for concomitant

administration is also envisaged.

25 Kits comprising TT in two or more containers

A further aspect of the invention concerns vaccine kits for concomitant

administration (as defined above) where the TT content of two or more containers are

balanced to advantageously reduce, minimise or prevent TT immune interference or

carrier suppression of TT conjugated polysaccharides. IT is an extremely good

30 carrier, however it is known that it has limitations if used to excess in a vaccine

composition, particularly if free IT is also present. If used excessively, all antigens

conjugated to TT exhibit reduced antibody titres. There is therefore a distinct problem

in the art of how to use TT in many different areas (for instance as free antigen and as

carrier for many polysaccharide antigens) within a large combination vaccine without
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the above disadvantages. The present inventors have found an optimal method of

solving this problem; that by using a kit concomitant administration schedule (as

defined above), a vaccine in a first container comprising IT in a quantity not more

than a critical threshold where immune interference or carrier suppression occurs can

5 be administered with a vaccine in a second (and optionally third) container

comprising IT in a quantity not more than a critical threshold where immune

interference or carrier suppression occurs such that the total quantity of IT

concomitantly administered is above this critical threshould, and immune interference

(or carrier suppression) is minimised (i.e. less than if the components had been

10 administered in one injection) and preferably does not occur at all The critical

. threshold can be 40, 45, 50,60, 70 or 80 J.1gIT, and is preferably about 50 J.1gTT.

The maximum total IT that can be administered is therefore approximately up to a

quantity derived from the number of containers of the kit (two or three) multiplied by

the critical threshould.

15 The present invention therefore provides a kit comprising two (or three)

containers comprising two (or three) immunogenic compositions for concomitant

administration each comprising IT in a free and/or conjugated form, wherein the

quantity of IT in each container is not more than a critical threshold to prevent or

minimise IT immune interference (or carrier suppression) effects, but the total IT in

20 all containers is more than said critical threshold.

Preferably at least one of the containers should include free (unconjugated)

IT, most preferably in the context of a DTPa or DTPw multivalent vaccine. Although

the quantity of free IT can be present at around normal levels of approximately 42

J,lg,a further advantage of the invention allows lower quantities to be present (10-30

25 or 10-20 J.1g,for instance 10, 15,20,25 or 30 J.1g)but optinlal anti-TT antibody titres

may still be elicited with minimal (or no) immune interference or carrier suppression

effects.

Preferably at least one (but possibly 2 or 3) of the containers should include at

least one (but possibly 2, 3, 4, 5, 6, 7 or more) IT conjugated polysaccharide. Where

30 free TT is present in one container, it is preferred that at least one TT-conjugated

polysaccharide should be in one of the other containers of the kit. The polysaccharide

may be any described in this application, preferably one or more pneumococcal

polysaccharides (as described above), or Mene, MenY, or Rib.
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Preferably the kit is any of the kits of the invention as described above.

Preferably one, two, three or all the polysaccharide- TT conjugates present in

the kit are such that the ratio of polysaccharide:TT is reduced (compared to standard

conjugates) to 1:0.5-1.5 by weight (preferably 1: 0.6-1.2, most preferably around 1:1)

5 such that the conjugates are still immunologically functional, but 'IT immune

interference or carrier suppression effects are facilitated in being minimised or

prevented.
Further provided is a method of immunising a human host using the above kit,

which method comprises administering an immunoprotective dose of the

10 immunogenic com~sition of the first container to the host at a first site,

administering an immunoprotective dose of the immunogenic composition of the
. . .

second container to. the host at a second site' (and optionally administering an

immunoprotective dose of the immunogenic composition of the third container to the

host at a third site), wherein the first and second (and third) sites are drained by

15 different lymph nodes.
Concomitant administration should be carried out as described above.

Preferably the first and second (and third) sites represent different limbs of the host.

Preferably the administration of the immunogenic compositions of the first and

second (and third) containers occurs on the same day. Preferably the host is

20 subsequently vaccinated in the same way one or more further times, each time

separated by 2-12 weeks, more preferably two further times, each time separated by

approximately a period of 1-2 months.

25 Kits comprising DT or CRM197 in two or more contain~ .

A still further aspect of the invention concerns vaccine kits for concomitant

administration (as defined above) where the DT content (including DT and any

immunologically identical mutants such as CRM197) of two or more containers are

balanced advantageously to enhance DT (or CRM197) conjugated polysaccharide

30 antibody titres whilst minimising reactogenicity (i.e. lower reactogenicity than if the

components of the containers were administered in a single injection). DT and

CRM197 are extremely good carriers, however it is known that DT contributes largely

to the reactogenicity of vaccines containing it. The present inventors have found that

by using a kit concomitant administration schedule (as defined above), a vaccine in a
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first container comprising DT (and/or CRM197) is advantageously present in a high

amount (40-150 flg, preferably 60-120 flg, more preferably 70-100 flg, most

preferably around 95 flg) where a vaccine in a second (and optionally third) container

comprising a DT- or CRM197-conjugated polysaccharide is concomitantly

5 administered.
The advantages'of this invention are that a) although the DT content is high in

the first container it is not high enough to induce DT immune interference or carrier

suppression effects, b) the DT- or CRM-197 polysaccharide conjugate is separated

from the first container so that the reactogenicity of the vaccine of the first container

10 is not increased, yet c) the antibody titre against the polysaccharide conjugated to DT

or CRM197 is not reduced and may be enhanced (greater titres compared to where the

conjugate is administered separately, or compared to where lower quantities ofDT are

present in the first container).
The present invention therefore provides a kit comprising two (or three)

15 containers comprising two (or three) immunogenic compositions for concomitant

administration (as defined above), wherein the first container comprises a DT content

(DT plus CRM197; preferably :free or unconjugated) which is present in a high

amount (as defined above), and the second (and third) containers comprise one or

more polysaccharides conjugated to DT and/or CRM197.
20 Preferably the first container should include free (unconjugated) DT, most

preferably in the context of a DTPa or DTPw multivalent vaccine.

The DT/CRM197 conjugated polysaccharide(s) may be any described in this

application; preferably one or more from the following list: pneumococcal

polysaccharides 1,2,3,4,5, 6A, 6B, 7F, 8, 9N, 9V, lOA, llA, 12F, 14, 15B, 17F,

25 18C, 19A, 19F, 20, 22F, 23F or 33F, MenC, MenY, or Rib. Preferably according to

this invention the immune response (antibody titres) against one or more of these

polysaccharides is maintained compared to administering the conjugate by itself, and

is most preferably enhanced.
Preferably the kit is any of the kits of the invention as described above.

30 Preferably one, two, three or all the polysaccharide-DT (or CRM197)

conjugates present in the kit are such that the ratio ofpolysaccharide:DT/CRM197 is

reduced (compared to standard conjugates) to 1:0.5-1.5 by weight (preferably 1: 0.6-

1.2,most preferably around 1:1).
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Further provided is a method of immunising a human host using the above kit,

which method comprises administering an immunoprotective dose of the

immunogenic composition of the first container to the host at a first site,

administering an immunoprotective dose of the immunogenic composition of the

5 second container to the host at a second site (and optionally administering' an

immunoprotective dose of the immunogenic composition of the third container to the

host at a third site), wherein the first and second (and third) sites are drained by

different lymph nodes.

Concomitant administration should be carried out as described above.

10 Preferably the first and second (and third) sites represent different limbs of the host.

Preferably the administration of the immunogenic compositions of the first and

second (and third) containers occurs on the same day. Preferably the host is

subsequently vaccinated in the same way one or more further times, each time

separated by 2-12 weeks, more preferably two further times, each time separated by

15 approximately a period of 1-2 months.

The vaccine preparations of the present invention may be used to protect or

treat a mammal susceptible to infection, by means of administering said vaccine via

20 systemic or mucosal route. These administrations may include injection via the

intramuscular, intraperitoneal, intradermal or subcutaneous routes; or via mucosal

administration to the oral/alimentary, respiratory (e.g. intranasal), genitourinary tracts.

The amount of antigen in each vaccine dose is selected as an amount which

induces an immunoprotective response without significant, adverse side effects in

25 typical vaccines. Such amount will vary depending upon whIch specific immunogen

is employed and how it is presented. Generally, it is expected that each dose will

comprise 0.1-100 Jlg of polysaccharide, preferably 0.1-50 Jlg, preferably 0.1-10 Jlg, of

which I to 5 Jlg is the most preferable range.

The content of protein antigens in the vaccine will typically be in the range 1-

30 100Jlg, preferably 5-50Jlg, most typically in the range 5 - 25Jlg.

Following an initial vaccination, subjects may receive one or several booster

immunisations adequately spaced.

18
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Vaccine preparation is generally described in Vaccine Design ("The subunit

and adjuvant approach" (008 Powell M.F. & Newman M.J.) (1995) Plenum Press New

York). Encapsulation within liposomes is described by Fullerton, US Patent

4,235,877.

5

EXAMPLES
Examples are provided solely for the pwposes of illustration and are not

10 intended to limit the scope of the invention.

Example 1: Preparation ofa DT-TT-Pa-IPV-HepB (DTPaIPVHepB) Vaccine

This was done as described in WO 93/24148. The vaccine is commercially

15 available under the name Infanrix-PeNTa™ (SmitbKline Beecham Biologicals).

Example 2: Preparation of a MenC or MenC-Men Y Vaccine

MenC: N meningitidis type C capsular polysaccharide conjugated onto either

20 protein D or IT (using the CDAP technique) present in an amount of 5 J.lg of

polysaccharide in the conjugate per 0.5 mL human dose. The pH was adjusted to 6.1,

and was lyophilised in the presence of sucrose.

MenCMen Y: N meningitidis type C capsular polysaccharide conjugated onto

either protein D or IT (using the CDAP technique) and N. meningitidis type Y

25 capsular polysaccharide conjugated onto either protein D. or TT were mixed together

in an amount of 5 J.lgof polysaccharide in each conjugate per 0.5 mL human dose.

The pH was adjusted to 6.1, and was lyophilised in the presence of sucrose.

30
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Example 3: Preparation of a

(DTPaIPVHepBlMenCMen Y) or

(DTPaIPVHepBlMenC) Vaccine

DT-'IT-Pa-IPV -HepB-MenC-Men Y

a DT-TT-Pa-IPV-HepB-MenC

5 The vaccines of Example 1 and Example 2 were mixed extemporaneously (on

the same day) before we.

Example 4: Preparation of a Bib - 11 valent pneumococcal conjugate

10 (Hib/StrepllV) Vaccine

H. injluenzae type b capsular polysaccharide conjugated onto TT (10 ~g of

polysaccharide in the conjugate per dose) which had been lyophilised at a pH of 6.1 in

the presence of lactose [Hiberix™ (SmithKline Beecham Biologicals)] was

15 extemporaneously (on the same day as use) dissolved in a liquid solution of eleven-

valent pneumococcal capsular polysaccharide (serotypes 1, 3, 4, 5, 6B, 7F, 9V, 14,

18C, 19F and 23F) conjugated onto PD (1 J.lgof polysaccharide in each conjugate per

dose). The pneumococcal vaccine had previously been adsorbed onto 0.5 mg A1
3
+ (as

AlP04).

20

Example 5: Clinical Trials

25 Studies on the Vaccine of Example 4

The vaccine of Example 4 and a control vaccine were administered in a three-

dose (3, 4, 5 months of age) schedule to German infants.

The immune response results (measured 1 month after the last primary

30 administration) were as follows.

35
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Anti pneumococcal IgG antibodies: GMC (J,lwml) B'
PS Group A GroupD

Anti- Timin N S+[%] GMC N S+[%] GMC

bodv It
Anti-1 pm 30 100 1.23 33 100 0.99

Anti-3 pm 30 100 2.04 33 97.0 1.20

Anti-4 pm 30 100 0.98 33 100 1.03

Anti-5 pm 30 100 1.33 33 100 1.34

Anti-6B pm 30 100 . 0.54 33 100 0.62

Anti-7F pm 30 100 1.60 33 100 1.33

Anti-9V pm 30 100 1.61 33 100 1.21

Anti-14 pm 30 100 2.27 33 100 2.32

Anti-18C pm 30 100 1.06 33 100 1.04

Anti-19F pm 30 100 2.05 33 100 1.92
Anti-23F pm 30 96.7 0.75 33 100 0.76

yElisa)

Group A = IIPn-PD + Infanrix-HeXaTM (Infanrix-Penta plus added Hib conjugate - DTPa-HB-IPV-

5 Hib)

Group D = I1Pn-PDIHIb + Infanrix-PeNTa 1M (DTPa-HB-IPV)

+ indicates concomitant (in different limbs) rather than combined administration.

Percent of subjects with antibody concentrations no less than 0.5 ~g/ml
I!rOUD PS 1 3 4 5 6B 7F 7V 14 18C 19F 23F

D 84.8 87.9 87.9 90.9 51.5 90.9 93.9 97.0 81.8 97.0 72.7

A 86.7 96.7 76.7 90.0 50.0 93.3 90.0 90.0 80.0 96.7 66.7

10

Anti PRP antibo es: GMC [Ill
Group D (N =34)

n ~1 GMC

IlWml wglml]
fOIol::-IPID 33 100 10.75

. di ( glOO) (By Elisa)

100% of subjects bad anti-PRP (lhb polysaccharide) antIbody concentrations no less than 1.0 Ilglml.

15
Hiberix (unadsorbed Hib-IT conjugate) has a GMC after a similar

administration schedule of about 6 Jlg/ml.
The immune response, in terms of ELISA antibodies, of infants who received

the IIPn-PDlHib vaccine was similar to that observed for those who received the

20 I1Pn-PD vaccine for all of the serotypes, with the exception of serotypes 1,3 and 9V

for which a trend to lower geometric mean concentrations was observed for the 11Pn-

PDlHib vaccine. However, these differences were not significant as shown by the

overlapping of95% confidence intervals.
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The IIPn-PDlHib vaccine induced functional (opsonophagocytic) antibodies

to all 11 serotypes.
Combining the Hib vaccine with the pneumococcal conjugate vaccine did not

significantly interfere with the pneumococcal immune response and surprisingly

5 enhanced the anti PRP response compared to both the registered vaccines Infanrix-

HeXa and Hiberix.

Studies on the Vaccines of Example 3, or the Concomitant Administration of the

10 Vaccines of Example 3 and Example 4

Study 1:
The safety and immunogenicity of Infanrix-PeNTa mixed with MenC conjugate

vaccine given with a Hib vaccine or concomitantly with II-valent pneumococcal

15 vaccine mixed with Hiberix can be evaluated. Both PD and TT carriers can be

evaluated for the MenC conjugate. The vaccines can be administered as a three dose

vaccine in infants. Concomitant injection can be in different limbs, administered in

the same visit to the practitioner.

20 Study2:
The safety and immunogenicity of Infanrix-PeNTa mixed with MenC-MenY

conjugate vaccine given with a Hib vaccine or concomitantly with II-valent

pneumococcal vaccine mixed with Hiberix can be evaluated. Both PD and TT carrier

can be evaluated for the MenC and MenY conjugates. The vaccines can be

25 administered as a three dose vaccine in infants. Conc~niitant injection can be in

different limbs, administered in the same visit to the practitioner.
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CLAIMS

We claim:

5 1. A vaccine kit for concomitant administration comprising two multi-valent

immunogenic compositions for conferring protection in a host against disease caused

by Bordetella pertussis, Clostridium tetani, Corynebacterium diphtheriae, Hepatitis B

virus, Polio virus and Streptococcus pneumoniae, said kit comprising a first container

comprising:
10 (a) acellular pertussis components comprising pertussis toxoid and

FHA,
(b) tetanus toxoid (IT),

(c) diphtheria toxoid (OT),

(d) Hepatitis B surface antigen, and

15 (e) Inactivated polio virus,

and a second container comprising:

(2a) one or more conjugates of a carrier protein and a capsular

polysaccharide from Streptococcus pneumoniae.

20 2. The vaccine kit of claim 1, wherein the one or more conjugates of a carrier

protein and a capsular polysaccharide from Streptococcus pneumoniae is derived from

one or more pneumococcal serotypes selected from the group consisting of 1,2,3,4,

5, 6A, 6B, 7F, 8, 9N,9V, lOA, llA, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F

and 33F.

25
3. The vaccine kit of claim 1 or 2 wherein the first container additionally

comprises: (f) either or both conjugates of a carrier protein and a capsular

polysaccharide of a bacterium selected from the group N. meningitidis type Y (Men Y)

and N. meningitidis type C (MenC), and (g) a conjugate of a carrier protein and the

30 capsular polysaccharide of H. inJluenzae type B (Rib).

4. The vaccine kit of claim 1 or 2 wherein the second container additionally

comprises: (2b) either or both conjugates of a carrier protein and a capsular

polysaccharide of a bacterium selected from the group N. meningitidis type Y (Men Y)
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and N. meningitidis type e (Mene), and (2c) a conjugate of a carrier protein and the

capsular polysaccharide of H. injluenzae type B (Rib).

5. The vaccine kit of claim -1 or 2 wherein the first container additionally

5 comprises: (f) either or both conjugates of a carrier protein and a capsular

polysaccharide of a baGterium selected from the group N. meningitidis type Y (Men Y)

and N. meningitidis type e (Mene), and the second container additionally comprises

(2b) a conjugate of a carrier protein and the capsular polysaccharide of H. injluenzae

type B (Rib).

10
6. Th~ vaccine kit of claim 1 or 2 wherein the first containe~ additionally

comprises (t) a conjugate of a carrier protein and the capsular polysaccharide of H.

injluenzae type B (Hib), and the second container additionally comprises: (2b) either

or both conjugates of a carrier protein and a capsular polysaccharide of a bacterium

15 selected from the group N. meningitidis type Y (Men Y) and N. meningitidis type e

(Mene).

7. The vaccine kit of claim 1 or 2 additionally comprising a third container

comprising: (3a) either or both conjugates of a carrier protein and a capsular

20 polysaccharide of a bacterium selected from the group N. meningitidis type Y (Men Y)

and N. meningitidis type e (MenC), and (3b) a conjugate of a carrier protein and the

capsular polysaccharide of H. injluenzae type B (Hib).

8. The vaccine kit of claims 1-7 wherein two or more containers comprise TI,

25 the quantity of TI in each of said two or more contaiI:lei's being not more than a

critical threshold of 50 Ilg TT to prevent or minimise TT immune interference or

carrier suppression effects, but the total TT in all containers of the vaccine kit being

more than said critical threshold.

30 9. The vaccine kit of claim 8 wherein 1, 2 or 3 of the containers includes one or

more TT -conjugated polysaccharide selected from a list consisting of a pneumococcal

polysaccharide, Mene, Men Y, and Hib.
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10. The vaccine kit of claim· 9 wherein one or more of the TT-conjugated

polysaccharides have a ratio of polysaccharide:TI of 1:0.5-1.5 by weight.

11. The vaccine kit of claims 1-10 wherein the first container comprises a DT

5 content of 60-100 llg, and the second or third containers comprise one or more

polysaccharides conjugatedto DT and/or CRM197.

12. The vaccine kit of claim 11 wherein the one or more polysaccharides

conjugated to DT and/or CRM197 are selected from a list consisting of pneumococcal

10 polysaccharides 1,2,3,4,5, 6A, 6B, 7F, 8, 9N, 9V, lOA, llA, l2F, 14, 15B, 17F,

18C, 19A, 19F, 20, 22F, 23F, and 33F, menirigococcal polysaccharides MenC and

MenY, andH. iizjluenzae type b Hib.

13. The vaccine kit of claim 11 or 12 wherein one or more of the polysaccharides

15 conjugated to DT and/or CRM197 have a ratio ofpolysaccharide:DT or CRM197 of

1:0.5-1.5 by weight.

14. A multi-valent immunogenic composition for conferring protection in a host

against disease caused by Bordetella pertussis, Clostridium tetani, Corynebacterium

20 diphtheriae, Hepatitis B virus, Polio virus and N meningitidis comprising:
a) acellular pertussis components comprising pertussis toxoid and

FHA,
b) tetanus toxoid,

c) diphtheria toxoid,

25 d) Hepatitis B surface antigen,

e) Inactivatedpolio virus, and
1) either or both conjugates of a carrier protein and a capsular

polysaccharide of a bacterium selected from the group N

meningitidis type Y and N meningitidis type C.

30
15. The immunogenic composition of claim 14 further comprising one or more

conjugates of a carrier protein and a capsular polysaccharide of a bacterium selected
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from the group H injluenzae type b, N. meningitidis type A and N. meningitidis type

W.

16. The immunogenic composition of claim 14 or 15 further comprising killed,

5 attenuated Hepatitis A virus.

17. The immunogenic composition of claims 14-16 wherein the carrier protein(s)

used is selected from the group comprising: tetanus toxoid, diphtheria toxoid,

CRM197, recombinant diphtheria toxin, OMPC from N. meningitidis, pnewnolysin

10 from S.pneumoniae and protein D from H. injluenzae.

18. The immunogenic composition of claims 14-17 formulated as a vaccine for in

vivo administration to the host wherein the individual components of the composition

are formulated such that the immunogenicity of individual components is not

15 impaired by other individual components of the composition.

19. The immunogenic composition of claims 14-17 formulated as a vaccine for in

vivo administration to the host, which confers an antibody titre superior to the

criterion for seroprotection for each antigenic component for an acceptable percentage

20 ofhwnan subjects.

20. The immunogenic composition of claims 14-19 further comprising an

adjuvant.

25 21.

salts.

The immunogenic composition of claim 20 wherein the adjuvant is aluminium

22. The use of the immunogenic composition of claims 14-21 in the manufacture

of a medicament for the treatment or prevention of diseases caused by infection by

30 Bordetella pertussis, Clostridium tetani, Corynebacterium diphtheriae, Hepatitis B

virus, Polio virus andN. mellingitidis.

23. A method of immunising a human host against disease caused by Bordetella

pertussis, Clostridium tetani, Corynebacterium diphtheriae, Hepatitis B virus, Polio
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virus and N. meningitidis, which method comprises administering to the host an

immunoprotective dose of the immunogenic composition of claims 14-21.

24. A process for making the multi-valent immunogenic composition of claims

5 14-21 comprising the step of mixing together the individual components.

25. A multi-valent immunogenic composition for conferring protection in a host

against disease caused by Haemophilus injluenzae and Streptococcus pneumoniae

comprising:
10 (a) a conjugate of a carrier protein and the capsular polysaccharide of

H injluenzae type B, and
(b) one or more conjugates of a carrier protein and a capsular

polysaccharide from Streptococcus pneumoniae.

15 26. The immunogenic composition of claim 25, wherein said composition

comprises 2 or more conjugates of a carrier protein and a .capsular polysaccharide

from Streptococcus pneumoniae.

27. The immunogenic composition of claim 26, wherein said composition

20 comprises more than 7 conjugates of a carrier protein and a capsular polysaccharide

from Streptococcus pneumoniae.

28. The immunogenic composition of anyone of claims 25-27 wherein the

capsular polysaccharide(s) from Streptococcus pneumoniae is from a serotype

25 selected from the group consisting of: 1, 2, 3, 4, 5, 6A, ~, 7F, 8, 9N, 9V, lOA, llA,

12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F.

29. The immunogenic composition of claim 28 comprising conjugates of a carrier

protein and capsular polysaccharides from Streptococcus pneumoniae serotypes 1, 3,

30 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F.

30. The immunogenic composition of claims 25-29 further comprising an

. adjuvant.
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31. The immunogenic composition of claims 25-29, wherein the capsular

polysaccharide of H. injIuenzae type B is not adsorbed onto an aluminium salt

adjuvant.

5 32. The immunogenic composition of claim 31, wherein the capsular

polysaccharides of S.pneumoniae are adsorbed onto an aluminium salt adjuvant.

33. The immunogenic composition of claim 31, wherein both the capsular

polysaccharide of H. injluenzae type B and the capsular polysaccharides of S.

10 pneumoniae are not adsorbed onto an aluminium salt adjuvant.

34. The immunogenic composition of claims 25-33 wherein the carrier protein(s)

used is selected from the group comprising: tetanus toxoid, diphtheria toxoid,

CRM197, recombinant diphtheria toxin, OMPC from N. meningitidis, pneumolysin

15 from S.pneumoniae and protein D from H. injluenzae.

35. The immunogenic composition of claims 25-34, wherein the capsular

polysaccharide of H injluenzae type B and the capsular polysaccharide from

Streptococcus pneumoniae are not conjugated to the same carrier.

20
36. The immunogenic composition of claim 35, wherein the capsular

polysaccharide of H. injluenzae type B and the capsular polysaccharide from

Streptococcus pneumoniae are not all conjugated to CRM197.

25 37. The immunogenic composition of claim 34 or 35~wherein the carrier protein

for the capsular polysaccharide of H. injluenzae type B is tetanus toxoid.

38. The immunogenic composition of claim 34, 35 or 37 wherein the carrier

protein for all the capsular polysaccharide of S.pneumolliae is protein D.

30

39. The immunogenic composition of claims 25-38 formulated as a vaccine for in

vivo administration to the host wherein the individual components of the composition

are formulated such that the immunogenicity of individual components is not

impaired by other individual components of the composition.
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40. The immunogenic composition of claims 25-38 formulated as a vaccine for in

vivo administration to the host, which confers an antibody titre superior to the

criterion for seroprotection for each antigenic component for an acceptable percentage

5 of human subjects.

41. The immunogenic composition of claims 25-40 for use in a medicament.

42. The use of the immunogenic composition of claims 25-40 in the manufacture

10 of a medicament for the treatment or prevention of diseases caused by infection by

Haemophilus ..injluenzae and Streptococcus pneumoniae.

43. A method of immunising a human host against disease caused by

Haemophilus injluenzae and Streptococcus pneumoniae, which method comprises

15 administering to the host an immunoprotective dose of the immunogenic composition

of claims 25-40.

44. A process for making the multi-valent immunogenic composition of claims

25-40 comprising the step of mixing together the individual components.

20
45. A kit comprising two multi-valent immunogenic compositions for conferring

protection in a host against disease caused by Bordetella pertussis, Clostridium tetani,

Corynebacterium diphtheriae, Hepatitis B virus, Polio virus and N. meningitidis,

Haemophilus injluenzae and Streptococcus pneumoniae, wherein said kit comprises a

25 first container comprising the immunogenic compositi<?riof claims 14-21, and a

second container comprising the immunogenic composition of claims 25-40.

46. A method of immunising a human host against disease using the kit of claims

1-13 or 45, which method comprises administering an immunoprotective dose of the

30 immunogenic composition of the first container to the host at a first site,

administering an immunoprotective dose of the immunogenic composition of the

second container to the host at a second site, and, where relevant, administering an

immunoprotective dose of the immunogenic composition of the third container to the
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host at a third site, wherein the first, second and third sites are drained by different

lymph nodes.

47. The method of claim 46, wherein the first, second and, where relevant, third

5 sites represent different limbs of the host.

48. The method of claim 46 or 47 wherein the administration of the immunogenic

compositions of the first, second and, where relevant, third containers occurs on the

same day.

10
49. The method of claim 46-48, wherein the host is subsequently vaccinated in the

same way one or more further times, each time separated by 2-12 weeks.

50. The method of claim 49, wherein the host is subsequently vaccinated in the

15 same way two further times, each time separated by approximately a period of 1-2

months.
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COMBINED MENINGOCOCCAL CONJUGATES WITH COMMON CARRIER PROTEIN

All documents cited herein are incorporated by reference in their entirety.

TECHNICAL FJELD
This invention concerns vaccines against Neisseria meningitidis. In particular, it concerns vaccines

5 based on conjugated capsular saccharides from multiple meningococcal serogroups.

BACKGROUND ART
Based on the organism's capsular polysaccharide, twelve serogroupS of N.meningitidis have been
identified (A, B, C, H, I, K, L, 29E, W135, X, Y and Z). Group A is the pathogen most often
implicated in epidemic disease in sub-Saharan Africa. Serogroups B and C are responsible for the

10 vast majority of cases in USA and in most developed countries. Serogroups W135 and Y are

responsible for the remaining cases in USA and developed countries.

A bivalent vaccine of capsular polysaccharides from serogroups A+C is available as the product
Mencevax ACTM,and tetravalent mixtures of the saccharides from serogroups A+C+Y+W135 are
available as the products Mencevax ACWYTMand Menomune™ [1-3]. Although effective in

15 adolescents and adults, these vaccines induces a poor immune response and short duration of
protection, because unconjugated polysaccharides are T cell-independent antigens that induce a weak

immune response which cannot be boosted.

To address the poor immunity of capsular saccharides, conjugate vaccines have been developed,
where the saccharides are linked to carrier proteins. Conjugate vaccines against serogroup C have

20 been approved for human use, and include Menjugate™ [4], Meningitec™ and NeisVac-CTM.
Mixtures of conjugates from serogroups A+C have also been tested [5,6], and mixtures of conjugates

from serogroups A+C+W135+Y have been reported [7-10].

Although the mixed conjugate vaccines are similar to the mixed saccharide vaccines, there are some
key differences. In particular, the inclusion of a carrier protein in the conjugate mixtures presents

25 new risks, particularly in terms of carrier-induced epitopic suppression (or "carrier suppression", as it
is generally known) i.e. the phenomenon whereby immunisation of an animal with a carrier protein
prevents that animal from later eliciting an immune response against an antigenic epitope that is
presented on that carrier [11]. This issue is of particular concern where multiple conjugates with the

same carrier protein are administered simultaneously [12].

30 Carrier suppression has been investigated for monovalent meningococcal conjugates [13], and there
has been some work in relation to mixed meningococcal conjugates. For instance, reference 14
suggests that Bordetella pertussis fimbriae should be used as the carrier in order to avoid carrier
suppression in multivalent conjugate vaccines, and reference 15 suggests that carrier suppression
should be dealt with by using more than one type of carrier protein in the vaccine, with H.inj1uenzae

35 protein D and/or tetanus toxoid (Tt) being preferred.

It is an object of the invention to provide further vaccines that comprise conjugated capsular
saccharides from multiple meningococcal serogroups but which avoid the risk of carrier-induced

epitopic suppression.
-1-
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DISCLOSURE OF THE INVENTION
In contrast to the approach suggested in reference 15 for avoiding carrier suppression, namely the use

of more than one type of different carrier protein, the invention uses the same type of carrier protein
(a 'common carrier') for multiple conjugates, which simplifies manufacture of the vaccine at a

5 commercial scale. By choosing a common carrier, however, the potential for carrier suppression is

increased. Vaccines are generally prepared by mixing individual conjugates that have been prepared
in separate concentrated bulks, and each bulk will usually include a residual amount of unconjugated

carrier protein from the conjugation' reaction. Unconjugated carrier can give rise to carrier
suppression, and if each concentrated bulk includes x amount of unconjugated carrier then a

10 tetravalent mixture will include 4x unconjugated carrier. When carrier suppression is seen only when
a particular threshold of carrier is present (e.g. only when the level of unconjugated carrier is high
enough to saturate the relevant B cells and/or T cells, or only when it is high enough to stimulate the

relevant T suppressor cells) then the 4x level can result in suppression even though the level of each
individual conjugate is below the threshold and would not cause suppression if administered alone.

15 The choice of a common carrier for multivalent vaccines thus increases the carrier suppression risks
significantly when compared to the monovalent vaccine or when compared to conjugates that use
different carrier proteins. To compensate for this increased risk, the invention controls the amount of

unconjugated carrier protein in a vaccine. Whereas the potential for carrier suppression is addressed
in references 13 to 15 by focusing on the nature of the carrier protein(s) used for the meningococcal

20 saccharides, the invention focuses instead on the amount of the carrier protein that is used, and more
particularly on the amount that is present in an unconjugated form. By minimising the amount of

unconjugated carrier protein in a vaccine then carrier suppression can be avoided, even where a

common carrier is used.

Inclusion of unconjugated carrier protein in conjugate vaccines has been considered before [16], but
25 the concentration of unconjugated carrier protein (tetanus toxoid) in this previous work was about

10 LfJdose. With a O.5ml dose, and using a conversion factor of 1 Lf = 3 rg [12], these vaccines

contained about 60rg/ml of unconjugated carrier protein. Reference 16 was not concerned with

avoidance of carrier suppression.

Thus the invention provides a composition for immunising a patient against a disease caused by

30 Neisseria meningitidis, comprising at least two of: (a) a conjugate of (i) the capsular saccharide of
serogroup A N.meningitidis and (ii) a carrier protein; (b) a conjugate of (i) the capsular saccharide of
serogroup C Nmeningitidis and (ii) a carrier protein; (c) a conjugate of (i) the capsular saccharide of
serogroup W135 N.meningitidis and (ii) a carrier protein; (d) a conjugate of (i) the capsular

saccharide of serogroup Y N.meningitidis and (ii) a carrier protein, characterised in that (1) at least

35 two of said conjugates (a), (b), (c) and (d) use the same carrier protein ('the common carrier'), and
(2) the composition includes the common carrier in an unconjugated form, wherein the concentration

of the unconjugated common carrier is less than 10 rg/ml.
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The invention also provides a process for preparing a composition for immunising a patient against a

disease caused by Neisseria meningitidis, comprising the steps of:

(1) preparing at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup A

N.meningitidis and (ii) a carrier protein; (b) a conjugate of (i) the capsular saccharide of

5 serogroup C N.meningitidis and (ii) a carrier protein; (c) a conjugate of (i) the capsular saccharide

of serogroup W135 N.meningitidis and (ii) a carrier protein; (d) a conjugate of (i) the capsular

saccharide of serogroup Y N.meningitidis and (ii) a carrier protein, wherein at least two of said

conjugates (a), (b), (c) and (d) use the same carrier protein ('the common carrier'); and

(2) mixing the at least two conjugates prepared in (1),

10 to give a composition that includes the common carrier in an unconjugated form, wherein the

concentration of the unconjugated common carrier is less than 10 ~g/ml.

The process may include one or more steps of measuring the amount of unconjugated common

carrier. Such measurements may be performed on the individual conjugates prior to mixing and/or on

the combined conjugates after mixing. An individual conjugate may be rejected or selected for

15 mixing based on the results of such measurements, and the final composition may similarly be

rejected or selected for release to physicians based on the results of such measurements.

The invention also provides a process for preparing a composition for immunising a patient against a

disease caused by Neisseria meningitidis, comprising the steps of: (a) selecting n different

meningococcal serogroups from the group consisting of A, C, W 135 and Y, where the value of n is 2,

20 3 or 4; (b) for each of the n chosen serogroups, preparing a conjugate of (i) the capsular saccharide

from that serogroup and (ii) a carrier protein, where each of the n conjugates uses the same carrier

protein ('the common carrier'); and (c) mixing the n conjugates prepared in step (b), to give a

composition that includes the common carrier in an unconjugated form, wherein the concentration of

the unconjugated common carrier is less than to ~glml. Preferably the value of n is 4, such that the

25 invention provides a process for preparing a composition for immunising a patient against a disease

caused by Neisseria meningitidis, comprising the steps of: (a) preparing for each of meningococcal

serogroups A, C, Wl35 and Y a conjugate of (i) the capsular saccharide from that serogroup and (ii)

a carrier protein, where each of the four conjugates uses the same carrier protein; and (b) mixing the

conjugates to give a composition that includes the common carrier in an unconjugated form, wherein

30 the concentration of the unconjugated common carrier is less than 10 J.1g/ml.

As before, this process may include one or more steps of measuring the amount of unconjugated

common carrier, before and/or after mixing in step (b).

The conjugates
Conjugation is used to enhance the immunogenicity of saccharides, as it converts them from

35 T-independent antigens to T-dependent antigens, thus allowing priming for immunological memory.

Conjugation is particularly useful for pediatric vaccines [e.g. ref. 17] and is a well known technique

[e.g. reviewed in refs. 18 to 27].
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The composition ofthe invention includes at least two (i.e. 2,3 or 4) of the following meningococcal

conjugates: (a) conjugate of (i) the capsular saccharide of serogroup A N.meningitidis and (ii) a

carrier protein; (b) a conjugate of (i) the capsular saccharide of serogroup C N.meningitidis and (ii) a

carrier protein; (c) a conjugate of (i) the capsular saccharide of serogroup W135 N.meningitidis and

5 (ii) a carrier protein; (d) a conjugate of (i) the capsular saccharide of serogroup Y N.meningitidis and

(ii) a carrier protein.

Of these conjugates, at least two (i.e. 2, 3 or 4) use a common carrier protein. This does not mean

that a single conjugate molecule includes saccharides from more than one serogroup (ef references

28 & 29). Rather, a single conjugate molecule carries saccharide from a single serogroup, but the

to same type of carrier protein is used for each different serogroup. Within a single conjugate molecule,

however, there may be more than one type of saccharide (e.g. different length fragments), but these

will be derived from a single serogroup. As an example of using a common carrier, a sample of

protein may be split into quarters, with each quarter then being used to prepare a conjugate using

capsular saccharide fragments from for a single serogroup, and the conjugates may then be mixed to

15 give a tetravalent conjugate with a common carrier.

The capsular saccharides are chosen from meningococcal serogroups A, C, W135 and Y, such that

the compositions include saccharides from 2, 3, or all 4 of these four serogroups. Specific

compositions comprise saccharides from: serogroups A & C; serogroups A & W135; serogroups A &

Y; serogroups C & Wt35; serogroups C & Y; serogroups Wt35 & Y; serogroups A & C & W135;

20 serogroups A & C & Y; serogroups A & W135 & Y; serogroups C & W135 & Y; serogroups A & C

& Wt35 & Y. Compositions including at least serogroup C are preferred (e.g. A & C), and

compositions including saccharides from all four serogroups are most preferred.

The capsular saccharides of each of these four serogroups are well characterised. The capsular

saccharide of serogroup A meningococcus is a homopolymer of (al-t6)-linked N-acetyl-D-

25 mannosamine-l-phosphate, with partial O-acetylation in the C3 and C4 positions. The acetyl groups

can be replaced with blocking groups to prevent hydrolysis [30], and such modified saccharides are

still serogroup A saccharides within the meaning of the present invention. The serogroup C capsular

saccharide is a homopolymer of (a2--+9)-linked sialic acid (N-acetyl neuraminic acid, or 'NeuNAc').

Most serogroup C strains have O-acetyl groups at C-7 and/or C-8 of the sialic acid residues, but

30 about 15% of clinical isolates lack these O-acetyl groups [31,32]. The saccharide structure is written

as --+9)-Neu p NAc 7/8 OAc-(a2--+ . The serogroup W135 saccharide is a polymer of sialic acid-

galactose disaccharide units. Like the serogroup C saccharide, it has variable O-acetylation, but at

sialic acid 7 and 9 positions [33]. The structure is written as: -t4)-D-Neup5Ac(7/90Ac)-a-(2--+6)-
D-Gal-a-(l--+ . The serogroup Y saccharide is similar to the serogroup W135 saccharide, except that

35 the disaccharide repeating unit includes glucose instead of galactose. Like serogroup W135, it has

variable O-acetylation at sialic acid 7 and 9 positions [33]. The serogroup Y structure is written as:

--+4)_D_Neup5Ac(7/90Ac)-a-(2--+6)-D-Glc-u-(I--+ .
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The saccharides used according to the invention may be O-acetylated as described above (e.g. with

the same Q-acetylation pattern as seen in native capsular saccharides), or they may be partially or

totally de-O-acetylated at one or more positions of the saccharide rings, or they may be

hyper-O-acetylated relative to the native capsular saccharides.

5 The saccharides used according to the invention are preferably shorter than the native capsular

saccharides seen in bacteria. Thus the saccharides are preferably depolymerised, with

depolymerisation occurring after purification but before conjugation. Depolymerisation reduces the

chain length of the saccharides. A preferred depolymerisation method involves the use of hydrogen

peroxide [7]. Hydrogen peroxide is added to a saccharide (e.g. to give a final H2<h concentration of

10 1%), and the mixture is then incubated (e.g. at about 55°C) until a desired chain length reduction has

been achieved. Another depolymerisation method involves acid hydrolysis [8], with preferred

depolymerised saccharides in conjugates of the invention having the following range of average

degrees of polymerisation: A=10-20; C=12-22; W135=15-25; Y=15-25. Other depolymerisation

methods are known to the skilled person. The saccharides used to prepare conjugates for use

15 according to the invention may be obtainable by any of these depolymerisation methods.

Depolymerisation can be used in order to provide an optimum chain length for immunogenicity

and/or to reduce chain length for physical manageability of the saccharides.

Typical carrier proteins for use in conjugates are bacterial toxins, such as diphtheria toxin [e.g. see

chapter 13 of ref. 34; refs. 35-38] (or its CRM197 mutant [39-42]) and tetanus toxin, usually in

20 toxoid form (e.g. obtained by treatment with an inactivating chemical, such as formalin or

formaldehyde). Other suitable carrier proteins include N.meningitidis outer membrane protein [43],

synthetic peptides [44,45], heat shock proteins [46,47], pertussis proteins [48, 49], cytokines [50],

lymphokines [50], hormones [50], growth factors [50], artificial proteins comprising multiple human

CD4+ T cell epitopes from various pathogen-derived antigens [51], protein 0 from Hinjluenzae

25 [52-54], pneumolysin [55], pneumococcal surface protein PspA [56], iron-uptake proteins [57], toxin

A or B from C.difjicile [58], etc.

Four particularly preferred carrier proteins for use as common carriers are diphtheria toxoid (Ot),

tetanus toxoid (Tt), CRM197 and protein D from Hinjluenzae. These proteins are preferred because

they are the main carriers currently in use in pediatric vaccines and so they are the carriers most at

30 risk of carrier suppression e.g. from earlier, concurrent or later administration of other vaccines. Dt

and protein D are the most preferred common carriers, as these proteins are used in existing pediatric

vaccines less frequently than CRMl97 and Tt e.g. the Hib conjugates from GSK use Tt as the carrier,

the HibTITERTM product uses CRM197, the pneumococcal conjugates in Prevenar™ use Crov1l97,

the Menjugate™ and Meningitec™ products use CRM197, and NeisVac-CTM uses Tt. To further

35 minimise the risk of carrier suppression, therefore, Dt and Hinjluenzae protein D are used as

common carriers.
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Conjugates are preferably mixed to give substantially a 1:1:1:1 ratio (measured as mass of

saccharide) e.g. the masS of each serogroup's saccharide is within ±10% of each other. A typical

quantity of meningococcal antigen per serogroup in a composition is between Illg and 20flg

e.g. between 2 and 10 flg per serogroup, or about 4flg. As an alternative to a 1:1:1:1 ratio, a double

5 serogroup A dose may be used (2: 1:1:1).

Conjugates with a saccharide:protein ratio (w/w) of between 1:15 (i.e. excess protein) and 15:1 (i.e.

excess saccharide), preferably between,I:5 and 5:1, are preferred. Excess carrier protein is preferred.

Conjugates with saccharide:protein ratio of about 1:12 or about 1:3 are preferred, particularly where

the carrier is Dt.

10 Any suitable conjugation reaction can be used, with any suitable linker where necessary.

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

involve, for example, cyanylating reagents [59, 60, etc.]). Other suitable techniques use active esters,

carbodiimides, hydrazides, norborane, p-nitrobenzoic acid, N-hydroxysuccinimide, S-NHS, EDC,

TSTIJ; see also the introduction to reference 24).

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

described in references 61 and 62. One type of linkage involves reductive amination of the

polysaccharide, coupling the resulting amino group with one end of an adipic acid linker group, and

then coupling a protein to the other end of the adipic acid linker group [22, 63, 64]. Other linkers

include B-propionamido [65], nitrophenyl-ethylamine [66], haloacyl halides [67], glycosidic linkages

20 [68], 6-aminocaproic acid [69], ADH [70], C4 to C12 moieties [71] etc. As an alternative to using a

linker, direct linkage can be used. Direct linkages to the protein may comprise oxidation of the

polysaccharide followed by reductive amination with the protein, as described in, for example,

references 72 and 73.

A preferred conjugation process involves: introduction of amino groups into the saccharide (e.g. by

25 replacing terminal :=0 groups with -NH2) followed by derivatisation with an adipic diester (e.g.

adipic acid N-hydroxysuccinimide diester) and reaction with carrier protein (e.g. CR1\l1197). Further

details of this conjugation method can be found in reference 8. Conjugates obtainable by this method

are preferred conjugates for use according to the invention.

In another preferred conjugation process, a saccharide is reacted with adipic acid dihydrazide. For

30 serogroup A, carbodiimide (EDAC) may also be added at this stage. After a reaction period, sodium

cyanoborohydride is added. Derivatised saccharide can then be prepared e.g. by ultrafiltration. The

derivatized saccharide is then mixed with carrier protein (e.g. with a diphtheria toxoid), and

carbodiimidc is added. After a reaction period, the conjugate can be recovered. Further details of this

conjugation method can be found in reference 8. Conjugates obtainable by this method are preferred
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conjugates for use according to the invention e.g. conjugates comprising a diphtheria toxoid carrier

and an adipic acid linker.

In another preferred conjugation process, a saccharide is derivatised with a cyanylating reagent [60],

followed by coupling to a protein (direct, or after introduction of a thiol or hydrazide nucleophile

5 group into the carrier), without the need to use a linker. Suitable cyanylating reagents include

l-cyan0-4-( dimethylamino )-pyridinium tetrafluoroborate ('CDAP'), p-nitrophenylcyanate and

N-cyanotrlethylammonium tetrafluoroborate ('CTEA'). CDAP is preferred, particularly where

H.injluenzae protein 0 is the common carrier. Direct coupling is preferred.

Conjugates are preferably prepared separately and then mixed. After mixing, the concentration of the

10 mixed conjugates can be adjusted e.g. with sterile pyrogen-free, phosphate-buffered saline.

In addition to the common carrier, conjugates with other carrier proteins may be present m

compositions of the invention. In general, however, it is preferred that all meningococcal conjugates

in the composition use the same common carrier.

In compositions of the invention, the amount of carrier (conjugated and unconjugated) from each

15 conjugate is preferably no more than 100f.1g/ml e.g. <30f.1g1mlof carrier protein from each conjugate.

Preferred compositions include a total concentration of common carrier (either solely for the

combined meningococcal conjugates, or preferably for the composition as a whole) of less than

500f.1g1mle.g. less than 400fig/ml, less than 300fig/ml, less than 200Jlg/ml, less than 100fig/ml, less

than 50fig/ml, etc.

20 Unconjugated comnwn carrier protein
Compositions of the invention include the common carrier in an unconjugated form, but the

unconjugated common carrier is present at less than 10 fig/ml.

By control of factors such as conjugation conditions, post-conjugation purification, post-conjugation

storage conditions (temperature, pH, moisture, etc.) then it is possible, according to the invention, to

25 ensure that the amount of unco~jugated common carrier is reliably kept below 10 fig/ml, and can

typically be kept even lower e.g. below 9 fig/ml, below 8 f.1g/ml, below 7 fig/ml, below 6 Ilg/ml,

below 5 fig/ml, below 4 Jlg/ml, below 3 J.lg/ml, below 2 Ilg/ml, below I J.lg/ml, below 0.5 J.lg/ml, etc.

For practical reasons, however, it is advantageous to include a low level of unconjugated common

carrier, in order to provide a slight adjuvant effect without leading to carrier suppression problems.

30 The concentration of unconjugated common carrier in the composition of the invention is thus

preferably ~ a fig/ml but < b Ilg/ml, where b>a and where: (i) a is selected from the group consisting

of 0.01, 0.05, 0.1, 0.2, 0.3, 004, 0.5, 0.6, 0.7, 0.8, 0.9, 1,2,3,4 and 5; and (ii) b is selected from the

group consisting of 0.5, 0.6, 0.7, 0.8, 0.9, 1,2,3,4,5,6,7,8,9 and 10.

The unconjugated carrier in the compositions of the invention has two origins. First, it may come

35 from the individual conjugates that are mixed. The individual conjugates may include unreacted
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residual carrier from the conjugation reaction, and may include· carrier that has been released by

breakdown of conjugated material. Second, it can come from breakdown of conjugates after mixing

e.g. after storage of the composition. Unconjugated carrier will not normally be added on purpose as

a separate step during manufacture. The concentration of unconjugated common carrier in a

5 composition can thus increase over time. Preferred compositions are those with <10J!g/ml

unconjugated common carrier when measured 6 hours after all meningococcal conjugates have been

mixed. Other preferred compositions are those which have <IOJ!g1ml unconjugated common carrier

throughout a period of at least 1 month (e.g. 2 month, 3 months, 6 months, or longer) starting from

the time offrrst conjugate mixing.

10 In the processes of the invention, the conjugates that are mixed can include unconjugated common

carrier, and the unconjugated carrier present after mixing will be carried through from the component

conjugates. If composition of the invention includes a total of x J!g of unconjugated common carrier

from meningococcal conjugates and n different meningococcal conjugates then, on average, each

conjugate will have contributed x/n J!g of unconjugated common carrier. In preferred processes of the

15 invention, where the composition includes a total of x J!g of unconjugated common carrier from the

meningococcal conjugates then the amount of each of the n individual meningococcal conjugates is

selected to provide an amount of unconjugated common carrier within ±15% of x/n, for example

±10%, ±7.5% or ±5%. In concentration terms, each individual conjugate preferably contributes less

than 2J!g/ml ofunconjugated carrier.

20 The unconjugated common carrier in a composition may be present in solution, it may be present as a

precipitate, or it may be adsorbed to any adjuvant that may be present.

Levels of unconjugated carrier can be measured using standard and known methods e.g. those

previously used for assessing unconjugated carrier in Hib conjugate vaccines.

To compare levels of unconjugated carrier to total carrier (or to conjugated carrier) then it is

25 generally necessary to separate the unconjugated carrier from conjugated carrier such that it can be

assayed separately. As the conjugated carrier is larger than the unconjugated carrier then one way of

achieving this is to separate by size e.g. by size exclusion chromatography, by electrophoresis, etc.

Approximate MWs of typical carriers (in monomeric form) are: CRM197==58kDa; Dt==63kDa;

Tt=150kDa; protein D==42kDa.

30 One method of measuring the level of unconjugated carrier comprises a step of electrophoretic

separation, with the level of unconjugated carrier being compared to one or more standards

containing a known amount of the carrier. After protein quantification (e.g. by staining, such as by

silver staining) then the amount relative to the standard(s) can be determined. A third analysis can

also be run in parallel, where a sample of the unconjugated carrier is mixed with the standard, with

35 this mixture also being compared to the previous two bands.
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Other methods for measuring unconjugated carrier protein may involve capillary electrophoresis [74]

(e.g. in free solution), or micellar electrokinetic chromatography [75], particularly where the

common carrier is a diphtheria toxoid. Resolution of the conjugate and the carrier can be improved

by increasing borate concentration during analysis.

5 Assays to measure unconjugated carrier levels can be performed at various stages during processes of

the invention. For example, they can be performed on one or more of the individual conjugates

before they are mixed, andlor they can be performed after mixing. The invention requires a

composition to include less than 1O~g1ml unconjugated common meningococcal carrier, as described

above, and this level can be verified by performing the assay after mixing. As an alternative to

10 assaying after mixing, however, the assay can be performed on the individual conjugates before

mixing, with the individual results then being used to calculate the final level (taking into account

any dilutions, etc.), provided that conditions are used in mixing that are known not to cause an

increase inunconjugated carrier.

With the measurement assays and a maximum permitted amount of un conjugated carrier protein (e.g.

15 lO~g1ml, as mentioned above), the skilled person can check whether any particular composition falls

within the scope of the invention. Moreover, the skilled person can accept or reject (a) an individual

conjugate prior to mixing andlor (b) combined conjugates after mixing, based on whether the level of

unconjugated carrier protein is above or below the maximum permitted amount. Thus the invention

provides a process for preparing a composition, comprising the mixing steps defined above, and

20 further comprising the step of: measuring the concentration of unconjugated common carrier in the

composition; and either (i) if the concentration of unconjugated carrier is <1O~g1ml, accepting the

composition for further vaccine manufacture, andlor for ·administration to humans; or (ii) if the

concentration of unconjugated carrier is :::lOJlglml, rejecting the composition.

As well as including only small amounts of common carrier, preferred compositions of the invention

2S similarly include only small amounts of unconjugated meningococcal capsular saccharides. Thus the

composition preferably includes no more than 2Jlglml (measured as saccharide) unconjugated

saccharide e.g. <1.5~g1ml, <1 Jlglml, <O.5Jlglml, etc.

The composition
As well as comprising meningococcal conjugates and unconjugated carrier protein, compositions of

30 the invention will typically include a pharmaceutically acceptable carrier. Such carriers include any

carrier that does not itself induce the production of antibodies harmful to the individual receiving the

composition. Suitable carriers are typically large, slowly metabolised macromolecules such as pro-

teins, polysaccharides, polylactic acids, polyglycolic acids, polymeric amino acids, amino acid

copolymers, sucrose, trehalose, lactose, and lipid aggregates (such as oil droplets or liposomes). Such

35 carriers are well known to those of ordinary skill in the art. The vaccines may also contain diluents,

such as water, saline, glycerol, etc. Additionally, auxiliary substances, such as wetting or emulsifying

agents, pH buffering substances, and the like, may be present. Sterile pyrogen-free, phosphate-
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buffered physiologic saline is a typical carrier. A thorough discussion of pharmaceutically acceptable

carriers and excipients is available in reference 76.

Compositions used according to the invention may include an antimicrobial, particularly if packaged

in a multiple dose format.

. 5 Compositions used according to the invention may comprise detergent e.g. a Tween (polysorbate),

such as Tween 80. Detergents are generally present at low levels e.g. <0.01%.

Compositions used according to the invention may include sodium salts (e.g. sodium chloride) to

give tonicity. A concentration of 10±2mg/miNaCI is typical.

Compositions used according to the invention will generally include a buffer e.g. a phosphate buffer.

10 Bacterial infections can affect various areas of the body and so compositions may be prepared in
various forms. For example, the compositions may be prepared as injectables, either as liquid

solutions or suspensions. Solid forms suitable for solution in, or suspension in, liquid vehicles prior
to injection can also be prepared (e.g. a lyophilised composition). The composition may be prepared
for topical administration e.g. as an ointment, cream or powder. The composition be prepared for oral

15 administration e.g. as a tablet or capsule, or as a syrup (optionally flavoured). The composition may
be prepared for pulmonary administration e.g. as an inhaler, using a fine powder or a spray. The
composition may be prepared as a suppository or pessary. The composition may be prepared for
nasal, aural or ocular administration e.g. as spray, drops, gel or powder [e.g. refs 77 & 78]. In
general, however, the meningococcal conjugates are formulated for intramuscular injection.

20 Compositions used according to the invention mayor may not include a vaccine adjuvant. Adjuvants

which may be used in compositions of the invention include, but are not limited to:

A. Mineral-containing compositions
Mineral containing compositions suitable for use as adjuvants in the invention include mineral salts,

such as aluminium salts and calcium salts. The invention includes mineral salts such as hydroxides
25 (e.g. oxyhydroxides), phosphates (e.g. hydroxyphosphates, orthophosphates), sulphates, etc. [e.g. see

chapters 8 & 9 of ref. 79], or mixtures of different mineral compounds, with the compounds taking
any suitable form (e.g. gel, crystalline, amorphous, etc.). The mineral containing compositions may

also be formulated as a particle of metal salt [80].

Aluminium phosphates are particularly preferred, and a typical adjuvant is amorphous aluminium
30 hydroxyphosphate with POJAl molar ratio between 0.84 and 0.92, included at about 0.6mg At3+/ml.

Adsorption with a low dose of aluminium phosphate may be used e.g. between 50 and lOOllgA1
3
+

per conjugate per dose.

Conjugates mayor may not be adsorbed (or may be partially adsorbed) to any aluminium salt that is
present. Where a composition includes conjugates from multiple bacterial species then not all

35 conjugates need to be adsorbed.
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B. Oil Emulsions
Oil emulsion compositions suitable for use as adjuvants in the invention include squalene-water

emulsions, such as MF59 [Chapter 10 of ref. 79; see also ref. 81] (5% Squalene, 0.5% Tween 80, and
0.5% Span 85, formulated into submicron particles using a microfluidizer). Complete Freund's

5 adjuvant (CFA) and incomplete Freund's adjuvant (!FA) may also be used.

C. Saponin formulations [chapter 22 ofrer. 79]
Saponin formulations may also be used as adjuvants in the invention. Saponins are a heterologous

group of sterol glycosides and triterpenoid glycosides that are found in the bark, leaves, stems, roots
and even flowers of a wide range of plant species. Saponin from the bark of the Quillaia saponaria

10 Molina tree have been widely studied as adjuvants. Saponin can also be commercially obtained from
Smilax ornata (sarsaprilla), Gypsophilla paniculata (brides veil), and Saponaria ofjicianalis (soap

root). Saponin adjuvant formulations include purified formulations, such as QS21, as well as lipid

formulations, such as ISCOMs. QS21 is marketed as Stimulon™.

SapOnin compositions have been purified using HPLC and RP-HPLC. Specific purified fractions

15 using these techniques have been identified, including QS7, QSI7, QSI8, QS21, QH-A, QH-B and
QH-C. Preferably, the saponin is QS21. A method of production of QS21 is disclosed in ref. 82.

Saponin formulations may also comprise a sterol, such as cholesterol [83].

Combinations of saponins and cholesterols can be used to form unique particles called
immunostimulating complexs (lSCOMs) [chapter 23 of ref. 79]. ISCOMs typically also include a

20 phospholipid such as phosphatidylethanolamine or phosphatidylcholine. Any known saponin can be
used in ISCOMs. Preferably, the ISCOM includes one or more of QuilA, QHA & QHC. ISCOMs are
further described in refs. 83-85. Optionally, the ISCOMS may be devoid of additional detergent [86].

A review of the development of saponin based adjuvants can be found in refs. 87 & 88.

D. Virosomes and virus-like particles
25 Virosomes and virus-like particles (VLPs) can also be used as adjuvants in the invention. These

structures generally contain one or more proteins from a virus optionally combined or formulated
with a phospholipid. They are generally non-pathogenic, non-replicating and generally do not contain

any of the native viral genome. The viral proteins may be recombinantly produced or isolated from
whole viruses. These viral proteins suitable for use in virosomes or VLPs include proteins derived

30 :fl:ominfluenza virus (such as HA or NA), Hepatitis B virus (such as core or capsid proteins),
Hepatitis E virus, measles virus, Sindbis virus, Rotavirus, Foot-and-Mouth Disease virus, Retrovirus,
Norwalk virus, human Papilloma virus, H1V, RNA-phages, QB-phage (such as coat proteins), GA-

phage, fr-phage, AP205 phage, and Ty (such as retrotransposon Ty protein pI). VLPs are discussed

further in refs. 89-94. Virosomes are discussed further in, for example, ref. 95.
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E. Bacterial or microbial derivatives

Adjuvants suitable for use in the invention include bacterial or microbial derivatives such as

non-toxic derivatives of enterobacterial lipopolysaccharide (LPS), Lipid A derivatives,

immunostimulatory oligonucleotides and ADP-ribosylating toxins and detoxified derivatives thereof.

5 Non-toxic derivatives of .LPS include monophosphoryl lipid A (MPL) and 3-0-deacylated MPL

(3dMPL). 3dMPL is a mixture of 3 de-O-acylated monophosphoryllipid A with 4, 5 or 6 acylated

chains. A preferred "small particle" form of 3 De-O-acylated monophosphoryllipid A is disclosed in
ref. 96. Such "small particles" of 3dMPL are small enough to be sterile filtered through a O.22~m

membrane [96]. Other non-toxic LPS derivatives include monophosphoryllipid A mimics, such as

10 aminoalkyl glucosaminide phosphate derivatives e.g. RC-529 [97,98].

Lipid A derivatives include derivatives of lipid A from Escherichia coli such as OM-174. OM-174 is

described for example in refs. 99 & 100.

Immunostimulatory oligonucleotides suitable for use as adjuvants in the invention include nucleotide

sequences containing a CpG motif (a dinucleotide sequence containing an unmethylated cytosine

15 linked by a phosphate bond to a guanosine). Double-stranded RNAs and oligonucleotides containing

palindromic or poly(dG) sequences have also been shown to be immunostimulatory.

The CpG's can include nucleotide modifications/analogs such as phosphorothioate modifications and

can be double-stranded or single-stranded. References 101, 102 and 103 disclose possible analog

substitutions e.g. replacement of guanosine with 2'-deoxy-7-deazaguanosine. The adjuvant effect of

20 CpG oligonucleotides is further discussed in refs. 104-109.

The CpG sequence may be directed to TLR9, such as the motif GTCGTT or TTCGTI [110]. The

CpG sequence may be specific for inducing a Thl immune response, such as a CpG-A ODN, or it

may be more specific for inducing a B cell response, such a CpG-B ODN. CpG-A and CpG-B ODNs

are discussed in refs. Ill-lB. Preferably, the CpG is a CpG-A ODN.

25 Preferably, the CpG oligonucleotide is constructed so that the 5' end is accessible for receptor

recognition. Optionally, two CpG oligonucleotide sequences may be attached at their 3' ends to form

"immunomers". See, for example, refs. 110 & 114-116.

Bacterial ADP-ribosylating toxins and detoxified derivatives thereof may be used as adjuvants in the

invention. Preferably, the protein is derived from E.co/i (E.co/i heat labile enterotoxin ''LT''), cholera

30 ("CT"), or pertussis ("PT"). The use of detoxified ADP-ribosylating toxins as mucosal adjuvants is

describcd in ref. 117 and as parenteral adjuvants in ref. 118. The toxin or toxoid is preferably in the

form of a holotoxin, comprising both A and B subunits. Preferably, the A subunit contains a

detoxifying mutation; preferably the B subunit is not mutated. Preferably, the adjuvant is a detoxified

LT mutant such as LT-K63, LT-R72 , and LT-G192. The use of ADP-ribosylating toxins and

35 detoxified derivaties thereof, particularly LT-K63 and LT-R72, as adjuvants can be found in refs.

119-126. Numerical reference for amino acid substitutions is preferably based on the alignments of
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the A and B subunits of ADP-ribosylating toxins set forth in ref. 127, specifically incorporated herein

by reference in its entirety.

F. Hwnan immunomodulators
Human immunomodulators suitable for use as adjuvants in the invention include cytokines, such as

5 interleukins (e.g. IL-I, IL-2, llA, IL-5,. IL-6, IL-7, IL-12 [128], etc.) [129], interferons (e.g.

interferon-r), macrophage colony stimulating factor, and tumor necrosis factor.

G. Bioadhesives and Mucoadhesives

Bioadhesives and mucoadhesives may also be used as adjuvants in the invention. Suitable

bioadhesives include esterified hyaluronic acid microspheres [130] or mucoadhesives such as

10 cross-linked derivatives of poly(acrylic acid), polyvinyl alcohol, polyvinyl pyrollidone,

polysaccharides and carboxymethylcellulose. Chitosan and derivatives thereof may also be used as

adjuvants in the invention [131].

H. Microparticles
Microparticles may also be used as adjuvants in the invention. Microparticles (i.e. a particle of

15 -IOOnm to -150J.Ull in diameter, more preferably -20Onm to -30J.Ull in diameter, and most preferably

-500nm to -1OJ.Ull in diameter) formed from materials that are biodegradable and non-toxic (e.g. a

poly(a-hydroxy acid), a polyhydroxybutyric acid, a polyorthoester, a polyanhydride, a

polycaprolactone, etc.), with poly(lactide-co-glycolide) are preferred, optionally treated to have a

negatively-charged surface (e.g. with SDS) or a positively-charged surface (e.g. with a cationic

20 detergent, such as CTAB).

I. Liposomes (Chapters 13 & 14 of ref. 79)

Examples ofliposome formulations suitable for use as adjuvants are described in refs. 132-134.

J. Polyoxyethylene ether and polyoxyethylene ester formulations

Adjuvants suitable for use in the invention include polyoxyethylene ethers and polyoxyethylene

25 esters [135]. Such formulations further include polyoxyethylene sorbitan ester surfactants in

combination with an octoxynol [136] as well as polyoxyethylene alkyl ethers or ester surfactants in

combination with at least one additional non-ionic surfactant such as an octoxynol [137]. Preferred

polyoxyethylene ethers are selected from the following group: polyoxyethylene-9-lauryl ether

(laureth 9), polyoxyethylene-9-steoryl ether, polyoxytheylene-8-steoryl ether, polyoxyethylene-4-

30 lauryl ether, polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-lauryl ether.

K. Polyphosphazene (PCPP)

PCPP formulations are described, for example, in refs. 138 and 139.

L. Mummyl peptides

Examples of muramyl peptides suitable for use as adjuvants in the invention include N-acetyl-

35 muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyI-normuramyl-L-alanyl-D-isoglutamine (nor-
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MDP), and N_acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine- 2-( l'-2'-dipalmitoyl-sn-glycero- 3-

hydroxyphosphoryloxy)-etbylamine MTP-PE).

M.Imidazoquinolone Compounds.
Examples of imidazoquinolone compounds suitable for use adjuvants in the invention include

5 Imiquamod and its homologues (e,g. "Resiquimod 3M"), de.scTIoed further in refs. 140 and 141.

The invention may also comprise combinations of aspects of one or more of the adjuvants identified

above. For example. the following adjuvant compositions may be used in the invention: (1) a saponin

and an oil-in-water emulsion [142]; (2) a saponin (e.g. 0821) + a non-toxic LP8 derivative (e.g.

3dMPL) [143]; (3) a saponin (e.g. 0821) + a non-toxic LP8 derivative (e.g. 3dMPL) + a cholesterol;

10 (4) a saponin (e.g. 0821) + 3dMPL + IL-12 (optionally + a sterol) [144]; (5) combinations of3dMPL

with, for example, OS21 andlor oil-in-water emulsions [145]; (6) SAF, containing 10% squalane,

0.4% Tween 80™, 5% pluronic-block polymer LI21, and thr-MDP, either microfluidized into a

submicron emulsion or vortexed to generate a larger particle size emulsion. (7) Ribi™ adjuvant

system (RAS), (Ribi Immunochem) containing 2% squalene, 0.2% Tween 80, and one or more

15 bacterial cell wall components from the group consisting ofmonophosphorylipid A (MPL), trehalose

dimycolate (TDM), and cell wall skeleton (CWS), preferably MPL + CWS (DetoxTM); and (8) one or

more mineral salts (such as an aluminum salt) + a non-toxic derivative ofLPS (such as 3dMPL).

Other substances that act as immunostimulating agents are disclosed in chapter 7 of ref. 79.

The use of an aluminium hydroxide or aluminium phosphate adjuvant is particularly preferred [e.g.

20 examples 7 & 8 of ref. 7; example J of ref. 8], with or without adsorption. A composition with no

aluminium salt adjuvant can also be used [ref. IS]. Calcium phosphate is another preferred adjuvant.

Conjugates may be mixed with (and optionally adsorbed to) the adjuvants separately and then the

conjugates may be mixed together, or the conjugates may be mixed together and then mixed with

adjuvant.

25 The pH of compositions used according to the invention is preferably between 6 and 8, preferably

about 7. Stable pH may be maintained by the use of a buffer. Where a composition comprises an

aluminium hydroxide salt, it is preferred to use a histidine buffer [146]. The composition may be

sterile andlor pyrogen-free. Compositions may be isotonic with respect to humans.

Compositions may include a preservative (e.g. thiomersal, 2-phenoxyethanol), or may be

30 preservative free. Preferred compositions of the invention do not include any mercurial material e.g.

they are thiomersal-free.

Compositions may be presented in vials, or they may be presented in ready-filled syringes. The

syringes may be supplied with or without needles. A syringe will include a single dose of the

composition, whereas a vial may include a single dose or multiple doses. Injectable compositions

35 will usually be liquid solutions or suspensions. Alternatively, they may be presented in solid form

(e.g. freeze-dried) for solution or suspension in liquid vehicles prior to injection.
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Compositions may be packaged in unit dose form or in multiple dose form. For multiple dose forms,

vials are preferred to pre-filled syringes. Effective dosage volumes can be routinely established, but a

typical human dose of the composition for injection has a volume ofO.5ml.

Compositions will comprise an immunologically effective amount of the meningococcal conjugates,

5 as well as any other components, as needed. By 'immunologically effective. amount' , it is meant that

the administration of that amount to an individual, either in a single dose or as part of a series, elicits

a protective anti-meningococcal immune response in patients. This amount varies depending upon

the health and physical condition of the individual to be treated, age, the taxonomic group of

individual to be treated (e.g. non-human primate, primate, etc.), the capacity of the individual's

10 immune system to synthesise antibodies, the degree of protection desired, the formulation of the

vaccine, the treating doctor's assessment of the medical situation, and other relevant factors. It is

expected that the amount will fall in a relatively broad range that can be determined through routine

trials, and a typical quantity of each meningococcal antigen per dose is between 1J.1gand 20J.1gper

serogroup (measured in terms of saccharide) e.g. between 2 and 10 I-Igper serogroup, or betwccn 3

15 and 8 I-Igper serogroup. A dose of about 4J.1gper serogroup is preferred (i.e. a total of 16J.1gin a

tetravalent mixture), or of about 51-1gper serogroup (i.e. a total of20J.1g in a tetravalent mixture).

LyophiUsation

Vaccines are typically administered by injection, particularly intramuscular injection. Compositions

of the invention are generally presented at the time of use as aqueous solutions or suspensions. In

20 some embodiments of the invention the compositions are in aqueous form from the packaging stage

to the administration stage ('full liquid' vaccine). In other embodiments, however, one or more

components of the compositions may be packaged in a lyophilised form, and a vaccine for actual

administration may be reconstituted when necessary. Thus compositions of the invention may be

prepared at a packaging stage, or may be prepared extemporaneously prior to use. Lyophilisation of

25 meningococcal conjugates is known in the art e.g. the Menjugate™ product is presented in

lyophilised form, whereas NeisVac-CTM and Meningitec™ are full liquid vaccines.

In some embodiments, therefore, the compositions of the invention are in lyophilised form.

Individual meningococcal conjugates may be lyophilised prior to mixing, or may be mixed in

aqueous form and then be lyophilised.

30 The invention also provides a kit for preparing a composition of the invention, wherein the kit

comprises at least one meningococcal conjugate in lyophilised form and at least one meningococcal

conjugate in aqueous form. The kit may comprise two vials (one containing aqueous material and

one containing lyophilised material), or it may comprise one ready-filled syringe and one vial

e.g. with the contents of the syringe being used to reconstitute the contents of the vial prior to

35 injection. For compositions that include a serogroup A conjugate then the serogroup A saccharide

may be lyophilised, whereas conjugate(s) from other serogroup(s) may be present in liquid form.
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The invention also provides a kit for preparing an aqueous composition of the invention, wherein the
kit comprises (i) a lyophilised composition of the invention, and (ii) aqueous material, wherein

component (ii) is for reconstituting component (i) in order to provide the aqueous composition.

Component (ii) is preferably sterile, non-pyrogenic, etc., as described above.

5 Thus the invention encompasses compositions in fully-lyophilised form, fully-aqueous fonn, and in a

form ready for reconstitution to give an aqueous formulation.

To stabilise conjugates during lyophilisation, it is preferred to include a sugar alcohol (e.g. mannitol)

or a disaccharide (e.g. sucrose or trehalose) e.g. at between lmglml and 30mglml (e.g. about
25 mglml) in the composition. Lyophilisation in the presence of sucrose is preferred. Compositions

10 of the invention may thus include a sugar alcohol or a disaccharide, particularly where they are either

in lyophilised form or have been reconstituted from lyophilised material.

Where a composition is in lyophilised fonn (or includes a lyophilised component) then the
lyophilised material preferably does not include an aluminium adjuvant. If a final aqueous
composition with an aluminium adjuvant is desired then the adjuvant should instead be present in the

15 material used to reconstitute the lyophilised material (cf Menjugate™).

The patient
Compositions of the invention are for protecting patients against meningococcal disease e.g. against
meningitis, more preferably bacterial meningitis, and most preferably meningococcal meningitis.

The patient to be immunised will typically be a human. The human will generally be at least 1 month

20 old e.g. at least 2 months old, at least 4 months old, at least 6 months old, at least 2 years old, at least
5 years old, at least 11 years old, at least 17 years old, at least 40 years old, at least 55 years old, etc.
A preferred set of patients is in the age group 2-55 years old, and another preferred set of patients is
in the age group 11-55 years old. A further preferred set of patients is less than 11 years old e.g. 2-11
years old. A further preferred set of patients is less than 2 years old e.g. less than 1 year old. The

25 compositions of the invention are particularly useful for immunising patients who have already

received the common carrier protein in a previous immunisation.

Before or at substantially the same time as receiving the composition of the invention, the patient
may be immunised with one or more further vaccines. Other vaccines that may have been or may be

administered include, but are not limited to: diphtheria antigens, such as a diphtheria toxoid; tetanus
30 antigens, such as a tetanus toxoid; pertussis antigen(s), such as a whole cell/cellular pertussis vaccine

('Pw') or, preferably, an acellular pertussis vaccine ('Pa'); Haemophilus injluenzae type B capsular
saccharide, typically conjugated; hepatitis B surface antigen (HBsAg); poliovirus, such as an

inactivated poliovirus vaccine (IPV) or an oral poliovirus vaccine (OPV); Streptococcus pneumol1iae
capsular saccharide, typically multivalent and conjugated; influenza virus; BCG; hepatitis A virus

35 antigens; measles virus; mumps virus; rubella virus; varicella virus; etc. Further details on some of

these further vaccines are given below.
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The result of administering a composition of the invention is preferably that, for each administered

serogroup, the patient raises a serum bactericidal antibody (SBA) response, with the increase in SBA

titre (compared to the pre-immunised patient before receiving the composition) being at least 4-fold,

and preferably at least 8-fold. The SBA test is a standard correlate for meningococcal protection.

5 Further details of serologic correlates for meningococcal vaccines are given in reference 147.

Further antigenic components of compositions used according to the invention

Compositions of the invention can be used for immunising patients against meningococcal disease

and can be used separately from other vaccination components. In addition, however, compositions

of the invention may be used in conjunction with other vaccine components. These other components

10 may be administered separately from the compositions of the invention, but at substantially the same

time, or the compositions of the invention may include these further components as part of a

combination vaccine.

In addition to meningococcal conjugate antigens, therefore, compositions of to the invention may

optionally include one or more of the following further antigens:

15 1. A conjugated capsular saccharide from H.inj1uenzae type B ('Hib') [e.g. chapter 14 of ref. 34].

The carrier protein for the conjugate may be CRM197, a diphtheria toxoid, a tetanus toxoid or an

outer membrane complex of N.meningitidis. The saccharide moiety of the conjugate may be a

polysaccharide (e.g. full-length polyribosylribitol phosphate (pRP», but it is preferred to

depolymerise the capsular polysaccharides to form oligosaccharides (e.g. MW from -1 to -5

20 kDa). A preferred Hib conjugate comprises an oligosaccharide covalently linked to CRM197 via

an adipic acid linker [148,149]. Administration of the Hib antigen to a patient preferably results

in an anti-PRP antibody concentration of >0.15~g1ml, and more preferably >1~g1ml. Where a

composition includes a Bib saccharide antigen, it preferably does not also include an aluminium

hydroxide adjuvant. If the composition includes an aluminium phosphate adjuvant then the Hib

25 antigen may be adsorbed to the adjuvant [150] or it may be non-adsorbed [IS]. Prevention of

adsorption can be achieved by selecting the correct pH during antigen/adjuvant mixing, an

adjuvant with an appropriate point of zero charge, and an appropriate order of mixing for the

various different antigens in a composition [151].

2. A conjugated capsular saccharide from S.pneumoniae [e.g. chapter 23 of ref. 34; refs. 152-154].

30 It is preferred to include saccharides from more than one serotype of S.pneumoniae. For example,

mixtures of polysaccharides from 23 different serotype are widely used, as are conjugate

vaccines with polysaccharides from between 5 and 11 different serotypes [155]. For example,

PrevNarTM [156] contains antigens from seven serotypes (4, 6B, 9V, 14, 18C, 19F, and 23F) with

each saccharide individually conjugated to CRM197 by reductive amination, with 21lg of each

35 saccharide per O.Sml dose (41lg of serotype 6B), and with conjugates adsorbed on an aluminium
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phosphate adjuvant. Where pneumococcal conjugates are included in a compositions for use with

the invention, the composition preferably includes at least serotypes 6B, 14, 19F and 23F.

3. A protein antigen from Neisseria meningitidis serogroup B [e.g. ref. 157].

4. A diphtheria antigen, such as a diphtheria toxoid [e.g. chapter 13 of ref. 34].

5 5. A tetanus antigen, such as a tetanus toxoid [e.g. chapter 27 ofref. 34].

6. A cellular or whole cell pertussis ('Pw') antigen [e.g. chapter 21 of ref. 34].

7. One or more acellular pertussis ('Pa') antigens [e.g. chapter 21 ofref.34].

A Pa component will generally include one, two or three of the following well-characterised

B.pertussis antigens: (1) pertussis toxoid ('pr), detoxified either by chemical means or by site-

10 directed mutagenesis e.g. the '9K/I29G' mutant [158]; (2) filamentous haemagglutinin ('FHA');

(3) pertactin (also known as '69 kiloDalton outer membrane protein'). A Pa component may also

include agglutinogen 2 and/or agglutinogen 3.

8. An antigen from hepatitis B virus, such as the surface ('HBsAg') and/or core antigens [e.g. refs.

159 & 164; chapter 16 of ref. 34], with surface antigen preferably being adsorbed onto an

15 aluminium phosphate [160].

9. One or more poliovirus antigen(s) [e.g. 161, 162; chapter 24 of ref. 34] such as IPV. Inclusion of

Mahoney strain, MEF-l strain and Saukett strain is normal.

10. An antigen from hepatitis A virus, such as inactivated virus [e.g. 163,164; chapter 15 ofref.34].

The composition may include one or more (i.e. 1,2,3,4,5,6, 7, 8,9 or 10) of these further antigens.

20 In other embodiments, the composition may specifically not include one or more of these further

antigens.

Where present, these further antigens mayor may not be adsorbed to an aluminium salt.

Where a diphtheria antigen is included in the mixture it is preferred also to include tetanus antigen

and pertussis antigens. Similarly, where a tetanus antigen is included it is preferred also to include

25 diphtheria and pertussis antigens. Similarly, where a pertussis antigen is included it is preferred also

to include diphtheria and tetanus antigens.

Antigens in the mixture will typically be present at a concentration of at least 1Ilg/ml each. In

general, the concentration of any given antigen will be sufficient to elicit an immune response against

that antigen. It is preferred that the protective efficacy of individual saccharide antigens is not

30 removed by combining them, although actual immunogenicity (e.g. ELISA titres) may be reduced.

If meningococcal conjugates are being administered in a series of doses then none, some or all of the

doses may include these extra antigens.

As an alternative to the compositions including one or more of these 10 additional components, the

invention provides a kit comprising: (i) a composition of the invention, either in aqueous or
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lyophilised fonn; and (ii) a composition comprising one or more of these 10 additional components.

Where component (i) is lyophilised then component (ii) is preferably in aqueous form and can be

used to reconstitute (i).

Thus compositions of the invention may be sold for use on their own, may be sold for use in

5 conjunction with other vaccine materials, or may be sold as part of a vaccination kit.

Medical treatments

The invention provides a method for treating a patient, comprising administering to the patient an

immunologically effective amount of a composition of the invention. The patient may either be at

risk from the disease themselves or may be a pregnant woman ('maternal immunisation').

10 The invention also provides a composition of the invention, for use as a medicament (e.g. as an

immunogenic composition or as a vaccine).

The invention also provides the use of at least two of: (a) a conjugate of (i) the capsular saccharide of

serogroup A N.meningitidis and (ii) a carrier protein; (b) a conjugate of (i) the capsular saccharide of

serogroup C N.meningitidis and (ii) a carrier protein; (c) a conjugate of (i) the capsular saccharide of

15 serogroup W135 N.meningitidis and (ii) a carrier protein; (d) a conjugate of (i) the capsular

saccharide of serogroup Y N.meningitidis and (ii) a carrier protein, in the manufacture of a

medicament for immunising a patient against a disease caused by Neisseria meningitidis,
characterised in that (1) at least two of said conjugates (a), (b), (c) and (d) use the same carrier

protein ('the common carrier'), and (2) the medicament includes the common carrier in an

20 unconjugated fonn at a concentration of less than 10 J1g/ml.

Where a vaccine is for prophylactic use, the patient is preferably a child (e.g. a toddler or infant);

where the vaccine is for therapeutic use, the patient is preferably an adult. A vaccine intended for

children may also be administered to adults e.g. to assess safety, dosage, immunogenicity, etc.

One way of checking efficacy of therapeutic treatment involves monitoring meningococcal infection

25 after administration of the composition of the invention. One way of checking efficacy of

prophylactic treatment involves monitoring immune responses against an administered polypeptide

after administration. lmmunogenicity of compositions of the invention can be determined by

administering them to test subjects, and serologic correlates for meningococcal vaccines are given in

reference 147.

30 Compositions will generally be administered directly to a patient. Direct delivery may be

accomplished by parenteral injection (e.g. subcutaneously, intraperitoneally, intravenously,

intramuscularly, or to the interstitial space of a tissue), or by rectal, oral, vaginal, topical,

transdermal, intranasal, ocular, aural, pulmonary or other mucosal administration. Intramuscular

administration (e.g. to the thigh or the upper arm) is preferred. Injection may be via a needle (e.g. a

35 hypodermic needle), but needle-free injection may alternatively be used. A typical intramuscular

dose is 0.5 mt.
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Meningococcal conjugates from multiple serogroups are administered in admixture within a single

composition. The composition may be administered as a single dose, or may be administered more

than once in a multiple dose schedule. Multiple doses may be used in a primary immunisation

schedule andlor in a booster immunisation schedule. A primary dose schedule may be followed by a

5 booster dose schedule of the meningococcal conjugates. Suitable timing between priming doses (e.g.
between 4-16 weeks), and between priming and boosting, can be routinely determined.

The invention may be used to elicit systemic andlor mucosal immunity.

SpecifiC compositions of the invention

Preferred embodiments of the invention include:

10 1. An aqueous composition comprising meningococcal conjugates from serogroups C, W135 and

Y, with a CRM197 carrier for each. The saccharides are linked to the carrier using an adipic acid

linker. The concentration of unconjugated CRM197 is <5 Jlglml. The concentration of each

conjugate (measured as saccharide) is about 10JlglmI. The composition includes an aluminium

phosphate adjuvant, with no step of adsorption to the adjuvant during preparation. The

15 composition includes sodium chloride, sodium phosphate (monobasic & dibasic, for buffering)

and small amounts of polysorbate 80. The composition is for intramuscular injection, or may be

used to reconstitute a lyophilised serogroup A conjugate.

2. The aqueous composition arising from reconstitution of a lyophilised serogroup A conjugate with

the composition of embodiment 1 above. The serogroup A conjugate also has a CRM197 carrier.

20 After reconstitution, the serogroup A conjugate may be present at about 10j.1g1ml or about

20Jlglml (depending on dilution factor). After reconstitution, the concentration of unconjugated

CRM197 remains <5 J.1g1ml.

3. An aqueous composition comprising meningococcal conjugates from serogroups A and C, with a

Hinjluenzae protein D carrier for both, and with the saccharides linked to the carrier using

25 CDAP chemistry. The concentration of un conjugated protein D is <10 l1g1ml. The composition

also includes a Hinjluenzae type b conjugate, with the Hib saccharide being conjugated to a

tetanus toxoid carrier protein (e.g. see example la of reference Error! Bookmark not defined.).

The concentration of each of the three conjugates (measured as saccharide) is about IOlJglml.

The composition includes no aluminium salt adjuvant. THe composition includes sucrose. The

30 pH of the composition is between 6 and 6.5 e.g. about 6.1. The composition is for lyophilisation.

4. A lyophilised composition comprising meningococcal conjugates from serogroups A and C, with

a Hinjluenzae protein D carrier for both, and with the saccharides linked to the carrier using

CDAP chemistry. The concentration of ullconjugated protein D is <10 JlglmI. The composition

also includes a H.injluenzae type b conjugate, with the Hib saccharide being conjugated to a

35 tetanus toxoid carrier protein. The composition includes no aluminium salt adjuvant. The
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composition includes sucrose. The composition reconstituted with other vaccine components,

particularly non-meningococcal vaccine components.

5. The aqueous composition arising from reconstitution of the composition of embodiment 4 above
with a vaccine composition comprising diphtheria, tetanus and pertussis antigens, and optionally

5 finther comprising HBsAg. The reconstituting vaccine will include aluminium hydroxide and/or

phosphate adjuvants.

6. An aqueous composition comprising meningococcal conjugates from serogroups A, C, W135
and Y, with a diphtheria toxoid carrier for each. The saccharides may be linked to the carrier
using an adipic acid linker. The concentration ofunconjugated Dt is <5 f.1g/ml.The concentration

10 of each conjugate (measured as saccharide) is about 8f.lg/ml. The composition includes no

aluminium salts. The composition is for intramuscular injection.

General
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.

15 The term "abouf' in relation to a numerical value x means, for example, X±l0%.

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.

Concentrations of common carrier are given above in the units of "J.1g/ml"(micrograms per millilitre)
20 but, in an alternative and parallel set of defmitions, these f.1g/mlconcentrations may be replaced by

concentrations measured in the units "Lf/ml" (flocculation units, or the "limit of flocculation" [165]),

which is a functional unit for quantifying tetanus and diphtheria toxoids. Numerical values will be
divided by 3 (i.e. 3 f.1g/mlwould become 1 Lf/ml) and, where necessary, rounded up to the nearest

integer (i.e. 10 J.1g/mlwould become 4 Lf/ml) in this alternative set of definitions. This alternative is

25 given here purely for reasons of convenience, and should not have any influence on the invention

when carrier concentrations are given in f.1g/ml

MODES FOR CARRYING OUT THE INVENTION

Reduction in anti-serogrollp C response in presence of unconjugated carrier protein

NeisVac-CTMincludes serogroup C (OAc) capsular saccharide conjugated to a tetanus toxoid
30 carrier, with an aluminium hydroxide adjuvant, and with a protein:saccharide weight ratio of -2:1.

This vaccine was administered to children aged 3-6 or 13-18, either alone or with simultaneous
administration of unconjugated tetanus and diphtheria toxoids, as described in reference 13. Specific
IgO OMCs were measured by OAc+ELISA, by OAc- ELISA, and by high-avidity ELISA, and rSBA
GMTs were also measured (against strain ell) [13]. Results in the two groups of patients were as

35 follows, relative to results in patients who did not receive the Tt/Dt vaccine at the same time:
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Extra Tt OAc+ ELISA GMC OAr;- ELISA GMC OAr: hi-av ELISA GMC RSBAGMT

- 100% 100% 100% 100%

+ 82% 62% 51% 50%

The effect of unconjugated Tt on the immune response is clear from these results. To avoid this

effect in vaccines comprising more than one meningococcal conjugate then, according to the

invention, the level of unconjugated carrier is kept below a threshold level.

5 Combined meningococcal· conjugates

Mixtures of meningococcal conjugates for serogroups A+C, C+W+Y or A+C+W+Y can be prepared

as described in references 7, 8 and 15. These vaccines have either CRM197, Hinjluenzae protein D

or diphtheria toxoid (Ot) as the carrier protein, covalently linked to the saccharides. With conjugates

manufactured using essentially the method of reference 8, the following was performed.

10 For serogroup A, the purified dried polysaccharide was hydrolysed to give an average degree of

polymerization (avDP) of 10-11. To remove long polysaccharides, 30kDa ultrafiltration was used. Q

sepharose chromatography was then used to remove short saccharide fragments. Saccharides were

subjected to r~uctive amination, followed by 3 kDa ultrafiltration to remove low MW impuritied.

The aminated saccharides were concentrated and then activated using the bis N-hydroxysuccinimide

15 ester of adipic acid. This material is suitable for conjugate preparation. The activated ester is mixed

with purified CRM197 carrier at a molar saccharide excess of 13:1, with carrier at 45mglml in O.IM
sodium phosphate buffer (pH 7.2). Conjugation is performed at room temperature with magnetic

stirring for between 8 and 24 hours. The reaction is stopped by adding NR.CI (O.IM final

concentration), and the solution is then diluted with 10 mM sodium phosphate pH 7.2. These

20 conditions ensure efficient conjugation and minimise the level of unreacted carrier protein that

remains. According to the invention, any remaining unreacted material is diligently removed, with

further steps being performed within 2 hours of the dilution mentioned above. Ultrafiltration with a

30kDa cassette is performed, with 10 mM sodium phosphate (pH 7.2), for up to 4 hours.

For serogroup C, essentially the same process was used, except: nitial hydrolysis was taken to give

25 an avDP between 7 and 16; the conjugation reaction took place for 14-22 hours at room temperature;

an additional step was inserted between the conjugation and ultrafiltration steps, with conjugate

being purified using hydrophobic interaction chromatography (phenyl Sepharose fast flow column;

1M ammonium sulphate, 10 mM phosphate buffer pH 7.2; elution by adding buffer with no

ammonium sulphate); and the ultrafiltration used a 10kDa cutoff.

30 For sera groups W135 and Y, essentially the same processes were used as for serogroup A, except:

initial hydrolysis gave an avDP of 20; molar saccharide excess of 12: 1.

By these processes, unconjugated carrier levels of less than 1Jlg (measured relative to a total

CRM197 content of 50Jlg) can routinely be achieved for each conjugate.

The four bulk conjugates can be combined in order to give compositions of the invention.
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In clinical trial V59P2, conducted in Finland and Germany with 620 subjects aged 12-16 months,

five fonnulations of these mixed conjugates were tested. The doses for each serogroup saccharide,

expressed as Ilg saccharide mass per 0.5ml dose, were as follows after mixing and dilution:

Group MenA MenC MenW135 MenY

1 10 10 10 10

2 0 10 10 10

3 10 5 5 5

4 5 5 5 5

5 2.5 2.5 2.5 2.5

5 The vaccines included an aluminium phosphate adjuvant [8]. Unconjugated CRMl97 was present at

less than 21lglml in the vaccines.

Subjects received an injection at time zero, and 25% of the subjects then received a second dose of

the vaccine 4 weeks later.

Sera of patients were collected 1 month after vaccine administration and were tested in a SBA assay

10 against N.meningitidis from each serogroup, using human complement. SBA titre increase relative to

time zero sera was assessed, with criteria being :::1:4 and :::1:8. Anti-capsule titres (GMT) were also

measured for each serogroup. Results are shown in Table 1 below.

Thus the trivalent and tetravalent vaccines were both immunogenic in toddlers. The conjugates are

immunogenic at saccharide doses as low as 2.5llg per conjugate. The immune response are

15 boostable, with large SBA titre increases after the second dose. No evidence of carrier suppression

was seen in this trial.

It will be understood that the invention is described above by way of example only and modifications

may be made while remaining within the scope and spirit of the invention.
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TABLE 1 - Results of trial V59P2

Group A C W135 y
GMT (1 month after 1 dose)

1 3.9 6.4 7.1 8.9
2 2 6.1 8.3 8.5
3 5.7 5.2 6.9 12
4 3.8 4.5 7.0 9.6
5 3.9 5.3 7.0 12

GMT (1 month after 2 doses)
1 27 89 22 37
2 2 80 20 57
3 29 76 28 58
4 14 47 20 35
5 17 71 23 52

% patients with SBA =:;1:4(1 month after 1 dose)
1 33 56 57 58

I~~ . --~"

2 0 57 60 61
3 55 49 53 70
4 37 42 54 64
5 40 51 57 67

% patients with SBA >1:4 (1 month after 2 doses)
1 100 100 96 96
2 0 100 73 92

3 91 96 95 95
4 84 96 88 96
5 80 100 80 92

% patients with SBA >1:8 (1 month after 1 dose)
1 25 44 46 48
2 0 40 50 49
3 39 34 45 64
4 23 30 44 51
5 26 35 40 60

% patients with SBA >1:8 (l month after 2 doses)
1 92 100 85 93
2 0 100 64 92
3 87 96 95 82
4 60 92 77 92
5 72 92 72 88
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CLAIMS

1. A composition for immunising a patient against a disease caused by Neisseria rneningitidis,

comprising at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup A

Nmeningitidis and (ii) a carrier protein; (b) a conjugate of (i) the capsular saccharide of

5 serogroup C N.meningitidis and (ii) a carrier protein; (c) a conjugate of (i) the capsular saccharide

of serogroup W135 N.meningitidis and (ii) a carrier protein; (d) a conjugate of (i) the capsular

saccharide of serogroup Y N.meningitidis and (ii) a carrier protein, characterised in that (l) at

least two of said conjugates (a), (b), (c) and (d) use the same carrier protein ('the common

carrier'), and (2) the composition includes the common carder in an unconjugated [onn, wherein

10 the concentration of the unconjugated common carrier is less than 10 Ilg/mI.

2. The composition of claim 1, comprising a conjugate from both ofserogroups A and C.

3. The composition of claim 1 or claim 2, comprising a conjugate from all of serogroups A, C,

W135 and Y.

4. The composition of any preceding claim, wherein each of the meningococcal conjugates is

15 conjugated to a common carrier selected from: diphtheria toxoid; tetanus toxoid; CRM197; and

protein D from Hinjluenzae.

5. The composition of claim 4, wherein the common carrier is diphtheria toxoid.

6. The composition of claim 4, wherein the common carrier is H.injluenzae protein D.

7. The composition of any preceding claim, wherein the mass of each serogroup's saccharide is

20 between 2 and 10 Ilg.

8. The composition of any preceding claim, wherein the mass of each serogroup's saccharide is

within +10% of each other.

9. The composition of any preceding claim, wherein the concentration of the unconjugated common

carrier is less than 2 Ilglml.

25 10. The composition of any preceding claim, wherein the total concentration of common carrier in

the composition is less than 100Jlg/ml.

11. The composition of any preceding claim, fonnulated for intramuscular injection.

12. The composition of any preceding claim, further comprising an aluminium hydroxide and/or

aluminium phosphate adjuvant.

30 13. The composition of any preceding claim, wherein the composition does not include any

mercurial material.

14. The composition of any preceding claim, further comprising one or more of the following further

antigens: (i) a conjugated capsular saccharide from Haemophilus injluenzae type B; (ii) a

conjugated capsular saccharide from Streptococcus pneurnoniae; (iii) a protein antigen from
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N.meningitidis serogroup B; (iv) a diphtheria antigen; (v) a tetanus antigen; (vi) a cellular or

whole cell pertussis antigen; (vii) one or more acellular pertussis antigens; (viii) an antigen from

hepatitis B virus; (ix) one or more poliovirus antigen(s); (x) an antigen from hepatitis A virus.

15. The composition of any preceding claim, in aqueous form.

5 16. The composition of any preceding claim, in Iyophilised form.

17. The composition of any preceding claim, comprising a sugar alcohol or sucrosc.

18. A vial containing the composition of any preceding claim.

19. A syringe containing the composition of any preceding claim.

20. A kit for preparing the composition of anyone of claims 1 to 15, wherein the kit comprises at

10 least one meningococcal conjugate in Iyophilised form and at least one meningococcal conjugate

in aqueous form.

21. A kit for preparing the composition of anyone of claims 1 to 15, wherein the kit comprises (i) the

lyophilised composition of claim 15, and (ii) aqueous material, wherein component (ii) is for

reconstituting component (i) in order to provide the aqueous composition.

15 22. A kit comprising: (i) the composition of anyone of claims I 10 17; and (ii) a composition

comprising one or more ofthe antigens (i) to (x) as defined in claim 14.

23. A process for preparing a composition for immunising a patient against a disease caused by

Neisseria meningitidis, comprising the steps of:

(1) preparing at least two of: (a) a conjugate of (i) the capsular saccharide of serogroup A

20 N.meningitidis and (ii) a carrier protein; (b) a conjugate of (i) the capsular saccharide of

serogroup C N.meningitidis and (ii) a carrier protein; (c) a conjugate of (i) the capsular

saccharide of serogroup WI35 Nmeningitidis and (ii) a carrier protein; (d) a conjugate of

(i) the capsular saccharide of serogroup Y N.meningitidis and (ii) a carrier protein, wherein

at least two of said conjugates (a), (b), (c) and (d) use the same carrier protein ('the
25 common carrier'); and

(2) mixing the at least two conjugates prepared in (l),
to give a composition that includes the common carrier in an unconjugated form, wherein the

concentration of the unconjugated common carrier is less than 10 f.1g/ml.

24. A process for preparing a composition for immunising a patient against a disease caused by

30 Neisseria meningitidis, comprising the steps of:

(1) selecting 11 different meningococcal serogroups from the group consisting of A, C, W135

and Y, where the value of n is 2, 3 or 4, and then, for each of the n chosen serogroups,

preparing a conjugate of (i) the capsular saccharide from that serogroup and (ii) a carrier

protein, where each of the n conjugates uses the same carrier protein ('the common

35 carrier'); and
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(2) mixing the n conjugates prepared in step (I), to give a composition that includes the

common carrier in an unconjugated form,

wherein the concentration of the unconjugated common carrier is less than 10 ~g/ml.

25. The process of claim 24, wherein the value of n is 2 or 4.

5 26. The process of anyone of claims 23 to 25, further comprising one or more steps of measuring the

amount ofunconjugated common carrier.

27. The process of claim 26, comprising a measurement step before mixing of the conjugates andlor

a measurement step after mixing the conjugates.

28. A process for assessing the suitability of a composition for vaccine manufacture and/or human

10 administration, comprising the performing steps (I) and (2) of anyone of claims 23 to 27, and

further comprising the step of: (3) measuring the concentration of unconjugated common carrier

in the composition; and either (4-i) if the concentration of unconjugated carrier is <10J.1g1ml,

accepting the composition for further vaccine manufacture, andlor for administration to humans;

or (4-ii) if the concentration ofunconjugated carrier is ~10~g1ml, rejecting the composition.
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N vaccine. The invention provides a composition for immunising a patient against a disease caused by Neisseria meningitidis. whereino (I) the composition comprises conjugates for at least two of the four meningococcal serogroups A, C, WI35 and Y, where at least
> two of the conjugates have a common carrier protein; and (2) the composition includes the common carrier in an unconjugated form
~ at less than 10 llg/ml.
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