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(57) Abréegée/Abstract:
The present disclosure relates to multivalent pneumococcal vaccine compositions comprising capsular pneumococcal

polysaccharide serotypes each Iindividually conjugated to carrier proteins. VWhen conjugated, the combination of the capsular
pneumococcal polysaccharide serotype and the carrier protein Is referred to herein as a polysaccharide-protein conjugate. The
pneumococcal vaccine compositions may further comprise one or more of the following; a pharmaceutically acceptable carrier, a
pharmaceutically acceptable diluent, a buffer, a preservative, a stabilizer, an adjuvant, and/or a lyophilization excipient. Methods of
making and administering the pneumococcal vaccine compositions described hereln are also provided.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+
50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca al l a a



CA 3037056 A1 2018/04/05

en 3 037 056
13) A1

(72) Inventeurs(suite)/Inventors(continued): GANTI, SREENIVASA RAO, IN; DATLA, MAHIMA, IN



CA 03037056 2015-03-14

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
05 April 2018 (05.04.2018)

(51) International Patent Classification:

AG61K 39/09 (2006.01) AG61P 31/04 (2006.01)
AG6IK 39/385 (2006.01) A61K 39/00 (2006.01)
AG61K 39/39 (2006.01)

(21) International Application Number:
PCT/US2017/054237

(22) International Filing Date:
29 September 2017 (29.09.2017)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:

201641033563 30 September 2016 (30.09.2016) IN

(71) Applicant: BIOLOGICAL E LIMITED [IN/IN]; 18/1 &
3, Azamabad, Hyderabad, Telangana 500 020 (IN).

(74)

(81)

(10) International Publication Number

WO 2018/064444 Al

WIPO I PCT

CHAKKA, Deviprasanna; Biological E Limited, 18/1 & 3,
Azamabad, Hyderabad, Telangana 500 020 (IN). SURED-
DI, Satyam, Naidu; Biological E Limited, 18/1 & 3, Azam-
abad, Hyderabad, Telangana 500 020 (IN). BURKI, Ra-

jendar; Biological E Limited, 18/1 & 3, Azamabad, Hyder-

abad, Telangana 500 020 (IN). GANTI, Sreenivasa, Rao;
Biological E Limited, 18/1 & 3, Azamabad, Hyderabad,
Telangana 500 020 (IN). DATLA, Mahima; Biological E
Limited, 18/1 & 3, Azamabad, Hyderabad, Telangana 500
020 (IN).

Agent: FOURNIER, David, B. et al.; Perkins Coie LLP,
P.O. Box 1247, Seattle, WA 98111-1247 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
IR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(72) Inventors; and

(71) Applicants (for US only): MATUR, Ramesh, Venkat
[US/IN]; Biological E Limited, 18/1 & 3, Azamabad, Hy-
derabad, Telangana 500 020 (IN). MANTENA, Narender,
Dev [US/IN]; Biological E Limited, 18/1 & 3, Azamabad,
Hyderabad, Telangana 500 020 (IN).

(72) Inventors: SRIRAMAN, Rajan; Biological E Limited,
18/1 & 3, Azamabad, Hyderabad, Telangana 500 020 (IN).

(54) Title: MULTIVALENT PNEUMOCOCCAL VACCINE COMPOSITIONS COMPRISING POLYSACCHARIDE-PROTEIN
CONJUGATES

(57) Abstract: The present disclosure relates to multivalent pneumococ-

w ... calvaccine compositions comprising capsular pneumococcal polysaccharide
o HaRgate PrryEtchasits va % serotypes each individually conjugated to carrier proteins. When conjugated,
B shem S i { | the combination of the capsular pneumococcal polysaccharide serotype and
£ 2 \ § R  the carrier protein is referred to herein as a polysaccharide-protein conjugate.
;§ £ ’ f % j The pneumococcal vaccine compositions may further comprise one or more
s ! X 1 of the following; a pharmaceutically acceptable carrier, a pharmaceutically

Bt s o ces oo sios o oo oo scsccc swos s comsscc oo e socsecec aieeame QW o R ey o 2 3

F RES 18 ¥ 1% &5 R R it 3

acceptable diluent, a buffer, a preservative, a stabilizer, an adjuvant, and/or a

Esfsdtion tens mins 3 oq o N .« o q .« o .
e ——————————C0CCal vaccme compositions described herein are also provided.
: ® RCHTNS Polyratohadds
S N B N
S . s
% 5 Nguns
g W w7
s
H
S
i 5
3 .
i § ; e o ;
§ € 13 38 5 ts £¥ 1% % 30 |
i Aetention trrevfraing ;
22 TS
L 5 Lonjugely o CBAM : w;
w : ar el % g ;
; | T S
s e Potgsacubuce 2
' | : 3 :
§ ¢
) T : % i i
’i.voeoé..\'xx:pr.;.:o"‘ ' & 3 %
= : g :
: S
. L
QR‘ ¢°o %% §
T 33 18 15 18 £ R 3 % i
Revbesidon fivm o] :
FiG. 1

wo 2018/064444 A1 IO 110 A 0 O 0D O R

[Continued on next page/



CA 03037056 2015-03-14

WO 2018/064444 AT |10 | I00VA)AVH 0000 RO OO0 AR

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



CA 03037056 2015-03-14

WO 2018/064444 PCT/US2017/054237

MULTIVALENT PNEUMOCOCCAL VACCINE COMPOSITIONS
COMPRISING POLYSACCHARIDE-PROTEIN CONJUGATES

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to Indian Provisional Application
No. 201641033563 filed on September 30, 2016, and incorporated herein by

reference In its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to multivalent pneumococcal vaccine
compositions comprising capsular pneumococcal polysaccharide of one or more
Streptococcus pneumoniae serotypes conjugated to one or more carrier proteins.

When conjugated, the capsular pneumococcal polysaccharide and the carrier protein

IS referred to herein as a polysaccharide-protein conjugate.

BACKGROUND

[0003] Streptococcus pneumoniae (“pneumococcus’”) IS a gram-positive bacteria
that causes Invasive diseases, such as pneumonia, bacteremia and meningitis, and
diseases associated with colonization, such as acute otitis media (e.g., colonization of
middle ear). These pneumococcus-induced diseases result in morbidity and mortality,
particularly in persons less than 24 months old and greater than 60 years old. The
rate of pneumococcal pneumonia in the U.S. for persons over 60 years of age is
estimated to be 3 to 8 per 100,000. In 20% of cases, pneumococcal pneumonia leads

to bacteremia and meningitis collectively having a mortality rate close to 30% despite

antibiotic treatment.

[0004] Profeins such as pneumolysin and the pneumococceal surface protain A
(FSpA} have been evaiuated for their suitability as camer protein candidates in
pReumococcal vaceines. While both are partially protective in mice {Faton et al
"Etfect of immunization with pneumolysin on survival time of mice challengsd with
sireptococcus pneumoniae.” Infect Immun. 1983 May; 40(2): 548-552 and McDaniel
et al. "FspA, a surface protein of Sireplococcus pneumoniae, is capable of eliciting

protection against pneumococa of more than one capsuiar type” infect immun. 1881
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Jan, OB} 222228, there are disadvantages to their use as mmunogens in
vaccines. Mneumolysin, aithough well conserved among pneumococet, has oxic
gffects in 18 native siate (AlonsoDeVelasco st gl "Slrepiococcus pnesumoniae:
Viruience facitors, pathogenesis, and vaccines.” Micropiot Hev. 1895 Dec;, 584} 591~
c03.). On the other hand, PspA is serologically and structurally heterogeneous. (Crain
2t al. "MPneumococcal surface protein A} is serclogicaily highly vanable and is
expressed by all clinically important capsular serotypes of Streptococcus
pneumoniae.” Infect immun. 1890 Oct 58(10); 3293-328%9). iz use in vaccine
formuiations would require muitiple MspA types, thus increasing the compiexity of

vaccine preparation.

[0005] Fneumococcal surface  aganesion A (PsaA’) 1s a multi-functional
lipoprotein and Is Involved In host cell adherence and colonization. It iIs a highly
conserved surface protein and 97% homologous across known serotypes of S.
pneumoniae. PsaA Is Immunogenic and anti-PsaA antibodies are known to increase

during natural nasopharyngeal colonization of pneumococci.

[0006] Pneumococcal vaccines may be administered to prevent infections.
Current vaccines include multivalent pneumococcal polysaccharide vaccines
(comprises pneumococcal polysaccharides from two or more serotypes) and
pneumococcal conjugate vaccines. The protective efficacy of the pneumococcal
polysaccharide vaccine is known to be related to the concentration of antibody
generated against a capsular polysaccharide. Pneumococcus cells are encapsulated
with a polysaccharide giving rise to more than 90 different pneumococcus serotypes.
The capsule 1s the principal virulence determinant for pneumococci - it not only
protects the cell’'s inner surface from complement mediated cell lysis, it Is also poorly

Immunogenic.

[0007] Merck’'s Pneumovax®23 is a multivalent pneumococcal polysaccharide
vaccine and contains unconjugated capsular polysaccharides from 23 pneumococcal
serotypes including serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B,
17F, 18C, 19F, 19A, 20, 22F, 23F and 33F. in addition o Pneumovax®23, the
multivalent pneumococcal polysaccharide vaccines that have been licensed thus far

proved valuable in preventing pneumococcal disease In adults, particularly, the elderly
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and those at high-risk. However, Iinfants and young children respond poorly to these

unconjugated pneumococcal polysaccharide vaccines.

[0008] Prevnar®-7 is a pneumococcal polysaccharide-protein conjugate vaccine
and includes the seven most frequently isolated polysaccharide serotypes (e.g., 4, 6B,
9V, 14, 18C, 19F, and 23F conjugated to CRM4g7). Since use of Prevnar®-7 began in
the United States in 2000, there has been a significant reduction in invasive
pneumococcal disease (IPD) In children. A 13-valent conjugate vaccine Prevenar-
13®, containing thirteen serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and
23F conjugated to CRMg7 was developed and approved due to the limitations in

serotype coverage with Prevnar®-7 in certain regions of the world.

[0009] Synflorix® is a pneumococcal vaccine that includes ten polysaccharide
serotypes — serotypes 1, 4, 5, 6B, 7, 9, 14, 23F — conjugated to protein D (PD),
serotype 18C conjugated to tetanus toxoid (TT) and serotype 19F conjugated to
diphtheria toxoid (DT). Each of the serotype polysaccharides are coupled utilizing 1-

cyano-4-dimethylamino-pyridinium tetrafluoroborate (CDAP) under controlled pH.

[0010] Despite these vaccines, there Is a need for additional multivalent
pneumococcal vaccines comprising alternative polysaccharide serotypes and carrier

proteins, as well as simple and efficient production thereof.

[0011] Pneumococcal vaccines have been described In additional references.
For example, U.S. Patent No. 5,360,897 discloses an immunogenic conjugate
comprising a reductive amination product of an intact capsular polymer of the bacterial
pathogen S. pneumoniae having at least two carbonyl groups and a bacterial toxin or
toxoid, said conjugate comprising a cross-linked conjugate in which there 1s a direct

covalent linkage between the capsular polymer and the toxin or toxoid.

[0012] U.S. Patent No. 5,693,326 provides a generalized method for preparing a
conjugate vaccine wherein for activating viral, fungal or bacterial polysaccharides, an
organic cyanylating agent is used selected from the group 1-cyano-4-(dimethylamino)-
pyridinium tetrafluoroborate, N-cyanotriethyl-ammonium tetrafluoroborate, and p-
nitrophenylcyanate, to form an activated carbohydrate and is subsequently coupled to

the protein or carrier protein.
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[0013] U.S. Patent No. 5,854,416 discloses amino acid and DNA sequences of
37-kKDa protemn from S, pneumonia kKnown as PsaA (Pneumococcal surface adhesion
A) and U.S. Patent No. 7,862,823 discloses a multivalent conjugate vaccine
composition comprising pneumococcal capsular polysaccharides with at least two

different carrier proteins, suchas DT and TT.

[0014] U.S. Patent No. 7,955,605 describes a process of making immunogenic
conjugate consisting 19A where the activated serotype 19A polysaccharide and

carrier protein are re-suspended in dimethyl sulfoxide (DMSO) to form a conjugate.

[0015] U.S. Patent No. 8,192,746 discloses a 15-valent pneumococcal
polysaccharide-protein  conjugate  vaccine  composition having  capsular
polysaccharides from serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 22F,
23F, and 33F conjugated to CRM97.

[0016] U.S. Patent No. 8,465,749 provides a method for preparing a conjugate
vaccine by reacting a polysaccharide with CDAP and reacting a protein with hydrazine

or adipic acid dihydrazide with specific pH range.

[0017] U.S. Patent No. 8,557,250 B2 discloses a method comprising contacting a
mixture of a plurality of cyanate activated immunogenic distinct polysaccharides with

at least one hydrazide activated protein.

[00138] U.S. Patent No. 8,808,708, 7,955,605 and U.S. Patent No. 8,603,484
describe a 13-valent immunogenic composition consisting polysaccharide-protein
conjugates where serotypes consist of 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F

and 23F, and carrier protein CRMjg7.

[0019] U.S. Patent Publication No. 2009/0017059 A1 discloses an immunogenic
composition wherein serotypes 19A and 19F are conjugated to different bacterial
toxoids Including tetanus toxoid, diphtherta oxoid, pertussis oxoid, bactenal

CYIDIVSING and/or pneumaolysin.

[0020] U.S. Patent Publication No. 2010/0074922 A1 discloses an immunogenic
composition containing 10 or more serotypes wherein 19F capsular saccharide iIs
conjugated to DT, serotype 18C capsular saccharide is conjugated to tetanus toxoid
and serotypes 1, 4, 5, 6B, 7F, 9V, 14 and 23F capsular saccharides are conjugated to

Protein D isolated from Haemophilus influenzae.



CA 03037056 2015-03-14

WO 2018/064444 PCT/US2017/054237

[0021] U.S. Patent Publication No. 2010/0239604 describes an immunogenic
composition comprising multivalent S. pneumoniae capsular saccharide conjugates
from serotypes 18A and 1%+ wherein serotype 19A Is conjugated to a first bacterial
toxoid and 19F is conjugated to a second bacterial toxoid and 2-9 of the S.

pneumoniae capsular saccharides are conjugated to protein D.

[0022] U.S. Patent Publication No. 2012/321658 A1 discloses an immunogenic
composition wherein serotypes 1, 3, 19A and 19F linked to protein carrier(s) either
directly or indirectly through a chemistry other than reductive amination, and one or
more different saccharides is/are selected from a second group consisting of
serotypes 4, 5, 6A, 6B, 7F, 9V, 14, 18C and 23F which is/are linked to a protein

carrier(s) by reductive amination.

[0023] IN 140/DEL/2011 provides a S. pneumonia vaccine comprising either of
(a) 7/ or more (b) 10 or more polysaccharides from different serotypes conjugated to at
least 2 or more carrier proteins selected from a group comprising DT, diphtheria

toxoid, CRMg7, and tetanus toxoid.

[0024] WO Publication No. 2013/191459 A1 discloses a conjugated 15 valent
composition comprising different serotypes of S. pneumoniae derived from a capsular
polysaccharide 1, 2, 3, 4, 5, 6A, 6B, 7F, 9N, 9V, 14, 18C, 19A, 19F and 23F
conjugated to CRM;g7.

[0025] WO Publication No. 2014/092377 A1 discloses a 13 valent composition
wherein 12 serotypes are selected from 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F,
and 23F and the last serotype is either 12 or 9N conjugated to CRMg7.

[0026] WO Publication No. 2014/09237/8 A1 describes an immunogenic
conjugate composition where 12 serotypes are selected from 1, 3, 4, 5, 6A, 6B, 7F,
9V, 14, 18C, 19A, 19F, and 23F and remaining one from 22F or 33F conjugated to
CRMyg7.

[0027] WO 2016207905 A2 discloses a multivalent Pneumococcal conjugate

vaccine (PCV) composition comprising: 1) at least 12 capsular polysaccharides
selected from serotypes 1, 3, 4, 5, 6B, 7F, 9N, 9V, 15B, 14, 18C, 19A, 19F, 22F, 23F

and 33F of S. pneumoniae activated with CDAP and conjugated to carrier protein
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CRM197, and 2) a pharmaceutically acceptable carrier, wherein the composition does

not contain capsular polysaccharide from serotype 6A.

[0028] Chinese Patent Application Publication No. CN 101590224 describes a 14
valent pneumococcal polysaccharide-protein conjugate vaccine containing serotypes
1, 2,4, 5, 6A,6B, 7F, 9N, 9V, 14, 18C, 19A, 19F and 23F conjugated to CRM1g7.

[0029] Chinese Patent Application Publication No. CN 103623401 discloses a 14
multivalent pneumococcal capsular polysaccharide - protein conjugate composition
wherein said 14 different serotype are 1, 3, 4, 5, 6A, 6B, 9V, 14,18C, 19A, 19F, 22F,
23F and 33F conjugated to CRM;g7.

[0030] Chinese Patent Application Publication No. CN 103656632 discloses a
multivalent pneumococcal capsular polysaccharide composition containing serotype
6A and at least one extra serotype selected from the group consisting of 1, 2, 3, 4, 5,
6B, 7F, 8, 9N, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F
conjugated to CRM;g7.

[0031] Chinese Patent Application Publication No. CN 103656631 provides a
multivalent pneumococcus capsular polysaccharide-protein conjugate composition
and a preparation method thereof. The conjugate composition is prepared from
capsular polysaccharides of pneumococcus of 24 different serotypes and a carrier
protein in a covalent linkage manner, wherein the 24 different serotypes are 1, 2, 3, 4,
5, 6A, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F
and 33F conjugated to CRM;g7.

[0032] Chinese Patent Application Publication No. CN 104069488 discloses a
multivalent pneumococcus capsular polysaccharides of 14 different serotypes and
carrier protein, wherein the 14 serotypes include 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A,
19F, 22F, 23F and 33F conjugated to CRMg7.

[0033] Deborah et al, (1996, Volume 21, Issue 1, FPages 17-22} descripes HPsal
as having significant nomology with fimbnal aghesion profeins. immunization of
CBA/CaHNS Xid mice with Psad using sither complete Freund's or TiterMax™
adjiuvants significantly protecied mice against netersiogous intravenous chailenge with

type 3 pneaumococesat strain WUZ at dosses up {0 45 times the Ligg.
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[0034] Miyaji E N et al, (2001, Vaccine; 20 (5-6): 805-12) discloses S.
pneumoniae as one of the most important human pathogens. DNA vaccine vectors
containing either the full-length PsaA or a truncated PspA gene were constructed.
Both constructs showed transient expression of the antigens in vertebrate cells and
Induced significant antibody response to the pneumococcal antigens in BALB/c mice

Injected intramuscularly.

[0035] wuorimaa et al. (2001, The Pasdiatnc infectious Disease Joumal, Voilume
SH3), pp 272-27 7 discloses a study 1o assess the tolerabiiity and immunocgenicity in
nealthy toddlers of an 11-valent pneumococcal conjugate vaccine that uses both 11

and DT as cammiers.

[0036] (atchalian et al. (2001, 17ih Annual Meeting of the Eur. Soc. Paed. Inf
Dis (ESPIDY, poster number 4, P1A Poster Session 1, istanbul Turkey) discloses an
opsanophagoeeytic assay (OFAaesults from infanis who had received doses of the 11-
vatent vaccine failed o show antibody responses for serolype 3 at levels comparable

{0 oiher {ested serolypes.

[0037] Anderson P et al, (2003, Vaccine, 21 (13-14):1554-9) discloses a
comparative study of tetravalent conjugate vaccines with each polysaccharide types
6A, 14, 19F, and 23F separately coupled to tetanus toxoid or diphtheria CRMq97 Or &
mixture of halved doses of polysaccharide types 6A, 14, 19k, and 23F separately

coupled to tetanus toxoid and diphtheria CRMyg7.

[0038] Nurkka et al. (2004, Ped. inf. Dig. J., 23:1008-1014) discioses a study of
the immunogenicity and safety of an 11-valent pneumococcal protein U conjugate
Vaccing where no priming effect was observed for serotype 3 in infants who had
received three doses of the vaccine followed by a pooster dose ¢of either the same

VACCINe OF a pneumococeal polysacchande vaccine.

[0039] The above mentioned references disclose, amongst other compositions,
methods, and the Ilike, multivalent pneumococcal vaccines comprising
polysaccharides from one or more serotypes as well as conjugation of these
polysaccharides with carrier proteins such as CRM4g7, protein D, DT, and TT. In view
of the different serotypes that are prevalent across various regions, there is a need for

additional multivalent pneumococcal vaccines comprising novel conjugates of
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polysaccharide serotypes with improved immune response, as well as simple and

efficient production thereof.
SUMMARY

[0040] In several embodiments, the present disclosure provides a pneumococcal
vaccine composition, the composition comprising two or more capsular pneumococcal
polysaccharide serotypes each Individually conjugated to pneumococcal surface

adhesion protein A (FPsaA) or combination of PsaA and CRM4g7 as carrier proteins.

[0041] In one embodiment, the present disclosure provides a pneumococcal
vaccine composition that is a 10 valent, 14 valent, 15 valent, 17 valent, 18 valent, 19
valent, 20 valent, 22 valent, 23 valent, 24 valent, or 25 valent pneumococcal vaccine

composition.

[004 2] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides that are each
serotypes selected from pneumococcal serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N,
OV, 10A, 11A, 12F, 14, 15A, 15B, 15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A,
23B, 23F, 24B, 24F, 31, 33F, 34, 35B, 35F, 38, 39, and 45.

[0043] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides from each serotypes
selected from pneumococcal serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A,
1A, 12F, 14, 15A, 15B, 15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B,
23F, 24B, 24F, 31, 33F, 34, 35B, 35F, 38, 39, and 45 conjugated with pneumococcai

surface adhesion protein A (FsaA) as a carrier protein.

[0044] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides from serotypes
selected from 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, ON, 9V, 10A, 11A, 12F, 14, 15A, 15B,
15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34,
358, 35F, 38, 39, and 45 conjugated with pneumococcal surface adhesion protein A

(PsaA) or combination of PsaA and CRMg7 as carrier proteins.

[0045] In another embodiment, the present disclosure provides a pneumococcal

vaccine composition comprising pneumococcal polysaccharides from serotypes
selected from 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15A, 15B,
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15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34,
358, 35F, 38, 39, and 45 wherein at least 3 pneumococcal polysaccharides are

conjugated with pneumococcal surface adhesion protein A (FPsaA).

[0046] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides from serotypes 3, 6A,

6B conjugated with pneumococcal surface adhesion protein A (PsaA).

[0047] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising at least 10 pneumococcal polysaccharides selected
from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, ON, 9V, 10A, 11A, 12F, 14, 15A, 15B,
15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34,
358, 35F, 38, 39 and 45 and the carrier proteins comprise PsaA, or combination of
PsaA and CRM;jg7.

[0048] In another embodiment, the present disclosure provides a pneumococcal

vaccine composition comprising at least 14 pneumococcal polysaccharide conjugates.

[0049] In another embodiment, the present disclosure provides a pneumococcal

vaccine composition comprising at least 1/ pneumococcal polysaccharide conjugates.

[0050] In another embodiment, the present disclosure provides a pneumococcal

vaccine composition comprising at least 19 pneumococcal polysaccharide conjugates.

[0051] In another embodiment, the present disclosure provides a pneumococcal

vaccine composition comprising at least 20 pneumococcal polysaccharide conjugates.

[0052] In another embodiment, the present disclosure provides a pneumococcal

vaccine composition comprising at least 22 pneumococcal polysaccharide conjugates.

[0053] In another embodiment, the present disclosure provides a pneumococcal

vaccine composition comprising at least 24 pneumococcal polysaccharide conjugates.

[0054] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides of two or more
serotypes and a carrier protein, wherein the serotypes are selected from 3, 5, 6A, 6B,

9V and 18C, and the carrier protein is PsaA.

[0055] In another embodiment, the present disclosure provides a pneumococcal

vaccine composition comprising pneumococcal polysaccharides of two or more
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serotypes and a carrier protein, wherein the serotypes are selected from 1, 3, 4, 5, 6A,
6B, 7F, 9V, 14, 18C, 19F, 19A and 22F and the carrier protein is PsaA.

[0056] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides of two or more
serotypes and a carrier protein, wherein the serotypes are selected from 1, 3, 4, 5, 6A,
6B, 7F, 9V, 10A, 12F, 14, 15A, 15B, 18C, 19F, 19A, 22F, 23F, 33F, 34, 35, 38 and 45,

and the carrier protein is PsaA.

[0057] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides of one or more
serotypes and a carrier protein, wherein the serotypes are 1, 2, 3, 4, 5, 6A, 6B, 6C,
7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15A, 15B, 15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B,
22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34, 35B, 35F, 38, 39 and 45, and the carrier

protein Is PsA.

[0058] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides of one or more
serotypes and a carrier protein wherein the pneumococcal polysaccharides are each

iIndividually conjugated to PsaA or combination of PsaA and CRM1g7.

[0059] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising at least six pneumococcal polysaccharides each
iIndividually conjugated to PsaA, and one or more pneumococcal polysaccharides

each individually conjugated to CRM1g7.

[0060] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising at least five pneumococcal polysaccharides each
iIndividually conjugated to PsaA, and at least five pneumococcal polysaccharides each

individually conjugated to CRM1g7.

[0061] In another embodiment, the present disclosure provides a 14 valent
pneumococcal vaccine comprising at least five pneumococcal polysaccharides each
iIndividually conjugated to PsaA, and at least five pneumococcal polysaccharides each

individually conjugated to CRM1g7.

[0062] In another embodiment, the present disclosure provides a 1/ valent

pneumococcal vaccine comprising at least five serotypes of pneumococcal
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polysaccharides each individually conjugated to PsaA, and at least five serotypes of

pneumococcal polysaccharides each individually conjugated to CRMg7.

[0063] In another embodiment, the present disclosure provides a 20 valent
pneumococcal vaccine comprising at least five serotypes of pneumococcal
polysaccharides each individually conjugated to PsaA, and at least five serotypes of

pneumococcal polysaccharides each individually conjugated to CRM;g7.

[0064] In another embodiment, the present disclosure provides a 22 valent
pneumococcal vaccine comprising at least five serotypes of pneumococcal
polysaccharides each individually conjugated to PsaA, and at least five serotypes of

pneumococcal polysaccharides each individually conjugated to CRM;g7.

[0065] In another embodiment, the present disclosure provides a 24 valent
pneumococcal vaccine comprising at least five serotypes of pneumococcal
polysaccharides each individually conjugated to PsaA, and at least five serotypes of

pneumococcal polysaccharides each individually conjugated to CRM1e7.

[0066] In another embodiment, the present disclosure provides a 14 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
6B, 7F, 9V, 14, 18C, 19A, 19F, 22F, 23F and 33F, wherein at least serotypes 3, and
6B are conjugated to PsaA and one or more serotypes 1, 4, 5, 7F, 9V, 14, 18C, 19A,
19F, 22F, 23F and 33F are conjugated to CRMg7.

[0067] In another embodiment, the present disclosure provides a 14 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
BA, 7F, 9V, 14, 18C, 19A, 19F, 22F, 23F and 33F, wherein at least serotypes 3, and
B6A are conjugated to PsaA and one or more serotypes 1, 4, 5, 7F, 9V, 14, 18C, 19A,
19F, 22F, 23F and 33F are conjugated to CRMg7.

[0068] In another embodiment, the present disclosure provides a 15 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
BA, 6B, 7F, 9V, 14, 18C, 19A, 19F, 22F, 23F and 33F wherein at least serotypes 3, 6A
and 6B are conjugated to PsaA and one or more serotypes 1, 4, 5, 7F, 9V, 14, 18C,
19A, 19F, 22F, 23F and 33F are conjugated to CRMg7.

[0069] In another embodiment, the present disclosure provides a 1/ valent

pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
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B6A, 6B, 7F, 9V, 12F,14, 18C, 19A, 19F, 22F, 23F, 33F and 35B wherein at least
serotypes 3, 6A and 6B are conjugated to PsaA and one or more serotypes 1, 4, 5,
/F, 9V, 12F, 14, 18C, 19A, 19F, 22F, 23F, 33F and 35B are conjugated to CRM1g7.

[0070] In another embodiment, the present disclosure provides a 20 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
6A, 6B, 7F, 9V, 11A, 12F, 14, 15B, 18C, 19A, 19F, 22F, 23F, 33F, 35B and 45
wherein at least serotypes 3, 6A and 6B are conjugated to PsaA and one or more
serotypes 1, 4, 5, 7F, 9V, 11A, 12F, 14, 15B, 18C, 19A, 19F, 22F, 23F, 33F, 35B and
45 are conjugated to CRM;jg7.

[0071] In another embodiment, the present disclosure provides a 22 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
BA, 6B, 7F, 9V, 10A, 12F, 14, 15A, 15B, 18C, 19A, 19F, 22F, 23F, 33F, 34, 35B and
38 wherein at least serotypes 3, 6A and 6B are conjugated to PsaA and one or more
serotypes 1, 4, 5, 7F, 9V, 10A, 12F, 14, 15A, 15B, 18C, 19A, 19F, 22F, 23F, 33F, 34,
35B and 38 are conjugated to CRM;g7.

[007 2] In another embodiment, the present disclosure provides a 22 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
BA, 6B, 7F, 9V, 10A, 12F, 14, 15A, 15B, 18C, 19A, 19F, 22F, 23F, 33F, 34, 35B and
38 wherein serotypes 1, 3, 6A, 10A, 12F, 15A 15B, 22F, 34, 35B, 38 are conjugated to
PsaA and serotypes 14, 5, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F and 33F are
conjugated to CRM;g7.

[007 3] In another embodiment, the present disclosure provides a 24 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
6A, 6B, 7F, 8, 9V, 10A, 12F, 14, 15A, 15B, 16F, 18C, 19A, 19F, 22F, 23F, 33F, 34
35B and 38 wherein at least serotypes 3, 6A and 6B are conjugated to PsaA and one
or more serotypes 1, 4, 5, 7F, 8, 9V, 10A, 12F, 14, 15A, 15B, 16F, 18C, 19A, 19F,
22F, 23F, 33F, 34, 35B and 38 are conjugated to CRMyg7.

[0074] In another embodiment, the present disclosure provides a 24 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
6A, 6B, 7F, 8, 9V, 10A, 12F, 14, 15A, 15B, 16F 18C, 19A, 19F, 22F, 23F, 33F, 34,
35B and 38 wherein serotypes 1, 3, 6A, 8, 10A, 12F, 15A 15B, 16F 22F, 34, 35, 38
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are conjugated to PsaA and one or more serotypes 14, 5, 6B, 7F, 9V, 14, 18C, 19A,
19F, 23F and 33F are conjugated to CRM;g7.

[0075] In another embodiment, the present disclosure provides a pneumococcal

vaccine composition formulated into a dosage unit.

[0076] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition formulated into a dosage unit wherein the dosage unit comprises
about 0.1 ug to about 50 ug of each polysaccharide, about 0.1 ug to about 10 ug, or
about 1 uyg to about 5 uyg of each polysaccharide, wherein each polysaccharide is
each individually conjugated to the carrier protein from about 1.5 ug to about 5 ug of

carrier protein.

[0077] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising a pharmaceutically acceptable diluent, buffer,

preservative, stabilizer, adjuvant, and/or a lyophilization excipient.

[0078] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition formulated into a dosage unit that i1s supplied as a unit dose vial,

a multiple dose vial, or a pre-filled syringe.

[0079] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition as a single 0.5 mL dose, the single dose comprising about 2.2 to
4.4 ug of one or more pneumococcal polysaccharides; about 1 ug to about 10 ug of
PsaA conjugated to each of the one or more pneumococcal polysaccharides; about 1
ug to about 10 yg of CRM4g¢7 conjugated to each of the one or more pneumococcal
polysaccharides; about 0.2 mg to about 1 mg of aluminum phosphate adjuvant; and

an excipient.

[0080] In another embodiment, the present disclosure provides a 13 valent

pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
6B, 7F, 9V, 14, 18C, 19A, 19F, 22F and 33F each individually conjugated to PsaA or

combination of PsaA and CRM,g7, wherein the pneumococcal vaccine composition is
about a 0.5 mL dose formulated as a sterile liquid comprising about 2.2 ug to about
4.4 ug of each polysaccharide, about 25 ug to about 30 ug PsaA and CRMg7, about
0.125 mg of elemental aluminum as about 0.5 mg aluminum phosphate, sodium

chloride, and a L-histidine buffer.
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[0081] In another embodiment, the present disclosure provides a 14 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
6B, 7F, 9V, 14, 18C, 19A, 19F, 22F, 23F and 33F each individually conjugated to
PsaA or combination of PsaA and CRMy97, wherein the pneumococcal vaccine
composition is about a 0.5 mL dose formulated as a sterile liquid comprising, about
2.2 ug to about 4.4 ug of each polysaccharide, about 30 ug to about 35 ug PsaA and
CRMg7, about 0.125 mg of elemental aluminum as about 0.5 mg aluminum

phosphate, sodium chloride, and a L-histidine buffer.

[0082] In another embodiment, the present disclosure provides a 14 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
B6A, 7F, 9V, 14, 18C, 19A, 19F, 22F, 23F and 33F each individually conjugated to
PsaA or combination of PsaA and CRMy97, wherein the pneumococcal vaccine
composition is about a 0.5 mL dose formulated as a sterile liquid comprising, about
2.2 t0 4.4 ug of each polysaccharide, about 30 ug to about 35 pg PsaA and CRMye7,
about 0.125 mg of elemental aluminum as about 0.5 mg aluminum phosphate, sodium

chloride, and a L-histidine buffer.

[008 3] In another embodiment, the present disclosure provides a 15 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
BA, 6B, 7F, 9V,14, 18C, 19A, 19F, 22F, 23F and 33F wherein at least serotypes 3, 6A
and 6B are conjugated to PsaA and one or more serotypes 1, 4, 5, 7F, 9V, 14, 18C,
19A, 19F, 22F, 23F and 33F are conjugated to CRM497, wherein the pneumococcal
vaccine composition is about a 0.5 mL dose formulated as a sterile liquid comprising,
about 2.2 ug to about 4.4 ug of each polysaccharide, about 5 ug to about 20 ug of
PsaA, about 20 ug to about 40 ug of CRM;g7, about 0.125 mg of elemental aluminum

as about 0.5 mg aluminum phosphate, sodium chloride, and a L-histidine buffer.

[0084] In another embodiment, the present disclosure provides a 17 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
6A, 6B, 7F, 9V, 12F,14, 18C, 19A, 19F, 22F, 23F, 33F and 35B wherein at least
serotypes 3, 6A and 6B are conjugated to PsaA and one or more serotypes 1, 4, 5,
7F, 9V, 12F 14, 18C, 19A, 19F, 22F, 23F, 33F and 35B are conjugated to CRM;e7,
wherein the pneumococcal vaccine composition is about a 0.5 mL dose formulated as

a sterile liquid comprising, about 2.2 ug to about 4.4 ug of each polysaccharide, about
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5 ug to about 20 ug of PsaA, about 20 ug to about 40 pg of CRM4g7, about 0.125 mg
of elemental aluminum as about 0.5 mg aluminum phosphate, sodium chloride, and a
L-histidine buffer.

[0085] In another embodiment, the present disclosure provides a 20 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
6A, 6B, 7F, 9V, 11A, 12F, 14, 15B, 18C, 19A, 19F, 22F, 23F, 33F, 35B and 45
wherein at least serotypes 3, 6A and 6B are conjugated to PsaA and one or more
serotypes 1, 4, 5, 7F, 9V, 11A, 12F, 14, 15B, 18C, 19A, 19F, 22F, 23F, 33F, 35B and
45 are conjugated to CRMjg7, wherein the pneumococcal vaccine composition is
about a 0.5 mL dose formulated as a sterile liguid comprising, about 2.2 ug to about
4.4 ug of each polysaccharide, about 5 ug to about 20 yg of PsaA, about 20 ug to
about 50 ug of CRM4g7, about 0.125 mg of elemental aluminum as about 0.5 mg

aluminum phosphate, sodium chloride, and a L-histidine buffer.

[0086] In another embodiment, the present disclosure provides a 22 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
BA, 6B, 7F, 9V, 10A, 12F, 14, 15A, 15B, 18C, 19A, 19F, 22F, 23F, 33F, 34, 35B and
38 wherein at least serotypes 3, 6A and 6B are conjugated to PsaA and one or more
serotypes 1, 4, 5, 7F, 9V, 10A, 12F, 14, 15A, 15B, 18C, 19A, 19F, 22F, 23F, 33F, 34,
35B and 38 are conjugated to CRMy97, wherein the pneumococcal vaccine
composition 1s about a 0.5 mL dose formulated as a sterile liquid comprising, about
2.2 Uug to about 4.4 ug of each polysaccharide, about 5 ug to about 20 ug of PsaA,
about 20 ug to about 50 ug of CRM4g7, about 0.125 mg of elemental aluminum as

about 0.5 mg aluminum phosphate, sodium chloride, and a L-histidine buffer.

[0087] In another embodiment, the present disclosure provides a 22 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
BA, 6B, 7F, 9V, 10A, 12F, 14, 15A, 15B, 18C, 19A, 19F, 22F, 23F, 33F, 34, 35B and
38 wherein serotypes 1, 3, 6A, 10A, 12F, 15A 15B, 22F, 34, 35B, 38 are conjugated to
PsaA and serotypes 14, 5, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F and 33F are
conjugated to CRMg¢7, wherein the pneumococcal vaccine composition is about a 0.5
mL dose formulated as a sterile liquid comprising, about 2.2 ug to about 4.4 ug of

each polysaccharide, about 20 ug to about 40 ug of PsaA, about 20 ug to about 40 ug
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of CRM4g7, about 0.125 mg of elemental aluminum as about 0.5 mg aluminum

phosphate, sodium chloride, and a L-histidine buffer.

[0088] In another embodiment, the present disclosure provides a 24 valent
pneumococcal vaccine comprising pneumococcal polysaccharide serotypes 1, 3, 4, 5,
6A, 6B, 7F, 8, 9V, 10A, 12F, 14, 15A, 15B, 16F, 18C, 19A, 19F, 22F, 23F, 33F, 34,
35B and 38 wherein at least serotypes 3, 6A and 6B are conjugated to PsaA and one
or more serotypes 1, 4, 5, 7F, 8, 9V, 10A, 12F, 14, 15A, 15B, 16F, 18C, 19A, 19F,
22F, 23F, 33F, 34, 35B and 38 are conjugated to CRM;g7, wherein the pneumococcal
vaccine composition i1s about a 0.5 mL dose formulated as a sterile liguid comprising,
about 2.2 ug to about 4.4 yg of each polysaccharide, about 5 ug to about 20 ug of
PsaA, about 20 ug to about 50 ug of CRM;g¢7, about 0.125 mg of elemental aluminum

as about 0.5 mg aluminum phosphate, sodium chloride, and a L-histidine buffer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0089] Figure 1: An SEC-HPLC chromatogram illustrates conjugation reaction
kinetics of serotype 7F (A), serotype 14 (B), serotype 19F (C), serotype 3 (D),
serotype 6A (E), and serotype 6B (F).

[0090] Figure 2: An SEC-HPLC chromatogram illustrates conjugation reaction
kinetics of serotype 5 (A), serotype 9V (B), serotype 18C (C), serotype 3 (D), serotype
6A (E), and serotype 6B (F).

[0091] Figure 3: Immune response to different serotypes in rabbits immunized

with a composition of the present disclosure as described in Example 3.

[0092] Figure 4: Immune response to different serotypes in rabbits immunized
with Prevnar 13®.

[0093] Figure 5: Immune response to different serotypes in rabbits immunized

with another composition of the present disclosure as described in Example 4.

DETAILED DESCRIPTION

[0094] In an embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides where one or more of

the pneumococcal polysaccharides are native pneumococcal polysaccharides.
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[0095] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides where one or more of
the pneumococcal polysaccharides are fragmented, each fragmented pneumococcal
polysaccharide having an average molecular weight less than that of a native

pneumococcal polysaccharide.

[0096] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides where each of the
pneumococcal polysaccharides is activated with 1-cyano-4-dimethylamino-pyridinium
tetrafluoroborate (CDAP) to form a cyanate ester prior to conjugation to the carrier

protein.

[0097] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides where one or more of
the pneumococcal polysaccharides are directly coupled to an amino group of the

carrier protein or are coupled to the amino group by a spacer.

[0098] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides wherein the spacer Is
cystamine, cysteamine, hexane diamine, adipic acid dihydrazide (ADH), EDAC or
EDC.

[0099] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides of one or more
serotypes and a carrier protein wherein the PsaA carrier protein 1s a modified PsaA

and does not include wild-type hydrophobic N-terminal leader peptide.

[0100] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides of one or more
serotypes and a carrier protein wherein the PsaA carrier protein includes 290 amino

acids.

[0101] The present disclosure provides a pneumococcal vaccine composition
comprising two or more capsular pneumococcal polysaccharide serotypes each
Individually conjugated to a carrier protein, referred to herein as polysaccharide-
protein conjugates and/or conjugates. When Iincluded In the pneumococcal vaccine

composition described herein, pneumococcal vaccine I1s a multivalent pneumococcal
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polysaccharide-protein conjugate vaccine (also referred to herein as multivalent
conjugate vaccine, conjugate vaccine, and/or polysaccharide-protein conjugate
vaccine). |In addition to the multivalent conjugate vaccine, the present disclosure
provides a process for preparing and/or administering the same to a subject in need

thereof.

[0102] In some embodiments, the pneumococcal vaccine composition IS a
multivalent immunogenic composition comprising one or more conjugates. For
example, the conjugates may include two or more pneumococcal polysaccharides,
each of the pneumococcal polysaccharides selected from pneumococcal
polysaccharides of serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A, 11A, 12F,
14, 15A, 15B, 15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B,
24F, 31, 33F, 34, 35B, 35F, 38, 39, and 45.

[0103] In some embodiments, the pneumococcal vaccine composition IS
multivalent and comprises five pneumococcal polysaccharides (5 valent), ten
pneumococcal polysaccharides (10 valent), eleven pneumococcal polysaccharides
(11 valent), twelve pneumococcal polysaccharides (12 valent), thirteen pneumococcal
polysaccharides (13 valent), fourteen pneumococcal polysaccharides (14 valent),
fiteen pneumococcal polysaccharides (15 valent), sixteen pneumococcal
polysaccharides (16 valent), seventeen pneumococcal polysaccharides (17 valent),
eighteen pneumococcal polysaccharides (18 valent), nineteen pneumococcal
polysaccharides (19 valent), twenty pneumococcal polysaccharides (20 valent),
twenty-one pneumococcal polysaccharides (21 valent), twenty-two pneumococcal
polysaccharides (22 valent), twenty-three pneumococcal polysaccharides (23 valent),
twenty-four pneumococcal polysaccharides (24 valent), twenty-flve pneumococcal
polysaccharides (25 valent), twenty-six pneumococcal polysaccharides (26 valent),
twenty-seven pneumococcal polysaccharides (27 valent), twenty-eight pneumococcal
polysaccharides (28 valent), twenty-nine pneumococcal polysaccharides (29 valent),
or thirty pneumococcal polysaccharides (30 valent). In other embodiments, the
pneumococcal vaccine composition is a 10 valent, 14 valent, 15 valent, 17 valent, 18
valent, 19 valent, 20 valent, 22 valent, 23 valent, 24 valent or 25 valent pneumococcal

vaccine composition.
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[0104] Surprisingly, the multivalent pneumococcal conjugate vaccine
compositions of the present disclosure offer an improved immune response compared
to multivalent pneumococcal vaccines comprising pneumococcal polysaccharides not
conjugated to carrier proteins. More specifically, the multivalent pneumococcal
conjugate vaccine compositions of the present disclosure were surprisingly most
effective when the pneumococcal polysaccharides from one or more serotypes of

Streptococcus. pneumoniae are conjugated to PsaA and/or CRMg7.

[0105] carrier proteins are non-toxic and non-reactogenic proteins that are
obtainable in a syfficient amount and purity.  In some embodiments, the present
disclosure provides a pneumococcal conjugate vaccine composition comprising one
or more carrier proteins conjugated {0 one or more S. pneumoniae polysaccharides
(also referred to herein as "pneumococcal polysacchandes ). By conjugating a
pReumococcal polysacchande 1o a camer protein, the pneumococcal polysacchande
Nas  increased immunogenicity compared t©  an unconjugated pneumococcal

polysaccharide. Carrer proteins useful with the present disclosure should be

amenable 1o standard conjugation procagures.

[0106] CRMj1g7 is a variant of diphtheria toxin and is non-toxic for use in vaccines.
CRMig; may be iscolated from cultures of Corvnebacierium diphtheriae sirain C7
(3197 grown in casamine acids and yeast exiract-based medium. CRMq97 may be
prepared recombinantly in accordance with the methods described in U.S. Pat. No.
5,614,382. Alternatively, CRMgy may be prepared recombinantly in accordance with
the methods kKnown in the literature or according to the method disciosed in PCT
publication WO 2016/079755. CRMyg7 may be purified by ultrafiltration, ammonium
sulphate precipitation, and ion-exchange chromatography or other methods well

known In art.

[0107] In some embodiments, the pneumococcal polysaccharides of the present
disclosure are conjugated to one or more carrier proteins. For example, a
pneumococcal polysaccharide i1s each individually conjugated to a carrier protein. In
other embodiments, more than one pneumococcal polysaccharide is conjugated to a
carrier protein. For example, two pneumococcal polysaccharides, three
pneumococcal polysaccharides, four pneumococcal polysaccharides, five

pneumococcal polysaccharides, sIiXx pneumococcal polysaccharides, seven
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pneumococcal polysaccharides, eight pneumococcal polysaccharides, nine
pneumococcal polysaccharides, or ten pneumococcal polysaccharides are conjugated
to a carrier protein. In some embodiments, a pneumococcal polysaccharide Is
conjugated to more than one carrier protein. For example, a pneumococcal
polysaccharide 1s conjugated to one carrier protein, two carrier proteins, three carrier

proteins, and/or four carrier proteins.

[0108] In some embodiments, the carrier protein 1s PsaA. in addiional
embodimenis, a combination of the carner protein used, which inciudes two or more
carner protemns, such as FsaA and CRMq g7 which are each individually conjugated to
each pneumococcal polysaccharide. In further embodiments, the carrier protein is two

carrier proteins and includes PsaA and CRM1g7.

[0109] In some embodiments, the carrier protein i1s selected from one or more of
the following carrier proteins, PsaA, CRM4g7, Inactivated bacterial toxins such as
tetanus toxoid, pertussis toxoid; cholera toxoid, exotoxin A from Pseudomonas
aeruginosa, bacterial outer membrane proteins such as outer membrane complex c
(OMPQ), porins, transferrin binding proteins, pneumolysin, PspA, C5a peptidase from
Group A or Group B streptococcus, or Haemophilus influenzae protein D, ovalbumin,
keyhole limpet hemocyanin, (KLH), bovine serum albumin (BSA) and purified protein

derivative of tuberculin (PPD).

[0110] Furthermore, one or more of the conjugates may include native (e.g., wild-
type) carrier proteins and/or one or more of the conjugates may Include carrier
proteins modified from their native form to a non-native form (e.g., engineered to lack
one or more amino acids). In some embodiments, carrier proteins may be engineered
to eliminate one or more protein domains, such as a leader peptide, or other domains
that might have properties which are undesirable for conjugates of the present
disclosure. For example, PsaA may be a 290 amino acid carrier protein engineered to

lack a hydrophobic N-terminal leader peptide having hydropathy index of 2.052.

[0111] In some embodiments, the present disclosure provides a pneumococcal
polysaccharide-protein conjugate vaccine composition comprising pneumococcal
polysaccharides (e.g., capsular pneumococcal polysaccharides) selected from
serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15A, 15B, 15C,
16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34, 35B,
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35F, 38, 39 and 45. The selected pneumococcal polysaccharides are each
iIndividually conjugated to carner protein PsaA or a first portion of the selected
pneumococcal polysaccharides are conjugated to PsaA and a second portion of the
selected pneumococcal polysaccharides are conjugated to CRM4g7. In any of these
embodiments, the pneumococcal polysaccharide-protein conjugate vaccine
composition I1s an immunogenic multivalent pneumococcal polysaccharide-protein
conjugate composition, such as a 10 valent, 13 valent, 14 valent, 15 valent, 1/ valent,
18 valent, 19 valent, 20 valent, 22 valent, 23 valent, 24 valent or 25 valent
Immunogenic  multivalent  pneumococcal  polysaccharide-protein  conjugate

composition.

[0112] In some embodiments, the present disclosure provides a pneumococcal
polysaccharide-protein conjugate vaccine composition comprising pneumococcal
polysaccharides (e.g., capsular pneumococcal polysaccharides) selected from
serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15A, 15B, 15C,
16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34, 35B,
35F, 38, 39 and 45. The selected pneumococcal polysaccharides are each
iIndividually conjugated to carrier protein PsaA. In other embodiments, a first portion
of the selected pneumococcal polysaccharides are conjugated to PsaA and a second
portion of the selected pneumococcal polysaccharides are conjugated to CRMg7. In
any of these embodiments, the pneumococcal polysaccharide-protein conjugate
vaccine composition 1s an immunogenic multivalent pneumococcal polysaccharide-
protein conjugate composition, such as a 10 valent, 13 valent, 14 valent, 15 valent, 17
valent, 18 valent, 19 valent, 20 valent, 22 valent, 23 valent, 24 valent or 25 valent
Immunogenic  multivalent  pneumococcal polysaccharide-protein  conjugate

composition.

[0113] In further embodiments, the present disclosure provides a pneumococcal
polysaccharide-protein conjugate vaccine composition comprising pneumococcal
polysaccharides (e.g., capsular pneumococcal polysaccharides) selected from
serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, ON, 9V, 10A, 11A, 12F, 14, 15A, 158, 15C,
16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34, 35B,
35F, 38, 39 and 45. In these embodiments, at least three of the selected
pneumococcal polysaccharides are each individually conjugated to carrier protein

PsaA and additional pneumococcal polysaccharides are each individually conjugated
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to carrier protein CRMyg7. In any of these embodiments, the pneumococcal
polysaccharide-protein conjugate vaccine composition Is an immunogenic multivalent
pneumococcal polysaccharide-protein conjugate composition, such as a 10 valent, 13
valent, 14 valent, 15 valent, 17 valent, 18 valent, 19 valent, 20 valent, 22 valent, 23
valent, 24 valent or 25 valent immunogenic multivalent pneumococcal polysaccharide-

protein conjugate composition.

[0114] In further embodiments, the present disclosure provides a pneumococcal
polysaccharide-protein conjugate vaccine composition comprising pneumococcal
polysaccharides (e.g., capsular pneumococcal polysaccharides) selected from
serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15A, 158, 15C,
16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34, 35B,
35F, 38, 39 and 45. In these embodiments, at least a first five of the selected
pneumococcal polysaccharides are each individually conjugated to carrier protein
PsaA and at least a second five polysaccharides are each individually conjugated to
carrier protein CRMyg7. The first five selected pneumococcal polysaccharides are
selected from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14
15A, 158, 15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F,
31, 33F, 34, 35B, 35F, 38, 39 and 45 and the second five selected from serotypes 1,
2,3, 4, 5 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15A, 15B, 15C, 16F, 17F,
18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34, 35B, 35F, 38,
39 and 45. In other embodiments, a first portion of the selected pneumococcal
polysaccharides are conjugated t0 PsaA and a second portion of the selected
pneumococcal polysaccharides are conjugated to CRMig7.  In any of these
embodiments, the pneumococcal polysaccharide-protein conjugate vaccine
composition I1s an immunogenic multivalent pneumococcal polysaccharide-protein
conjugate composition, such as a 10 valent, 14 valent, 15 valent, 17 valent, 18 valent,
19 valent, 20 valent, 22 valent, 23 valent, 24 valent or 25 valent immunogenic

multivalent pneumococcal polysaccharide-protein conjugate composition.

[0115] In further embodiments, the present disclosure provides a 14 valent
pneumococcal polysaccharide-protein conjugate vaccine composition comprising at
least three pneumococcal polysaccharides (e.qg., capsular pneumococcal
polysaccharides) selected from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A,
1A, 12F, 14, 15A, 15B, 15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B,
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23F, 24B, 24F, 31, 33F, 34, 35B, 35F, 38, 39 and 45, and are conjugated to PsaA.
Moreover, the 14 valent pneumococcal polysaccharide-protein conjugate vaccine
composition further comprises at least five pneumococcal polysaccharides selected
from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, ON, 9V, 10A, 11A, 12F, 14, 15A, 15B,
15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34,
35B, 35F, 38, 39 and 45, and are conjugated to CRMg7.

[0116] In further embodiments, the present disclosure provides a 15 valent
pneumococcal polysaccharide-protein conjugate vaccine composition comprising at
least three pneumococcal polysaccharides (e.q., capsular pneumococcal
polysaccharides) selected from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A,
1A, 12F, 14, 15A, 15B, 15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B,
23F, 24B, 24F, 31, 33F, 34, 35B, 35F, 38, 39 and 45, and are conjugated to PsaA.
Moreover, the 15 valent pneumococcal polysaccharide-protein conjugate vaccine
composition further comprises at least five pneumococcal polysaccharides selected
from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, ON, 9V, 10A, 11A, 12F, 14, 15A, 15B,
15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34,
35B, 35F, 38, 39 and 45, and are conjugated to CRMg7.

[0117] In some embodiments, the present disclosure provides a 1/ valent
pneumococcal polysaccharide-protein conjugate vaccine composition comprising at
least three pneumococcal polysaccharides (e.g., capsular pneumococcal
polysaccharides) selected from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A,
1A, 12F, 14, 15A, 15B, 15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B,
23F, 24B, 24F, 31, 33F, 34, 35B, 35F, 38, 39 and 45, and are conjugated to PsaA.
Moreover, the 17 valent pneumococcal polysaccharide-protein conjugate vaccine
composition further comprises at least five pneumococcal polysaccharides selected
from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, ON, 9V, 10A, 11A, 12F, 14, 15A, 15B,
15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34,
35B, 35F, 38, 39 and 45, and are conjugated to CRM;g7.

[0118] In other embodiments, the present disclosure provides a 20 valent
pneumococcal polysaccharide-protein conjugate vaccine composition comprising at
least three pneumococcal polysaccharides (e.qg., capsular pneumococcal
polysaccharides) selected from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A,
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1A, 12F, 14, 15A, 15B, 15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B,
23F, 24B, 24F, 31, 33F, 34, 35B, 35F, 38, 39 and 45, and are conjugated to PsaA.
Moreover, the 20 valent pneumococcal polysaccharide-protein conjugate vaccine
composition further comprises at least five pneumococcal polysaccharides selected
from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, ON, 9V, 10A, 11A, 12F, 14, 15A, 15B,
15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34,
35B, 35F, 38, 39 and 45, and are conjugated toCRM;g7.

[0119] In additional embodiments, the present disclosure provides a 22 valent
pneumococcal polysaccharide-protein conjugate vaccine composition comprising at
least flve pneumococcal polysaccharides (e.g., capsular pneumococcal
polysaccharides) selected from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A,
1A, 12F, 14, 15A, 15B, 15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B,
23F, 24B, 24F, 31, 33F, 34, 35B, 35F, 38, 39 and 45, and are conjugated to PsaA .
Moreover, the 22 valent pneumococcal polysaccharide-protein conjugate vaccine
composition further comprises at least five pneumococcal polysaccharides selected
from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, ON, 9V, 10A, 11A, 12F, 14, 15A, 15B,
15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34,
35B, 35F, 38, 39 and 45, and are conjugated to CRMg7.

[0120] In some embodiments, the present disclosure provides a 24 valent
pneumococcal polysaccharide-protein conjugate vaccine composition comprising at
least flve pneumococcal polysaccharides (e.g., capsular pneumococcal
polysaccharides) selected from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A,
1A, 12F, 14, 15A, 15B, 15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B,
23F, 24B, 24F, 31, 33F, 34, 35B, 35F, 38, 39 and 45, and are conjugated to PsaA.
Moreover, the 24 valent pneumococcal polysaccharide-protein conjugate vaccine
composition further comprises at least five pneumococcal polysaccharides selected
from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, ON, 9V, 10A, 11A, 12F, 14, 15A, 15B,
15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34,
35B, 35F, 38, 39 and 45, and are conjugated to CRMg7.

[0121] In further embodiments, the present disclosure provides a 25 valent
pneumococcal polysaccharide-protein conjugate vaccine composition comprising at

least flve pneumococcal polysaccharides (e.g., capsular pneumococcal
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polysaccharides) selected from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A,
1A, 12F, 14, 15A, 15B, 15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B,
23F, 24B, 24F, 31, 33F, 34, 35B, 35F, 38, 39 and 45, and are conjugated to PsaA .
Moreover, the 25 valent pneumococcal polysaccharide-protein conjugate vaccine
composition further comprises at least five pneumococcal polysaccharides selected
from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, ON, 9V, 10A, 11A, 12F, 14, 15A, 15B,
15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34,
35B, 35F, 38, 39 and 45, and are conjugated to CRMg7.

[0122] In other embodiments, the present disclosure provides a 14 valent
pneumococcal polysaccharide-protein conjugate vaccine composition comprising
pneumococcal polysaccharides (e.g., capsular pneumococcal polysaccharides)
selected from serotypes 1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19A, 19F, 22F, 23F and 33F.
Of the selected serotypes, at least serotype 3, and serotype 6B are conjugated to
PsaA, and each of one or more serotypes 1, 4, 5, 7F, 9V, 14, 18C, 19A, 19F, 22F,
23F and 33F are conjugated to CRMg7.

[0123] In other embodiments, the present disclosure provides a 14 valent
pneumococcal polysaccharide-protein conjugate vaccine composition comprising
pneumococcal polysaccharides (e.g., capsular pneumococcal polysaccharides)
selected from serotypes 1, 3, 4, 5, 6A, 7F, 9V, 14, 18C, 19A, 19F, 22F, 23F and 33F.
Of the selected serotypes, at least serotype 3, and serotype 6A are conjugated to
PsaA, and each of one or more serotypes 1, 4, 5, 7F, 9V, 14, 18C, 19A, 19F, 22F,
23F and 33F are conjugated to CRMg7.

[0124] In additional embodiments, the present disclosure provides a 15 valent
pneumococcal polysaccharide-protein conjugate vaccine composition comprising
pneumococcal polysaccharides (e.g., capsular pneumococcal polysaccharides)
selected from serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V,14, 18C, 19A, 19F, 22F, 23F and
33F. Of the selected serotypes, at least serotypes 3, 6A, and 6B are conjugated to
PsaA, and each of one or more serotypes 1, 4, 5, 7F, 9V, 14, 18C, 19A, 19F, 22F,
23F and 33F are conjugated to CRMg7.

[0125] In some embodiments, the present disclosure provides a 1/ valent
pneumococcal polysaccharide-protein conjugate vaccine composition comprising

pneumococcal polysaccharides (e.g., capsular pneumococcal polysaccharides)
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selected from serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 12F, 14, 18C, 19A, 19F, 22F, 23F,
33F and 35B. Of the selected serotypes, at least serotypes 3, 6A, and 6B are

conjugated to PsaA, and each of one or more serotypes 1, 4, 5, 7F, 9V, 12F,14, 18C,
19A, 19F, 22F, 23F, 33F and 35B are conjugated to CRMg7.

[0126] In some embodiments, the present disclosure provides a 20 valent
pneumococcal polysaccharide-protein conjugate vaccine composition comprising
pneumococcal polysaccharides (e.g., capsular pneumococcal polysaccharides)
selected from serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 11A, 12F, 14, 15B, 18C, 19A, 19F,
22F, 23F, 33F, 35B and 45. Of the selected serotypes, at least serotypes 3, 6A, and
6B are conjugated to PsaA, and each of one or more serotypes 1, 4, 5, /7F, 9V, 11A,
12F, 14, 15B, 18C, 19A, 19F, 22F, 23F, 33F, 35B and 45 are conjugated to CRMg¢7.

[0127] In other embodiments, the present disclosure provides a 22 valent
pneumococcal polysaccharide-protein conjugate vaccine composition comprising
pneumococcal polysaccharides (e.g., capsular pneumococcal polysaccharides)
selected from serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 10A, 12F, 14, 15A, 15B, 18C, 19A,
19F, 22F, 23F, 33F, 34,35B and 38. Of the selected serotypes, at least serotypes 3,
6A, and 6B are conjugated to PsaA, and each of one or more serotypes 1, 4, 5, /F,
OV, 10A, 12F, 14, 15A, 15B, 18C, 19A, 19F, 22F, 23F, 33F, 34, 35B and 38 are
conjugated to CRM;g7.

[0128] In other embodiments, the present disclosure provides a 22 valent
pneumococcal polysaccharide-protein conjugate vaccine composition comprising
pneumococcal polysaccharides (e.g., capsular pneumococcal polysaccharides)
selected from serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 10A, 12F, 14, 15A, 15B, 18C, 19A,
19F, 22F, 23F, 33F, 34, 35B and 38. Of the selected serotypes, serotypes 1, 3, 6A,
10A, 12F, 15A 15B, 22F, 34, 35, and 38 are conjugated to PsaA, and each of
serotypes 14, 5, 6B, 7F, 8V, 14, 18C, 184, 19F, 23F and 33F are conjugated to
CRMyg7.

[0129] In other embodiments, the present disclosure provides a 24 valent
pneumococcal polysaccharide-protein conjugate vaccine composition comprising
pneumococcal polysaccharides (e.g., capsular pneumococcal polysaccharides)
selected from serotypes 1, 3, 4, 5, 6A, 6B, 7F, 8, 9V, 10A, 12F, 14, 15A, 15B, 16F,
18C, 19A, 19F, 22F, 23F, 33F, 34, 35B and 38. Of the selected serotypes, serotypes

-26-



CA 03037056 2015-03-14

WO 2018/064444 PCT/US2017/054237

1, 3, 6A, 8, 10A, 12F, 15A 15B, 16F, 22F, 34, 35, and 38 are conjugated to PsaA, and
each of serotypes 14, 5, 68, 7, 9V, 14, 180, 194, 19F, 23F and 33F are conjugated
to CRM197.

[0130] The pneumococcal polysaccharide-protein conjugate compositions of the
present disclosure further comprise one or more of the following: a pharmaceutically
acceptable carrier, a pharmaceutically acceptable diluent, a buffer, a preservative, a
stabilizer, an adjuvant, and/or a Ilyophilization excipient. For example, the
pneumococcal polysaccharide-protein conjugate compositions of the present
disclosure may comprise a pharmaceutically acceptable carrier. In some
embodiments, the pneumococcal polysaccharide-protein conjugate compositions of
the present disclosure comprise at least 10 pneumococcal polysaccharides selected
from serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, ON, 9V, 10A, 11A, 12F, 14, 15A, 15B,
15C, 16F, 17F, 18C, 19F, 19A, 20A, 20B, 22F, 23A, 23B, 23F, 24B, 24F, 31, 33F, 34,
358, 35F, 38, 39 and 45. The selected serotypes are each individually conjugated to
PsaA or a combination of PsaA and CRMig7, and a pharmaceutically acceptable

carrier.

[0131] In some embodiments, the pneumococcal polysaccharides useful Iin the
compositions of the present disclosure may be extracted from one or more
microorganisms (e.g. Streptococcus pneumoniae) according to conventional methods.
For example, pneumococcal polysaccharides may be prepared according to known
procedures. Furthermore, purification of the pneumococcal polysaccharides may be
performed according to the procedure described in PCT publication WO 2016/174683
Al

[0132] The extracted pneumococcal polysaccharides may be purified according
to conventional methods and may be used In its native form. In other embodiments,
the extracted and puriflied pneumococcal polysaccharides may be fragmented to
obtain one or more portions of the pneumococcal polysaccharide, each portion of the
pneumococcal polysaccharide having an average molecular weight less than that of

the extracted and purified pneumococcal polysaccharides.

[0133] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising pneumococcal polysaccharides, each pneumococcal

polysaccharide having a molecular between about 150 kDa and 450 kDa.
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[0134] In another embodiment, the present disclosure provides a pneumococcal
vaccine composition comprising one or more capsular pneumococcal polysaccharide
serotype each individually conjugated to a carrier protein, such as a polysaccharide-

protein conjugate wherein each polysaccharide-protein conjugate has a molecular
weight of about 1,500 kDa to about 15,000 kDa.

[0135] in other embodiments, the exiracled ang punfied pneumococcal
polysaccharides may pe activated prior {0 conjugation {0 one or more carmer proteins.
For example, the exiracied and purified pneumococcal polysaccharides may be
activated {(e.g., chemically) prior 1o conjugation (o one or more carmer proteins. kach
activated pneumococcal polysaccharide may be each individually conjugated to a
carrier protein forming a polysaccharide-protein conjugate (e.g., & giycoconjugate). in
other empodiments, one or more of the activated pneumococcal polysaccharides may
be conjugated to an iIndividual carrier protein and/or an actvaied pneumococcal
polysaccharide may be conjugated to an individual carrier protein. 1he conjugales

may be prepared by kKnown echnigues.

[0136] in some embpodiments, the pneumococcal polysaccharides may be
chemicaily activated and subseguently conjugated o carrer proteins according 1o
kKnown technigues, such as those described in US. Pat. Nos. 4365170, 4 673,574
and 4,802 506. For example, pneumococcal polysacchandaes ¢an be aclivalted Dy
oxidation of a terminal hydroxyt group 1o an aidenyde with an oxidizing agent, such as
pericdate {(8.¢., sodium pericdate, potassium periodate, or periodic acid) by random
oxidative cleavage of one or more vicinal hydroxyl groups of the carbohvdraies and

formation of one or more reactive aidenyde groups.

[0137] The pneumococcal polysaccharides may also be activated by CDAP (1-
cyano-4-dimethylamino-pyridinium tetrafluoroborate) and subsequently conjugated to
one or more carrier proteins such as PsaA, CRMyg7 PsSpA, or combination thereof. In
other embodiments, pneumococcal polysaccharides activated with CDAP to form a
cyanate ester may be directly conjugated to one or more carrier proteins or
conjugated using a spacer (e.g., linker). The spacer may couple to an amino group on
the carrier protein. In some embodiments, the spacer may be cystamine or
cysteamine, which generates a thiolated polysaccharide that may be coupled to the

carrier protein through a thioether linkage to a maleimide-activated carrier protein
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(e.g., using GMBS) or a haloacetylated carrier protein (e.g., using iodoacetimide, ethy!
lodoacetimide HCI, SIAB, SIA, SBAP, and/or N-succinimidyl bromoacetate. |n other
embodiments, the cyanate ester Is coupled using hexane diamine or adipic acid
dihydrazide (ADH) and an amino-derivitized saccharide Is conjugated to a carrier
protein using carbodiimide (e.g. EDAC or EDC) chemistry via a carboxyl group on the
protein carrier. Such conjugates are described in international Patent Application
Publication No. WO 93/15760, international Patent Application Publication No. WO
05/08348, international Patent Application Publication No. WO 96/29094, and Chu et
al., 1983, Infect. Immunity 40:245-256.

[0138] Other suitable activation and/or coupling techniques for use with the
polysaccharide-protein conjugates and vaccine compositions of the present disclosure
nclude use of carpodimides, hydrazides, aclive esters, norporane, p-nitropenzoic
acid, N-hydroxysucoinimide, S—NHS, BEDC, TSTU, and other methods described in
international Patent Application Publication No. WO 98/42721. For example,
conjugation may involve a carpony! iinker which may be formed by reaction of a free
nvdroxyl group of the sacchande with CDI (Gee Bethell ot al., 1979, Jd. Biol Chem.
294.2572-4; Hearn el al., 1881, J. Chromatogr. 218:508-18) foliowed by coupling with

a protein © form a carbamale linkage. In some embodiments, the anomeric ferminus

may be reduced {0 a primary hydroxyl group, optional protection/deprotection of the
orimary hyvdroxyi group, reaction of the primary nvdroxyl group with CDI to form a CD
carbamale intermediate and coupling the CUI carbamate intermediate with an amino

group on a protein.

[0139] For example, another suitabie aclivation and/or coupling technigues for
use with the polysaccharide-protein conjugates and vaccine compositions of the
present disclosure inciude the foliowing method: sized pneumococcal polysaccharides
(e.g., about 6 mL of sized polysaccharide at a concentration of about 10 mg/mL) and
CDAP (e.g., about 100 mg/mL in acetonitrile (w/v)) can be mixed in a glass vial in a
ratio of about 1 to about 1 (e.g., by stiring for about 1 minute). The pH of the
polysaccharide solution may be adjusted <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>