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(57) ABSTRACT 
The present application is generally directed to novel pneu 
mococcal polypeptide antigens and nucleic acids encoding 
Such antigens, and immunogenic compositions comprising 
Such antigens for treating and preventing pneumococcal 
infection. The present invention further provides method of 
using the antigens to elicits an immune response (e.g., IL-17A 
response, a T cell-mediated and/or B-cell-mediated immune 
responses). The present invention also provides methods of 
prophylaxis and/or treatment of pneumococcal-mediated dis 
eases, such as sepsis, comprising administering an immuno 
genic composition including one or more of a combination of 
pneumococcal antigens or functional fragments thereof as 
disclosed herein. In some embodiments, one or more pneu 
mococcal antigens can be present in a polysaccharide conju 
gate. The compositions induce an anti-pneumoccocus 
immune response when administered to a mammal. The com 
positions can be used prophylactically to vaccinate an indi 
vidual and/or therapeutically to induce a thereapeutic 
immune response to an infected individual. 
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PROTEIN ANTIGENS THAT PROVIDE 
PROTECTION AGAINST PNEUMOCOCCAL 

COLONIZATION AND/OR DISEASE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims benefit under 35 U.S.C. 
S119(e) of U.S. Provisional Application No. 61/762,062 filed 
Feb. 7, 2013, the contents of which are incorporated herein by 
reference in their entirety. 

SEQUENCE LISTING 
0002 The instant application contains a Sequence Listing 
which has been submitted electronically in ASCII format and 
is hereby incorporated by reference in its entirety. Said ASCII 
copy, created on Feb. 6, 2014, is named 701039-074841 
PCT SL.txt and is 640,188 bytes in size. 

FIELD OF THE INVENTION 

0003. The present application is generally directed to 
methods for identifying immunogens from organisms and 
pathogens, and in particular for identifying immunogens 
which when administered as vaccines elicit a cellular and/or 
humoral immune response. The present application is also 
directed to pneumococcal T-cell immunogens, and methods 
and compositions thereof. 

BACKGROUND OF THE INVENTION 

0004 Almost one million children in the developing world 
die of pneumococcal infections each year. Despite the effec 
tiveness of the conjugate pneumococcal vaccines, problems 
with this approach remain including the expense of produc 
tion and delivery, and resulting serotype replacement as dem 
onstrated in several clinical trials and epidemiologic studies. 
One positive effect of the current capsular-based vaccines has 
been evident in the patient population that is not being vac 
cinated: herd immunity plays an impressive role in the current 
vaccine strategy. For each case of pneumococcal disease pre 
vented in children, about three cases of pneumococcal disease 
are prevented in adults by herd immunity. In this context at 
least, prevention of pneumococcal colonization is a main goal 
of protein-based vaccine approaches, because blocking colo 
nization will block disease. 
0005. Alternative pneumococcal vaccines that elicit sero 
type-independent immunity, and that maybe more readily 
available to economically emerging countries are needed 
urgently. New antigens that can address this need would be 
very attractive. Additionally, current methods to identify 
immunogens focus on techniques that do not fully optimize 
the extraction or identification of the full antigen repertoire. 
This is true in the case of pneumococcus as well as other 
pathogens. A method that can identify a new set of antigens 
has potential to be impactful for the development of vaccines 
for a wide set of pathogens, including pneumococcus. 

SUMMARY OF THE INVENTION 

0006 An aspect of the present invention encompasses the 
discovery of novel antigens for pneumococcus that elicitanti 
gen specific immune responses in mammals. Such novel anti 
gens, and/or nucleic acids encoding the antigens, can be 
incorporated into immunogenic compositions and adminis 
tered to elicit immune responses, e.g., to provide protection 
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against pneumococcal colonization, invasive diseases, such 
as but not limited to, sepsis, and diseases and disorders caused 
by pneumococcus. Such novel antigens and/or responses to 
novel antigens can be detected to identify and/or characterize 
immune responses to pneumococcus. 
0007. In one aspect of the present invention provides 
immunogenic compositions (e.g., vaccines) comprising at 
least one isolated pneumococcal antigen selected from the 
pneumococcal proteins SP0010, SP0043, SP0079, SP0084, 
SP0092, SP0098, SPO106, SP0107, SPO127, SPO149, 
SPO191, SPO198, SP0249, SP0321, SP0346, SP0402, 
SP0453, SP0564, SP0582, SP0589, SP0601, SP0604, 
SP0617, SP0620, SP0629, SP0648, SP0659, SP0662, 
SP0664, SP0678, SP0724, SP0742, SP0757, SP0785, 
SP0787, SP0872, SP0878, SP0899, SP1002, SP1026, 
SP1032, SP1069, SP1154, SP1267, SP1376, SP1386, 
SP1404, SP1405, SP1419, SP1479, SP1500, SP1545, 
SP1560, SP1624, SP1652, SP1683, SP1826, SP1872, 
SP1891, SP1897, SP1942, SP1966, SP1967, SP1998, 
SP2048, SP2050, SP2083, SP2084, SP2088, SP2145, 
SP2151, SP2187, SP2192, SP21.97, SP2207 and SP2218, or 
fragments thereof. 
0008. One aspect of the present invention relates to an 
immunogenic composition comprising at least one isolated 
pneumococcal antigen or fragment thereof with the amino 
acid sequence selected from SEQ ID NO: 1-76 or SEQ ID 
NO: 153-234, and wherein the composition elicits an immune 
response against Streptococcus pneumoniae when adminis 
tered to a mammal. In some embodiments, a pneumococcal 
antigen or fragment thereof exists as a fusion conjugate, for 
example, where the fusion conjugate is a polysaccharide con 
jugate. In some embodiments, a fusion conjugate comprises 
the pneumococcal antigen or fragment thereof fused to a 
pneumococcal pneumolysoid PdT, wherein the pneumococ 
cal pneumolysoid PdT is conjugated to the polysaccharide. In 
Some embodiments, the fusion conjugate comprises a 
polysaccharide which is dextran, Vi polysaccharide of Sal 
monella typhi, or pneumococcal cell wall polysaccharide 
(CWPS), or another polysaccharide of prokaryotic or eukary 
otic origin. 
0009. In some embodiments of all aspects of the invention, 
an immunogenic composition induces a IL-17A (Th17-cell) 
response in a Subject. In some embodiments, an immuno 
genic composition induces an immune response which com 
prises a humoral immune response and/or cellular immune 
response. 
0010. In some embodiments, an immunogenic composi 
tion is further prepared as a vaccine that reduces or protects a 
mammal against pneumococcal colonization. In some 
embodiments, an immunogenic composition further com 
prises an adjuvant. In some embodiments, an immunogenic 
composition as disclosed herein is administered mucosally. 
0011. In some embodiments of all aspects of the invention, 
an immunogenic composition comprises at least 3, or at least 
5, or between 5-20 pneumococcal antigens or fragments or 
more than 20 with the amino acid sequence selected from 
SEQID NO: 1-76 or SEQID NO: 153-234. 
0012. In some embodiments of all aspects of the invention, 
an immunogenic composition comprises at least one of the 
pneumococcal proteins SP0785, SP1500 and SP2145. 
0013 Another aspect of the present invention relates to a 
method of inducing an IL-17A response in a Subject, com 
prising administering to the Subject at least one immunogenic 
composition as disclosed herein, e.g., a pneumococcus anti 
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gen of Table 1, or a functional fragment thereof effective to 
induce an immune response against Streptococcus pneumo 
niae in the Subject. 
0014) Another aspect of the present invention relates to a 
method to protect against pneumococcus colonization, com 
prising administering to the Subject at least one immunogenic 
composition as disclosed herein, e.g., a pneumococcal anti 
gen of Table 1, or a functional fragment thereof. 
0015. Another aspect of the present invention relates to a 
method to elicit an immune response against Streptococcus 
pneumoniae in a mammal, the method comprising adminis 
tering to the mammal at least one immunogenic composition 
comprising one or more isolated pneumococcal antigen or 
fragment thereof as disclosed herein in Table 1, with the 
amino acid sequence selected from SEQID NO: 1-76 or SEQ 
IDNO: 153-234 in an effective to induce an immune response 
against Streptococcus pneumoniae in the Subject. 
0016. Another aspect of the present invention relates to a 
method to protect against Salmonella typhi colonization in a 
mammal, comprising administering to the mammal at least 
one immunogenic composition as disclosed herein, e.g., a 
pneumococcus antigen of Table 1, or a functional fragment 
thereofeffective to induce an immune response against Strep 
tococcus pneumoniae in the Subject. 
0017. In all embodiments of the aspects described herein, 
an immunogenic composition can comprise at least one iso 
lated pneumococcus antigen or fragment thereof selected 
from SP0785 or SP1500, and/or has an amino acid sequence 
substantially identical to SEQID NO:34 (SP0785) or SEQID 
NO: 51 (SP1500) or a functional fragment thereof. 
0018. Another aspect of the present invention relates to a 
method to protect against an invasive disease of Streptococ 
cus pneumoniae in a subject, comprising administering to the 
Subject an immunogenic composition as disclosed herein, 
e.g., a pneumococcus antigen of Table 1, or a functional 
fragment thereof in effective to induce an immune response 
against Streptococcus pneumoniae in the Subject. In some 
embodiments. Such an invasive disease is, for example, sep 
sis. In such an embodiment, the method comprises an immu 
nogenic composition comprising at least one isolated pneu 
mococcus antigen or fragment thereof is SP1386, SP1500, 
SP0084 and SP1479 and SP0346, and/or at least one pneu 
mococcal antigen that has an amino acid sequence Substan 
tially identical to SEQID NO:46 (SP1386), SEQID NO: 51 
(SP1500), SEQ ID NO. 4 (SP0084), SEQ ID NO: 50 
(SP1479) and SEQ ID NO: 15 (SP0346) or a functional 
fragment thereof. 
0019. In all embodiments of the aspects described herein, 
an immunogenic composition can be administered by 
mucosal administration, or any other applicable route, for 
example but not limited to, intravenous, Subcutaneous or 
intraperitoneal (IP) administration. 
0020. In some embodiments, an immunogenic composi 
tion comprises at least one isolated pneumococcus antigen 
selected from any one or a combination of the pneumococcus 
antigens with the amino acid sequences 1-76 or SEQID NO: 
153-234. In some embodiments, the pneumococcus antigens 
are the full length pneumococcus proteins of SP0010, 
SP0043, SP0079, SP0084, SP0092, SP0098, SPO106, 
SP0107, SPO127, SPO149, SPO191, SPO198, SP0249, 
SP0321, SP0346, SP0402, SP0453, SP0564, SP0582, 
SP0589, SP0601, SP0604, SP0617, SP0620, SP0629, 
SP0648, SP0659, SP0662, SP0664, SP0678, SP0724, 
SP0742, SP0757, SP0785, SP0787, SP0872, SP0878, 
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SP0899, SP1002, SP1026, SP1032, SP1069, SP1154, 
SP1267, SP1376, SP1386, SP1404, SP1405, SP1419, 
SP1479, SP1500, SP1545, SP1560, SP1624, SP1652, 
SP1683, SP1826, SP1872, SP1891, SP1897, SP1942, 
SP1966, SP1967, SP1998, SP2048, SP2050, SP2083, 
SP2084, SP2088, SP2145, SP2151, SP2187, SP2192, 
SP2197, SP2207 and SP2218. In some embodiments, a pneu 
mococcus antigen comprises a pneumococcus protein that 
lacks a signal sequence and/or transmembrane domain. In 
Some embodiments, a pneumococcus antigen comprises a 
mixture of a full length pneumococcus proteins and frag 
ments resulting from processing, or partial processing of a 
signal sequence by an expression host, e.g., E. coli oran insect 
cell line (e.g., the baculovirus expression system), or a mam 
malian (e.g., human or Chinese hamster Ovary (CHO) cell 
line. As used herein, the terms “portion' and “fragment’ or 
grammatical equivalents are used interchangeably. 
0021. In some embodiments, the pneumococcal antigens 
are fragments of the full length pneumococcal proteins of 
SP0010, SP0043, SP0079, SP0084, SP0092, SP0098, 
SPO106, SP0107, SPO127, SPO149, SPO191, SPO198, 
SP0249, SP0321, SP0346, SP0402, SP0453, SP0564, 
SP0582, SP0589, SP0601, SP0604, SP0617, SP0620, 
SP0629, SP0648, SP0659, SP0662, SP0664, SP0678, 
SP0724, SP0742, SP0757, SP0785, SP0787, SP0872, 
SP0878, SP0899, SP1002, SP1026, SP1032, SP1069, 
SP1154, SP1267, SP1376, SP1386, SP1404, SP1405, 
SP1419, SP1479, SP1500, SP1545, SP1560, SP1624, 
SP1652, SP1683, SP1826, SP1872, SP1891, SP1897, 
SP1942, SP1966, SP1967, SP1998, SP2048, SP2050, 
SP2083, SP2084, SP2088, SP2145, SP2151, SP2187, 
SP2192, SP2197, SP2207 and SP2218, for example, at least 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 
45, 50, 55,60, 65,70, 75,80, 85,90, 100, 150, 200,250,300, 
350 or 400 consecutive amino acids of such proteins. 
0022. In some embodiments, a pneumococcal antigen 
comprises an amino acid sequence which is at least 60% (e.g., 
at least 60%, at least 65%, at least 70%, at least 75%, at least 
80%, at least 85%, at least 90%, at least 95%, at least 98% or 
at least 99%) identical to at 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 25, 30,35,40, 45, 50,55, 60, 65,70, 75,80, 85, 
90, 100, 150, 200, 250, 300, 350 or 400 consecutive amino 
acids of the pneumococcal proteins of SP0010, SP0043, 
SP0079, SP0084, SP0092, SP0098, SPO106, SP0107, 
SPO127, SPO149, SPO191, SPO198, SP0249, SP0321, 
SP0346, SP0402, SP0453, SP0564, SP0582, SP0589, 
SP0601, SP0604, SP0617, SP0620, SP0629, SP0648, 
SP0659, SP0662, SP0664, SP0678, SP0724, SP0742, 
SP0757, SP0785, SP0787, SP0872, SP0878, SP0899, 
SP1002, SP1026, SP1032, SP1069, SP1154, SP1267, 
SP1376, SP1386, SP1404, SP1405, SP1419, SP1479, 
SP1500, SP1545, SP1560, SP1624, SP1652, SP1683, 
SP1826, SP1872, SP1891, SP1897, SP1942, SP1966, 
SP1967, SP1998, SP2048, SP2050, SP2083, SP2084, 
SP2088, SP2145, SP2151, SP2187, SP2192, SP2197, 
SP2207 and SP2218. 

0023. Accordingly, the inventors herein have identified 
pneumococcal T-cell immunogens that both induce an 
IL-17A (e.g. a Th17-cell) response and protect mice from 
colonization. These proteins, including SP0785, SP1500, 
SP2145, or fragments thereof, show promise as vaccine can 
didates against colonization and sepsis. In some embodi 
ments, a novel pneumococcal immunogens as disclosed 
herein e.g., as disclosed in Table 1, are administered by 
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mucosal immunization, and can be optionally administered 
with an adjuvant, to reduce Subsequent pneumococcal nasal 
colonization. 
0024. In some embodiments, an immunogenic composi 
tion comprises a SP1386, SP1500, SP0084, SP1479 and 
SP0346, or fragments thereof in a method to prevent or treat 
sepsis in a Subject, such as a mammalian Subject, including a 
human Subject. 
0.025 In some embodiments, an immunogenic composi 
tion comprising at least one isolated pneumococcal antigen is 
prepared as a vaccine that reduces or protects a mammal 
against pneumococcal colonization. In some embodiments, 
Such an immunogenic composition can further comprise at 
least one adjuvant, e.g., selected from the group comprising, 
but not limited to cholera toxin, CFA, IFA, alum and others 
commonly known in the art and disclosed herein. 
0026. Another aspect of the present invention relates to 
pharmaceutical composition for eliciting an immune 
response in a mammal comprising the T-cell stimulating 
immunogens prepared according to the methods as disclosed 
herein. In Such embodiments, a pharmaceutical composition 
can further comprise an adjuvant and/or a vaccine Scaffold. In 
Some embodiments, a pharmaceutical composition can fur 
ther comprise an adjuvant. 
0027. In some embodiments, the immunogenic composi 
tion as disclosed herein can be administered to a subject 
mucosally. In all aspects of all embodiments as described 
herein, a Subject is a mammalian Subject, e.g., a human, 
however other subjects are contemplated such as domestic 
and agricultural animals and the like. 
0028. The invention also provides compositions including 
nucleic acids encoding a pneumococcal antigen as described 
herein. In some embodiments, a composition includes an 
isolated nucleic acid comprising a nucleotide sequence 
encoding a pneumococcal antigen selected from Table 1, or 
combinations thereof, and further comprises a pharmaceuti 
cally acceptable excipient. In some embodiments, a compo 
sition further comprises an adjuvant. 
0029. In another aspect, the invention provides methods 
for eliciting an immune response against pneumococcus in a 
mammal based on nucleic acids described herein in Table 1. 
In some embodiments, the invention provides methods for 
eliciting an immune response against pneumococcus in a 
mammal by administering to the mammal a composition 
comprising a nucleic acid, wherein the nucleic acid comprises 
a nucleotide sequence encoding a pneumococcal antigen as 
disclosed in Table 1 or combinations thereof. 
0030. In another aspect, the invention provides methods 
for characterizing and/or detecting an immune response to a 
pneumococcal antigen in a Subject (e.g., a pneumococcal 
polypeptide antigen selected from Table 1 or combinations 
thereof). In some embodiments, an immune response in a 
naive subject is characterized. In some embodiments, an 
immune response in a subject infected, or Suspected of having 
been infected, with pneumococcus is characterized. In some 
embodiments, an immune response in a subject administered 
an immunogenic composition comprising a pneumococcal 
antigen (e.g., an immunogenic composition described herein) 
is characterized. In some embodiments, an antibody response 
is characterized. In some embodiments, a B cell response is 
characterized. In some embodiments, a T cell response is 
characterized. In some embodiments, IFN-y secretion by 
antigen-specific T cells is characterized. In some embodi 
ments, a Th1 T cell response is characterized. In some 
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embodiments, a Th17T cell response is characterized, and in 
some embodiments, IL-17A secretion is characterized. In 
Some embodiments, a cytotoxic T cell response is character 
ized. In some embodiments, both a T cell and a B cell 
response are characterized. In some embodiments, an innate 
immune response is characterized. 
0031. The invention further provides methods of prepar 
ing compositions including pneumococcual antigens, and 
antibodies that specifically bind to pneumococcal antigens as 
disclosed in Table 1. 
0032 Compositions and methods described herein can be 
used for the prophylaxis and/or treatment of any pneumococ 
cus disease, disorder, and/or condition due to a pneumococ 
cual infection. In some embodiments, an immunogenic com 
position described herein reduces risk of infection by, and/or 
treats, alleviates, ameliorates, relieves, delays onset of inhib 
its progression of reduces severity of, and/or reduces inci 
dence of one or more symptoms or features of a pneumococ 
cal disease, disorder, and/or condition. In some 
embodiments, the prophylaxis and/or treatment of pneumo 
coccal infection comprises administering a therapeutically 
effective amount of an immunogenic composition compris 
ing a novel pneumococcal antigen described herein to a Sub 
ject in need thereof, in Such amounts and for Such time as is 
necessary to achieve the desired result. In certain embodi 
ments of the present invention a “therapeutically effective 
amount of an inventive immunogenic composition is that 
amount effective for treating, alleviating, ameliorating, 
relieving, delaying onset of inhibiting progression of reduc 
ing severity of, and/or reducing incidence of one or more 
symptoms or features of pneumococcal infection. 
0033. In some embodiments, inventive prophylactic, 
prognostic and/or therapeutic protocols involve administer 
ing a therapeutically effective amount of one or more immu 
nogenic compositions comprising a novel pneumococcal 
antigen to a subject Such that an immune response is stimu 
lated in one or both of T cells and B cells. The present 
invention also provides novel immunogenic compositions 
comprising a therapeutically effective amount of one or more 
pneumococcal antigens (e.g., one or more of a polypeptide 
antigen selected from Table 1 or combinations thereof) and 
one or more pharmaceutically acceptable excipients. In some 
embodiments, the present invention provides for pharmaceu 
tical compositions comprising an immunogenic composition 
as described herein. In accordance with some embodiments, 
a method of administering a pharmaceutical composition 
comprising inventive compositions to a Subject (e.g. human, 
e.g., a child, adolescent, or young adult) in need thereof is 
provided. 
0034. In some embodiments, a therapeutically effective 
amount of an immunogenic composition is delivered to a 
patient and/or animal prior to, simultaneously with, and/or 
after diagnosis with a pneumococcal disease, disorder, and/or 
condition. In some embodiments, a therapeutic amount of an 
inventive immunogenic composition is delivered to a patient 
and/or animal prior to, simultaneously with, and/or after 
onset of symptoms of a pneumococcal disease, disorder, and/ 
or condition. 
0035. In some embodiments, immunogenic compositions 
of the present invention are administered by any of a variety 
of routes, including oral, intramuscular, Subcutaneous, trans 
dermal, intradermal, rectal, intravaginal, mucosal, nasal, buc 
cal, enteral, Sublingual; by intratracheal instillation, bron 
chial instillation, and/or inhalation; and/or as an oral spray, 
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nasal spray, and/or aerosol. In some embodiments, immuno 
genic compositions of the present invention are administered 
by a variety of routes, including intravenous, intra-arterial, 
intramedullary, intrathecal, intraventricular, transdermal, 
intraperitoneal, topical (as by powders, ointments, creams, 
and/or drops), transdermal, or by intratracheal instillation. 
0036. In certain embodiments, an immunogenic composi 
tion may be administered in combination with one or more 
additional therapeutic agents which treat the symptoms of 
pneumococcal infection (e.g., with an antibiotic Such as a 
beta-lactam antibiotic, an erythromycin, or a tetracycline). 
0037 Another aspect of the present invention relates to the 
use of the immunogenic composition as disclosed hereinto be 
administered to a Subject to elicit an immune response in the 
Subject. In some embodiments, the immune response is an 
antibody/B cell response, a CD4+ T cell response (including 
Th1. Th2 and Th17 cells) and/or a CD8+ T-cell response. In 
Some embodiments, at least one adjuvant is administered in 
conjunction with the immunogenic composition. 
0038 Another aspect of the present invention relates to a 
method for inducing an immune response in a subject to at 
least one antigen, comprising administering to the Subject the 
immunogenic composition as disclosed herein. 
0039. Another aspect of the present invention relates to a 
method of vaccinating an animal, e.g., a bird, a mammal or a 
human, against at least one antigen comprising administering 
a vaccine composition comprising the immunogenic compo 
sition as disclosed herein. 
0040. In all aspects as disclosed herein, an animal or a 
Subject can be a human. In some embodiments, the Subject 
can be an agricultural or non-domestic animal, or a domestic 
animal. In some embodiments, a vaccine composition com 
prising the immunogenic composition as disclosed hereincan 
be administered via Subcutaneous, intranasal, oral. Sublin 
gual, vaginal, rectal, intradermal, intraperitoneal, intra mus 
cular injection, or via skin-patch for transcutaneous immuni 
Zation. 
0041. In all aspects as disclosed herein, an immune 
response is an antibody/B cell response, a CD4+ T cell 
response (including Th1. Th2 and Th17 responses) or a CD8+ 
T-cell response against protein/peptide antigen?s). In some 
embodiments, an immune response is an antibody/B cell 
response against the polymer, e.g., a pneumococcal polysac 
charide. In some embodiments, at least one adjuvant is 
administered in conjunction with the immunogenic compo 
sition. 
0042 Another aspect of the present invention relates to the 
use of the immunogenic composition as disclosed herein for 
use in a diagnostic for exposure to a pathogen or immuno 
genic agent. 
0043. Another aspect of the present invention relates to 
kits for preparing an immunogenic composition as disclosed 
herein. For example, such kits can comprise any one or more 
of the following materials: a container comprising a polymer, 
e.g., a polysaccharide, cross-linked with a plurality of first 
affinity molecules; and a container comprising a complemen 
tary affinity molecule which associates with the first affinity 
molecule, wherein the complementary affinity molecule 
associates with an antigen. 
0044) The invention provides a variety of kits comprising 
one or more of the immunogenic compositions of the inven 
tion. For example, the invention provides a kit comprising an 
immunogenic composition comprising a pneumococcual 
antigen, or a nucleic acid encoding the antigen, wherein the 
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antigen is selected from Table 1 or functional fragments or 
combinations thereof, and instructions for use. A kit may 
comprise multiple different pneumococcal antigens. A kit 
may comprise any of a number of additional components or 
reagents in any combination. According to certain embodi 
ments of the invention, a kit may include, for example, (i) a 
pneumococcal polypeptide antigen selected from Table 1 or 
combinations thereof; (ii) an adjuvant; and (iii) instructions 
for administering a composition including the pneumococcal 
antigen and the adjuvant to a Subject in need thereof. 
0045. In some embodiments, the kit can comprise a con 
tainer comprising an expression vector for expressing a pneu 
mococcal polypeptide antigen selected from Table 1, for 
example. In some embodiments, the vector can optionally 
comprise a sequence for a linker peptide, wherein the expres 
sion vector can expresses a pneumococcal polypeptide anti 
gen selected from Table 1. 
0046 Provided herein also is a method of vaccinating a 
Subject, e.g., a mammal, e.g., a human with the immunogenic 
compositions as disclosed herein, the method comprising 
administering a vaccine composition as disclosed herein to 
the subject. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0047 FIGS. 1A-1B show that pneumococcus antigens 
provide protection against colonization. FIG. 1A shows 
decreased colony forming units (CFU) in a nasal wash of 
mice challenged with serotype 6B pneumococcal strain after 
twice weekly immunization with SP0785 in the presence of 
the adjuvant cholera toxin (CT) as compared to CT alone. 
FIG. 1B shows decreased colony forming units (CFU) in a 
nasal wash of mice challenged with serotype 6B pneumococ 
cal strain after twice weekly immunization with SP1500 in 
the presence of the adjuvant cholera toxin (CT) as compared 
to CT alone. 
0048 FIG. 2 shows pneumococcus antigens fused to Pdt 
(pneumococcal pneumolysoid PdT) protects against sepsis 
challenge and prevents against invasive infection and 
nasopharyngeal colonization of pneumococcus. FIG. 2 is a 
Survival curve of mice with sepsis showing that immunization 
with a fusion protein consisting of SPO785-PdT protected 
80% mice against sepsis, and fusion protein SP2145-PdT 
protected 90% of mice against sepsis as compared to mice 
immunized with control mice (Alum only) or PdT alone 
(which protected only 30% of mice). 
0049 FIGS. 3A-3B show pneumococcal antigens fused to 
PdT (pneumococcal pneumolysoid PdT) and covalently con 
jugated to the Vi polysaccharide generates IL-17A and anti 
Viantibody; protecting against sepsis challenge and prevent 
ing invasive infection and nasopharyngeal colonization of 
pneumococcus. FIG. 3A shows high levels of IL-17A when 
stimulated with whole cell vaccine (WCV) after the mice 
were immunized with SP0785-PdT-Viconjugate or SP2145 
PdT-Vi conjugate as compared to the control Alum alone. 
FIG.3B shows high levels of anti-Vi IgG in mice were immu 
nized with SP0785-PdT-Viconjugate or SP2145-PdT-Vicon 
jugate, as compared to Alum alone. 
0050 FIG. 4 shows pneumococcal antigens fused to Pdt 
(pneumococcal pneumolysoid PdT) and covalently conju 
gated to the Vi polysaccharide protects against sepsis chal 
lenge and prevents against invasive infection and nasopha 
ryngeal colonization of pneumococcus. FIG. 4 is a Survival 
curve of mice with sepsis showing that immunization with a 
fusion protein consisting of SP2145-PdT-Vior SP0785-PdT 
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Vi protected 80% mice against sepsis as compared to mice 
immunized with control mice (Alum only) (which protected 
only 20% of mice). 
0051 FIG. 5 shows sera from immunized mice bind 
encapsulated pneumococcal strain Tigra. FIG. 5 shows 
results from a flow cytometric assay showing that antibodies 
present in the serum from mice immunized with SP0785 
(black) can label the encapsulated pneumococcal strain Tigra 
as compared to serum obtained from mice immunized with 
alum alone (grey). Thus, FIG. 5 demonstrates that anti 
SP0785 antibody is able to bind to encapsulated pneumococ 
cal strain. 
0052 FIGS. 6A-6B demonstrate protection against pneu 
mococcal colonization by a Multiple Antigen Presenting Sys 
tem (MAPS) construct. MAPS complexes were made using 
biotinylated type-1 pneumococcal polysaccharide attached to 
a fusion protein consisting of rhizavidin and SP0785, 
SP1500, SPO435 or PdT. C57/BL6 mice were immunized 
with a mixture of 3 MAPS complexes containing SP0785, 
SP1500 and PdT, or a mixture of all 4 MAPS complexes 
described above, on aluminum hydroxide, at a dosage of 6.7 
ug of each antigen. Control mice received either aluminum 
hydroxide alone (alum, negative control) or a whole cell 
vaccine in alum (as a positive control). Immunization was 
given Subcutaneously three times, two weeks apart. Blood 
was drawn after the third immunization and stimulated with 
10 ug/ml of S. pneumoniae whole cell antigen or 5ug/ml of 
purified SP0785, SP1500 or PdT protein. Antigen-specific or 
whole cell (WCB) IL-17A production was measured 7 days 
post stimulation by ELISA (FIG. 6A). One week after bleed 
ing, mice were challenged with pneumococcal 603B strain 
and bacterial colonization rate in the nose was determined 10 
days post challenge (FIG. 6B). Mice that received immuni 
zations with either 3 or 4 MAPS complexes were protected 
against pneumococcal colonization. 
0053 FIG.7 demonstrates protection against pneumococ 
cal colonization by a fusion protein of SP0785, SP1500 and 
PdT conjugated to Vi polysaccharide of Salmonella typhi. 
C57BL/6 mice were immunized with vaccines containing 5 
ug of protein antigen adsorbed onto alum, Subcutaneously 
three times, two weeks apart. Control mice received alum 
alone. Two weeks after last immunization, mice were intra 
nasally challenged with pneumococcal 603B strain and bac 
terial colonization rate in the nose was determined by nasal 
wash. The mice that were immunized with the fusion conju 
gate were significantly protected against pneumococcal colo 
nization compared to the mice in the control group. 
0054 FIG. 8 demonstrates that passive transfer of rabbit 
serum protects mice against pneumococcal challenge. New 
Zealand white rabbits were immunized with purified SP0785, 
SP1500 or PdT. An equal mixture of each serum from rabbits 
pre-immunization vs. post immunization (in this case, 67 ul 
each) was given to groups of 10 mice via the intraperitoneal 
route. Mice were then intraperitoneally infected with a sero 
type 3 strain 24 hours later and mice Survival was monitored 
for 8 days. Group received post immunization serum had 60% 
Survival comparing to 0% survival in the pre-serum group, a 
difference that was highly statistically significant, attesting to 
the protective capacity of antibodies to these proteins for 
pneumococcal invasive disease. 

DETAILED DESCRIPTION OF THE INVENTION 

0055 Streptococcus pneumoniae (S. pneumoniae) is a 
common cause of bacterial pneumonia, meningitis, otitis 
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media, and bacteremia in children, the elderly, and immuno 
deficient individuals. S. pneumoniae can be subdivided into 
approximately 90 serotypes, based on the capsular polysac 
charide of the organism. However, disease is generally caused 
by approximately 30 types of S. pneumoniae isolates. The 
World Health Organization estimates that there are one mil 
lion deaths among children due to pneumococcal meningitis 
and sepsis each year, with 98% of these deaths occurring in 
developing countries. The emergence of pneumococcal 
strains with antimicrobial resistance underscores the need for 
treating and preventing pneumococcal infection by methods 
in addition to antimicrobials. 
0056. One aspect of the present invention encompasses the 
discovery of novel antigens for pneumococcus that elicitanti 
gen specific immune responses in mammals. Such novel anti 
gens, and/or nucleic acids encoding the antigens, can be 
incorporated into immunogenic compositions and adminis 
tered to elicit immune responses, e.g., to provide protection 
against pneumococcal colonization, invasive diseases, such 
as but not limited to, sepsis, and diseases and disorders caused 
by pneumococcus organisms. Such novel antigens and/or 
responses to novel antigens can be detected to identify and/or 
characterize immune responses to pneumococcal organisms. 
0057 Another aspect of the present invention provides 
immunogenic compositions (e.g., vaccines) comprising at 
least one isolated pneumococcus antigen selected from the 
pneumococcus proteins listed in Table 1, e.g., SP0010, 
SP0043, SP0079, SP0084, SP0092, SP0098, SPO106, 
SP0107, SPO127, SPO149, SPO191, SPO198, SP0249, 
SP0321, SP0346, SP0402, SP0453, SP0564, SP0582, 
SP0589, SP0601, SP0604, SP0617, SP0620, SP0629, 
SP0648, SP0659, SP0662, SP0664, SP0678, SP0724, 
SP0742, SP0757, SP0785, SP0787, SP0872, SP0878, 
SP0899, SP1002, SP1026, SP1032, SP1069, SP1154, 
SP1267, SP1376, SP1386, SP1404, SP1405, SP1419, 
SP1479, SP1500, SP1545, SP1560, SP1624, SP1652, 
SP1683, SP1826, SP1872, SP1891, SP1897, SP1942, 
SP1966, SP1967, SP1998, SP2048, SP2050, SP2083, 
SP2084, SP2088, SP2145, SP2151, SP2187, SP2192, 
SP2197, SP2207 and SP2218, or functional fragments 
thereof, such as those shown in SEQ ID NO: 153-234. In 
Some embodiments, an immunogenic composition compris 
ing at least one isolated pneumococcus antigen selected from 
the pneumococcus proteins of SP0785, SP1500, SP0346, 
SP1386, SP0084, SP1479 and SP2145 which protect against 
pneumococcus and pneumococcal infection, such as sepsis. 
0058. It should be understood that this invention is not 
limited to the particular methodology, protocols, and 
reagents, etc., described herein and as such may vary. The 
terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to limit the 
scope of the present invention, which is defined solely by the 
claims. 

DEFINITIONS 

0059. The term “antigen” as used herein refers to a mol 
ecule (e.g., a polypeptide) that elicits a specific immune 
response. Antigen specific immunological responses, also 
known as adaptive immune responses, are mediated by lym 
phocytes (e.g., T cells, B cells) that express antigen receptors 
(e.g., T cell receptors, B cell receptors). In certain embodi 
ments, an antigen is a T cell antigen, and elicits a cellular 
immune response. In certain embodiments, an antigen is a B 
cellantigen, and elicits a humoral (i.e., antibody) response. In 
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certain embodiments, an antigen is both a T cell antigen and 
a B cell antigen. As used herein, the term “antigen’ encom 
passes both a full-length polypeptide as well as a portion of 
the polypeptide, that represent immunogenic fragments (i.e., 
fragments that elicitan antigen specific T cell response, B cell 
response, or both) of Such complete polypeptides. In some 
embodiments, antigen is a peptide epitope found within a 
polypeptide sequence (e.g., a peptide epitope bound by a 
Major Histocompatibility Complex (MHC) molecule (e.g., 
MHC class I, or MHC class II). Accordingly, peptides 5-15 
amino acids in length, and longer polypeptides, e.g., having 
60, 70, 75,80, 85,90, 100, 150,200 250, or more amino acids, 
can be “antigens. In an exemplary example, the present 
invention provides a SP0785 polypeptide antigen. In some 
embodiments, a SP0785 polypeptide antigen includes a full 
length SP0785 polypeptide amino acid sequence (e.g., a full 
length SP0785 polypeptide of SEQ ID NO:34). In some 
embodiments, a SP0785 polypeptide antigen includes a por 
tion of a SP0785 polypeptide (e.g., a portion of the SP0785 
polypeptide of SEQ ID NO:34, which portion includes at 
least 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 
35,40, 45,50,55,60, 65,70, 75,80, 85,90,95, 100, 150, 200, 
250, 300, 350, or 400 contiguous amino acids of SEQ ID 
NO:34). In some embodiments, a portion of a SP0785 
polypeptide corresponds to a protein having the amino acid 
sequence of SEQ ID NO: 190. In some embodiments, a 
SP0785 polypeptide antigen contains one or more amino acid 
alterations (e.g., deletion, Substitution, and/or insertion) from 
a naturally-occurring wild-type SP0785 polypeptide 
sequence. For example, a SP0785 polypeptide antigen may 
contain an amino acid sequence that is at least 60% (e.g., at 
least 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 98%) iden 
tical to SEQID NO:34 or a portion thereof (e.g., at least 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 50, 
60, 65,70, 75,80, 85,90,95, 100, 150, 200,250, 300,350, or 
400 consecutive amino acids of the sequence shown in SEQ 
ID NO:34). Alternatively, a SP0785 polypeptide antigen may 
contain a portion (e.g., at least 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 25, 30,35, 45,50, 60, 65,70, 75,80, 85,90, 
95, 100, 150, 200, 250, 300, 350, or 400 consecutive amino 
acids) of a sequence that is at least 60% (e.g., at least 65%, 
70%, 75%, 80%, 85%, 90%, 95%, or 98%) identical to SEQ 
ID NO:34 or SEQID NO: 190. SP0785 polypeptide antigen 
is used as an example. This concept is applicable to other 
polypeptide antigen described herein including, but not lim 
ited to, SP1500, SPO346, SP1386, SPO084, SP1479, and 
SP2145 polypeptide antigens, and any of those polypeptide 
antigens listed in Table 1. 
0060. The term "pneumococcal antigen” refers to an anti 
gen that elicits an antigen specific immune response against 
any organism of the pneumococcal genus, Such as a Strepto 
coccus pneumonia organism, etc. In some embodiments, a 
pneumococcal antigen elicits an antigen specific immune 
response against S. pneumonia organisms of multiple species. 
Pneumococcal antigens include full-length polypeptides 
encoded by pneumococcal genes shown in Table 1 (SEQ ID 
NO: 1-76), as well as immunogenic portions of the polypep 
tides shown in Table 2 (SEQID NOs: 153-234). 
0061 The term “immunogenic composition” as used 
herein refers to a composition that is capable of eliciting an 
immune response, Such as an antibody or cellular immune 
response, when administered to a subject. In some embodi 
ments, an immunogenic composition includes a polypeptide 
or peptide antigen. The immunogenic compositions of the 
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present invention may or may not be immunoprotective or 
therapeutic. When the immunogenic compositions of the 
present invention prevent, ameliorate, palliate or eliminate 
disease from the Subject, then the immunogenic composition 
may optionally be referred to as a vaccine. As used herein, 
however, the term immunogenic composition is not intended 
to be limited to vaccines. In some embodiments, an immuno 
genic composition includes a nucleic acid encoding a 
polypeptide or peptide antigen. An immunogenic composi 
tion can include molecules that induce an immune response 
against multiple antigens. 
0062. The term “antibody” as used herein refers to any 
immunoglobulin, whether natural or wholly or partially Syn 
thetically produced. All derivatives thereofthat maintain spe 
cific binding ability are also included in the term. The term 
also covers any protein having a binding domain which is 
homologous or largely homologous to an immunoglobulin 
binding domain. Such proteins may be derived from natural 
Sources, or partly or wholly synthetically produced. An anti 
body may be monoclonal or polyclonal. An antibody may be 
a member of any immunoglobulin class, including any of the 
human classes: IgG, IgM, IgA, Ig|D, and IgE. As used herein, 
the terms “antibody fragment' or “characteristic portion of an 
antibody' are used interchangeably and refer to any deriva 
tive of an antibody which is less than full-length. In general, 
an antibody fragment retains at least a significant portion of 
the full-length antibody's specific binding ability. Examples 
of antibody fragments include, but are not limited to, Fab, 
Fab'. F(ab')2, scEv. Fv, dsFv diabody, and Fd fragments. An 
antibody fragment may be produced by any means. For 
example, an antibody fragment may be enzymatically or 
chemically produced by fragmentation of an intact antibody 
and/or it may be recombinantly produced from a gene encod 
ing the partial antibody sequence. Alternatively or addition 
ally, an antibody fragment may be wholly or partially Syn 
thetically produced. An antibody fragment may optionally 
comprise a single chain antibody fragment. Alternatively or 
additionally, an antibody fragment may comprise multiple 
chains which are linked together, for example, by disulfide 
linkages. An antibody fragment may optionally comprise a 
multimolecular complex. A functional antibody fragment 
will typically comprise at least about 50 amino acids and 
more typically will comprise at least about 200 amino acids. 
0063. The terms “Cytotoxic T Lymphocyte' or “CTL 
refers to lymphocytes which induce death via apoptosis or 
other mechanisms in targeted cells. CTLS form antigen-spe 
cific conjugates with target cells via interaction of TCRs with 
processed antigen (Ag) on target cell Surfaces, resulting in 
apoptosis of the targeted cell. Apoptotic bodies are eliminated 
by macrophages. The term “CTL response' is used to refer to 
the primary immune response mediated by CTL cells. 
0064. The term “cell mediated immunity” or “CMI as 
used herein refers to an immune response that does not 
involve antibodies or complement but rather involves the 
activation of for example, macrophages, natural killer cells 
(NK), antigen-specific cytotoxic T-lymphocytes (T-cells), 
T-helper cells, neutrophils, and the release of various cytok 
ines in response to a target antigen. Stated another way, CMI 
refers to immune cells (such as T cells and other lympho 
cytes) which bind to the surface of other cells that display a 
target antigen (such as antigen presenting cells (APC)) and 
trigger a response. The response may involve either other 
lymphocytes and/or any of the other white blood cells (leu 
kocytes) and the release of cytokines. Cellular immunity pro 
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tects the body by: (i) activating antigen-specific cytotoxic 
T-lymphocytes (CTLs) that are able to destroy body cells 
displaying epitopes of foreign antigen on their surface. Such 
as virus-infected cells and cells with intracellular bacteria; (2) 
activating macrophages and NK cells, enabling them to 
destroy intracellular pathogens; and (3) stimulating cells to 
secrete a variety of cytokines or chemokines that influence the 
function of other cells such as T cells, macrophages or neu 
trophils involved in adaptive immune responses and innate 
immune responses. 
0065. The term “immune cell as used herein refers to any 
cell which can release a cytokine, chemokine or antibody in 
response to a directorindirectantigenic stimulation. Included 
in the term “immune cells' herein are lymphocytes, including 
natural killer (NK) cells, T-cells (CD4+ and/or CD8+ cells), 
B-cells, macrophages; leukocytes; dendritic cells; mast cells; 
monocytes; and any other cell which is capable of producing 
a cytokine or chemokine molecule in response to direct or 
indirect antigen stimulation. Typically, an immune cell is a 
lymphocyte, for example a T-cell lymphocyte. 
0066. The term “cytokine' as used herein refers to a mol 
ecule released from an immune cell in response to stimulation 
with an antigen. Examples of Such cytokines include, but are 
not limited to: GM-CSF. IL-1C.; IL-1B: IL-2: IL-3; IL-4: 
IL-5; IL-6: IL-7, IL-8; IL-10; IL-12; IL-17A, IL-17F or other 
members of the IL-17 family, IL-22, IL-23, IFN-y; IFN-B; 
IFN-C. MIP-1C.; MIP-1 B: TGF-C.: TNFol or TNFB. The 
term “cytokine' does not include antibodies 
0067. The term “in vitro” as used herein refers to events 
that occur in an artificial environment, e.g., in a test tube or 
reaction vessel, in cell culture, etc., rather than within an 
organism (e.g., animal, plant, and/or microbe). 
0068. As used herein, the term “in vivo” refers to events 
that occur within an organism (e.g., animal, plant, and/or 
microbe). 
0069. The term "isolated” as used herein, means that the 
isolated entity has been separated from at least one compo 
nent with which it was previously associated. When most 
other components have been removed, the isolated entity is 
“purified.' Isolation and/or purification and/or concentration 
may be performed using any techniques known in the art 
including, for example, chromatography, fractionation, pre 
cipitation, or other separation. 
0070 The term “adjuvant” as used herein refers to any 
agent or entity which increases the antigenic response (e.g., 
immune response) by a cell or a subject to a target antigen. In 
Some embodiments, an adjuvant is used to enhance an 
immune response to a peptide antigen administered to a Sub 
ject. In some embodiments, an adjuvant is used to enhance an 
immune response to an antigen encoded by a nucleic acid 
administered to a subject. 
0071. As used herein, the term “pathogen' refers to an 
organism or molecule that causes a disease or disorder in a 
Subject. For example, pathogens include but are not limited to 
viruses, fungi, bacteria, parasites and other infectious organ 
isms or molecules therefrom, as well as taxonomically related 
macroscopic organisms within the categories algae, fungi, 
yeast and protozoa or the like. 
0072. As used herein, the term “prokaryotic pathogen 
refers to a bacterial pathogen. 
0073. As used herein, the term “viral pathogen refers to a 
virus that causes illness or disease, such as HIV. 
0074 As used herein, the term “parasitic pathogen refers 
to a microorganism that is parasitic, residing for an extended 
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period inside a host cell or host organism that gains benefits 
from the host and at the same time causes illness or disease. A 
parasitic pathogen can be bacteria, viruses, fungi, and para 
sites, and protists. 
(0075. The term “functional fragment” or “portion” as used 
in the context of a functional fragment of an immunogen of 
protein “X” (e.g., an pneumococcal antigen or immunogen 
listed Table 1) refers to a fragment of such a protein or peptide 
that mediates, effects or elicits a cellular and/or humoral 
immune response as similar to the protein or peptide from 
which it was derived (e.g. a fragment thereof). Accordingly, 
the term “functional when used in conjunction with “deriva 
tive' or “variant' or “fragment” refers to a polypeptide which 
possess a biological activity that is Substantially similar to a 
biological activity of the entity or molecule of which it is a 
derivative or variant or fragment thereof. By “substantially 
similar in this context is meant that at least 25%, at least 
35%, at least 50% of the relevant or desired biological activity 
of a corresponding wild-type peptide is retained. In the 
instance of a fragment of a pneumococcalantigen, Such as for 
example, SP0785 (e.g., SEQ ID NO:34), a functional frag 
ment of SEQ ID NO:34 or SEQ ID NO: 190 would be a 
protein or peptide comprising a portion of SEQID NO:34 or 
SEQID NO: 190 which retained an activity for eliciting an 
IL-17A response in splenocytes or human PMBC, and protect 
against colonization by pneumococcal organism; preferably 
the fragment of SEQID NO:34 or SEQID NO: 190 retains at 
least 25%, at least 35%, at least 50% at least 60%, at least 
70%, at least 80%, at least 90%, at least 95%, at least 100% or 
even higher (i.e., the variant or derivative has greater activity 
than the wild-type), e.g., at least 110%, at least 120%, or more 
activity as compared to the full length SEQID NO:34 or SEQ 
ID NO: 190 to elicit an IL-17A response in splenocytes or 
human PMBC and protect against colonization by pneumo 
coccus. Such functional fragments of the immunogens (e.g. 
antigens) listed in Table 1 can be assessed by the assays as 
disclosed in the Examples, e.g., to assess if a functional frag 
ment elicits an IL-17A response in mouse splenocytes or 
human PBMCs in vitro as disclosed in Example 2, or protects 
colonization in vivo in a mouse colonization model, where 
mice are challenged with a serotype of pneumococcal Strain 
(e.g., serotypes 6B, 14F or 19F) after biweekly immunization 
with a pneumococcal antigen (or functional fragment), and 
assessing for presence of pneumococcal colonization in the 
nasopharynx, as disclosed in Example 3. 
0076. A “fragment of an antigen or immunogen of Table 
1 as that term is used herein will be at least 15 amino acids in 
length, and can be, for example, at least 16, at least 17, at least 
18, at least 19, at least 20 or at least 25 amino acids or greater 
inclusive. 
(0077. The term “Cytotoxic T Lymphocyte' or “CTL 
refers to lymphocytes which induce apoptosis in targeted 
cells. CTLS form antigen-specific conjugates with target cells 
via interaction of TCRS with processed antigen (Ag) on target 
cell Surfaces, resulting in apoptosis of the targeted cell. Apo 
ptotic bodies are eliminated by macrophages. The term “CTL 
response' is used to refer to the primary immune response 
mediated by CTL cells. 
(0078. The term “cell mediated immunity” or “CMI as 
used herein refers to an immune response that does not 
involve antibodies or complement but rather involves the 
activation of macrophages, natural killer cells (NK), antigen 
specific cytotoxic T-lymphocytes (T-cells), and the release of 
various cytokines in response to a target antigen. Stated 
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another way, CMI refers to immune cells (such as T cells and 
lymphocytes) which bind to the surface of other cells that 
display the antigen (such as antigen presenting cells (APS)) 
and trigger a response. The response can involve either other 
lymphocytes and/or any of the other white blood cells (leu 
kocytes) and the release of cytokines. Accordingly, cell-me 
diated immunity (CMI) is an immune response that does not 
involve antibodies but rather involves the activation of mac 
rophages and NK-cells, the production of antigen-specific 
cytotoxic T-lymphocytes, and the release of various cytokines 
in response to an antigen. Cellular immunity protects the 
body by: (i) activating antigen-specific cytotoxic T-lympho 
cytes (CTLs) that are able to destroy body cells displaying 
epitopes of foreign antigen on their surface. Such as virus 
infected cells, cells with intracellular bacteria, and cancer 
cells displaying tumor antigens; (2) activating macrophages 
and NK cells, enabling them to destroy intracellular patho 
gens; and (3) stimulating cells to secrete a variety of cytokines 
that influence the function of other cells involved in adaptive 
immune responses and innate immune responses. Without 
wishing to be bound by theory and by way of background, the 
immune system was separated into two branches: humoral 
immunity, for which the protective function of immunization 
could be found in the humor (cell-free bodily fluid or serum) 
and cellular immunity, for which the protective function of 
immunization was associated with cells. 

0079. The term “immune cell as used herein refers to any 
cell which can release a cytokine in response to a direct or 
indirectantigenic stimulation. Included in the term “immune 
cells' herein are lymphocytes, including natural killer (NK) 
cells, T-cells (CD4+ and/or CD8+ cells), B-cells, macroph 
ages and monocytes, Th cells: Th1 cells: Th2 cells; Tc cells; 
stromal cells; endothelial cells; leukocytes; dendritic cells; 
macrophages; mast cells and monocytes and any other cell 
which is capable of producing a cytokine molecule in 
response to direct or indirect antigen stimulation. Typically, 
an immune cell is a lymphocyte, for example a T-cell lym 
phocyte. 
0080. The term “nucleic acid” as used herein, in its broad 
est sense, refers to any compound and/or Substance that is or 
can be incorporated into an oligonucleotide chain. In some 
embodiments, a nucleic acid is a compound and/or Substance 
that is or can be incorporated into an oligonucleotide chain via 
a phosphodiester linkage. As used herein, the terms "oligo 
nucleotide' and “polynucleotide' can be used interchange 
ably. In some embodiments, “nucleic acid encompasses 
RNA as well as single and/or double-stranded DNA and/or 
cDNA. Furthermore, the terms “nucleic acid, “DNA, 
“RNA.” and/or similar terms include nucleic acid analogs, i.e. 
analogs having other than a phosphodiester backbone. The 
term “nucleotide sequence encoding an amino acid 
sequence' includes all nucleotide sequences that are degen 
erate versions of each other and/or encode the same amino 
acid sequence. Nucleic acids can be purified from natural 
Sources, produced using recombinant expression systems and 
optionally purified, chemically synthesized, etc. Where 
appropriate, e.g., in the case of chemically synthesized mol 
ecules, nucleic acids can comprise nucleoside analogs such as 
analogs having chemically modified bases or Sugars, back 
bone modifications, etc. A nucleic acid sequence is presented 
in the 5' to 3' direction unless otherwise indicated. 

0081. The term “polypeptide', as used herein, generally 
has its art-recognized meaning of a polymer of at least three 
amino acids. However, the term is also used to refer to specific 
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classes of antigen polypeptides, such as, for example, SPO785 
polypeptides, SP1500 polypeptides, SP0346 polypeptides, 
SP1386 polypeptides, SP0084 polypeptides, SP1479 
polypeptides and SP2145 polypeptides. For each such class, 
the present specification provides several examples of known 
sequences of such polypeptides. Those of ordinary skill in the 
art will appreciate, however, that the term “polypeptide', as 
used herein to refer to “polypeptide antigen”, is intended to be 
Sufficiently general as to encompass not only polypeptides 
having a sequence recited herein, but also to encompass 
polypeptides having a variation of the sequence that elicits an 
antigen-specific response to the polypeptide. For example, a 
“SP0785 polypeptide' includes the SP0785 polypeptide 
shown in SEQ ID NO:34, as well as polypeptides that have 
variations of a SEQID NO:34 sequence, such as for example, 
a fragment of SP0785 as shown in SEQID NO: 190, and that 
maintain the ability to elicit an antigen-specific response to a 
polypeptide of SEQID NO:34. Those of ordinary skill in the 
art understand that protein sequences generally tolerate some 
Substitution without destroying immunogenicity and antigen 
specificity. Thus, any polypeptide that retains immunogenic 
ity and shares at least about 30-40% overall sequence identity, 
often greater than about 50%, 60%, 70%, or 80%, and further 
usually including at least one region of much higher identity, 
often greater than 90% or even 95%,96%.97%.98%, or 99% 
in one or more highly conserved regions, usually encompass 
ing at least 3-4 and often up to 20 or more amino acids, with 
another polypeptide of the same class, is encompassed within 
the relevant term “polypeptide' as used herein. Other regions 
of similarity and/or identity can be determined by those of 
ordinary skill in the art by analysis of the sequences of various 
polypeptides presented herein. See the definition of Antigen. 
It will be appreciated that proteins or polypeptides often 
contain amino acids other than the 20 amino acids commonly 
referred to as the 20 naturally occurring amino acids, and that 
many amino acids, including the terminal amino acids, can be 
modified in a given polypeptide, either by natural processes 
Such as glycosylation and other post-translational modifica 
tions, or by chemical modification techniques which are well 
known in the art. Known modifications which can be present 
in polypeptides of the present invention include, but are not 
limited to, acetylation, acylation, ADP-ribosylation, amida 
tion, covalent attachment of flavin, covalent attachment of a 
heme moiety, covalent attachment of a polynucleotide or 
polynucleotide derivative, covalent attachment of a lipid or 
lipid derivative, covalent attachment of phosphotidylinositol, 
cross-linking, cyclization, disulfide bond formation, dem 
ethylation, formation of covalent cross-links, formation of 
cystine, formation of pyroglutamate, formulation, gamma 
carboxylation, glycation, glycosylation, GPI anchor forma 
tion, hydroxylation, iodination, methylation, myristoylation, 
oxidation, proteolytic processing, phosphorylation, prenyla 
tion, racemization, selenoylation, Sulfation, transfer-RNA 
mediated addition of amino acids to proteins such as arginy 
lation, and ubiquitination. 
I0082 One example of an algorithm that is suitable for 
determining percent sequence identity and sequence similar 
ity is the BLAST algorithm, which is described in Altschulet 
al., Nuc. Acids Res. 25:3389-3402, 1977. BLAST is used, 
with the parameters described herein, to determine percent 
sequence identity for the nucleic acids and proteins of the 
present disclosure. Software for performing BLAST analysis 
is publicly available through the National Center for Biotech 
nology Information (available at the following internet 
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address: ncbi.nlm.nih.gov). This algorithm involves first 
identifying high scoring sequence pairs (HSPs) by identify 
ing short words of length W in the query sequence, which 
either match or satisfy some positive-valued threshold score T 
when aligned with a word of the same length in a database 
sequence. T is referred to as the neighborhood word score 
threshold (Altschulet al., supra). These initial neighborhood 
word hits act as seeds for initiating searches to find longer 
HSPs containing them. The word hits are extended in both 
directions along each sequence for as far as the cumulative 
alignment score can be increased. Cumulative scores are cal 
culated using, for nucleotide sequences, the parameters M 
(reward score for a pair of matching residues; always >0) and 
N (penalty score for mismatching residues; always <0). For 
amino acid sequences, a scoring matrix is used to calculate 
the cumulative score. Extension of the word hits in each 
direction are halted when: the cumulative alignment score 
falls off by the quantity X from its maximum achieved value: 
the cumulative score goes to Zero or below, due to the accu 
mulation of one or more negative-scoring residue alignments; 
or the end of either sequence is reached. The BLAST algo 
rithm parameters W. T. and X determine the sensitivity and 
speed of the alignment. The BLASTN program (for nucle 
otide sequences) uses as defaults a wordlength (W) of 11, an 
expectation (E) or 10, M-5, N=-4 and a comparison of both 
Strands. For amino acid sequences, the BLASTP program 
uses as defaults a wordlength of 3, and expectation (E) of 10, 
and the BLOSUM62 scoring matrix (see Henikoff & Heni 
koff, Proc. Natl. Acad. Sci. USA, 89:10915 (1989)) align 
ments (B) of 50, expectation (E) of 10, M-5, N=-4, and a 
comparison of both Strands. 
0083. The BLAST algorithm also performs a statistical 
analysis of the similarity between two sequences (see, e.g., 
Karlin & Altschul, Proc. Natl. Acad. Sci. USA, 90:5873 
5787, 1993). One measure of similarity provided by the 
BLAST algorithm is the smallest sum probability (P(N)), 
which provides an indication of the probability by which a 
match between two nucleotide or amino acid sequences 
would occur by chance. For example, a nucleic acid is con 
sidered similar to a reference sequence if the Smallest Sum 
probability in a comparison of the test nucleic acid to the 
reference nucleic acid is less than about 0.2, more preferably 
less than about 0.01, and most preferably less than about 
O.OO1. 

0084. The term “subject' is used interchangeably herein 
with “patient’ or “individual refers to any organism to which 
a composition of this invention may be administered, e.g., for 
experimental, diagnostic, and/or therapeutic purposes. Typi 
cal Subjects include mammals such as mice, rats, rabbits, 
non-human primates, domestic animals and humans. In some 
embodiments, the term “subject” refers to any animal in 
which it is useful to elicit an immune response. The subject 
can be a wild, domestic, commercial or companion animal 
Such as a bird or mammal. The Subject can be a human. 
Although in one embodiment of the invention it is contem 
plated that the immunogenic compositions as disclosed 
herein can also be suitable for the therapeutic or preventative 
treatment in humans, it is also applicable to warm-blooded 
Vertebrates, e.g., mammals, such as non-human primates, 
(particularly higher primates), sheep, dog, rodent (e.g., 
mouse or rat), guinea pig, goat, pig, cat, rabbits, cows, and 
non-mammals such as chickens, ducks, or turkeys. In another 
embodiment, the subject is a wild animal, for example a bird 
Such as for the diagnosis of avian flu. In some embodiments, 

Dec. 31, 2015 

the Subject is an experimental animal or animal Substitute as 
a disease model. The Subject may be a subject in need of 
Veterinary treatment, where eliciting an immune response to 
an antigen is useful to prevent a disease and/or to control the 
spread of a disease, for example SIV. STL1, SFV, or in the 
case of live-stock, hoof and mouth disease, or in the case of 
birds Marek’s disease or avian influenza, and other such 
diseases. 

0085. The term “recombinant when used to describe a 
nucleic acid molecule, means a polynucleotide of genomic, 
cDNA, viral, semisynthetic, and/or synthetic origin, which, 
by virtue of its origin or manipulation, is not associated with 
all or a portion of the polynucleotide sequences with which it 
is associated in nature. The term recombinant as used with 
respect to a peptide, polypeptide, protein, or recombinant 
fusion protein, means a polypeptide produced by expression 
from a recombinant polynucleotide. The term recombinant as 
used with respect to a host cell means a host cell into which a 
recombinant polynucleotide has been introduced. Recombi 
nant is also used herein to refer to, with reference to material 
(e.g., a cell, a nucleic acid, a protein, or a vector) that the 
material has been modified by the introduction of a heterolo 
gous material (e.g., a cell, a nucleic acid, a protein, or a 
vector). 
0086. The term “vectors’ refers to a nucleic acid molecule 
capable of transporting or mediating expression of a heter 
ologous nucleic acid to which it has been linked to a host cell; 
a plasmid is a species of the genus encompassed by the term 
“vector.” The term “vector” typically refers to a nucleic acid 
sequence containing an origin of replication and other entities 
necessary for replication and/or maintenance in a host cell. 
Vectors capable of directing the expression of genes and/or 
nucleic acid sequence to which they are operatively linked are 
referred to herein as “expression vectors'. In general, expres 
sion vectors of utility are often in the form of “plasmids” 
which refer to circular double stranded DNA molecules 
which, in their vector form are not bound to the chromosome, 
and typically comprise entities for stable or transient expres 
sion or the encoded DNA. Other expression vectors that can 
be used in the methods as disclosed herein include, but are not 
limited to plasmids, episomes, bacterial artificial chromo 
Somes, yeast artificial chromosomes, bacteriophages or viral 
vectors, and Such vectors can integrate into the host’s genome 
or replicate autonomously in the particular cell. A vector can 
be a DNA or RNA vector. Other forms of expression vectors 
known by those skilled in the art which serve the equivalent 
functions can also be used, for example self replicating extra 
chromosomal vectors or vectors which integrates into a host 
genome. Preferred vectors are those capable of autonomous 
replication and/or expression of nucleic acids to which they 
are linked. 

I0087 An individual who is “suffering from a disease, 
disorder, and/or condition has been diagnosed with or dis 
plays one or more symptoms of the disease, disorder, and/or 
condition. 

I0088 An individual who is “susceptible to a disease, 
disorder, and/or condition has not been diagnosed with and/or 
may not exhibit symptoms of the disease, disorder, and/or 
condition. In some embodiments, a disease, disorder, and/or 
condition is associated with a pneumococcal infection. With 
out wishing to be bound to theory, S. pneumoniae is respon 
sible for 15-50% of all episodes of community-acquired 
pneumonia, 30-50% of all cases of acute otitis media and a 
significant proportion of bacteremia and bacterial meningitis. 
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In some embodiments, an individual who is susceptible to a 
pneumococcal infection may be exposed to a pneumococcus 
(e.g., by ingestion, inhalation, physical contact, etc.). In some 
embodiments, an individual who is susceptible to a pneumo 
coccal infection may be exposed to an individual who is 
infected with the microbe. In some embodiments, an indi 
vidual who is susceptible to a pneumococcal infection is one 
who is in a location where the microbe is prevalent (e.g., one 
who is traveling to a location where the microbe is prevalent). 
In some embodiments, an individual who is susceptible to a 
pneumococcal infection is susceptible due to young age (e.g., 
a child, adolescent, or young adult). In some embodiments, a 
Subject who is susceptible is to pneumococcal infection is a 
subject with Job’s syndrome (subject lacking Th-17 cell 
mediated response) or a aggamaglobunemic Subject (a Sub 
ject lacking antibody-mediated response). In some embodi 
ments, a Subject who is Susceptible is a Subject whose 
immune system is compromised. Such as those living with 
HIV, or has an auto-immune disease, or has influenza. In some 
embodiments, a subject who is Susceptible to a pneumococcal 
infection is a Subject who has other risk factors, such as, but 
not limited to Smoking, injection drug use, Hepatitis C, and 
COPD. In some embodiments, an individual who is suscep 
tible to a disease, disorder, and/or condition will develop the 
disease, disorder, and/or condition. In some embodiments, an 
individual who is Susceptible to a disease, disorder, and/or 
condition will not develop the disease, disorder, and/or con 
dition. 
0089. The term “therapeutically effective amount” as used 
herein means an amount ofatherapeutic, prophylactic, and/or 
diagnostic agent (e.g., inventive immunogenic composition) 
that is Sufficient, when administered to a subject suffering 
from or Susceptible to a disease, disorder, and/or condition, to 
treat, alleviate, ameliorate, relieve, alleviate symptoms of 
prevent, delay onset of inhibit progression of reduce severity 
of and/or reduce incidence of the disease, disorder, and/or 
condition. 
0090 The term “therapeutic agent” as used herein refers to 
any agent that, when administered to a subject, has a thera 
peutic, prophylactic, and/or diagnostic effect and/or elicits a 
desired biological and/or pharmacological effect. 
0091. The term “treating as used herein refers to the term 
“treating refers to partially or completely alleviating, ame 
liorating, relieving, delaying onset of inhibiting progression 
of reducing severity of and/or reducing incidence of one or 
more symptoms or features of a particular disease, disorder, 
and/or condition. For example, “treating a microbial infec 
tion may refer to inhibiting Survival, growth, and/or spread of 
the microbe. Treatment may be administered to a subject who 
does not exhibit signs of a disease, disorder, and/or condition 
and/or to a Subject who exhibits only early signs of a disease, 
disorder, and/or condition for the purpose of decreasing the 
risk of developing pathology associated with the disease, 
disorder, and/or condition. In some embodiments, treatment 
comprises delivery of an immunogenic composition (e.g., a 
vaccine) to a Subject. 
0092. The term “vaccine” as used herein refers to an entity 
comprising at least one immunogenic component (e.g., an 
immunogenic component which includes a peptide or pro 
tein, and/or an immunogenic component which includes a 
nucleic acid). In certain embodiments, a vaccine includes at 
least two immunogenic components. In some embodiments, a 
vaccine is capable of stimulating an immune response of both 
T cells and B cells. In some embodiments, any assay available 
in the art may be used to determine whether T cells and/or B 
cells have been stimulated. In some embodiments, T cell 
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stimulation may be assayed by monitoring antigen-induced 
production of cytokines, antigen-induced proliferation of T 
cells, and/or antigen-induced changes in protein expression. 
In some embodiments, B cell stimulation may be assayed by 
monitoring antibody titers, antibody affinities, antibody per 
formance in neutralization assays, class-switch recombina 
tion, affinity maturation of antigen-specific antibodies, devel 
opment of memory B cells, development of long-lived plasma 
cells that can produce large amounts of high-affinity antibod 
ies for extended periods of time, germinal center reactions, 
and/or antibody performance in neutralization assays. In 
Some embodiments, a vaccine further includes at least one 
adjuvant that can help stimulate an immune response in T 
cells and/or B cells. 
(0093. The term “pharmaceutically acceptable” refers to 
compounds and compositions which may be administered to 
mammals without undue toxicity. The term “pharmaceuti 
cally acceptable carriers’ excludes tissue culture medium. 
Exemplary pharmaceutically acceptable salts include but are 
not limited to mineral acid salts such as hydrochlorides, 
hydrobromides, phosphates, Sulfates, and the like, and the 
salts of organic acids such as acetates, propionates, mal 
onates, benzoates, and the like. Pharmaceutically acceptable 
carriers are well known in the art. 
(0094. The term “wild-type” as used herein refers to the 
typical or the most common form existing in nature or as it 
normally exists in vivo. 
0.095 The term “mutant refers to an organism or cell with 
any change in its genetic material, in particular a change (i.e., 
deletion, substitution, addition, or alteration) relative to a 
wild-type polynucleotide sequence or any change relative to 
a wild-type protein sequence. The term “variant may be used 
interchangeably with “mutant'. Although it is often assumed 
that a change in the genetic material results in a change of the 
function of the protein, the terms “mutant” and “variant” refer 
to a change in the sequence of a wild-type protein regardless 
of whether that change alters the function of the protein (e.g., 
increases, decreases, imparts a new function), or whether that 
change has no effect on the function of the protein (e.g., the 
mutation or variation is silent). 
0096. The term “reduced or “reduce' or “decrease' as 
used herein generally means a decrease by a statistically 
significant amount relative to a reference. For avoidance of 
doubt, “reduced” means statistically significant decrease of at 
least 10% as compared to a reference level, for example a 
decrease by at least 20%, at least 30%, at least 40%, at least t 
50%, or least 60%, or least 70%, or least 80%, at least 90% or 
more, up to and including a 100% decrease (i.e., absent level 
as compared to a reference sample), or any decrease between 
10-100% as compared to a reference level, as that term is 
defined herein. 
0097. The term “low” as used herein generally means 
lower by a statically significant amount; for the avoidance of 
doubt, “low” means a statistically significant value at least 
10% lower than a reference level, for example a value at least 
20% lower than a reference level, at least 30% lower than a 
reference level, at least 40% lower than a reference level, at 
least 50% lower thana reference level, at least 60% lower than 
a reference level, at least 70% lower than a reference level, at 
least 80% lower thana reference level, at least 90% lower than 
a reference level, up to and including 100% lower than a 
reference level (i.e., absent level as compared to a reference 
sample). 
0098. The terms “increased or “increase' as used herein 
generally mean an increase by a statically significant amount; 
Such as a statistically significant increase of at least 10% as 
compared to a reference level, including an increase of at least 
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20%, at least 30%, at least 40%, at least 50%, at least 60%, at 
least 70%, at least 80%, at least 90%, at least 100% or more, 
inclusive, including, for example at least 2 fold, at least 
3-fold, at least 4-fold, at least 5-fold, at least 10-fold increase 
or greater as compared to a reference level, as that term is 
defined herein. 
0099. The term “high as used herein generally means a 
higher by a statically significant amount relative to a refer 
ence; such as a statistically significant value at least 10% 
higher than a reference level, for example at least 20% higher, 
at least 30% higher, at least 40% higher, at least 50% higher, 
at least 60% higher, at least 70% higher, at least 80% higher, 
at least 90% higher, at least 100% higher, inclusive, such as at 
least 2-fold higher, at least 3-fold higher, at least 4-fold 
higher, at least 5-fold higher, at least 10-fold higher or more, 
as compared to a reference level. 
0100. As used herein and in the claims, the singular forms 
include the plural reference and vice versa unless the context 
clearly indicates otherwise. Other than in the operating 
examples, or where otherwise indicated, all numbers express 
ing quantities of ingredients or reaction conditions used 
herein should be understood as modified in all instances by 
the term “about. 
0101. As used herein, the terms “approximately” or 
“about in reference to a number are generally taken to 
include numbers that fall within a range of 5%, 10%, 15%, or 
20% in either direction (greater than or less than) of the 
number unless otherwise stated or otherwise evident from the 
context (except where such number would be less than 0% or 
exceed 100% of a possible value). 
0102. As used herein, the term “comprising” means that 
other elements can also be present in addition to the defined 
elements presented. The use of "comprising indicates inclu 
sion rather than limitation. 
0103) The term “consisting of refers to compositions, 
methods, and respective components thereof as described 
herein, which are exclusive of any element not recited in that 
description of the embodiment. 
0104. As used herein the term “consisting essentially of 
refers to those elements required for a given embodiment. The 
term permits the presence of elements that do not materially 
affect the basic and novel or functional characteristic(s) of 
that embodiment of the invention. 
0105 All patents and other publications identified are 
expressly incorporated herein by reference for the purpose of 
describing and disclosing, for example, the methodologies 
described in Such publications that might be used in connec 
tion with the present invention. These publications are pro 
vided solely for their disclosure prior to the filing date of the 
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present application. Nothing in this regard should be con 
Strued as an admission that the inventors are not entitled to 
antedate such disclosure by virtue of prior invention or for any 
other reason. All Statements as to the date or representation as 
to the contents of these documents is based on the information 
available to the applicants and does not constitute any admis 
sion as to the correctness of the dates or contents of these 
documents. 
0106 Unless defined otherwise, all technical and scien 

tific terms used herein have the same meaning as those com 
monly understood to one of ordinary skill in the art to which 
this invention pertains. Although any known methods, 
devices, and materials may be used in the practice or testing of 
the invention, the methods, devices, and materials in this 
regard are described herein. 
Pneumococcal Antigens 
0107 The inventors have previously demonstrated that 
one mechanism of protection against pneumococcal coloni 
zation was using a WCV (whole cell vaccine) that confers 
protection against both colonization and invasive disease in 
mice. (Malley et al., 69 Infect. Immun. 4870-73 (2001); Mal 
ley et al., 74 Infect. Immun. 4290-92 (2004).). It was previ 
ously demonstrated that protection against colonization fol 
lowing immunization with WCV (whole cell vaccine) is 
antibody-independent and dependent on CD4+ T cells (Mal 
ley et al., 102 P.N.A.S. USA 102, 4848-53 (2005); Trzcinski 
et al., 73 Infect. Immun. 7043-46 (2005)). The effector T cell 
is the CD4+ TH17 cell, with neutralization of IL-17A 
response with an anti IL-17A antibody diminished the pro 
tection by the WCV, and IL-17A receptor knockout mice are 
not protected by the WCV. In contrast, IFN-gamma or IL-4 
deficient mice (which are skewed away from TH1 or TH2 
responses, respectively) are fully protected (Lu et al., 4 PLoS 
Pathogens. e1000159 (2008)). Rats and mice immunized 
with the WCV are reported to be significantly protected 
against pneumococcal sepsis in two pneumonia models (Mal 
ley et al., 2001). 
0108. Using bioinformatics analysis as disclosed herein, 
the inventors have identified specific pneumococcal antigens 
which are listed in Table 1 which protect against pneumococ 
cal colonization and infection, such as against pneumococcal 
sepsis infection. These pneumococcalantigens listed in Table 
1 can be administered as vaccines, in the presence or absence 
of an adjuvant, to elicit a systemic IL-17A response and 
reduce or protect against intranasal pneumococcal coloniza 
tion. In some embodiments, a pneumococcal antigen of any 
listed in Table 1 can be administered as mucosal vaccines to 
protect against intranasal pneumococcal colonization as well 
as pneumococcal infection, Such as sepsis. 

TABLE 1 

Table 1 lists the amino acid sequence identification numbers of the pneumococcal immunogens. 
The amino acid sequences and nucleotide sequences of the pneumococcal antigens are available 

on world-wide web site: xbase.ac.uk/genomestreptococcus-pneumoniae 
tigra/NC 003028 features?page-l'. which is incorporated herein in its entirety by reference. 

Protein DNA Immunogenic 
Pneumococcal SEQ SEQ GenBank fragments of the 
antigen Predicted ID ID Gene Accession pneumococcal 
l8le functions NO: NO: ID NO. No antigen 

SPOO10 hypothetical protein 1 77 15899959 NP 344563.1 SPO010 (23-end) 
(SEQID NO: 153) 

SPOO43 competence factor 2 78 15899988 NP 344592.1 SPOO43 (42-end) 
transport protein (SEQID NO: 154) 
ComB 

SPOO79 potassium uptake 3 79 15900024 NP 344628.1 SPOO79 (24-end) 
protein, Trk family (SEQID NO: 155) 
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TABLE 1-continued 

12 

Table 1 lists the amino acid sequence identification numbers of the pneumococcal immunogens. 
The amino acid sequences and nucleotide sequences of the pneumococcal antigens are available 

on world-wide web site: xbase.ac.uk/genomestreptococcus-pneumoniae 
tigra/NC 003028 features?page-l', which is incorporated herein in its entirety by reference. 

Protein DNA 
Pneumococcal SEQ SEQ 
antigen Predicted ID ID Gene 
l8le unctions NO: NO: ID NO. 

SPOO84 histidine kinase (EC 4 8O 15900O28 
2.7.13.3) (IMGterm) 

SPOO92 carbohydrate ABC 5 81 15900O3S 
transporter substrate 
binding protein, 
CUT1 family (TC 
3.A.1.1.-) (IMG term) 

SPOO98 hypothetical protein 6 82 S90OO41 

SPO106 L-serine ammonia- 7 83 S900049 
yase (EC 4.3.1.17) 
(IMGterm) 

SPO107 LysM domain protein 8 84 S90OO69 

SPO127 hypothetical protein 9 85 S90OO69 

SPO149 ipoprotein O 86 5900O87 

SPO191 hypothetical protein 1 87 S900128 

SPO198 hypothetical protein 2 88 S900134 

SPO249 PTS system, IIB 3 89 15900184 
component 

SPO321 PTS system, IIA 4 90 15900253 
component 

SPO346 capsular 5 91 5900275 
polysaccharide 
biosynthesis protein 
Cps4A 

SPO4O2 signal peptidase. 6 92 S90O321 
Serine peptidase. 
MEROPS family 
S26A (IMGterm) 

SPO453 amino acid ABC 7 93 5900370 
transporter Substrate 
binding protein, 
PAAT family (TC 
3.A.1.3.-)famino 
acid ABC transporter 
membrane protein, 
PAAT family (TC 
3.A.1.3.-) (IMG term) 

SPOS64 hypothetical protein 18 94 15900476 

SPO582 hypothetical protein 19 9S 15900492 

SPO589 serine O- 2O 96 1590O498 
acetyltransferase (EC 
2.3.1.30) (IMGterm) 

SPO)6O1 transmembrane 21 97 15900509 
protein Vexp3 

SPO604 sensor histidine 22 98 1590OS12 
kinase VincS 

SPO617 hypothetical protein 23 99 15900.525 

SPO62O amino acid ABC 24 1OO 1590OS28 
transporter Substrate 
binding protein, 
PAAT family (TC 
3.A.1.3.-) (IMG term) 

SPO 629 D-Ala-D-Ala 25 101 1590OS36 
carboxypeptidase. 
Metallopeptidase. 
MEROPS family 
M15B (IMGterm) 

GenBank 
Accession 
No 

NP 344632.1 

NP 344639.1 

NP 344645. 

NP 344653. 

P 344673. 

P 344673. 

P 344691. 

P 34.4732. 

P 34.4738. 

P 34.4788. 

P 344857. 

P 344879. 

NP 344925. 

NP 344974. 

NP 345080.1 

NP 345096.1 

NP 345102.1 

NP 345113.1 

NP 3451 16.1 

NP 345129.1 

NP 345132.1 

NP 345140.1 

Immunogenic 
fragments of the 
pneumococcal 
antigen 

SPOO84 (110-end) 
(SEQ ID NO: 156) 
SPO092 (30-end) 
(SEQ ID NO: 157) 

SPO098 (30-end) 
(SEQ ID NO: 158) 
SPO106 (29-end) 
(SEQ ID NO: 159) 

SPO107 (30-end) 
(SEQ ID NO: 160) 
SPO127 (26-end) 
(SEQ ID NO:161) 
SPO149 (25-end) 
(SEQ ID NO: 162) 
SPO191 (26-end) 
(SEQ ID NO: 163) 
SPO198 (45-end) 
(SEQ ID NO: 164) 
SPO249 (26-end) 
(SEQ ID NO:165) 
SPO321 (1-end 
(SEQ ID NO: 14) 
SPO346 (98-end) 
(SEQ ID NO: 166) 

SPO402 (29-end) 
(SEQ ID NO: 167) 

SP0453 (25-298) 
(SEQ ID NO: 168) 

SPO564 (21-end) 
(SEQ ID NO: 169) 
SPO582 (92-end) 
(SEQ ID NO: 170) 
SP0589 (36-end) 
(SEQ ID NO: 171) 

SPO601 (36-297) 
(SEQ ID NO:172) 
SPO604 (223-end) 
(SEQ ID NO: 173) 
SPO617 (44-end) 
(SEQ ID NO: 174) 
SPO620 (27-end) 
(SEQ ID NO: 175) 

SPO629 (21-end) 
(SEQ ID NO: 176) 
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TABLE 1-continued 

Table 1 lists the amino acid sequence identification numbers of the pneumococcal immunogens. 
The amino acid sequences and nucleotide sequences of the pneumococcal antigens are available 

on world-wide web site: xbase.ac.uk/genomestreptococcus-pneumoniae 
tigra/NC 003028 features?page-l', which is incorporated herein in its entirety by reference. 

Protein DNA Immunogenic 
Pneumococcal SEQ SEQ GenBank fragments of the 
antigen Predicted ID ID Gene Accession pneumococcal 
l8le functions NO: NO: ID NO. No antigen 

SPO648 beta-galactosidase 26 102 15900551 NP 345155.1 SPO648 (40-776) 
(EC:3.2.1.23) (SEQ ID NO: 177), 
(IMGterm) SPO648 (777-1676) 

(SEQ ID NO:178), 
SPO648 (1677-end) 
(SEQ ID NO: 179) 

SPO659 thioredoxin family 27 103 15900560 NP 345164.1 SPO659 (28-end) 
protein (SEQ ID NO: 180) 

SPO662 sensor histidine 28 104 15900563 NP 345167.1 SPO662 (29-276) 
kinase, putative (SEQ ID NO:181), 

SPO662 (300-end) 
(SEQ ID NO: 182) 

SPO664 Zinc metalloprotease 29 105 15900565 NP 345169.1 SPO664 (103-629) 
ZmpB (SEQ ID NO: 183), 

SPO664 (630-1200) 
(SEQ ID NO:184), 
SPO664 (1201-end) 
(SEQ ID NO:185) 

SPO678 hypothetical protein 30 106 15900579 NP 345183.1 SPO678 (23-end) 
(SEQ ID NO:186) 

SPO724 hydroxyethylthiazole 31 107 15900621 NP 345225.1 SPO724 (35-end) 
kinase, putative (SEQ ID NO:187) 

SPO742 hypothetical protein 32 108 15900637 NP 345241.1 SPO742 (43-end) 
(SEQ ID NO:188) 

SPO757 cell division protein 33 109 15900651 NP 345255.1 SPO757 (44-451) 
FtsX (IMGterm) (SEQ ID NO: 189) 

SPO785 hypothetical protein 34 110 15900678 NP 345282.1 SPO785 (33-end) 
(SEQ ID NO:190) 

SPO787 hypothetical protein 35 111 15900680 NP 345284.1 SPO787 (43-290) 
(SEQ ID NO: 191) 

SPO872 D.D- 36 112 15900755 NP 3453.59.1 SPO872 (30-end) 
carboxypeptidase (SEQ ID NO:192) 
PBP3. Serine 
peptidase. MEROPS 
amily S11 
(IMGterm) 

SPO878 SpoE family protein 37 113 15900761 NP 345365.1 SPO878 (245-end) 
(SEQ ID NO: 193) 

SPO899 hypothetical protein 38 114 15900781 NP 345385.1 SPO899 (31-end) 
(SEQ ID NO: 194) 

SP1 OO2 adhesion lipoprotein 39 115 15900875 NP 345479.1 SP1002 (22-end) 
(SEQ ID NO: 195) 

SP1026 hypothetical protein 40 116 15900897 NP 3455.01.1 SP1026 (24-end) 
(SEQ ID NO:196) 

SP1032 iron-compound ABC 41 117 15900903 NP 345507.1 SP1032 (22-end) 
transporter, iron (SEQ ID NO: 197) 
compound-binding 
protein 

SP1069 hypothetical protein 42 118 15900938 NP 345542.1 SP1069 (34-end) 
(SEQ ID NO: 198) 

SP1154 gA1-specific 43 119 15901019 NP 345623.1 SP1154 (155-694) 
metallopeptidase. (SEQ ID NO: 199), 
Metallo peptidase. SP1154 (695-1374) 
MEROPS family (SEQ ID NO:200), 
M26 (IMGterm) SP1154 (1375-end) 

(SEQ ID NO: 201) 
SP1267 licC protein 44 120 15901127 NP 345731.1 SP1267 (25-end) 

(SEQ ID NO: 202) 
SP1376 shikimate 45 121 15901230 NP 345834.1 SP1376 (32-end) 

dehydrogenase (SEQ ID NO: 203) 
(EC 1.1.1.25) 
(IMGterm) 

SP1386 spermidine putrescine 46 122 1590.1240 NP 345844.1 SP1386 (33-end) 
ABC transporter, (SEQ ID NO:204) 
spermidine putrescine 
binding protein 
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TABLE 1-continued 

14 

Table 1 lists the amino acid sequence identification numbers of the pneumococcal immunogens. 
The amino acid sequences and nucleotide sequences of the pneumococcal antigens are available 

on world-wide web site: xbase.ac.uk/genomestreptococcus-pneumoniae 
tigra/NC 003028 features?page-l', which is incorporated herein in its entirety by reference. 

Pneumococcal 
antigen 
l8le 

SP1404 

SP1405 

SP1419 

SP1479 

SP1500 

SP1545 

SP1560 

SP1624 

SP1652 

SP1683 

SP1826 

SP1872 

SP1891 

SP1897 

SP1942 

SP1966 

SP1967 

SP1998 

SP2050 

Predicted 
unctions 

hypothetical protein 

transcriptional 
regulator Spx 
acetyltransferase, 
GNAT family 
peptidoglycan N 
acetylglucosamine 
deacetylase A 
amino acid ABC 
transporter substrate 
binding protein, 
PAAT family 
(TC 3.A.1.3.-) 
(IMGterm) 
hypothetical protein 

hypothetical protein 

-acyl-sn-glycerol 
3-phosphate 
acyltransferase 
(EC 2.3.1.51) 
(IMGterm) 
hypothetical protein 

carbohydrate ABC 
transporter Substrate 
binding protein, 
CUT1 family 
(TC 3.A.1.1.-) 
(IMGterm) 
ABC transporter, 
Substrate-binding 
protein 

iron-compound ABC 
transporter, iron 
compound-binding 
protein 

oligopeptide ABC 
transporter, 
oligopeptide-binding 
protein AmiA 
multiple Sugar 
binding protein 
(IMGterm) 
transcriptional 
regulator, putative 
UDP-N- 
acetylglucosamine 1 
carboxyvinyltransferase 
(EC 2.5.1.7) 
(IMGterm) 
hypothetical protein 

L-asparaginase 
(EC 3.5.1.1) 
(IMGterm) 
hypothetical protein 

competence protein 
CglD 
sensor histidine 
kinase PnpS 

ID 
NO: 

47 

48 

49 

50 

51 

52 

53 

S4 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

Protein DNA 
SEQ SEQ 

ID 
NO: 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

33 

34 

35 

36 

37 

38 

139 

140 

141 

142 

143 

Gene 
ID NO. 

1590.1258 

1590.1259 

1590.1272 

15901.329 

1590.1347 

15901 388 

15901403 

15901460 

159014.87 

1590.1518 

590 

590 

590 

590 

590 

590 

655 

700 

718 

724 

766 

789 

15901790 

15901821 

15901868 

15901870 

1590.1899 

GenBank 
Accession 
No 

NP 345862.1 

NP 345863.1 

NP 345876.1 

NP 345933.1 

NP 345951.1 

NP 345992.1 

NP 346007.1 

NP 346064.1 

NP 346091.1 

NP 346122.1 

NP 346259. 

NP 3463O4. 

NP 346322. 

NP 346328. 

NP 346370. 

NP 346393. 

NP 346394.1 

NP 346425.1 

NP 346472.1 

NP 346474.1 

NP 346503.1 

Immunogenic 
fragments of the 
pneumococcal 
antigen 

SP1404 (31-end) 
(SEQ ID NO: 205) 
SP1405 (19-end) 
(SEQ ID NO: 206) 
SP1419 (27-end) 
(SEQ ID NO: 207) 
SP1479 (40-end) 
(SEQ ID NO:208) 

SP1500 (27-end) 
(SEQ ID NO: 209) 

SP1545 (29-end) 
(SEQ ID NO:210) 
SP1560 (28-end) 
(SEQ ID NO: 211) 
SP1624 (1-217) 
(SEQ ID NO:212) 

SP1652 (62-397) 
(SEQ ID NO: 213) 
SP1683 (65-end) 
(SEQ ID NO:214) 

SP1826 (36-end) 
(SEQ ID NO:215) 

SP1872 (40-end) 
(SEQ ID NO: 216) 

(40-end) 
D NO:217) 

SP1897 (30-end) 
D NO: 218) 

SP1942 (37-end) 
D NO: 219) 

SP1966 (25-end) 
D NO:220) 

SP1967 (30-end): 
(SEQ ID NO: 221) 
SP1998 (51-end) 
(SEQ ID NO: 222) 

SP2048 (40-end) 
(SEQ ID NO:223) 
SP2050 (35-end) 
(SEQ ID NO:224) 
SP2083 (192-end) 
(SEQ ID NO:225) 
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TABLE 1-continued 

Dec. 31, 2015 

Table 1 lists the amino acid sequence identification numbers of the pneumococcal immunogens. 
The amino acid sequences and nucleotide sequences of the pneumococcal antigens are available 

on world-wide web site: xbase.ac.uk/genomestreptococcus-pneumoniae 
tigra/NC 003028 features?page-l', which is incorporated herein in its entirety by reference. 

Protein DNA Immunogenic 
Pneumococcal SEQ SEQ GenBank fragments of the 
antigen Predicted ID ID Gene Accession pneumococcal 
l8le functions NO: NO: ID NO. No antigen 

SP2O84 phosphate ABC 68 144 15901900 NP 3465.04.1 SP2084 (30-end) 
transporter Substrate- (SEQ ID NO:226) 
binding protein, PhoT 
family (TC 3.A. 1.7.1) 
(IMGterm) 

SP2O88 phosphate uptake 69 45 5901904 NP 3465.08.1 SP2088 (30-end); 
regulator, PhoU (SEQ ID NO:227) 
(IMGterm) 

SP2145 antigen, cell wall 70 46 5901958 NP 346562.1 SP2145 (1-end) 
Surface anchor family (SEQ ID NO: 70) 

SP2151 carbamate kinase 71 47 5901963 NP 346567.1 SP2151 (25-end) 
(EC 2.7.2.2) (SEQ ID NO:228) 
(IMGterm) 

SP21.87 hypothetical protein 72 48 5901994 NP 346598.1 SP2187 (32-end); 
(SEQ ID NO: 229) 

SP2.192 sensor histidine 73 49 5901999 NP 346603.1 SP2192 (224-end) 
kinase (SEQ ID NO: 230) 

SP2197 ABC transporter, 74 50 5902004 NP 346608.1 SP2197 (30-end) 
Substrate-binding (SEQ ID NO: 231) 
protein, putative 

SP22O7 competence protein 75 51 5902014 NP 346618.1 SP2207 (30-end) 
ComF, putative (SEQ ID NO:232) 

SP2218 rod shape- 76 52 5902022 NP 346626.1 SP2218 (106-end) 
determining (SEQ ID NO. 234) 
protein 
MreC (IMGterm) 

0109. In some cases, the other appropriate S. pneumoniae SP2048, SP2050, SP2083, SP2084, SP2088, SP2145, 
antigen is at least at least 70%, 80%, 85%, 90%. 95%, 97%, 
98%, or 99% identity to the corresponding wild-type S. pneu 
moniae protein disclosed in Table 1. Sequences of the above 
mentioned polypeptides, and nucleic acids that encode them, 
are known; see, for example, the S. pneumoniae ATCC 
700669 complete genome sequence under GenBank acces 
sion number FM21 1187.1 and linked polypeptide sequences 
therein. 

0110. In addition to those nucleic acids and polypeptides 
described in Table 1 above, this application also provides 
immunogenic compositions that include one or more of the 
polypeptides or genes listed in Table 2, or variants or frag 
ments thereof as described herein. The DNA and protein 
sequence of each gene and protein may be found by searching 
for the Locus Tag in the publicly available database, Entrez 
Gene, as described above. 
0111. In one aspect of the present invention provides 
immunogenic compositions (e.g., vaccines) comprising at 
least one isolated pneumococcus antigen selected from the 
pneumococcal proteins SP0010, SP0043, SP0079, SP0084, 
SP0092, SP0098, SP0106, SP0107, SPO127, SPO149, 
SPO191, SPO198, SP0249, SP0321, SPO346, SP0402, 
SP0453, SP0564, SP0582, SP0589, SP0601, SP0604, 
SP0617, SP0620, SP0629, SP0648, SP0659, SP0662, 
SP0664, SP0678, SP0724, SP0742, SP0757, SP0785, 
SP0787, SP0872, SP0878, SP0899, SP1002, SP1026, 
SP1032, SP1069, SP1154, SP1267, SP1376, SP1386, 
SP1404, SP1405, SP1419, SP1479, SP1500, SP1545, 
SP1560, SP1624, SP1652, SP1683, SP1826, SP1872, 
SP1891, SP1897, SP1942, SP1966, SP1967, SP1998, 

SP2151, SP2187, SP2192, SP21.97, SP2207 and SP2218, or 
fragments thereof. In some embodiments, the pneumococcal 
antigen has an amino acid sequence selected from any or a 
combination from SEQID NO: 1-76, or functional fragments 
thereof. In some embodiments, the pneumococcus antigen 
corresponding to SEQID NO: 1-76 are encoded by nucleic 
acids of SEQ ID NO: 77-152. In some embodiments, frag 
ments of the pneumococcal antigen are encompassed for use 
in the methods and compositions as disclosed herein, for 
example, pneumococcus antigens corresponding to SEQID 
NO: 153-234 as disclosed in Table 1. Other functional frag 
ments of the pneumococcus antigens are encompassed for use 
in the methods and compositions as disclosed herein, and can 
be assessed by one of ordinary skill in the art to determine if 
they provide protection against pneumococcus colonization, 
according to the methods as disclosed in Example 3 herein. A 
functional fragment of a pneumococcal antigen of SEQ ID 
NO: 1-76 or SEQID NO: 153-234 can also be assessed by one 
of ordinary skill in the art for protection against an invasive 
disease, such as sepsis according to the methods as disclosed 
in Example 4 and 5, in particular when used alone or as part 
of a fusion protein with PdT. In some embodiments, a func 
tional fragment of a pneumococcal antigen of SEQ ID NO: 
1-76 or SEQID NO: 153-234 can also be assessed by one of 
ordinary skill in the art for protection against an S. typhi 
according to the methods as disclosed in Example 5, in par 
ticular when used alone or as part of a fusion protein with PdT 
and/or fused to Vi. 

0112 In some embodiments, an immunogenic composi 
tion comprises at least one isolated pneumococcal antigen 

Pfizer EX1042, Page 23 of 68



US 2015/0374811 A1 

selected from any one or a combination of the pneumococcal 
antigens with the amino acid sequences SEQID NO: 1-76 or 
SEQ ID NO: 153-234. In some embodiments, the pneumo 
coccal antigens are the full length pneumococcal proteins of 
SP0010, SP0043, SP0079, SP0084, SP0092, SP0098, 
SPO106, SP0107, SPO127, SPO149, SPO191, SPO198, 
SP0249, SP0321, SP0346, SP0402, SP0453, SP0564, 
SP0582, SP0589, SP0601, SP0604, SP0617, SP0620, 
SP0629, SP0648, SP0659, SP0662, SP0664, SP0678, 
SP0724, SP0742, SP0757, SP0785, SP0787, SP0872, 
SP0878, SP0899, SP1002, SP1026, SP1032, SP1069, 
SP1154, SP1267, SP1376, SP1386, SP1404, SP1405, 
SP1419, SP1479, SP1500, SP1545, SP1560, SP1624, 
SP1652, SP1683, SP1826, SP1872, SP1891, SP1897, 
SP1942, SP1966, SP1967, SP1998, SP2048, SP2050, 
SP2083, SP2084, SP2088, SP2145, SP2151, SP2187, 
SP2192, SP2197, SP2207 and SP2218. In some embodi 
ments, a pneumococcal antigen comprises a pneumococcal 
protein that lacks a signal sequence and/or transmembrane 
domain. In some embodiments, a pneumococcal antigen 
comprises a mixture of a full length pneumococcal proteins 
and fragments resulting from processing, or partial process 
ing of a signal sequence by an expression host, e.g., E. coli or 
an insect cell line (e.g., the baculovirus expression system), or 
a mammalian (e.g., human or Chinese hamster Ovary (CHO)) 
cell line. As used herein, the terms “portion' and “fragment' 
or grammatical equivalents are used interchangeably. 
0113. In some embodiments, the pneumococcal antigens 
are a fragment of the full length pneumococcal proteins of 
SP0010, SP0043, SP0079, SP0084, SP0092, SP0098, 
SPO106, SP0107, SPO127, SPO149, SPO191, SPO198, 
SP0249, SP0321, SP0346, SP0402, SP0453, SP0564, 
SP0582, SP0589, SP0601, SP0604, SP0617, SP0620, 
SP0629, SP0648, SP0659, SP0662, SP0664, SP0678, 
SP0724, SP0742, SP0757, SP0785, SP0787, SP0872, 
SP0878, SP0899, SP1002, SP1026, SP1032, SP1069, 
SP1154, SP1267, SP1376, SP1386, SP1404, SP1405, 
SP1419, SP1479, SP1500, SP1545, SP1560, SP1624, 
SP1652, SP1683, SP1826, SP1872, SP1891, SP1897, 
SP1942, SP1966, SP1967, SP1998, SP2048, SP2050, 
SP2083, SP2084, SP2088, SP2145, SP2151, SP2187, 
SP2192, SP2197, SP2207 and SP2218, for example, at least 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 
45, 50,55, 60, 65,70, 75,80, 85,90, 100, 150, 200,250,300, 
350 or 400 consecutive amino acids of such proteins. In some 
embodiments, fragment of the full-length pneumococcal pro 
tein correspond to SEQID NO: 153-234. In some embodi 
ments, a fragment of a pneumococcal protein is a functional 
fragment of any of SEQID NO: 153-234, for example, at least 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 
45, 50,55, 60, 65,70, 75,80, 85,90, 100, 150, 200,250,300, 
350 or 400 consecutive amino acids of pneumococcal anti 
gens corresponding to SEQID NO: 153-234. 
0114. In some embodiments, a pneumococcal antigen 
comprises an amino acid sequence which is at least 60% (e.g., 
at least 60%, at least 65%, at least 70%, at least 75%, at least 
80%, at least 85%, at least 90%, at least 95%, at least 98% or 
at least 99%) identical to at 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 25, 30,35,40, 45, 50,55, 60, 65,70, 75,80, 85, 
90, 100, 150, 200, 250, 300, 350 or 400 consecutive amino 
acids of the pneumococcal proteins of SP0010, SP0043, 
SP0079, SP0084, SP0092, SP0098, SPO106, SP0107, 
SPO127, SPO149, SPO191, SPO198, SP0249, SP0321, 
SP0346, SP0402, SP0453, SP0564, SP0582, SP0589, 
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SP0601, SP0604, SP0617, SP0620, SP0629, SP0648, 
SP0659, SP0662, SP0664, SP0678, SP0724, SP0742, 
SP0757, SP0785, SP0787, SP0872, SP0878, SP0899, 
SP1002, SP1026, SP1032, SP1069, SP1154, SP1267, 
SP1376, SP1386, SP1404, SP1405, SP1419, SP1479, 
SP1500, SP1545, SP1560, SP1624, SP1652, SP1683, 
SP1826, SP1872, SP1891, SP1897, SP1942, SP1966, 
SP1967, SP1998, SP2048, SP2050, SP2083, SP2084, 
SP2088, SP2145, SP2151, SP2187, SP2192, SP2197, 
SP2207 and SP2218, or fragments thereof, e.g., fragments of 
pneumococcal antigens corresponding to SEQID NO: 153 
234. 

0115 The inventors demonstrate herein that the pneumo 
coccal antigen SP0785 showed IL-17 response to protein 
stimulation and protection against pneumococcal coloniza 
tion, and that SP0785-PdT protected 80% of mice from sepsis 
infection and SPO785-PdT-Vi protected against Salmonella 
typhi infection. The inventors also demonstrated that the 
pneumococcal antigen SP1500 elicited an IL-17 response to 
protein stimulation and protected against pneumococcal 
colonization, and also resulted in protection of 50% of mice 
from from pneumococcal infection, and that the pneumococ 
cal antigen SPO346 protected 60% of mice from from pneu 
mococcal infection and sepsis, that the pneumococcal anti 
gens SP1386, SP0084 and SP1479 protected 50% of mice 
from from pneumococcal infection. The inventors also dem 
onstrated that SP2145, when conjugated to PdT (SP2145 
PdT) protected 80% of mice from sepsis infection and that 
SP2145-PdT-Vi protected against S. typhi infection. Accord 
ingly, these antigens provide novel compositions for eliciting 
immune responses with the aim of eliciting beneficial 
immune responses, e.g., to protect against pneumococcal 
infections and associated pathogens. These antigens provide 
novel targets for characterizing pneumococcal infections and 
immune responses to pneumococcal infections. 
0116. Accordingly, in one aspect of the invention provides 
an immunogenic composition (e.g., vaccine) comprising an 
isolated pneumococcal antigen selected from a SP0785 
polypeptide antigen, a SP1500 polypeptide antigen, a SP0346 
polypeptide antigen, a SP1386 polypeptide antigen, a SP0084 
polypeptide antigen, a SP1479 polypeptide antigen, a SP2145 
polypeptide antigen, and combinations thereof. 
0117. In some embodiments, an immunogenic composi 
tion comprises a SP0785 pneumococcal polypeptide antigen. 
In some embodiments, a SP0785 polypeptide antigen com 
prises at least 7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
25, 30,35, 45,50, 60, 65,70, 75,80, 85,90, 95, 100, 150,200, 
250, 300, 350, or 400 consecutive amino acids of a SP0785 
polypeptide sequence. In some embodiments, a SP0785 
polypeptide antigen comprises at least 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 50, 60, 65,70, 75, 80, 
85,90, 95, 100, 150, 200, 250, 300, 350, or 400 consecutive 
amino acids of the sequence shown in SEQ ID NO:34. In 
some embodiments, a SP0785 polypeptide antigen comprises 
an amino acid sequence that is at least 60% (e.g., at least 65%, 
70%, 75%, 80%,85%, 90%. 95%, or 98%) identical to at least 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 
50, 60, 65,70, 75,80, 85,90,95, 100, 150, 200,250,300,350, 
or 400 consecutive amino acids of the sequence shown in 
SEQ ID NO:35. In some embodiments, a SP0785 pneumo 
coccal polypeptide antigen is encoded by SEQID NO: 110 or 
a fragment thereof. In some embodiments, functional frag 
ment of a SP0785 pneumococcal polypeptide antigen com 
prises amino acids of SEQID NO: 190 or comprises an amino 
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acid sequence that is at least 60% (e.g., at least 65%. 70%, 
75%, 80%, 85%, 90%, 95%, or 98%) identical to at least 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 50, 
60, 65,70, 75,80, 85,90,95, 100, 150, 200,250, 300,350, or 
400 consecutive amino acids of the sequence shown in SEQ 
ID NO:190. 

0118. In some embodiments, an immunogenic composi 
tion comprises a SP1500 pneumococcal polypeptide antigen. 
In some embodiments, a SP1500 polypeptide antigen com 
prises at least 7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
25, 30,35, 45,50, 60, 65,70, 75,80, 85,90,95, 100, 150, 200, 
250, 300, 350, or 400 consecutive amino acids of a SP1500 
polypeptide sequence. In some embodiments, a SP1500 
polypeptide antigen comprises at least 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 50, 60, 65,70, 75, 80, 
85,90, 95, 100, 150, 200, 250, 300, 350, or 400 consecutive 
amino acids of the sequence shown in SEQ ID NO:51. In 
some embodiments, a SP1500 polypeptide antigen comprises 
an amino acid sequence that is at least 60% (e.g., at least 65%, 
70%, 75%,80%, 85%, 90%. 95%, or 98%) identical to at least 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 
50, 60, 65,70, 75,80, 85,90,95, 100, 150, 200,250,300,350, 
or 400 consecutive amino acids of the sequence shown in 
SEQ ID NO:51. In some embodiments, a SP1500 pneumo 
coccal polypeptide antigen is encoded by SEQID NO: 127 or 
a fragment thereof. In some embodiments, functional frag 
ment of a SP1500 pneumococcal polypeptide antigen com 
prises amino acids of SEQID NO: 209 or comprises an amino 
acid sequence that is at least 60% (e.g., at least 65%. 70%, 
75%, 80%, 85%, 90%, 95%, or 98%) identical to at least 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 50, 
60, 65,70, 75,80, 85,90,95, 100, 150, 200,250, 300,350, or 
400 consecutive amino acids of the sequence shown in SEQ 
ID NO:209. 

0119. In some embodiments, an immunogenic composi 
tion comprises a SP0346 pneumococcual polypeptide anti 
gen. In some embodiments, a SP0346 polypeptide antigen 
comprises at least 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19. 
20, 25, 30, 35, 45,50, 60, 65,70, 75, 80, 85,90, 95, 100, 150, 
200, 250, 300, 350, or 400 consecutive amino acids of a 
SP0346 polypeptide sequence. In some embodiments, a 
SP0346 polypeptide antigen comprises at least 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 50, 60, 65,70, 
75, 80, 85,90, 95, 100, 150, 200, 250, 300, 350, or 400 
consecutive amino acids of the sequence shown in SEQ ID 
NO:15. In some embodiments, a SP0346 polypeptide antigen 
comprises an amino acid sequence that is at least 60% (e.g., at 
least 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 98%) iden 
tical to at least 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
25, 30,35, 45,50, 60, 65,70, 75,80, 85,90,95, 100, 150, 200, 
250, 300, 350, or 400 consecutive amino acids of the 
sequence shown in SEQID NO:15. In some embodiments, a 
SP0346 pneumococcal polypeptide antigen is encoded by 
SEQID NO: 91 or a fragment thereof. In some embodiments, 
functional fragment of a SP0346 pneumococcal polypeptide 
antigen comprises amino acids of SEQID NO: 166 or com 
prises an amino acid sequence that is at least 60% (e.g., at 
least 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 98%) iden 
tical to at least 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
25, 30,35, 45,50, 60, 65,70, 75,80, 85,90,95, 100, 150, 200, 
250, 300, 350, or 400 consecutive amino acids of the 
sequence shown in SEQID NO:166. 
0120 In some embodiments, an immunogenic composi 
tion comprises a SP1386 pneumococcal polypeptide antigen. 
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In some embodiments, a SP1386 polypeptide antigen com 
prises at least 7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
25, 30,35, 45,50, 60, 65,70, 75,80, 85,90, 95, 100, 150,200, 
250, 300, 350, or 400 consecutive amino acids of a SP1386 
polypeptide sequence. In some embodiments, a SP1386 
polypeptide antigen comprises at least 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 50, 60, 65,70, 75, 80, 
85,90, 95, 100, 150, 200, 250, 300, 350, or 400 consecutive 
amino acids of the sequence shown in SEQ ID NO:46. In 
some embodiments, a SP1386 polypeptide antigen comprises 
an amino acid sequence that is at least 60% (e.g., at least 65%, 
70%, 75%, 80%,85%, 90%. 95%, or 98%) identical to at least 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 
50, 60, 65,70, 75,80, 85,90,95, 100, 150, 200,250,300,350, 
or 400 consecutive amino acids of the sequence shown in 
SEQ ID NO:46. In some embodiments, a SP1386 pneumo 
coccal polypeptide antigen is encoded by SEQID NO: 122 or 
a fragment thereof. In some embodiments, functional frag 
ment of a SP1386 pneumococcal polypeptide antigen com 
prises amino acids of SEQID NO. 204 or comprises an amino 
acid sequence that is at least 60% (e.g., at least 65%, 70%, 
75%, 80%, 85%, 90%, 95%, or 98%) identical to at least 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 50, 
60, 65,70, 75,80, 85,90,95, 100, 150, 200, 250, 300,350, or 
400 consecutive amino acids of the sequence shown in SEQ 
ID NO: 2O4. 

0121. In some embodiments, an immunogenic composi 
tion comprises a SP0084 pneumococcal polypeptide antigen. 
In some embodiments, a SP0084 polypeptide antigen com 
prises at least 7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
25, 30,35, 45,50, 60, 65,70, 75,80, 85,90, 95, 100, 150,200, 
250, 300, 350, or 400 consecutive amino acids of a SP0084 
polypeptide sequence. In some embodiments, a SP0084 
polypeptide antigen comprises at least 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 50, 60, 65,70, 75, 80, 
85,90, 95, 100, 150, 200, 250, 300, 350, or 400 consecutive 
amino acids of the sequence shown in SEQID NO:4. In some 
embodiments, a SP0084 polypeptide antigen comprises an 
amino acid sequence that is at least 60% (e.g., at least 65%, 
70%, 75%, 80%,85%, 90%. 95%, or 98%) identical to at least 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 
50, 60, 65,70, 75,80, 85,90,95, 100, 150, 200,250,300,350, 
or 400 consecutive amino acids of the sequence shown in 
SEQID NO:4. In some embodiments, a SP0084 pneumococ 
cal polypeptide antigen is encoded by the sequence shown in 
SEQID NO: 80 or a fragment thereof. In some embodiments, 
functional fragment of a SP0084 pneumococcal polypeptide 
antigen comprises amino acids of SEQID NO: 156 or com 
prises an amino acid sequence that is at least 60% (e.g., at 
least 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 98%) iden 
tical to at least 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
25, 30,35, 45,50, 60, 65,70, 75,80, 85,90, 95, 100, 150,200, 
250, 300, 350, or 400 consecutive amino acids of the 
sequence shown in SEQID NO:156. 
0122. In some embodiments, an immunogenic composi 
tion comprises a SP1479 pneumococcal polypeptide antigen. 
In some embodiments, a SP1479 polypeptide antigen com 
prises at least 7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
25, 30,35, 45,50, 60, 65,70, 75,80, 85,90, 95, 100, 150,200, 
250, 300, 350, or 400 consecutive amino acids of a SP1479 
polypeptide sequence. In some embodiments, a SP1479 
polypeptide antigen comprises at least 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 50, 60, 65,70, 75, 80, 
85,90, 95, 100, 150, 200, 250, 300, 350, or 400 consecutive 
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amino acids of the sequence shown in SEQ ID NO:50. In 
some embodiments, a SP1479 polypeptide antigen comprises 
an amino acid sequence that is at least 60% (e.g., at least 65%, 
70%, 75%,80%, 85%, 90%. 95%, or 98%) identical to at least 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 
50, 60, 65,70, 75,80, 85,90,95, 100, 150, 200,250,300,350, 
or 400 consecutive amino acids of the sequence shown in 
SEQ ID NO:50. In some embodiments, a SP1479 pneumo 
coccal polypeptide antigen is encoded by the sequence shown 
in SEQID NO: 126 or a fragment thereof. In some embodi 
ments, functional fragment of a SP1479 pneumococcal 
polypeptide antigen comprises amino acids of SEQID NO: 
208 or comprises an amino acid sequence that is at least 60% 
(e.g., at least 65%, 70%, 75%, 80%, 85%, 90%. 95%, or 98%) 
identical to at least 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19, 20, 25, 30, 35, 45, 50, 60, 65,70, 75, 80, 85,90, 95, 100, 
150, 200, 250, 300, 350, or 400 consecutive amino acids of 
the sequence shown in SEQID NO. 208. 
0123. In some embodiments, an immunogenic composi 
tion comprises a SP2145 pneumococcal polypeptide antigen. 
In some embodiments, a SP2145 polypeptide antigen com 
prises at least 7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
25, 30,35, 45,50, 60, 65,70, 75,80, 85,90,95, 100, 150, 200, 
250, 300, 350, or 400 consecutive amino acids of a SP2145 
polypeptide sequence. In some embodiments, a SP2145 
polypeptide antigen comprises at least 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 50, 60, 65,70, 75, 80, 
85,90, 95, 100, 150, 200, 250, 300, 350, or 400 consecutive 
amino acids of the sequence shown in SEQ ID NO:70. In 
Some embodiments, a SP2145 polypeptide antigen comprises 
an amino acid sequence that is at least 60% (e.g., at least 65%, 
70%, 75%,80%, 85%, 90%. 95%, or 98%) identical to at least 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 45, 
50, 60, 65,70, 75,80, 85,90,95, 100, 150, 200,250,300,350, 
or 400 consecutive amino acids of the sequence shown in 
SEQ ID NO:70. In some embodiments, a SP2145 pneumo 
coccal polypeptide antigen is encoded by the sequence shown 
in SEQID NO: 146 or a fragment thereof. In some embodi 
ments, functional fragment of a SP2145 pneumococcal 
polypeptide antigen comprises amino acids of SEQID NO: 
70 or comprises an amino acid sequence that is at least 60% 
(e.g., at least 65%, 70%, 75%, 80%, 85%, 90%. 95%, or 98%) 
identical to at least 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19, 20, 25, 30, 35, 45, 50, 60, 65,70, 75, 80, 85,90, 95, 100, 
150, 200, 250, 300, 350, or 400 consecutive amino acids of 
the sequence shown in SEQID NO: 70. 
0124. In some embodiments, an immunogenic composi 
tion comprises two or more isolated pneumococcal antigens. 
In some embodiments, the two or more isolated antigens 
comprise two or more of a polypeptide antigens selected from 
Table 1. In some embodiments, the two or more isolated 
pneumococcalantigens comprise three or more of a polypep 
tide antigen selected from Table 1. In some embodiments, the 
two or more isolated pneumococcalantigens comprise four or 
more of a polypeptide antigen selected from Table 1. In some 
embodiments, the two or more isolated pneumococcal anti 
gens comprise five, six, seven or more of a polypeptide anti 
gen selected from Table 1. In some embodiments, the two or 
more isolated pneumococcal antigens comprise eight 
polypeptide antigens selected from Table 1. 
0.125. The inventive pneumococcal antigens as described 
herein may be used in conjunction with other pneumococcal 
antigens such as those known in the art, such as those dis 
closed in US patent WO/2000/037105, U.S. Pat. Nos. 7,217, 
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791 and 7,585,669, US2006/0121058, US2012/0251577, 
US2011/0159040, US2012/0189649, and US20110020386 
which are incorporated herein in their entirety by reference. 
Other appropriate S. pneumoniae antigens for combination 
vaccines include Pneumococcal Surface protein A (PSpA); 
derivatives of Psp.A, Choline-binding protein A (CbpA) and 
derivatives thereof. Pneumococcal surface adhesin A (PsaA); 
caseinolytic protease; Sortase A (SrtA); pilus 1 RrgA adhesin; 
PpmA: PrtA; Pav A. LytA; Stk-PR; PcsB: RrgB and deriva 
tives thereof. For further details, see, e.g., A. D. Ogunniyi et 
al., “Protection against Streptococcus pneumoniae elicited by 
immunization with pneumolysin and Cbp.A.” Infect Immun. 
2001 October; 69 (10):5997-6003; which is incorporated by 
reference herein in its entirety. 
0.126 Derivatives of PspA include proline-rich segments 
with the non-proline block (PR+NPB, further described 
below as well as in Daniels, C. C. et al. (2010) Infection and 
Immunity 78:21 63-72) and related constructs comprising all 
or a fragment of the proline-rich region of PSpA (e.g., regions 
containing one or more of the sequences PAPAP (SEQ ID 
NO:262), PKP, PKEPEQ (SEQIDNO:402) and PEKP (SEQ 
ID NO: 403) and optionally including a non-proline block). 
An example of the non-proline-block has the exemplary 
Sequence EKSADQQAEEDYARRSEEEYNRLTQQQ 
(SEQID NO: 239), which generally has no proline residues in 
an otherwise proline-rich area of the non-coiled region of 
PSpA. PspA and its derivatives can include genes expressing 
similar proline-rich structures (i.e. PKP PKEPEQ (SEQ ID 
NO: 402) and PEKP (SEQID NO:403)), with or without the 
NPB. The amino acids at either end of the NPB mark the 
boundaries of the proline-rich region. In one example, the 
amino-terminal boundary to the PR-region is DLKKAVNE 
(SEQ ID NO: 240), and the carboxy-terminal boundary is 
(K/G)TGW(K/G)QENGMW (SEQ ID NO. 241). Peptides 
containing the NPB are particularly immunogenic, suggest 
ing that the NPB may be an important epitope. Exemplary 
immunogenic PspA polypeptides and derivatives thereof 
(e.g. with and without the coiled-coil structure are described, 
e.g., in International Patent Publication WO2013109995: 
which is incorporated by reference herein in its entirety 
Immunogenic PspA polypeptides include both PR and NPB 
sequences (PR+NPB) Immunogenic PspA polypeptides can 
include only a PR sequence (PR only) and lack the NPB. 
0127. In some embodiments, an immunogenic composi 
tion comprises an isolated pneumococcal polypeptide anti 
gen selected from Table 1. In some embodiments, an immu 
nogenic composition comprises two, three, four, five or more 
isolated pneumococcal polypeptide antigens selected from 
Table 1. In some embodiments, a pneumococcal antigen is 
fused to a heterologous polypeptide (e.g., an epitope tag). In 
Some embodiments, an immunogenic composition compris 
ing a pneumococcal antigen includes a pharmaceutically 
acceptable excipient. 
I0128. While pneumococcal antigens are disclosed in 
WO/2000/037105, unlike in the present invention, in 
WO/2000/037105 their ability to induce a Th17 cell response 
was not assessed or known. Additionally, pneumococcalanti 
gens are also disclosed in US application 2012/0189649 and 
US2012/0251577. However unlike the present invention, in 
the 649 and 577 applications, a whole genome library was 
used instead of purified proteins to screen for antigens which 
elicited a Th17 response, thus high expression levels of the 
antigens are likely to be required for an immunogenic effect 
or to elicit a Th17 response. In the present invention, purified 
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pneumococcal antigen proteins are used, and thus has an 
advantage of very low background and requires lower expres 
sion levels of each pneumococcal antigen to induce an immu 
nogenic effect and elicit a Th17 response, as demonstrated in 
the Examples. 
0129. The pneumococcal antigens as described herein can 
be prepared using recombinant DNA technology, purified 
from natural sources, or synthesized chemically. In some 
embodiments, where a pneumococcal antigen as described 
herein is fused or conjugated to PdT, the PdT can differ in 
amino acid sequence from a naturally occurring S. pneumo 
niae pneumolysin protein. 
0130 Nucleic acids encoding truncated and/or mutated 
forms of a pneumococcal antigen as described herein can be 
prepared, for example, by polymerase chain reaction (PCR). 
Nucleic acids encoding Such proteins can be chosen for hav 
ing codons, which are preferred or non-preferred, for a par 
ticular expression system. For example, the nucleic acid can 
be one in which at least one codon, preferably at least 10%, or 
20% of the codons have been altered such that the sequence is 
optimized for expression in E. coli, yeast, human, insect, or 
CHO cells. 
0131 Nucleic acids encoding truncated and/or mutated 
forms of a pneumococcal antigen as described herein can be 
fused to nucleotide sequences encoding (1) other pneumo 
coccal proteins. Such as autolysin, Surface protein A, 
neuraminidase, hyaluronate lysate, choline binding protein 
A, or (2) non-pneumococcal proteins from organisms such as 
hemophilus influenzab, meningococcus group A, B, or C, or 
streptococcus group B. The nucleic acids encoding Such 
fused protein are expressed in the expression systems. 
0.132. Pneumolysin truncates can be useful carriers of 
polysaccharides, as hosts may lacking pre-existing antibodies 
to Such a carrier polypeptide. Pneumolysin is a virulence 
factor in pneumococcal infections and there is little antigenic 
variation of the pneumolysin among pneumococci with dif 
ferent subtypes. 
0133) A pneumococcal antigen as described herein, when 
administered to a mammal Such as a human, when fused to a 
polysaccharide induces immune response that exceeds in 
magnitude, type, and/or duration the immune response 
induced by administration to a mammal of only the polysac 
charide component. Accordingly, the pneumococcal antigen 
component must be of a length sufficient to induce Such an 
enhanced immune response. For fragments of a naturally 
occurring pneumococcal antigen as described herein, the 
fragments are at least 8, 10, 25, 50, 75, 100, 125, 150, 175, 
200,250,300,350, 400,425,450, 460,465,460,465, or more 
amino acids in length. Forpneumococcal antigens, varying in 
sequence from a naturally occurring S. pneumoniae antigens 
as described herein, the polypeptide can be at least about 
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 
98% or more identical to a naturally occurring S. pneumo 
coccal antigens as described herein in Table 1. 
0134. The polysaccharide component which can be con 
jugated to one or more of a pneumococcal antigen as 
described herein can be any S. pneumoniae capsular polysac 
charide, including but not limited to, any of subtypes 1, 2, 3, 
4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 
19A, 19F, 19A, 20, 22F, 23A, 23F, 24F, 27, 33F, or 34. In 
Some embodiments, the capsular polysaccharide is selected 
from subtypes 4, 6B, 9V, 14, 18C, 19F, or 23F. In some 
embodiments, the polysaccharide is serotype 14. In other 
embodiments, the polysaccharide is serotype 18C. One or 
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more of different capsular polysaccharides can be conjugated 
to a single polypeptide or a plurality of polypeptides. For 
example, a multivalent conjugate can include at least 1, 2, 3, 
4, 5, 6, 7, 8, 9, or 10 different capsular polysaccharides. 
Polysaccharides can be conjugated to polypeptides, for 
example, via a monomeric linkage (only one end of the 
polysaccharide is attached to the polypeptide), a looped link 
age (a single polypeptide is attached to looped polysaccha 
rides), or cross-linked (multiple polysaccharides attached to 
multiple polypeptides). 
0.135 Methods for the purification of polypeptides, e.g., a 
pneumococcalantigen as described herein, can be performed 
by one of ordinary skill in the art, and polypeptide or polysac 
charide purification and conjugation processes are described 
in, e.g., U.S. Pat. Nos. 4,242.501; 4,686,102: 5,623,057; and 
5.565,204, which are incorporated herein in its entirety by 
reference. 
0.136 The immunogenic compositions described herein 
can be administered to a mammal to elicit an immune 
response (a prophylactic and/or therapeutic immune 
response) against S. pneumoniae in the mammal. A pharma 
ceutical composition containing a pneumococcal antigen, 
alone or as a conjugate can be delivered in a pharmaceutically 
acceptable carrier, buffer, or preservative which is suitable for 
a vaccine including, but not limited to, physiological saline or 
other injectable liquids. Additives customary in vaccines may 
also be present, for example stabilizers such as lactose or 
Sorbitol, and adjuvants to enhance the immunogenic response 
such as aluminum phosphate, hydroxide, or sulphate and 
Stearyl tyrosine. The vaccine produced may also be used as 
components of multivalent vaccines which elicit an immune 
response against a plurality of infectious agents. 
0.137 The compositions can be administered in any man 
ner known in the art, e.g., orally intramuscularly, intrave 
nously, intraarterially, intrathecally, intradermally, intraperi 
toneally, intranasally, intrapulmonarily, intraocularly, 
intravaginally, intrarectally or Subcutaneously. They can be 
introduced into the gastrointestinal tract or the respiratory 
tract, e.g., by inhalation of a solution or powder containing the 
conjugates. In some embodiments, the compositions can be 
administered via a skin patch. 
0.138 A pharmaceutical composition (e.g., a vaccine) is 
administered in an amount Sufficient to elicit production of 
antibodies as part of an immunogenic response. Dosage for 
any given patient depends upon many factors, including the 
patient's size, general health, sex, body Surface area, age, the 
particular compound to be administered, time and route of 
administration, and other drugs being administered concur 
rently. Determination of optimal dosage is well within the 
abilities of a pharmacologist of ordinary skill. 
0.139. The ability of a composition to elicit an immune 
response in a host mammal can be assayed by using methods 
for measuring immune responses that are well known in the 
art. For example, the generation of cytotoxic T cells can be 
demonstrated in a standard 'Cr release assay, by measuring 
intracellular cytokine expression or secretion, or by using 
major histocompatibility complex (MHC) tetramers. Stan 
dard assays, such as enzyme-linked immunosorbent assay 
(ELISA) or enzyme-linked immunospot (ELISPOT), can be 
used to measure cytokine profiles attributable to T cell acti 
Vation. T cell proliferation can be measured using assays Such 
as H-thymidine uptake and other assays known in the art. B 
cell responses can be measured using art recognized assays 
such as ELISA. Other methodologies can also be used to 
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evaluate the effects of the conjugates on pathogen-associated 
lesions or on other pathogen levels generally (e.g., pneumo 
cocci clearance in challenged mice treated with the conju 
gate). 
0140. The composition described herein can be used in the 
manufacture of a medicament for the prevention or treatment 
of an infection with S. pneumoniae or conditions associated 
with such infection. 

Adjuvants 

0141. In some embodiments, an immunogenic composi 
tion comprising a pneumococcal antigen includes an adju 
vant. In some embodiments, an immunogenic composition 
includes a mineral-containing adjuvant. In some embodi 
ments, the mineral-containing adjuvant includes aluminum 
hydroxide. In some embodiments, an immunogenic compo 
sition includes an adjuvant comprising an immunomodula 
tory oligonucleotide. In some embodiments, an immuno 
genic composition includes IC31TM adjuvant (Intercell AG). 
In some embodiments, an immunogenic composition 
includes an adjuvant comprising a toxin. In some embodi 
ments, an immunogenic composition includes an adjuvant 
comprising an endotoxin. In some embodiments, an immu 
nogenic composition includes an adjuvant comprising a 
muramyl dipeptide. In some embodiments, an immunogenic 
composition includes an adjuvant comprising an oil emul 
Sion. In some embodiments, an immunogenic composition 
includes an adjuvant comprising a saponin. In some embodi 
ments, an immunogenic composition includes an adjuvant 
comprising an immune stimulating complex (ISCOM). In 
Some embodiments, an immunogenic composition includes 
an adjuvant comprising a nonionic block copolymer. In some 
embodiments, an immunogenic composition includes virus 
like particles (VLPs), for example, a cholera toxin. In some 
embodiments, an immunogenic composition includes repli 
cons. In some embodiments, an immunogenic composition 
includes an adjuvant comprising liposomes. In some embodi 
ments, an immunogenic composition includes an adjuvant 
comprising microparticles. In some embodiments, an immu 
nogenic composition includes an adjuvant comprising biode 
gradable microspheres. In some embodiments, an immuno 
genic composition includes an adjuvant comprising a 
cytokine. In some embodiments, an immunogenic composi 
tion includes an adjuvant comprising a lipopeptide. 
0142 Immunogenic compositions may contain adjuvants. 
In some embodiments, cholera toxin (CT) can be used as an 
adjuvant for intranasal administration, resulting in protection 
from pneumococcal colonization. Alum is an affective adju 
vant for Subcutaneous injection. Adjuvants are typically a 
heterogeneous group of Substances that enhance the immu 
nological response against an antigen that is administered 
simultaneously. In some instances, adjuvants are added to a 
vaccine to improve the immune response so that less vaccine 
is needed. Adjuvants serve to bring the antigen the Sub 
stance that stimulates the specific protective immune 
response—into contact with the immune system and influ 
ence the type of immunity produced, as well as the quality of 
the immune response (magnitude or duration). Adjuvants can 
also decrease the toxicity of certain antigens and provide 
solubility to Some vaccine components. Almost all adjuvants 
used today for enhancement of the immune response against 
antigens are particles or form particles together with the anti 
gen. In the book “Vaccine Design—the subunit and adjuvant 
approach” (Ed: Powell & Newman, Plenum Press, 1995) 
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almost all known adjuvants are described both regarding their 
immunological activity and regarding their chemical charac 
teristics. The type of adjuvants that do not form particles are 
a group of Substances that act as immunological signal Sub 
stances and that under normal conditions consist of the Sub 
stances that are formed by the immune system as a conse 
quence of the immunological activation after administration 
of particulate adjuvant systems. 
0.143 Adjuvants for vaccines are well known in the art. 
Suitable additional adjuvants include, but are not limited to: 
complete Freund's adjuvant (CFA), incomplete Freund's 
adjuvant (IFA), Saponin, mineral gels such as aluminum 
hydroxide, Surface active Substances Such as lysolecithin, 
pluronic polyols, polyaninons, peptides, oil or hydrocarbon 
emulsions, keyhole limpet hemocyanins, dinitrophenol, and 
potentially useful human adjuvants such as BCG (bacille 
Calmette-Guerin) and Corynebacterium parvum. Selection 
ofan adjuvant depends on the animal Subject to be vaccinated. 
Additional examples include, but are not limited to, 
monoglycerides and fatty acids (e. g. a mixture of mono 
olein, oleic acid, and Soybean oil); mineral salts, e.g., alu 
minium hydroxide and aluminium or calcium phosphate gels; 
oil emulsions and surfactant based formulations, e.g., MF59 
(microfluidised detergent stabilized oil-in-water emulsion), 
QS21 (purified saponin), AS02 ISBAS2 (oil-in-water emul 
sion+MPL+OS-21), Montanide ISA-51 and ISA-720 (stabi 
lized water-in-oil emulsion); particulate adjuvants, e.g., 
Virosomes (unilamellar liposomal vehicles incorporating 
influenza haemagglutinin), AS04 (ISBAS4 Al salt with 
MPL). ISCOMS (structured complex of saponins and lipids), 
polylactide co-glycolide (PLG); microbial derivatives (natu 
ral and synthetic), e.g., monophosphoryl lipid A (MPL). 
Detox (MPL+M. Phlei cell wall skeleton), AGP RC-529 
(synthetic acylated monosaccharide), DC Chol (lipoidal 
immunostimulators able to self organize into liposomes), 
OM-174 (lipid A derivative), CpG motifs (synthetic oligo 
nucleotides containing immunostimulatory CpG motifs), 
modified LT and CT (genetically modified bacterial toxins to 
provide non-toxic adjuvant effects); endogenous human 
immunomodulators, e.g., hCM-CSF or hIL-12 (cytokines 
that can be administered either as protein or plasmid 
encoded). Immudaptin (C3d tandem array) and inert vehicles, 
such as gold particles. Newer adjuvants are described in U.S. 
Pat. No. 6,890,540, United States Patent Application No. 
2005/0244420, and PCT/SE97/01003, and US2012/ 
0.135025, the contents of which are incorporated herein in 
their entirety by reference. The adjuvant can also be selected 
from the group consisting of QS-21, Detox-PC, MPL-SE, 
MoGM-CSF, TiterMax-G, CRL-1005, GERBU, TERamide, 
PSC97B, Adjumer, PG-026, GSK-I, GcMAF, B-alethine, 
MPC-026, Adjuvax, CpG ODN, Betafectin, Alum, and 
MF59. 

0144. In some embodiments, alternative adjuvants can be 
used, such as a pharmaceutically acceptable adjuvant. For 
example, oils or hydrocarbon emulsion adjuvants should not 
be used for human vaccination. One example of an adjuvant 
Suitable for use with humans is alum (aluminagel). Details of 
common adjuvants which are contemplated to be added to the 
vaccine comprising an antigenas disclosed in Table 1 include 
those discussed below: 

0145 Complete Freund's Adjuvant (CFA): A mineral oil 
adjuvant; uses a water-in-oil emulsion which is primarily oil. 
For many years the adjuvant of choice was complete Freund's 
adjuvant. This adjuvant, while potent immunogenically, also 
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has had a significant history of frequently producing 
abscesses, granulomas and tissue sloughs. It contains paraffin 
oil, killed mycobacteria and mannide monoosleate. The par 
affin oil is not metabolized; it is either expressed through the 
skin (via a granuloma or abscess) or phagocytized by mac 
rophages. Multiple exposures to CFA will cause severe 
hypersensitivity reactions. Accidental exposure of personnel 
to CFA can result in sensitization to tuberculin. 
0146 Incomplete Freund's Adjuvant (IFA): Also a min 
eral oil adjuvant. Composition similar to CFA but does not 
contain the killed mycobacteria So does not produce as severe 
reactions. Used for the booster immunizations following the 
initial injection with antigen-CFA. IFA can be used for initial 
injection if the antigen is strongly immunogenic. 
0147 Montanide ISA (Incomplete Seppic Adjuvant): A 
mineral oil adjuvant. Uses mannide oleate as the major Sur 
factant component. The antibody response is generally simi 
lar to that with IFA. Montanide ISA may have a lessened 
inflammatory response. 
0148 Ribi Adjuvant System (RAS): An oil-in-water emul 
sion that contains detoxified endotoxin and mycobacterial 
cell wall components in 2% squalene. Multiple formulations 
are commercially available, dependent on use. Is an alterna 
tive to CFA. Lower viscosity than CFA. Results (titers) often 
comparable to those with CFA. The squalene oil is metabo 
lizable. RAS has a lower incidence of toxic reactions. 

0149 TiterMax: Another water-in-oil emulsion, this 
preparation combines a synthetic adjuvant and microparticu 
late silica with the metabolizable oil squalene. The copolymer 
is the immunomodulator component. Antigen is bound to the 
copolymer and presented to the immune cells in a highly 
concentrated form. Less toxicity than CFA. TiterMax usually 
produces the same results as CFA. 
0150. Syntex Adjuvant Formulation (SAF): A preformed 
oil-in-water emulsion. Uses a block copolymer for a Surfac 
tant. A muramyl dipeptide derivative is the immunostimula 
tory component. All in squalene, a metabolizable oil. SAF can 
bias the humoral response to IgG2a in the mouse, but is less 
toxic than CFA. 
0151. Aluminum Salt Adjuvants: Most frequently used as 
adjuvants for vaccine antigen delivery. Generally weaker 
adjuvants than emulsion adjuvants. Aluminum Salt Adju 
vants are best used with strongly immunogenic antigens, but 
result generally in mild inflammatory reactions. 
0152 Nitrocellulose-adsorbed antigen: The nitrocellulose 

is basically inert, leading to almost no inflammatory 
response. Slow degradation of nitrocellulose paper allows 
prolonged release of antigen. Does not produce as dramatic 
an antibody response as CFA. Nitrocellulose-adsorbed anti 
gen is good for use if only a small amount of antigen can be 
recovered from a gel band, e.g., for animal immunization. 
0153 Encapsulated or entrapped antigens: Permits pro 
longed release of antigen over time; can also have immuno 
stimulators in preparation for prolonged release. Preparation 
of encapsulated or entrapped antigens is complex. 
0154 Immune-stimulating complexes (ISCOMs): Anti 
gen modified saponin/cholesterol micelles. Stable structures 
are formed which rapidly migrate to draining lymph nodes. 
Both cell-mediated and humoral immune responses are 
achieved. Low toxicity: ISCOMs can elicit significant anti 
body response. Quil A is one example, QS-21 is another. 
0155 GerbuRadjuvant: An aqueous phase adjuvant which 
uses immunostimulators in combination with Zinc proline. 
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GerbuR does not have a depot effect and has minimal inflam 
matory effect. GerbuR requires frequent boosting to maintain 
high titers. 
0156 Another group of adjuvants include immune stimu 
lators such as cytokines IL-12, IL-4 and costimulatory mol 
ecules Such as B7. A wide range of molecules having immune 
stimulating effects are known including accessory molecules 
such as ICAM and LFA. In some embodiments, GM-CSF is 
administered to the patient before the initial immune admin 
istration. GM-CSF can be administered using a viral vector or 
an isolated protein in a pharmaceutical formulation. Combi 
nations of adjuvants can be used such as CM-CSF, ICAM and 
LFA. While a strong immune response is typically generated 
to infectious disease antigens, tumor associated antigens typi 
cally generate a weaker immune response. Thus, immune 
stimulators such as described above are preferably used with 
them. 
0157. In some embodiments, a pneumococcal vaccine can 
contain several pneumococcal antigens and/or be formulated 
with different or novel adjuvants, or incorporated in vaccine 
scaffolds, Such as a fusion-conjugate (e.g., a fusion with a 
pneumolysoid and conjugation to a polysaccharide as pro 
posed in Lu et al. Infection and Immunity, 2009), or using a 
scaffold, as disclosed in PCT/US 12/37412 and WO 2012/ 
155007 (which are incorporated herein in their entirety by 
reference) to improve immunogenicity and facilitate different 
routes of administration. Accordingly, a composition com 
prising at least 2, or at least about 3, or at least about 4, or at 
least about 5, or at least about 6, or at least about 7, or at least 
about 8, or at least about 9, or at least about 10, or at least 
about 12, or at least about 14, or at least about 16, or at least 
about 18, or at least about 20, or at least about 25, or any 
integer between about 2 and about 26 different antigens or 
more that 25 different antigens can be used, alone or in com 
bination with an adjuvant and/or vaccine scaffold. Such as a 
polysaccharide can be used. 
0158. In another aspect, the invention provides methods 
for eliciting an immune response against pneumococcus in a 
mammal. The methods include, for example, administering to 
the mammal an immunogenic composition comprising an 
isolated pneumococcal polypeptide antigen selected from 
Table 1 or fragments and combinations thereof, e.g., an 
immunogenic composition described herein. 
0159. In some embodiments, a method elicits an immune 
response against pneumococcus. In some embodiments, a 
method elicits a T cell response to a pneumococcal antigen 
(e.g., a CD4+ T cell mediated immune response and/or a 
CD8+ T cell mediated immune response). In some embodi 
ments, a method elicits a Th1 T cell response. In some 
embodiments, a method elicits a Th17 T cell response. In 
some embodiments, a method elicits IFN-y secretion by anti 
gen-specific T cells. In some embodiments, a method elicits 
an antibody response (e.g., an IgG response, and/or an IgA 
response). In some embodiments, a methodelicits a cytotoxic 
T cell (CTL) response. In some embodiments, a method elic 
its a B cell-mediated immune response. In some embodi 
ments, a method elicits both a T cell- and a B cell-mediated 
response. In some embodiments, a method elicits an innate 
immune response. 
(0160. In some embodiments, a method reduces the inci 
dence of pneumococcal infection in Subjects administered the 
composition. In some embodiments, a method reduces the 
likelihood of lower tract infection by a pneumococcus. In 
some embodiments, a method reduces the likelihood of upper 
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tract infection by a pneumococcal organism. In some embodi 
ments, a method reduces the likelihood of chronic infection 
by a pneumococcal organism. In some embodiments, a 
method reduces the likelihood of suffering from pelvic 
inflammatory disease due to a pneumococcal infection. In 
some embodiments, a method reduces the likelihood of infer 
tility Subsequent to a pneumococcal infection. 
0161. In some embodiments of a method, an immuno 
genic composition is administered to the mammal at least two 
times (e.g., two, three, four, or five times). 
0162. In some embodiments, an immunogenic composi 
tion administered after a first administration (i.e., as a boost) 
differs from the composition administered initially, e.g., the 
composition includes a different pneumococcal antigen or a 
different Subset of pneumococcal antigens, or a different 
pneumococcalantigen Substance (polypeptide or nucleic acid 
encoding same), or a different dose of antigen, or a different 
adjuvant, or a different dose of adjuvant. In some embodi 
ments, a boost is administered by a different route than a 
previous administration. 
0163. In some embodiments, the mammal is at risk for 
infection with pneumococcus. In some embodiments, the 
mammal is infected with a pneumococcal infection. In some 
embodiments, the mammal is a human. 
0164. In some embodiments, an immunogenic composi 
tion administered in a method comprises an adjuvant. In some 
embodiments, an adjuvant is a mineral-containing adjuvant. 
In some embodiments, an immunogenic composition admin 
istered in a method comprises a pharmaceutically acceptable 
excipient. 
0165. In some embodiments, a pneumococcal antigen 
composition includes an adjuvant. In some embodiments, the 
adjuvant includes mineral-containing adjuvant. Mineral-con 
taining adjuvants can be formulated as gels, in crystalline 
form, in amorphous form, as particles, etc. Mineral-contain 
ing adjuvants include, for example, aluminum salts and/or 
calcium salts (e.g., aluminum hydroxide, aluminum phos 
phate, aluminum Sulfate, calcium phosphate, etc.). In some 
embodiments, a pneumococcal antigen composition includes 
aluminum hydroxide. AlhydrogelTM is an example of an alu 
minum hydroxide gel adjuvant. 
0166 In some embodiments, an adjuvant includes an 
immunomodulatory oligonucleotide. In some embodiments, 
an immunomodulatory oligonucleotide sequence includes 
CpG (unmethylated cytosine-guanosine) motifs. Oligonucle 
otides having CpG motifs can include nucleotide analogs 
and/or non-naturally occurring internucleoside linkages (e.g., 
phosphorothioate linkages). For examples of various oligo 
nucleotides include CpG motifs, see Kandimalla, et al., Nuc. 
Acids Res. 31(9): 2393-2400, 2003; WO02/26757; WO99/ 
62923; Krieg, Nat. Med. 9(7): 831-835, 2003; McCluskie, et 
al., FEMS Immunol Med. Microbiol. 32:179-185, 2002: 
WO98/401.00; U.S. Pat. No. 6,207,646; U.S. Pat. No. 6,239, 
116 and U.S. Pat. No. 6,429,199. Other immunomodulatory 
nucleotide sequences double stranded RNA sequences, pal 
indromic sequences, and poly(dG) sequences. 
0167. In some embodiments, an adjuvant comprises 
IC.sub.31TM (Intercell AG). IC31TM is a synthetic adjuvant 
that includes an antimicrobial peptide, KLK, and an immu 
nostimulatory oligonucleotide, ODN1a, and acts as a Toll 
like Receptor 9 (TLR9) agonist. In some embodiments, an 
adjuvant includes a toxin. In some embodiments, a toxin is a 
bacterial ADP-ribosylating toxin, e.g., cholera toxin (CT), E. 
coli heat labile toxin, or pertussis toxin. In some embodi 
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ments, the bacterial toxin is a detoxified form of an ADP 
ribosylating toxin (see, e.g., Beignon, et al., Inf. Immun. 
70(6):3012-3019, 2002: Pizza, et al., Vaccine 19:2534-2541, 
2001; Pizza, et al., Int. J. Med. Microbiol. 290(4-5):455-461, 
2000; Scharton-Kersten et al., Inf. Immun. 68(9):5306-5313, 
2000; Ryan et al., Inf. Immun 67(12):6270-6280, 1999; Parti 
dos et al., Immunol Lett. 67(3):209-216, 1999; Peppoloniet 
al., Vaccines 2(2):285-293, 2003; and Pine et al., J. Control 
Release 85(1-3):263-270, 2002). In some embodiments, an 
adjuvant includes an endotoxin such as monophosphoryl 
lipid A or 3-De-O-acylated monophosphoryllipid A (see U.S. 
Pat. No. 4,987,237 and GB 2122204B). 
0.168. In some embodiments, an adjuvant includes a 
muramyl dipeptide (e.g., N-acetyl-muramyl-L-threonyl-D- 
isoglutamine(thr-MDP), N-acetyl-normuramyl-1-alanyl-d- 
isoglutamine(nor-MDP), and N-acetylmuramyl-1-alanyl-d- 
isoglutaminyl-l-alanine-2-(1'-2'-dipalmitoyl-s-n-glycero-3- 
hydroxyphosphoryloxy)-ethylamine MTP-PE). In some, an 
adjuvant includes an oil emulsion and/or emulsifier-based 
adjuvant. In some embodiments, an oil emulsion adjuvant 
includes a Freund's Adjuvant (e.g., Complete Freund's adju 
vant (CFA), or incomplete Freund's adjuvant (IFA)). In some 
embodiments, an oil-emulsion adjuvant includes a squalene 
water emulsion, such as MF59 (Novartis; see, e.g., 
WO9014837), or a Synex adjuvant formulation (SAF)). In 
Some embodiments, an oil emulsion includes a dispersing 
agent, e.g., a mono- or di-C. Sub. 12-C. Sub.24-fatty acid ester 
of sorbitan or mannide, e.g., Sorbitan mono-stearate, Sorbitan 
mon-oleate, or mannide mono-oleate. Examples of oil emul 
sions that include squalene and dispersing agents includes 
ArlacelTM, Montanide TM ISA-720, and Montanide TM ISA 
703. Other oil emulsions are described, e.g., in WO95/17210 
and EPO399842. 

0169. In some embodiments, an adjuvant includes a sapo 
nin. Saponins are steroid and/or triterpenoid glycosides 
derived from plants such as Ouillaia Saponaria, Saponaria 
officianalis, Smilax Ornata, and Gypsophilla paniculata. 
Fractions of Saponin-containing extracts that have been 
described and that can be used as adjuvants for pneumococcal 
antigens include QuilTMA, QS21, QS7, QS17, QS18, QH-A, 
QH-B, QH-C, and QuilA (see, e.g., U.S. Pat. No. 5,057,540). 
In some embodiments, QS21 is used as an adjuvant. 
0170 In some embodiments, an adjuvant includes an 
immune stimulating complex (ISCOM). ISCOMs are par 
ticles that typically include a glycoside (e.g., a Saponin) and a 
lipid. In some embodiments, an ISCOM includes a saponin 
and a cholesterol. In some embodiments, an ISCOM includes 
a Saponin, a cholesterol, and a phospholipid (e.g., phosphati 
dylcholine and/or phosphatidylethanolamine). In some 
embodiments, an ISCOM includes a nonionic block copoly 
mer. ISCOMs can include additional adjuvants, e.g., addi 
tional adjuvant substances described herein (see, e.g., WO 
05/002620). In some embodiments, an ISCOM includes a 
Substance that targets it to a mucosal membrane (see, e.g., 
WO97/030728). Other ISCOM compositions and prepara 
tion of the compositions suitable for combination with pneu 
mococcalantigens provided hereinare described, e.g., in U.S. 
Pat. Pub. No. 20060121065, WO 00/07621, WO 04/004762, 
WO 02/26255, and WO 06/078213. In some embodiments, 
an adjuvant comprises an Ab|SCOR) adjuvant (e.g., Matrix 
MTM, Isconova). In some embodiments, an adjuvant com 
prises Ab|SCOR-100. In some embodiments, an adjuvant 
comprises AbISCOR)-300. 
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0171 In some embodiments, an adjuvant includes a non 
ionic block copolymer. Nonionic block copolymers typically 
include two chains of hydrophobic polyoxyethylenes of vari 
ous lengths combined with a block of hydrophobic polyox 
ypropylene. In some embodiments, a nonionic block copoly 
mer is formulated in an oil-in-water emulsion (e.g., with oil 
and squalene). 

0172. In some embodiments, an adjuvant includes virus 
like particles (VLPs). VLPs are non replicating, non infec 
tious particles that typically include one or more viral pro 
teins, optionally formulated with an additional component 
Such as a phospholipid. In some embodiments, a VLP 
includes proteins from one or more of the following: an 
influenza virus (e.g., a hemaglutinin (HA) or neuraminidase 
(NA) polyptide), Hepatitis B virus (e.g., a core or capsid 
polypeptide), Hepatitis E virus, measles virus, Sindbis virus, 
Rotavirus, Foot-and-Mouth Disease virus, Retrovirus, Nor 
walk virus, human papilloma virus, HIV. RNA-phages, Q13 
phage (e.g., a coat protein), GA-phage, fr-phage, AP205 
phage, a Ty (e.g., retrotransposon Ty protein p1). See, e.g., 
WO03/024480, WO03/024481, WO08/061,243, and WO07/ 
098,186. In some embodiments, an adjuvant includes repli 
cons. Replicons resemble VLPs in that they are noninfectious 
particles including viral proteins, and further include a 
nucleic acid encoding a polypeptide (e.g., an antigen). In 
Some embodiments, a replicon includes proteins from an 
alphavirus. Alphaviruses include, e.g., Eastern Equine 
Encephalitis Virus (EEE), Venezuelan Equine Encephalitis 
Virus (VEE), Everglades Virus, Mucambo Virus, Pixuna 
Virus, Western Equine Encephalitis Virus (WEE), Sindbis 
Virus, Semliki Forest Virus, Middleburg Virus, Chikungunya 
Virus, Onyong-nyong Virus, Ross River Virus, Barmah For 
est Virus, Getah Virus, Sagiyama Virus, Bebaru Virus, 
Mayaro Virus, Una Virus, Aura Virus, Whataroa Virus, 
Babanki Virus, Kyzylagach Virus, Highlands J Virus, Fort 
Morgan Virus, Ndumu Virus, and Buggy Creek Virus. In 
Some embodiments, an adjuvant includes a replicon that 
includes a nucleic acid encoding one or more pneumococcal 
antigens described herein. In some embodiments, an adjuvant 
includes a replicon that encodes a cytokine (e.g., interleukin 
12 (IL-12), IL-23, or granulocyte-macrophage colony-stimu 
lating factor (GM-CSF)). Production and uses of replicons 
are described, e.g., in WO08/058,035, WO08/085,557, and 
WO08/033,966). In some embodiments, a VLP or replicon 
adjuvant includes one or more pneumococcal antigens (i.e., 
VLP or replicon particles include a pneumococcal antigen as 
part of the particles). In some embodiments, a VLP or repli 
conadjuvant is co-administered with a pneumococcalantigen 
polypeptide. 

0173. In some embodiments, an adjuvant includes lipo 
Somes, which are are artificially-constructed spherical lipid 
vesicles (see, e.g., U.S. Pat. Nos. 4,053,585; 6,090,406; and 
5,916.588). In certain embodiments, a lipid to be used in 
liposomes can be, but is not limited to, one or a plurality of the 
following: phosphatidylcholine, lipid A, cholesterol, doli 
chol, sphingosine, sphingomyelin, ceramide, glycosylceram 
ide, cerebroside, Sulfatide, phytosphingosine, phosphatidyl 
ethanolamine, phosphatidylglycerol, phosphatidylinositol, 
phosphatidylserine, cardiolipin, phosphatidic acid, and lyso 
phosphatides. In some embodiments, an adjuvant includes a 
liposome and aligand for a Toll-like Receptor (TLR; see, e.g., 
WO/2005/013891, WO/2005/079511, WO/2005/079506, 
and WO/2005/013891). In some embodiments, an adjuvant 
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includes JVRS-100. JVRS-100 comprises cationic liposomes 
combined with non-coding oligonucleotides or plasmids. 
0.174. In some embodiments, an adjuvant includes micro 
particles comprised of a polymer, e.g., a polymer of acrylic or 
methacrylic acid, polyphosphaZenes, polycarbonates, poly 
lactic acid, polyglycolic acid, copolymers of lactic acid or 
glycolic acid, polyhydroxybutyric acid, polyorthoesters, 
polyanhydrides, polysiloxanes, polycaprolactone, or a 
copolymer prepared from the monomers of these polymers. 
In some embodiments, an adjuvant includes microparticles 
comprised of a polymer selected from the group consisting of 
polyvinylpyrrolidone, polyvinylalcohol, polyhydroxyethyl 
methacrylate, polyacrylamide, polymethacrylamide, and 
polyethyleneglycol (see, e.g., U.S. Pat. No. 5,500,161). 
0.175. In some embodiments, an adjuvant includes biode 
gradable microspheres (e.g., microspheres comprised of poly 
(D.L-lactic acid), poly(D.L-glycolic acid), poly(.epsilon.-ca 
prolactone), polye (alpha.-hydroxy actid), 
polyhydroxybutyric acid, a polyorthoester, a polyanhydride, 
etc.). 
0176). In some embodiments, an adjuvant includes a cytok 
ine. In some embodiments, an adjuvant includes IL-12. In 
Some embodiments, an adjuvant includes IL-23. In some 
embodiments, an adjuvant includes GM-CSF. In some 
embodiments, an adjuvant includes a lipopeptide. In some 
embodiments, an adjuvant includes a Pam-3-CyS lipopeptide. 
In some embodiments, an adjuvant including a lipopeptide 
activates Toll-like receptors (TLRs). 

Additional Components of Vaccines or Immunogenic 
Compositions 

0177. In addition to the antigens and the adjuvants 
described above, a vaccine formulation or immunogenic 
composition may include one or more additional compo 
nentS. 

0.178 In certain embodiments, the vaccine formulation or 
immunogenic composition may include one or more stabiliz 
erS Such as Sugars (such as Sucrose, glucose, or fructose), 
phosphate (such as sodium phosphate dibasic, potassium 
phosphate monobasic, dibasic potassium phosphate, or 
monosodium phosphate), glutamate (such as monosodium 
L-glutamate), gelatin (such as processed gelatin, hydrolyzed 
gelatin, or porcine gelatin), amino acids (such as arginine, 
asparagine, histidine, L-histidine, alanine, Valine, leucine, 
isoleucine, serine, threonine, lysine, phenylalanine, tyrosine, 
and the alkyl esters thereof), inosine, or sodium borate. 
0179. In certain embodiments, the vaccine formulation or 
immunogenic composition includes one or more buffers such 
as a mixture of sodium bicarbonate and ascorbic acid. In some 
embodiments, the vaccine formulation may be administered 
in saline, such as phosphate buffered saline (PBS), or distilled 
Water. 

0180. In certain embodiments, the vaccine formulation or 
immunogenic composition includes one or more surfactants 
such as polysorbate 80 (Tween 80), Triton X-100, Polyethyl 
ene glycol tert-octylphenyl ethert-Octylphenoxypolyethoxy 
ethanol 4-(1,1,3,3-Tetramethylbutyl)phenyl-polyethylene 
glycol (TRITON X-100); Polyoxyethylenesorbitan mono 
laurate Polyethylene glycol sorbitan monolaurate (TWEEN 
20); and 4-(1,1,3,3-Tetramethylbutyl)phenol polymer with 
formaldehyde and oxirane (TYLOXAPOL). A surfactant can 
be ionic or nonionic. 

Pfizer EX1042, Page 31 of 68



US 2015/0374811 A1 

0181. In certain embodiments, the vaccine formulation or 
immunogenic composition includes one or more salts such as 
Sodium chloride, ammonium chloride, calcium chloride, or 
potassium chloride. 
0182. In certain embodiments, a preservative is included 
in the vaccine or immunogenic composition. In other embodi 
ments, no preservative is used. A preservative is most often 
used in multi-dose vaccine vials, and is less often needed in 
single-dose vaccine vials. In certain embodiments, the pre 
servative is 2-phenoxyethanol, methyl and propyl parabens, 
benzyl alcohol, and/or sorbic acid. 
0183. In certain embodiments, the vaccine formulation or 
immunogenic composition is a controlled release formula 
tion. 

Modifications 

0184. In some embodiments, the vaccine can comprise at 
least one immunogen of the sequences listed in Table 1, oran 
immunogen which is a functional fragment or has substantial 
identity to an immunogen listed in Table 1. Further S. pneu 
moniae antigens as disclosed hereinforcombination vaccines 
include conjugated S. pneumoniae polysaccharides. The con 
jugated polysaccharides may be, for example, as described in 
U.S. Pat. No. 5,623,057, U.S. Pat. No. 5,371,197, or PCT/ 
US2011/023526, which are incorporated herein in their 
entirety. 
0185. In some embodiments, the pneumococcal antigens 
described herein may be used with or without modification. In 
Some embodiments, a pneumococcal antigen may be modi 
fied to elicit the desired immune response. In some embodi 
ments, a pneumococcal antigen is conjugated to an appropri 
ate immunogenic carrier Such as tetanus toxin, pneumolysin, 
keyhole limpet hemocyanin, or the like. 
0186. In some embodiments, one or more pneumococcal 
antigen is present in a scaffold, such as a fusion-conjugate 
(e.g., a fusion with a pneumolysoid and conjugation to a 
polysaccharide as proposed in Lu et al. Infection and Immu 
nity, 2009), or using a scaffold, as disclosed in PCT/US 12/ 
37412, WO 2012/155007 and US2011/0206716, which are 
incorporated herein in its entirety by reference. 
0187. In some embodiments, a pneumococcal polypeptide 
antigen is fused to PdT. In some embodiments, PdT repre 
sents a nonhemolytic variant of pneumolysin, or a non 
hemolytic variant of pneumolysin (PdT) (W433F, D385N, 
and C428G). 
0188 In some embodiments, a pneumococcal polypeptide 
antigen can exist as a conjugate to provide for a synergistic 
immunogenic reaction to an antigenic Sugar moiety. For 
example, the Vipolysaccharide of Salmonella typhi could be 
used. Vi capsular polysaccharide has been developed against 
bacterial enteric infections, such as typhoid fever (Robbins et 
al., 150(3) J. Infect. Dis. 436-49 (1984); Levine et al., 7 
Baillieres Clin. Gastroenterol. 501-17 (1993)). Vi is a poly 
mer of C-1->4-galacturonic acid with an Nacetyl at position 
C-2 and variable O-acetylation at C-3. The virulence of S. 
typhi correlates with the expression of this molecule (Sharma 
et al., 101 P.N.A.S. USA 17492-97 (2004)). The Vipolysac 
charide vaccine of S. typhi has several advantages: Side 
effects are infrequent and mild, a single dose yields consistent 
immunogenicity and efficacy. Vipolysaccharide may be reli 
ably standardized by physicochemical methods verified for 
other polysaccharide vaccines, Vi is stable at room tempera 
ture and it may be administered simultaneously with other 
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vaccines without affecting immunogenicity and tolerability 
(AZZeet al., 21 Vaccine 2758-60 (2003)). 
0189 Thus, the Vi polysaccharide of Salmonella typhi 
may be conjugated to a fusion protein of a pneumococcal 
polypeptide antigen, where the pneumococcal polypeptide 
antigen is fused to PdT or another protein, such that the 
resulting vaccine confers immunity against one pathogen, or 
two different pathogens: where the pneumococcal polypep 
tide antigen confers protection against pneumococcus, a Vi 
pneumococcalantigen: PdT construct raises an immunogenic 
response against S. typhi and pneumococcus. Other examples 
include combining Sugars from encapsulated bacteria (Such 
as meningococcus, S. aureus, pneumococcus, etc.) and tuber 
culous protein, to provide a vaccine that protects against two 
different pathogens. 
0190. Other polysaccharide (PS) moities that may be used 
in the present invention in alternative to dextran, pneumococ 
cal cell wall polysaccharide (CWPS) etc., include carbohy 
drate antigens of cancers. For example, the Tn antigen, an 
oligosaccharide expressed exclusively by cancer cells (Bus 
kus et al., 44 Angew Chem. Int’l Ed. 5985-88 (2005)). In 
Some embodiment, the present invention provides for an 
immunogenic composition comprising a fusion protein of a 
truncated pneumococcal antigen and a nonhemolytic pneu 
molysin PdT protein, conjugated with CWPS. 
0191 In one aspect of the invention, the polysaccharide 
has a molecular mass of <500 kDa. In another aspect of the 
invention, the PS has a molecular mass of <70 kDa. 
0.192 In some embodiments, a pneumococcal antigen as 
disclosed herein is present in an immunogenic multiple anti 
gen presenting system (MAPS) as disclosed in WO 2012/ 
155007, which is incorporated herein in its entirety by refer 
ence, where the pneumococcal antigen as disclosed herein in 
present in an immunogenic complex comprising at least one 
type of polymer, e.g., a polysaccharide, that can, optionally, 
be antigenic; at least one pneumococcal antigen as disclosed 
herein; and at least one complementary affinity-molecule pair 
comprising (i) a first affinity molecule that associates with the 
polymer, and (ii) a complementary affinity molecule that 
associates with the protein or peptide; such that the first and 
complementary affinity molecules serve as an indirect link 
between the polymer with the antigenic protein or peptide. 
Accordingly, the polymer can attachat least 1, or at least 2, or 
a plurality of the same or different protein or peptide antigens. 
In some embodiments, the polymer is antigenic, e.g., the 
polymer is a pneumococcal capsular polysaccharide. In some 
embodiments, the pneumococcal antigens are recombinant 
pneumococcal antigens. Accordingly, one aspect of the 
present invention relates to an immunogenic composition 
comprising a polymer, at least one pneumococcal antigen, 
and at least one complementary affinity-molecule pair, where 
the complementary affinity-molecule pair comprises a first 
affinity molecule that associates with the polymer and a 
complementary affinity molecule that associates with the 
pneumococcal antigen, so that when the first affinity mol 
ecule associates with the complementary affinity molecule, it 
indirectly links the antigen to the polymer. 
0193 In some embodiments, a first affinity molecule in a 
immunogenic complex is cross-linked to the polymer with a 
cross-linking reagent, for example, a cross-linking reagent 
selected from CDAP (1-cyano-4-dimethylaminopyridinium 
tetrafluoroborate), EDC (1-Ethyl-3-3-dimethylaminopro 
pylcarbodiimide hydrochloride), sodium cyanoborohydride; 
cyanogen bromide; or ammonium bicarbonateliodoacetic 
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acid. In some embodiments, the first affinity molecule is 
cross-linked to carboxyl, hydroxyl, amino, phenoxyl, hemi 
acetal, and mecapto functional groups of the polymer. In 
some embodiments, the first affinity molecule is covalently 
bonded to the polymer. In some embodiments, the first affin 
ity molecule is biotin or a derivative thereof, or a molecule 
with similar structure or physical property as biotin, for 
example, an amine-PEG3-biotin ((+)-biotinylation-3-6.9- 
trixaundecanediamine) or derivative thereof. 
0194 In some embodiments, a pneumococcal antigen of 
the immunogenic complex is a fusion protein comprising a 
pneumococcal antigenic protein or peptide fused to the 
complementary affinity-binding molecule. The fusion can be 
a genetic construct, i.e., a recombinant fusion peptide or 
protein. In some embodiments, a pneumococcal antigen can 
be covalently attached as a fusion protein to the complemen 
tary affinity molecule. In alternative embodiments, the anti 
gen is non-covalently attached to the complementary affinity 
molecule. 

0.195. In some embodiments, a complementary affinity 
molecule in an immunogenic complex is a biotin-binding 
protein or a derivative or a functional portion thereof. In some 
embodiments, a complementary affinity molecule is an avi 
din-like protein or a derivative or a functional portion thereof, 
for example but not limited to, rhizavidin or a derivative 
thereof. In some embodiments, a complementary affinity 
molecule is avidin or streptavidin or a derivative or a func 
tional portion thereof. 
0196. In some embodiments, a polymer of the immuno 
genic complex is branched chain polymer, e.g., a branched 
polysaccharide, or alternatively, can be a straight chain poly 
mer, e.g., a single chain polymer, e.g., polysaccharide. In 
Some embodiments, the polymer is a polysaccharide, for 
example, dextran or a derivative thereof. In some embodi 
ments, a polymer, e.g., dextran polysaccharide can be of 
average molecular weight of 425 kD 500 kDa, inclusive, or in 
some embodiments, greater than 500 kDa. In some embodi 
ments, a polymer, e.g., dextran polysaccharide can be of 
average molecular weight of 60 kD-90 kDa, inclusive, or in 
some embodiments, smaller than 70 kDa. The dextran poly 
mer can be derived from a bacterium, Such as Leuconostoc 
mesenteroides. 

0197) In some embodiments, an immunogenic composi 
tion as disclosed herein comprises at least 2 antigens, or at 3 
least antigens, or at least 5 antigens, or between 2-10 antigens, 
or between 10-15 antigens, or between 15-20 antigens, or 
between 20-50 antigens, or between 50 100 antigens, or more 
than 100 antigens, inclusive. In some embodiments, where an 
immunogenic composition as disclosed herein comprises at 
least 2 antigens, the antigens can be the same antigen or at 
least 2 different antigens. In some embodiments, the antigens 
can be from the same or different pathogens, or can be dif 
ferent epitopes or parts of the same antigenic protein, or can 
be the same antigen which is specific to different serotypes or 
seasonal variations of the same pathogen (e.g., influenza virus 
A, B, and C). 
0198 A pneumococcal antigen as disclosed herein when 
present alone, or in an immunogenic complex can elicit both 
humoral and cellular responses to one or multiple antigens at 
the same time. The immunogenic compositions provide for a 
long-lasting memory response, potentially protecting a Sub 
ject from future infection. This allows for a single immuno 
genic composition that raises a high titer of functional anti 
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polysaccharide antibody, and is similar or compares 
favorably with the antibody level induced by conventional 
conjugate Vaccine 
0199. In another embodiment of the present invention, an 
immunogenic composition can comprise a fusion protein 
polysaccharide conjugate, consisting of a pneumococcalanti 
gen selected from Table 1, fused to PdT, where the pneumo 
coccal antigen:PdT fusion protein is conjugated to a polysac 
charide. Such that immunity to pneumococcal antigen is 
enhanced. The polysaccharide may be dextran, a Vipolysac 
charide of Salmonella typhi, or pneumococcal cell wall 
polysaccharide (CWPS), or another polysaccharide of 
prokaryotic or eukaryotic origin. 
0200 Nucleic acids encoding truncated and/or mutated 
forms of a S. pneumoniae protein antigens can be fused to 
nucleotide sequences encoding (1) other pneumococcal pro 
teins. Such as autolysin, Surface protein A, neuraminidase, 
hyaluronate lysate, choline binding protein A, or (2) non 
pneumococcal proteins from organisms such as hemophilus 
influenzab, meningococcus group A, B, or C, or streptococ 
cus group B. The nucleic acids encoding such fused protein 
are expressed in the expression systems. 
0201 Pneumolysin truncates can be useful carriers of 
polysaccharides, as hosts may lacking pre-existing antibodies 
to Such a carrier polypeptide. Pneumolysin is a virulence 
factor in pneumococcal infections and there is little antigenic 
variation of the pneumolysin among pneumococci with dif 
ferent subtypes. 
0202 The polysaccharide-protein conjugate, when 
administered to a mammal Such as a human, induces immune 
response that exceeds in magnitude, type, and/or duration the 
immune response induced by administration to a mammal of 
only the polysaccharide component. Accordingly, the 
polypeptide component must be of a length Sufficient to 
induce Such an enhanced immune response. For fragments of 
a naturally occurring pneumococcal antigen, the fragments 
are at least 8, 10, 25, 50, 75, 100,125, 150, 175, 200,250,300, 
350, 400, 425, 450, 460, 465, 460, 465, or more amino acids 
in length. For polypeptides, varying in sequence from a natu 
rally occurring pneumococcal antigens, the polypeptide can 
be at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%, 95%, 98% or more identical to a naturally occur 
ring pneumococcal antigens listed in Table 1. 
0203 The polysaccharide component of the conjugate can 
be any S. pneumoniae capsular polysaccharide, including but 
not limited to, any of subtypes 1, 2, 3, 4, 5, 6B, 7F, 8,9N, 9V. 
10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 19A, 20, 22F, 
23A, 23F, 24F, 27, 33F, or 34. In some embodiments, the 
capsular polysaccharide is selected from subtypes 4, 6B, 9V. 
14, 18C, 19F, or 23F. In some embodiments, the polysaccha 
ride is serotype 14. In other embodiments, the polysaccharide 
is serotype 18C. One or more of different capsular polysac 
charides can be conjugated to a single polypeptide or a plu 
rality of polypeptides. For example, a multivalent conjugate 
can include at least 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 different 
capsular polysaccharides. Polysaccharides can be conjugated 
to polypeptides, for example, via a monomeric linkage (only 
one end of the polysaccharide is attached to the polypeptide), 
a looped linkage (a single polypeptide is attached to looped 
polysaccharides), or cross-linked (multiple polysaccharides 
attached to multiple polypeptides). 
0204 Methods for the purification of polypeptides, e.g., 
pneumococcal antigen polypeptides described in the 
examples and in Table 1, and the conjugation of polysaccha 

Pfizer EX1042, Page 33 of 68



US 2015/0374811 A1 

rides to polypeptides are described in in, e.g., U.S. Pat. Nos. 
4,242,501; 4,686,102; 5,623,057; and 5,565,204, which are 
incorporated herein in their entirety by reference. 
0205 The conjugates or polypeptides described herein 
can be administered to a mammal to elicit an immune 
response (a prophylactic and/or therapeutic immune 
response) against S. pneumoniae in the mammal. A pharma 
ceutical composition containing a conjugate or polypeptide 
can be delivered in a pharmaceutically acceptable carrier, 
buffer, or preservative which is suitable for a vaccine includ 
ing, but not limited to physiological Saline or other injectable 
liquids. Additives customary in vaccines may also be present, 
for example stabilizers such as lactose or Sorbitol, and adju 
vants to enhance the immunogenic response Such as alumi 
num phosphate, hydroxide, or Sulphate and Stearyl tyrosine. 
The vaccine produced may also be used as components of 
multivalent vaccines which elicitan immune response against 
a plurality of infectious agents. 
0206. In some embodiments, a pneumococcal polypeptide 
antigen is post-translationally modified, e.g. by phosphoryla 
tion, myristoylation, acylation, glycosylation, glycation, and 
the like. In some embodiments, a pneumococcal polypeptide 
antigen is lipidated. Conjugation to the lipid moiety may be 
direct or indirect (e.g., via a linker). The lipid moiety may be 
synthetic or naturally produced. In some embodiments, a 
pneumococcal polypeptide antigen is chemically conjugated 
to a lipid moiety. In some embodiments, a DNA construct 
encoding a pneumococcal polypeptide antigen comprises a 
lipidation sequence. A lipidation sequence may be N-termi 
nal or C-terminal to the polypeptide, and may be embedded in 
a signal or other sequence. An exemplary lipidation sequence 
is the signal sequence of the E. coli gene R1 pB. 
0207. In some embodiments, a pneumococcal polypeptide 
antigen is covalently bound to another molecule. This may, 
for example, increase the half-life, solubility, bioavailability, 
or immunogenicity of the antigen. Molecules that may be 
covalently bound to the antigen include a carbohydrate, 
biotin, poly(ethylene glycol) (PEG), polysialic acid, N-pro 
pionylated polysialic acid, nucleic acids, polysaccharides, 
and PLGA. In some embodiments, the naturally produced 
form of a polypeptide is covalently bound to a moiety that 
stimulates the immune system. An example of Such a moiety 
is a lipid moiety. In some instances, lipid moieties are recog 
nized by a Toll-like receptor (TLR) such as TLR2 or TLR4 
and activate the innate immune system. 

DNA Vaccines; Nucleic Acid Compositions and Antigen 
Expression 

0208. In certain aspects, the vaccine comprises one or 
more of the nucleic acids disclosed herein or corresponding to 
the polypeptides described herein. When a nucleic acid vac 
cine is administered to a patient, the corresponding gene 
product (Such as a desired antigen) is produced in the patients 
body. In some embodiments, nucleic acid vaccine vectors that 
include optimized recombinant polynucleotides can be deliv 
ered to a mammal (including humans) to induce a therapeutic 
or prophylactic immune response. The nucleic acid may be, 
for example, DNA, RNA, or a synthetic nucleic acid. The 
nucleic acid may be single stranded or double Stranded. 
0209 Various types of vectors are suitable for expression 
of pneumococcal antigens in an expression system (e.g., in a 
host cell). In some embodiments, a composition includes a 
vector suitable for expression in vitro (whether in a cell or in 
a cell-free system), e.g., for producing a polypeptide compo 
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sition. The term “vector” refers to a nucleic acid molecule 
capable of transporting another nucleic acid to which it has 
been linked and can include, for example, a plasmid, cosmid 
or viral vector. The vector can be capable of autonomous 
replication or it can integrate into a host DNA. Viral vectors 
include, e.g., replication defective retroviruses, adenoviruses 
and adeno-associated viruses. Other types of viral vectors are 
known in the art. 
0210 Nucleic acid vaccine vectors (e.g., adenoviruses, 
liposomes, papillomaviruses, retroviruses, etc.) can be 
administered directly to the mammal for transduction of cells 
in vivo. The nucleic acid vaccines can be formulated as phar 
maceutical compositions for administration in any Suitable 
manner, including parenteral administration. Plasmid vectors 
are typically more efficient for gene transfer to muscle tissue. 
The potential to deliver DNA vectors to mucosal surfaces by 
oral administration has also been reported (PLGA encapsu 
lated Rotavirus and Hepatitis B) and DNA plasmids have 
been utilized for direct introduction of genes into other tis 
sues. DNA vaccines have been introduced into animals pri 
marily by intramuscular injection, by gene gun delivery, or by 
electroporation. After being introduced, the plasmids are gen 
erally maintained episomally without replication. Expression 
of the encoded proteins has been shown to persist for 
extended time periods, providing stimulation of Band T cells. 
0211. In determining the effective amount of the vector to 
be administered in the treatment or prophylaxis of an infec 
tion or other condition, the physician evaluates vector toxici 
ties, progression of the disease, and the production of anti 
vector antibodies, ifany. Often, the dose equivalent of a naked 
nucleic acid from a vector is from about 1 ug to 1 mg for a 
typical 70 kilogram patient, and doses of vectors used to 
deliver the nucleic acid are calculated to yield an equivalent 
amount of therapeutic nucleic acid. Administration can be 
accomplished via single or divided doses. The toxicity and 
therapeutic efficacy of the nucleic acid vaccine vectors can be 
determined using standard pharmaceutical procedures in cell 
cultures or experimental animals. 
0212. A nucleic acid vaccine can contain DNA, RNA, a 
modified nucleic acid, or a combination thereof. In some 
embodiments, the vaccine comprises one or more cloning or 
expression vectors; for instance, the vaccine may comprise a 
plurality of expression vectors each capable of autonomous 
expression of a nucleotide coding region in a mammaliancell 
to produce at least one immunogenic polypeptide. An expres 
sion vector often includes a eukaryotic promoter sequence, 
Such as the nucleotide sequence of a strong eukaryotic pro 
moter, operably linked to one or more coding regions. The 
compositions and methods herein may involve the use of any 
particular eukaryotic promoter, and a wide variety are known; 
such as a CMV or RSV promoter. The promoter can be 
heterologous with respect to the host cell. The promoter used 
may be a constitutive promoter. 
0213) A vector useful in the present compositions and 
methods can be circular or linear, single-stranded or double 
Stranded and can be a plasmid, cosmid, or episome. In a 
Suitable embodiment, each nucleotide coding region is on a 
separate vector; however, it is to be understood that one or 
more coding regions can be present on a single vector, and 
these coding regions can be under the control of a single or 
multiple promoters. 
0214) Numerous plasmids may be used for the production 
of nucleic acid vaccines. Suitable embodiments of the nucleic 
acid vaccine employ constructs using the plasmids VR1012 
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(Vical Inc., San Diego Calif.), pCMVI. UBF372 (S. Johnston, 
University of Texas) or pcDNA3.1 (InVitrogen Corporation, 
Carlsbad, Calif.) as the vector. In addition, the vector con 
struct can contain immunostimulatory sequences (ISS). Such 
as unmethylated dCpG motifs, that stimulate the animals 
immune system. The nucleic acid vaccine can also encode a 
fusion product containing the immunogenic polypeptide. 
Plasmid DNA can also be delivered using attenuated bacteria 
as delivery system, a method that is suitable for DNA vac 
cines that are administered orally. Bacteria are transformed 
with an independently replicating plasmid, which becomes 
released into the host cell cytoplasm following the death of 
the attenuated bacterium in the host cell. 

0215 DNA vaccines, including the DNA encoding the 
desired antigen, can be introduced into a host cell in any 
Suitable form including, the fragmentalone, a linearized plas 
mid, a circular plasmid, a plasmid capable of replication, an 
episome, RNA, etc. Preferably, the gene is contained in a 
plasmid. In certain embodiments, the plasmid is an expres 
sion vector. Individual expression vectors capable of express 
ing the genetic material can be produced using standard 
recombinant techniques. See e.g., Maniatis et al., 1985 
Molecular Cloning: A Laboratory Manual or DNA Cloning, 
Vol. I and II (D. N. Glover, ed., 1985) for general cloning 
methods. 

0216 Routes of administration include, but are not limited 
to, intramuscular, intranasal, intraperitoneal, intradermal, 
Subcutaneous, intravenous, intraarterially, intraoccularly and 
oral as well as topically, transdermally, by inhalation or Sup 
pository or to mucosal tissue such as by lavage to vaginal, 
rectal, urethral, buccaland Sublingual tissue. Typical routes of 
administration include intramuscular, intraperitoneal, intrad 
ermal and Subcutaneous injection. Genetic constructs may be 
administered by means including, but not limited to, tradi 
tional Syringes, needleless injection devices, “microprojectile 
bombardment gene guns, or other physical methods such as 
electroporation (“EP”), “hydrodynamic method’, or ultra 
sound. DNA vaccines can be delivered by any method that 
can be used to deliver DNA as long as the DNA is expressed 
and the desired antigen is made in the cell. 
0217. In some embodiments, a DNA vaccine is delivered 
via known transfection reagents such as cationic liposomes, 
fluorocarbon emulsion, cochleate, tubules, gold particles, 
biodegradable microspheres, or cationic polymers. Cochleae 
delivery vehicles are stable phospholipid calcium precipi 
tants consisting of phosphatidyl serine, cholesterol, and cal 
cium; this nontoxic and noninflammatory transfection 
reagent can be present in a digestive system. Biodegradable 
microspheres comprise polymers such as poly(lactide-co 
glycolide), a polyester that can be used in producing micro 
capsules of DNA for transfection. Lipid-based microtubes 
often consist of a lipid of spirally wound two layers packed 
with their edges joined to each other. When a tubule is used, 
the nucleic acid can be arranged in the central hollow part 
thereof for delivery and controlled release into the body of an 
animal. 

0218. In some embodiments, DNA vaccine is delivered to 
mucosal Surfaces via microspheres. Bioadhesive micro 
spheres can be prepared using different techniques and can be 
tailored to adhere to any mucosal tissue including those found 
in eye, nasal cavity, urinary tract, colon and gastrointestinal 
tract, offering the possibilities of localized as well as systemic 
controlled release of vaccines. Application of bioadhesive 
microspheres to specific mucosal tissues can also be used for 
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localized vaccine action. In some embodiments, an alterna 
tive approach for mucosal vaccine delivery is the direct 
administration to mucosal Surfaces of a plasmid DNA expres 
sion vector which encodes the gene for a specific protein 
antigen. 
0219. The DNA plasmid vaccines according to the present 
invention are formulated according to the mode of adminis 
tration to be used. In some embodiments where DNA plasmid 
vaccines are injectable compositions, they are sterile, and/or 
pyrogen free and/or particulate free. In some embodiments, 
an isotonic formulation is preferably used. Generally, addi 
tives for isotonicity can include Sodium chloride, dextrose, 
mannitol, Sorbitol and lactose. In some embodiments, iso 
tonic Solutions such as phosphate buffered saline are pre 
ferred. In some embodiments, stabilizers include gelatin and 
albumin. In some embodiments, a vasoconstriction agent is 
added to the formulation. In some embodiments, a stabilizing 
agent that allows the formulation to be stable at room or 
ambient temperature for extended periods of time, such as 
LGS or other polycations or polyanions is added to the for 
mulation. 

0220. In some embodiments, the DNA vaccine may fur 
ther comprises a pharmacologically acceptable carrier or 
diluent. Suitable carriers for the vaccine are well known to 
those skilled in the art and include but are not limited to 
proteins, Sugars, etc. Such carriers may be acqueous or non 
aqueous Solutions, Suspensions, and emulsions. Examples of 
non-aqueous carriers are propylene glycol, polyethylene gly 
col, vegetable oils such as olive oil, and injectable organic 
esters such as ethyl oleate. Aqueous carriers include water, 
alcoholic/aqueous solutions, emulsions or Suspensions, 
including saline and buffered media. Parenteral vehicles 
include Sodium chloride solution, Ringer's dextrose and 
sodium chloride, lactated Ringer's or fixed oils. Intravenous 
vehicles include fluid and nutrient replenishers, electrolyte 
replenishers such as those based on Ringer's dextrose, and the 
like. Preservatives and antimicrobials include antioxidants, 
chelating agents, inert gases and the like. Preferred preserva 
tives include formalin, thimerosal, neomycin, polymyxin B 
and amphotericin B. 
0221) An alternative approach to delivering the nucleic 
acid to an animal involves the use of a viral or bacterial vector. 
Examples of suitable viral vectors include adenovirus, polio 
virus, pox viruses such as vaccinia, canary pox, and fowlpox, 
herpes viruses, including catfish herpes virus, adenovirus 
associated vector, and retroviruses. Exemplary bacterial vec 
tors include attenuated forms of Salmonella, Shigella, 
Edwardsiella ictaluri, Yersinia ruckerii, and Listeria mono 
cytogenes. In some embodiments, the nucleic acid is a vector, 
Such as a plasmid, that is capable of autologous expression of 
the nucleotide sequence encoding the immunogenic polypep 
tide. 
0222. A vector can include a nucleic acid encoding a pneu 
mococcal antigen in a form suitable for expression of the 
nucleic acid in a host cell. A recombinant expression vector 
typically includes one or more regulatory sequences opera 
tively linked to the nucleic acid sequence to be expressed. 
Regulatory sequences include promoters, enhancers and 
other expression control elements (e.g., polyadenylation sig 
nals). Regulatory sequences include those which direct con 
stitutive expression of a nucleotide sequence, as well as tis 
Sue-specific regulatory and/or inducible sequences. A 
sequence encoding a pneumococcal antigen can include a 
sequence encoding a signal peptide (e.g., a heterologous sig 
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nal peptide) such that the antigen is secreted from a host cell. 
The design of the expression vector can depend on Such 
factors as the choice of the host cell to be transformed, the 
level of expression of protein desired, and the like. 
0223 Recombinant expression vectors can be designed 
for expression and production of pneumococcal antigens in 
prokaryotic or eukaryotic cells. For example, antigens can be 
expressed in E. coli, insect cells (e.g., using baculovirus 
expression vectors), yeast cells or mammalian cells. Suitable 
host cells are discussed further in Goeddel, Gene Expression 
Technology Methods in Enzymology 185, Academic Press, 
San Diego, Calif., 1990. Alternatively, a recombinant expres 
sion vector can be transcribed and translated in vitro, for 
example using T7 promoter regulatory sequences and T7 
polymerase. 
0224 Expression of polypeptides in prokaryotes is often 
carried out in E. coli with vectors containing constitutive or 
inducible promoters directing the expression of either fusion 
or non-fusion proteins. Fusion vectors add a number of amino 
acids to a protein encoded therein, e.g., to the amino terminus 
or carboxy terminus of the recombinant protein, e.g., to 
increase expression of recombinant protein; to increase the 
solubility of the recombinant protein; and/or to aid in the 
purification of the recombinant antigen by acting as a ligand 
in affinity purification. Often, a proteolytic cleavage site is 
introduced at the junction of the fusion moiety and the recom 
binant antigen to enable separation of the recombinant anti 
gen from the fusion moiety Subsequent to purification of the 
fusion protein. Such enzymes, and their cognate recognition 
sequences, include Factor Xa, thrombin and enterokinase. 
Typical fusion expression vectors include pGEX (Pharmacia 
Biotech Inc.; Smith, D. B. and Johnson, K. S. Gene 67:31-40, 
1988), pMAL (New England Biolabs, Beverly, Mass.) and 
pRITS (Pharmacia, Piscataway, N.J.) which fuse glutathione 
S-transferase (GST), maltose E binding protein, or protein A, 
respectively, to the target recombinant protein. Pneumococ 
cal antigen expression vectors provided herein include yeast 
expression vectors, vectors for expression in insect cells (e.g., 
a baculovirus expression vector) and vectors suitable for 
expression in mammalian cells. 
0225. An expression vector for use in mammalian cells 
can include viral regulatory elements. For example, com 
monly used promoters are derived from polyoma, Adenovirus 
2, cytomegalovirus and Simian Virus 40. A vector can include 
an inducible promoter, e.g., a promoter regulated by a steroid 
hormone, by a polypeptide hormone (e.g., by means of a 
signal transduction pathway), or by a heterologous polypep 
tide (e.g., the tetracycline-inducible systems, "Tet-On” and 
"Tet-Off: see, e.g., Clontech Inc., CA, Gossen and Bujard, 
Proc. Natl. Acad. Sci. USA 89:5547, 1992, and Paillard, 
Human Gene Therapy 9:983, 1989). 
0226. A host cell can be any prokaryotic or eukaryotic cell. 
For example, a pneumococcal antigen can be expressed in 
bacterial cells (such as E. coli), insect cells, yeast or mamma 
liancells (such as Chinese hamsterovary cells (CHO) or COS 
cells (African green monkey kidney cells CV-1 origin SV40 
cells: Gluzman, Cell 23:175-182, 1981). Other suitable host 
cells are known to those skilled in the art. 

0227 Vector DNA can be introduced into host cells via 
conventional transformation or transfection techniques. As 
used herein, the terms “transformation' and “transfection' 
are intended to refer to a variety of art-recognized techniques 
for introducing foreign nucleic acid (e.g., DNA) into a host 
cell, including calcium phosphate or calcium chloride co 
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precipitation, DEAE-dextran-mediated transfection, lipofec 
tion, gene gun, or electroporation. 
0228. A host cell can be used to produce (i.e., express) a 
pneumococcal antigen. Accordingly, the invention further 
provides methods for producing a pneumococcal antigen 
using host cells. In one embodiment, the method includes 
culturing a host cell (into which a recombinant expression 
vector encoding a pneumococcal antigen has been intro 
duced) in a suitable medium Such that a pneumococcal anti 
gen is produced. In another embodiment, the method further 
includes isolating a pneumococcal antigen from the medium 
or the host cell. Purified pneumococcal antigens can be used 
for administration to mammals to induce an immune 
response, and/or to generate antibodies specific for the anti 
genS. 

0229. The present invention also provides nucleic acid 
compositions that encode pneumococcal antigens for admin 
istration to a Subject in vivo, e.g., to elicit an immune response 
to the antigen. In some embodiments, a nucleic acid compo 
sition for administration in vivo includes a naked DNA plas 
mid encoding a pneumococcal antigen. Bacterial vectors, 
repliconvectors, live attenuated bacteria, and viral vectors for 
expression of heterologous genes also can be used. Live 
attenuated viral vectors (e.g., recombinant vaccinia (e.g., 
modified vaccinia Ankara (MVA), IDT Germany), recombi 
nant adenovirus, avian poxvirus (e.g., canarypox (e.g., 
ALVACTM, Aventis Pasteur) or fowlpox), poliovirus, and 
alphavirus virion vectors) have been Successful in inducing 
cell-mediated immune response to antigens. Avian poxvi 
ruses are defective in mammalian hosts, but can express 
inserted heterologous genes under early promoters. Recom 
binant adenovirus and poliovirus vectors can thrive in the gut 
and so can stimulate efficient mucosal immune responses. 
Finally, attenuated bacteria can also be used as a vehicle for 
DNA vaccine delivery. Examples of suitable bacteria include 
S. enterica, S. tymphimurium, Listeria, and BCG. The use of 
mutant bacteria with weak cell walls can aid the exit of DNA 
plasmids from the bacterium. 
0230 Nucleic acid compositions used for immunization 
can include an adjuvant (e.g., an adjuvant Such as a polymer, 
a Saponin, muramyl dipeptide, liposomes, immunomodula 
tory oligonucleotide, or another adjuvant described herein) to 
promote nucleic acid uptake. Regardless of route, adjuvants 
can be administered before, during, or after administration of 
the nucleic acid. In some embodiments, an adjuvant increases 
the uptake of nucleic acid into host cells and/or increases 
expression of the antigen from the nucleic acid within the cell, 
induce antigen-presenting cells to infiltrate the region of tis 
Sue where the antigen is being expressed, or increase the 
antigen-specific response provided by lymphocytes. 
0231. The terms “homology”, “identity” and “similarity” 
refer to the degree of sequence similarity between two pep 
tides or between two optimally aligned nucleic acid mol 
ecules. Homology and identity can each be determined by 
comparing a position in each sequence which can be aligned 
for purposes of comparison. For example, it is based upon 
using a standard homology Software in the default position, 
such as BLAST, version 2.2.14. When an equivalent position 
in the compared sequences is occupied by the same base or 
amino acid, then the molecules are identical at that position; 
when the equivalent site occupied by similar amino acid 
residues (e.g., similar in Steric and/or electronic nature Such 
as, for example conservative amino acid Substitutions), then 
the molecules can be referred to as homologous (similar) at 
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that position. Expression as a percentage of homology/simi 
larity or identity refers to a function of the number of similar 
or identical amino acids at positions shared by the compared 
sequences, respectively. A sequence which is “unrelated” or 
“non-homologous' shares less than 40% identity, though 
preferably less than 25% identity with the sequences as dis 
closed herein. 
0232. In some embodiments, a pneumococcal antigen is a 
variant of a penumococcal antigen of Table 1 which is Sub 
stantial identical to a sequence of SEQID NO: 1-76 or SEQ 
ID NO: 153-234. The term “substantial identity” as used 
herein denotes a characteristic of a polynucleotide or amino 
acid sequence, wherein the polynucleotide or amino acid 
comprises a sequence that has at least 85% sequence identity, 
preferably at least 90% to 95% sequence identity, more usu 
ally at least 99% sequence identity as compared to a reference 
sequence over a comparison window of at least 18 nucleotide 
(6 amino acid) positions, frequently over a window of at least 
24-48 nucleotide (8-16 amino acid) positions, wherein the 
percentage of sequence identity is calculated by comparing 
the reference sequence to the sequence which can include 
deletions or additions which total 20 percent or less of the 
reference sequence over the comparison window. The refer 
ence sequence can be a Subset of a larger sequence. The term 
“similarity”, when used to describe a polypeptide, is deter 
mined by comparing the amino acid sequence and the con 
served amino acid substitutes of one polypeptide to the 
sequence of a second polypeptide. 
0233. In some embodiments, a pneumococcal antigen is 
homologous to a sequence of SEQID NO: 1-76 or SEQ ID 
NO: 153-234. As used herein, the terms “homologous' or 
“homologues' are used interchangeably, and when used to 
describe a polynucleotide or polypeptide, indicates that two 
polynucleotides or polypeptides, or designated sequences 
thereof, when optimally aligned and compared, for example 
using BLAST, version 2.2.14 with default parameters for an 
alignment (see herein) are identical, with appropriate nucle 
otide insertions or deletions or amino-acid insertions or dele 
tions, in at least 60% of the nucleotides, usually from about 
75% to 99%, and more preferably at least about 98 to 99% of 
the nucleotides. The term “homolog” or “homologous' as 
used herein also refers to homology with respect to structure 
and/or function. With respect to sequence homology, 
sequences are homologs if they are at least 60 at least 70%, at 
least 80%, at least 90%, at least 95% identical, at least 97% 
identical, or at least 99% identical. Determination of 
homologs of the genes or peptides of the present invention can 
be easily ascertained by the skilled artisan. 
0234. In some cases, it there may be advantages to design 
ing vaccines based on antigens that are “surface-expressed 
rather than cytoplasmic. Annotated genomes often describes 
protein location based on homology with other identified 
proteins, but this may be an imperfect or often incorrect 
approach, as homologous proteins form two different organ 
isms may not necessarily be located at the same site (nor have 
the same function) in both. Thus, an additional tool for deter 
mination of the location of the protein (surface versus other) 
may be very helpful and may also be used in the chloroform 
method described herein. 
0235 An embodiment of the present method comprises 
identifying a protein, “X” of interest, then removing the gene 
encoding for X from the organism, then replacing that gene 
with a gene encoding for a tagged version of the X protein 
(e.g., tagged with His, HA, OVA peptide, among others), 

29 
Dec. 31, 2015 

which can be detected readily with monoclonal or polyclonal 
antibodies. After confirmation of the genetic construct, the 
organism is then grown, stained with an antibody that recog 
nizes the tag (and is also fused to a fluorophore). Flow cytom 
etry is then used to evaluate whether the antibodies are 
attached to the Surface of the organism, in which case, the 
antigen can be deduced to be surface-expressed. Similar strat 
egies using antibodies attached to magnetic beads can be used 
as well. For pneumococcus, for example, the organism can be 
evaluated in its encapsulated or unencapsulated form. An 
antigen can be surface expressed, but hidden under the cap 
Sule, for selection of antigen purposes, it may be advanta 
geous to select an antigen that is both Surface expressed and 
accessible despite capsulation. 
0236. The identified immunogenic proteins or mixtures 
thereof may be used in a multivalent or individual vaccine, 
which can be administered in many forms (intramuscularly, 
Subcutaneously, mucosally, transdermally). For example, 
combinations or permutations of the twelve pneumococcal 
immunogens may be more efficacious against colonization 
Versus disease. A combination of several immunogens with 
both characteristics may provide a Superior vaccine. 

Antibodies 

0237 Antibodies directed against a pneumococcal anti 
gen or functional fragment thereof as disclosed in Table 1 
may be used in a prophylactic or therapeutic application to 
confer immunity from a first individual to a second individual 
(e.g., to augment the Second individual's immune response 
against S. pneumoniae or to provide a response if the second 
individual is an immunocompromised patient). Antibodies 
directed againsta a pneumococcal antigenas disclosed herein 
can be generated in an immunocompetent host (e.g., by 
administering to the immunocompetent host a conjugate 
described herein), harvested from the host and transfused into 
a recipient in need of treatment or prophylaxis, thereby con 
ferring resistance to the recipient against not only the pneu 
molysin toxin, but also against S. pneumoniae and any pos 
sibly other bacteria which bind antibodies elicited by the 
pneumococcal antigen. 
0238 Antibodies elicited by a composition described 
herein can be formulated as a pharmaceutical composition 
and be used to confer a prophylactic or therapeutic immune 
response to an individual. Suitable components and methods 
of administration for pharmaceutical compositions are 
described herein. For eliciting passive immunity, the pharma 
ceutical composition may contain polyclonal antibodies or 
monoclonal antibodies or their derivatives of fragments. A 
pharmaceutical composition contains a prophylactically or 
therapeutically effective amount of an antibody, fragment, or 
derivative, as determined by standard clinical techniques. 
0239 Accordingly, this invention provides, interalia, anti 
bodies, orantigen-binding fragments thereof, to a novel pneu 
mococcal antigen described herein, e.g., those listed in Table 
1, or a SP0785 polypeptide antigen, a SP1500 polypeptide 
antigen, a SP0346 polypeptide antigen, a SP1386 polypeptide 
antigen, a SP0084 polypeptide antigen, a SP1479 polypeptide 
antigen, a CTO67 polypeptide antigen, a CT476 polypeptide 
antigen, a p6 polypeptide antigen, a SP2145 polypeptide anti 
gen, or any pneumococcalantigenlisted in Table 1, e.g., SEQ 
ID NO: 1-76 or SEQ ID NO: 153-234), or functional frag 
ments or variants thereof. The antibodies can be of the various 
isotypes, including: IgG (e.g., IgG1, IgG2, IgG3, IgG4), IgM, 
IgA1, IgA2, Ig|D, or IgE. In some embodiments, an antibody 
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is an IgG isotype, e.g., IgG1. An antibody against a pneumo 
coccal antigen can be full-length (e.g., an IgG1 or IgG4 
antibody) or can include only an antigen-binding fragment 
(e.g., a Fab., F(ab). Fv or a single chain Fv fragment). These 
include monoclonal antibodies, recombinant antibodies, chi 
mericantibodies, human antibodies, and humanized antibod 
ies, as well as antigen-binding fragments of the foregoing. 
0240 Monoclonal antibodies can be produced by a variety 
of techniques, including conventional monoclonal antibody 
methodology, e.g., the standard somatic cell hybridization 
technique of Kohler and Milstein, Nature 256: 495, 1975. 
Polyclonal antibodies can be produced by immunization of 
animal or human Subjects. See generally, Harlow, E. and 
Lane, D. Antibodies: A Laboratory Manual, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1988. 
Antibodies against pneumococcal antigens described herein 
can be used, e.g., for diagnostic assays, or for therapeutic 
applications. 
0241. In some embodiments of the present invention, a 
Subjects response to an immunogenic composition described 
herein is evaluated, e.g., to determine efficacy of the compo 
sition, and/or to compare responses elicited by the composi 
tion to responses elicited by a different composition. 

Nucleic Acids Encoding Pneumococcal Polypeptide 
Antigens 
0242 Nucleic acids encoding a pneumococcal polypep 
tide antigen or a fragment or variant of pneumococcal 
polypeptide can be administered to a mammal (e.g., a human) 
to generate a prophylactic and/or therapeutic immune 
response in the mammal. The immune response can be an 
anti-pneumococcal humoral and/or a cellular immune 
response. 
0243 Polypeptides that can be encoded by the nucleic acid 
constructs include one or more pneumococcal polypeptide 
antigens, alone or fused to a fusion polypeptide, e.g. PdT 
and/or a polysaccharide and/or another antigen, e.g., Vi. In 
addition, a nucleic acid can encode a combination of two or 
more such polypeptides, fragments, or variants. 
0244. Nucleic acid expression constructs can be prepared 
by using standard recombinant DNA methods. Regulatory 
elements can be included in a construct to facilitate expres 
sion of the nucleic acid encoding the polypeptide. These 
elements include sequences for enhancing expression in 
human or other mammalian cells, e.g., promoters, RNA sta 
bilization sequences 5' and/or 3' to the coding sequence, 
introns (which can be placed at any location within or adja 
cent to the encoded sequence), and poly(A) addition sites, as 
well as an origin of replication and one or more genes encod 
ing selectable markers enabling the constructs to replicate 
and be selected in prokaryotic and/or eukaryotic hosts. A T7 
polymerase promoter or other type of promoter (e.g., a tissue 
specific promoter or a cell-specific promoter Such as a 
muscle-specific promoter) is optionally present at the 5' end 
of the coding sequence, and a sequence encoding a FLAG or 
other mAb determinant is optionally present at the 3' end of 
the coding sequence. The construct may also contain other 
transcriptional and translational signals, such as a Kozak 
Sequence. 
0245. The construct may in addition include a sequence 
encoding a targeting signal that directs the encoded polypep 
tide to a desired intracellular compartment, the targeting sig 
nal being linked to the polypeptide. Targeting signals can 
direct the encoded polypeptide to endoplasmic reticulum 
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(ER), the golgi, the nucleus, a lysosome, a class II peptide 
loading compartment, or an endosome, and include signal 
peptides, ER retention peptides, and lysosome-targeting pep 
tides. 

0246 The nucleic acids can be used in any vector that 
allows for expression in cells of a mammal. The vector can be, 
e.g., a non-viral vector Such as a plasmid or bacterial vector, 
an integrating viral vector, or a non-integrating viral vector. 
An example of a suitable vector is the family of pcDNA 
mammalian expression vectors (Invitrogen), which permit 
direct and rapid cloning of PCR products. 
0247 Various delivery systems can be used to deliver 
nucleic acids encoding polypeptides into appropriate cells. 
The nucleic acids encoding the polypeptides can be delivered 
in a pharmaceutically acceptable carrier Such as saline, or as 
colloidal suspensions, or as powders, with or without dilu 
ents. The nucleic acids can be "naked’ or associated with 
delivery vehicles and delivered using delivery systems known 
in the art, such as lipids, liposomes, microspheres, micropar 
ticles or microcapsules, gold particles, ISCOMS. nanopar 
ticles, polymers, condensing agents, polysaccharides, 
polyamino acids, dendrimers, Saponins, QS21, adsorption 
enhancing materials, adjuvants, or fatty acids. Nucleic acids 
can also be delivered to a cell, e.g., a skeletal muscle cell, 
either in vitro or in vivo, using electroporation. 
0248. The nucleic acids can be administered using stan 
dard methods, e.g., those described in Donnelly et al., J. 
Immunol Methods 176:145, 1994, and Vitiello et al., J. Clin. 
Invest. 95:341, 1995, and can be delivered into subjects in any 
manner known in the art, e.g., orally intramuscularly, intra 
venously, intraarterially, intrathecally, intradermally, intrap 
eritoneally, intranasally, intrapulmonarily, intraocularly, 
intravaginally, intrarectally or Subcutaneously. They can be 
introduced into the gastrointestinal tract or the respiratory 
tract, e.g., by inhalation of a solution or powder containing the 
nucleic acids. Administration can be local or systemic. 
0249. It is expected that a dosage of approximately 100 
2000 g of nucleic acid would be administered to an indi 
vidual. Where the patient is an adult human, vaccination 
regimens can include, e.g., intramuscular, intradermal, inha 
lation, or subcutaneous administrations of 10-1000 ug of a 
plasmid DNA when delivered in a microparticle, or of about 
10-2500 ug, e.g., 100 to 2000, or 500 to 1000 ug, of naked 
plasmid DNA delivered intramuscularly or intradermally, 
repeated 3-6 times. As is well known in the medical arts, 
dosage for any given patient depends upon many factors, 
including the patient's size, general health, sex, body Surface 
area, age, the particular compound to be administered, time 
and route of administration, and other drugs being adminis 
tered concurrently. Determination of optimal dosage is well 
within the abilities of a pharmacologist of ordinary skill. 
0250 Other standard delivery methods, e.g., biolistic 
transfer or ex vivo treatment, can also be used. In ex vivo 
treatment, antigen presenting cells (APCs) such as dendritic 
cells, peripheral blood mononuclear cells, or bone marrow 
cells can be obtained from a patient or an appropriate donor 
and activated ex vivo with the nucleic acid, and then 
implanted or reinfused into the patient. 
0251. The nucleic acids can be administered alone or in 
combination with other therapies known in the art, e.g., anti 
microbial agents. In addition, the nucleic acids can be admin 
istered in combination with other treatments designed to 
enhance immune responses, e.g., by co-administration with 

Pfizer EX1042, Page 38 of 68



US 2015/0374811 A1 

adjuvants, cytokines (or nucleic acids encoding cytokines), or 
CpG oligonucleotides, as is well known in the art. 
0252. The ability of a nucleic acid to elicit an immune 
response in a host mammal can be assayed by using methods 
for measuring immune responses that are well known in the 
art. For example, the generation of cytotoxic T cells can be 
demonstrated in a standard. Sup.51Cr release assay, by mea 
Suring intracellular cytokine expression or secretion, or by 
using MHC tetramers. Standard assays, such as ELISA or 
ELISPOT, can be used to measure cytokine profiles attribut 
able to T cell activation. T cell proliferation can be measured 
using assays such as Sup.3H-thymidine uptake and other 
assays known in the art. B cell responses can be measured 
using art recognized assays such as ELISA. Other method 
ologies can also be used to evaluate the effects of the nucleic 
acids on pathogen-associated lesions or on other pathogen 
levels generally (e.g., pneumococci clearance in challenged 
mice treated with the conjugate). 
0253) The nucleic acids described herein can be used in 
the manufacture of a medicament for the prevention or treat 
ment of an infection with S. pneumoniae or conditions asso 
ciated with such infection. 

Assays for T Cell Activation 

0254. In some embodiments, various assays can be uti 
lized in order to characterize an antigen or composition and/ 
or to determine whether an immune response has been stimu 
lated in a T cell or group of T cells. In some embodiments, 
assays are used to characterize a T cell response in a subject 
that has been administered an immunogenic composition to 
elicit an anti-pneumococcal response (e.g., to evaluate 
whether a detectable T cell response has been elicited and/or 
to evaluate the potency of the response). The novel pneumo 
coccal antigens described herein also provide diagnostic 
agents to evaluate exposure to pneumococcal infections (e.g., 
in non-vaccinated Subjects). In some embodiments, assays 
are used to characterize a T cell response in a Subject to 
determine whether the subject has been infected with a pneu 
mococcal organism. The Subject can be a subject Suspected of 
exposure to a pneumococcal organism recently (i.e., an assay 
to detect a response can be performed with a sample taken 
from the subject about 3, 4, 5, 6, 7, 8, 9, 10, 14, 30, or more 
days after Suspected exposure to apneumococcalorganism). 
The Subject can be a Subject Suspected of exposure to a 
pneumococcal organism weeks, months, or years prior to the 
assay. The novel pneumococcal antigens described herein 
also provide prognostic agents to evaluate outcomes of expo 
Sure to a pneumococcal organism (e.g., in Subjects known to 
be, or to have been, infected with a pneumococcal organism). 
In Some embodiments, assays are used to characterize a T cell 
response in a Subject to assess the likelihood of sequelae (e.g., 
sepsis) to infection with a pneumococcal organism. 
0255. In some embodiments, stimulation of an immune 
response in T cells is determined by measuring antigen-in 
duced production of cytokines by T cells. In some embodi 
ments, stimulation of an immune response in T cells can be 
determined by measuring antigen-induced production of 
IFN-y, IL-4, IL-2, IL-6, IL-10, IL-17 and/or TNF-C. by T 
cells. In some embodiments, antigen-induced production of 
cytokines by T cells can be measured by intracellular cytok 
ine staining followed by flow cytometry. Other suitable meth 
ods include Surface capture staining followed by flow cytom 
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etry, or methods that determine cytokine concentration in 
supernatants of activated T cell cultures, such as ELISA or 
ELISPOT assays. 
0256 In some embodiments, antigen-produced produc 
tion of cytokines by T cells is measured by ELISPOT assay. 
ELISPOT assays typically employ a technique very similar to 
the sandwich enzyme-linked immunosorbent assay (ELISA) 
technique. An antibody (e.g. monoclonal antibody, poly 
clonal antibody, etc.) is coated aseptically onto a PVDF (poly 
vinylidene fluoride)-backed microplate. Antibodies are cho 
sen for their specificity for the cytokine of interest. The plate 
is blocked (e.g., with a serum protein that is non-reactive with 
any of the antibodies in the assay). Cells to be tested for 
cytokine production are plated out at varying densities, along 
with antigen or mitogen, and then placed in a humidified 37° 
C. CO incubator for a specified period of time. Cytokine 
secreted by activated cells is captured locally by the coated 
antibody on the high surface area PVDF membrane. After 
washing the wells to remove cells, debris, and media compo 
nents, a secondary antibody (e.g. a biotinylated polyclonal 
antibody) specific for the cytokine is added to the wells. This 
antibody is reactive with a distinct epitope of the target cytok 
ine and thus is employed to detect the captured cytokine. 
Following a wash to remove any unbound biotinylated anti 
body, the detected cytokine is then visualized using an avidin 
HRP, and a precipitating substrate (e.g., AEC, BCIP/NBT). 
The colored end product (a spot, usually red or blue) typically 
represents an individual cytokine-producing cell. Spots can 
be counted manually (e.g., with a dissecting microscope) or 
using an automated reader to capture the microwell images 
and to analyze spot number and size. In some embodiments, 
each spot correlates to a single cytokine-producing cell. 
0257. In some embodiments, an immune response in T 
cells is said to be stimulated if between about 1% and about 
100% of antigen-specific T cells produce cytokines. In some 
embodiments, an immune response in T cells is said to be 
stimulated if at least about 1%, at least about 5%, at least 
about 10%, at least about 25%, at least about 50%, at least 
about 75%, at least about 90%, at least about 95%, at least 
about 99%, or about 100% of antigen-specific T cells produce 
cytokines. 
0258. In some embodiments, an immune response in T 
cells is said to be stimulated if immunized subjects comprise 
at least about 10-fold, at least about 50-fold, at least about 
100-fold, at least about 500-fold, at least about 1000-fold, at 
least about 5000-fold, at least about 10.000-fold, at least 
about 50,000-fold, at least about 100.000-fold, or greater than 
at least about 100.000-fold more cytokine-producing cells 
than do naive controls. 

0259. In some embodiments, stimulation of an immune 
response in T cells can be determined by measuring antigen 
induced proliferation of T cells. In some embodiments, anti 
gen-induced proliferation may be measured as uptake of 
H-thymidine in dividing T cells (sometimes referred to as 
“lymphocyte transformation test, or “LTT). In some 
embodiments, antigen-induced proliferation is said to have 
occurred if Sup.3H-thymidine uptake (given as number of 
counts from a gamma. counter) is at least about 5-fold, at 
least about 10-fold, at least about 20-fold, at least about 
50-fold, at least about 100-fold, at least about 500-fold, at 
least about 1000-fold, at least about 5000-fold, at least about 
10.000-fold, or greater than at least about 10.000-fold higher 
than a naive control. 
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0260. In some embodiments, antigen-induced prolifera 
tion may be measured by flow cytometry. In some embodi 
ments, antigen-induced proliferation may be measured by a 
carboxyfluorescein succinimidyl ester (CFSE) dilution assay. 
CFSE is a non-toxic, fluorescent, membrane-permeating dye 
that binds the amino groups of cytoplasmic proteins with its 
Succinimidyl-reactive group (e.g., T cell proteins). When 
cells divide, CFSE-labeled proteins are equally distributed 
between the daughter cells, thus halving cell fluorescence 
with each division. Consequently, antigen-specific T cells 
lose their fluorescence after culture in the presence of the 
respective antigen (CFSE. Sup.low) and are distinguishable 
from other cells in culture (CFSE. Sup.high). In some embodi 
ments, antigen-induced proliferation is said to have occurred 
if CFSE dilution (given as the percentage of CFSE'" cells out 
of all CFSE cells) is at least about 5%, at least about 10%, at 
least about 25%, at least about 50%, at least about 75%, at 
least about 90%, at least about 95%, or at least about 100%. 
0261. In some embodiments, an immune response in 
T-cells is said to be stimulated if cellular markers of T cell 
activation are expressed at different levels (e.g., higher or 
lower levels) relative to unstimulated cells. In some embodi 
ments, CD11a, CD27, CD25, CD40L, CD44, CD45RO, and/ 
or CD69 are more highly expressed in activated T cells than in 
unstimulated T cells. In some embodiments, L-selectin 
(CD62L), CD45RA, and/or CCR7 are less highly expressed 
in activated T cells than in unstimulated T cells. 
0262. In some embodiments, an immune response in T 
cells is measured by assaying cytotoxicity by effector CD8+ 
T cells against antigen-pulsed target cells. For example, a 
chromium (Cr) release assay can be performed. In this 

assay, effector CD8+ T cells bind infected cells presenting 
virus peptide on class I MHC and signal the infected cells to 
undergo apoptosis. If the cells are labeled with 'Cr before the 
effector CD8+ T cells are added, the amount of Cr released 
into the Supernatant is proportional to the number of targets 
killed. In some embodiments, an immune response in T cells 
is measured by an in vivo cytotoxicity assay in which target 
cells are antigen pulsed and labeled with a fluorescent dye, 
then transferred into immunized animals. Specific cytolytic T 
cells cause the disappearance of fluorescently labeled cells 
that are pulsed with a relevantantigen, but no decrease in cells 
pulsed with a control antigen. See, e.g., Coliganet al., Current 
Protocols in Immunology, 3.11.14-16, John Wiley & Sons, 
Inc., 2007. In some embodiments, an immune response in T 
cells is measured by detecting expression of one or more of 
Perforin, Granzyme B, or CD107a (e.g., by ELISPOT or flow 
cytometry). See, e.g., Betts et al., J. Immunol Meth. 281 (1- 
2):65-78, 2003. 

In Vivo Assays 
0263. In some embodiments, an immunogenic composi 
tion may be characterized (e.g., to assess efficacy in inducing 
a beneficial response in animal models) by infecting groups 
of immunized and non-immunized mice (e.g., 3 or more 
weeks after vaccination) with a dose of a chlamydia organism 
that typically produces a particular pathology (e.g., upper 
urogenital tract infection) or bacterial burden. The magnitude 
and duration of pathology or bacterial burden due to infection 
of both groups is monitored and compared. In one example, B 
cell responses are characterized by transferring serum from 
immune mice as a “passive vaccine' to assess protection of 
non-immune mice from pathological effects or burden of 
infection. In some embodiments, infiltrating leukocyte popu 
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lations are characterized (e.g., to assess the number and type 
cells in a region of infection, e.g., whether CD4. Sup.+ T cells, 
CD8.sup.+ T cells, or other cell types are present). Animal 
models for chlamydial urogenital infection have been 
described. In some embodiments, a chlamydia organism is 
applied as an intravaginal inoculum, and infection and pathol 
ogy of one or more of lower and upper genital tracts of the 
infected animal is characterized. See, e.g., Barron et al. (J. 
Infect. Dis. 143(1):63-6, 1981), which describes an intravagi 
nal infection model in mice. In some embodiments, clearance 
of primary infection is a measure of protective immunity in 
this model. In some embodiments, detection of CD4+ T cell 
responses of a Th1 subtype correlate with protection (Morri 
son et al., Infect Immun 70:2741-2751, 2002). 
0264. In some embodiments, an immunogenic composi 
tion is assessed in an animal model of pneumococcal infec 
tion. In some embodiments, lower urogenital tract infection 
by pneumococcus is assessed in the model (e.g., lower tract 
bacterial burden and/or inflammation due to infection is 
assessed). In some embodiments, upper tract infection by 
chlamydia is assessed in the model (e.g., one or more of upper 
tract bacterial burden, inflammation, infertility, collagen 
deposition, Scarring due to infection, are assessed). In some 
embodiments, an ability to prevent ascension of a chlamydia 
infection from the lower tract to the upper genital tract is 
assessed. In some embodiments, rate of bacterial clearance 
from the lower tract is assessed. In some embodiments, rate of 
bacterial clearance from the upper tract is assessed. In some 
embodiment, the rate of bacterial clearance from the nose is 
assessed. In some embodiments, an immunogenic composi 
tion is assessed in an animal model in multiple strains of the 
animal of interest (e.g., multiple mouse strains). In some 
embodiments, presence and size of hydrosalpinx (fluid block 
age of fallopian tubes) is assessed. 
0265. In some embodiments, desirable immunogenic 
compositions are characterized as having one or more of the 
above effects in vivo (e.g., in an animal model). For example, 
in Some embodiments, an immunogenic composition reduces 
lower urogenital tract infection by chlamydia bacteria. In 
Some embodiments, an immunogenic composition reduces 
lower tract bacterial burden. In some embodiments, an immu 
nogenic composition reduces lower tract inflammation due to 
infection. In some embodiments, an immunogenic composi 
tion reduces upper tract infection by pneumococcus. In some 
embodiments, an immunogenic composition reduces ascen 
sion of a pneumococcal infection from the lower tract to the 
upper genital tract. In some embodiments, an immunogenic 
composition increases the rate of bacterial clearance from the 
lower tract and/or the upper tract. In some embodiments, an 
immunogenic composition has one or more of the above 
effects in multiple animal Strains (e.g., multiple mouse 
strains). 
0266. In some embodiments, pneumococcal antigens of 
Table 1 or functional fragments thereof for use in the immu 
nogenic compositions as disclosed herein elicits an IL-17A 
response in mouse splenocytes or human PBMCs in vitro as 
disclosed in Example 2, and/or protects colonization in vivo 
in a mouse colonization model, where mice are challenged 
with a serotype of pneumococcal strain (e.g., serotypes 6B, 
14F or 19F) after biweekly immunization with a pneumococ 
cal antigen (or functional fragment), and assessing for pres 
ence of pneumococcal colonization in the nose, as disclosed 
in Example 3. 
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0267 One of ordinary skill in the art will recognize that the 
assays described above are only exemplary methods which 
could be utilized in order to determine whether T cell activa 
tion and/or B cell activation has occurred. Any assay knownto 
one of skill in the art which can be used to determine whether 
T and/or B cell activation has occurred falls within the scope 
of this invention. The assays described herein as well as 
additional assays that could be used to determine whether T 
and/or B cell activation has occurred are described in Current 
Protocols in Immunology (John Wiley & Sons, Hoboken, N. 
Y., 2007; incorporated herein by reference). 
0268 Ongoing studies assess immunogenicity in outbred 
animal strains, and characterize the efficacy of these proteins 
in protecting against invasive disease in aspiration/sepsis 
models. In some embodiments, one can test the ability of a 
pneumococcal antigen, e.g., an antigen listed in Table 1, or a 
homologue or functional fragment or variant of an antigen 
listed in Table 1 to elicit an immune response in vivo, by 
measuring a CMI response to the target antigen. CMI assays 
are known in the art and described, for example, in United 
States Patent Application 2005/0014205, WO/1987/005400, 
U.S. Pat. No. 5,674,698 and commercially available kits such 
as IMMUNKNOW.R. CYLEX Immune cell function assay 
Product No. 4400, which are incorporated in their entirety by 
reference herein for use in the present invention. 

Applications and Use of the Immunogenic Compositions 

0269. The S. pneumoniae vaccines described herein may 
be used for prophylactic and/or therapeutic treatment of S. 
pneumoniae. Accordingly, this application provides a method 
for treating a Subject suffering from or Susceptible to S. pneu 
moniae infection, comprising administering an effective 
amount of any of the vaccine formulations described herein. 
In some aspects, the method inhibits S. pneumoniae coloni 
Zation in an individual. In some aspects, the method inhibits S. 
pneumoniae symptoms or sequelae. Such as sepsis. The Sub 
ject receiving the vaccination may be a male or a female, and 
may be a child or adult. In some embodiments, the Subject 
being treated is a human. In other embodiments, the Subject is 
a non-human animal. 
0270. Accordingly, the immunogenic compositions and 
methods described herein can be used for the prophylaxis 
and/or treatment of any pneumococcal infection, pneumo 
coccal disease, disorder, and/or condition, or a pneumococcal 
infection, Such as sepsis. As used herein, "prophylaxis' refers 
to uses before onset of symptoms due to a pneumococcal 
infection, pneumococcal disease, disorder, and/or condition 
and/or before known exposure to a Streptococcus pneumo 
niae organism. Subjects include, but are not limited to, 
humans and/or other primates; and other animals susceptible 
to infection by S. pneumoniae organisms, including commer 
cially relevant mammals such as cattle, pigs, horses, sheep, 
cats, and/or dogs; and/or birds, including commercially rel 
evantbirds Such as chickens, ducks, geese, and/or turkeys. 

1. Prophylactic Use 

0271 In prophylactic embodiments, a vaccine or immu 
nogenic composition as disclosed herein is administered to a 
Subject to induce an immune response that can help protect 
against the establishment of S. pneumoniae, for example by 
protecting against colonization, the first and necessary step in 
disease. Thus, in Some aspects, the method inhibits infection 
by S. pneumoniae in a non-colonized or uninfected Subject. In 
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another aspect, the method may reduce the duration of colo 
nization in an individual who is already colonized. 
0272. In some embodiments, a vaccine or immunogenic 
composition as disclosed herein confer protective immunity, 
allowing a vaccinated individual to exhibit delayed onset of 
symptoms or sequelae, or reduced severity of symptoms or 
sequelae, as the result of his or her exposure to the vaccine. In 
certain embodiments, the reduction in severity of symptoms 
or sequelae is at least 25%, 40%, 50%, 60%, 70%, 80% or 
even 90%. In particular embodiments, vaccinated individuals 
may display no symptoms or sequelae upon contact with S. 
pneumoniae, do not become colonized by S. pneumoniae, or 
both. Protective immunity is typically achieved by one or 
more of the following mechanisms: mucosal, humoral, or 
cellular immunity Mucosal immunity is primarily the result 
of secretory IgA (sIGA) antibodies on mucosal surfaces of the 
respiratory, gastrointestinal, and genitourinary tracts. The 
sIGA antibodies are generated after a series of events medi 
ated by antigen-processing cells, B and T lymphocytes, that 
result in sIGA production by B lymphocytes on mucosa-lined 
tissues of the body. Humoral immunity is typically the result 
of IgG antibodies and IgM antibodies in serum. Cellular 
immunity can be achieved through cytotoxic T lymphocytes 
or through delayed-type hypersensitivity that involves mac 
rophages and T lymphocytes, as well as other mechanisms 
involving T cells without a requirement for antibodies. In 
particular, cellular immunity may be mediated by TH1 or 
TH17 cells. 

0273 Essentially any individual has a certain risk of 
becoming infected with S. pneumoniae. However, certain 
Sub-populations have an increased risk of infection. In some 
embodiments, a vaccine formulation as described herein 
(e.g., a composition comprising one or more polypeptides 
from Table 1 or 2, or nucleic acids encoding the polypeptides, 
or antibodies reactive with the polypeptides) is administered 
to patients that are immunocompromised. 
0274. An immunocompromising condition arising from a 
medical treatment is likely to expose the individual in ques 
tion to a higher risk of infection with S. pneumoniae. It is 
possible to treat an infection prophylactically in an individual 
having the immunocompromised condition before or during 
treatments known to compromise immune function. By pro 
phylactically treating with an antigenic composition (e.g., 
two or more antigens from Table 1 or 2, or nucleic acids 
encoding the antigens), or with antibodies reactive to two or 
more antigens from Table 1 or 2, before or during a treatment 
known to compromise immune function, it is possible to 
prevent a Subsequent S. pneumoniae infection or to reduce the 
risk of the individual contracting an infection due to the 
immunocompromised condition. Should the individual con 
tract an S. pneumoniae infection e.g., following a treatment 
leading to an immunocompromised condition it is also pos 
sible to treat the infection by administering to the individual 
an antigen composition. 
0275. The following groups are at increased risk of pneu 
mococcal disease or its complications, and therefore it is 
advantageous for Subjects falling into one or more of these 
groups to receive a vaccine formulation described herein: 
children, especially those from 1 month to 5 years old or 2 
months to 2 years old; children who are at least 2 years of age 
with asplenia, Splenic dysfunction or sickle-cell disease; chil 
dren who are at least 2 years of age with nephrotic syndrome, 
chronic cerebrospinal fluid leak, HIV infection or other con 
ditions associated with immunosuppression. 
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0276. In another embodiment, at least one dose of the 
pneumococcal antigen composition is given to adults in the 
following groups at increased risk of pneumococcal disease 
or its complications: all persons 65 years of age; adults with 
asplenia, Subjects with Job’s syndrome (subject lacking 
Th-17 cell-mediated response), Subjects with aggamaglobun 
emia (a Subject lacking antibody-mediated response), splenic 
dysfunction or sickle-cell disease; adults with the following 
conditions: chronic cardiorespiratory disease, cirrhosis, alco 
holism, chronic renal disease, nephrotic syndrome, diabetes 
mellitus, chronic cerebrospinal fluid leak, HIV infection, 
AIDS and other conditions associated with immunosuppres 
sion (Hodgkin’s disease, lymphoma, multiple myeloma, 
immunosuppression for organ transplantation), individuals 
with cochlear implants; individuals with long-term health 
problems such as heart disease and lung disease, as well as 
individuals who are taking any drug or treatment that lowers 
the body's resistance to infection, such as long-term steroids, 
certain cancer drugs, radiation therapy; Alaskan natives and 
certain Native American populations. 

2. Therapeutic Use 
0277. In therapeutic applications, a vaccine or immuno 
genic composition as disclosed herein may be administered to 
a patient Suffering from S. pneumoniae infection, in an 
amount Sufficient to treat the patient. Treating the patient, in 
this case, refers to reducing S. pneumoniae symptoms and/or 
bacterial load and/or sequelae bin an infected individual. In 
some embodiments, treating the patient refers to reducing the 
duration of symptoms or sequelae, or reducing the intensity of 
symptoms or sequelae. In some embodiments, the vaccine 
reduces transmissibility of S. pneumoniae from the vacci 
nated patient. In certain embodiments, the reductions 
described above are at least 25%, 30%, 40%, 50%, 60%, 70%, 
80% or even 90%. 
0278. In therapeutic embodiments, the vaccine is admin 
istered to an individual post-infection. The vaccine may be 
administered shortly after infection, e.g. before symptoms or 
sequelae manifest, or may be administered during or after 
manifestation of symptoms or sequelae. 
0279 Atherapeutic S. pneumoniae vaccine can reduce the 
intensity and/or duration of the various symptoms or sequelae 
of S. pneumoniae infection. Symptoms or sequelae of S. 
pneumoniae infection can take many forms. Invasive pneu 
mococcal diseases include acute sinusitis, otitis media, men 
ingitis, bacteremia, sepsis, osteomyelitis, septic arthritis, 
endocarditis, peritonitis, pericarditis, cellulitis, and brain 
abscess. Accordingly, in Some cases, an infected patient 
develops pneumonia, acute sinusitis, otitis media (ear infec 
tion), meningitis, bacteremia, sepsis, osteomyelitis, septic 
arthritis, endocarditis, peritonitis, pericarditis, cellulitis, or 
brain abscess. 
0280 Sepsis is a rare but life-threatening complication of 

S. pneumoniae infection, where the bacterium invades the 
bloodstream and systemic inflammation results. Typically, 
fever is observed and white blood cell count increases. A 
further description of sepsis is found in Goldstein, B. et al. 
“International pediatric sepsis consensus conference: defini 
tions for sepsis and organ dysfunction in pediatrics.” Pediatr 
Crit. Care Med. January 2005; 6 (1):2-8. 
0281. In some embodiments, immunogenic compositions 
in accordance with the present invention may be used to treat, 
alleviate, ameliorate, relieve, delay onset of inhibit progres 
sion of reduce risk of infection by, and reduce severity of 
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and/or reduce incidence of one or more symptoms or features 
of a pneumococcal disease, disorder, and/or condition. In 
Some embodiments, inventive an immunogenic composition 
may be used to treat, alleviate, ameliorate, relieve, delay onset 
of inhibit progression of reduce severity of and/or reduce 
incidence of one or more symptoms or features of pneumo 
coccal infection (e.g., but not limited to sepsis, pneumonia, 
acute otitis media, bacteremia and bacterial meningitis). 
0282. In one aspect of the invention, a method for the 
prophylaxis and/or treatment of pneumococcal infection is 
provided. In some embodiments, the prophylaxis and/or 
treatment of pneumococcal infection comprises administer 
ing a therapeutically effective amount of an immunogenic 
composition described herein to a subject in need thereof, in 
Such amounts and for Such time as is necessary to achieve the 
desired result. In certain embodiments of the present inven 
tion a “therapeutically effective amount of an inventive 
immunogenic composition is that amount effective for reduc 
ing risk of infection by, or treating, alleviating, ameliorating, 
relieving, delaying onset of inhibiting progression of reduc 
ing severity of, and/or reducing incidence of one or more 
symptoms or features of pneumococcal infection. A thera 
peutically effective amount may be determined on a popula 
tion basis, and is not required to be an amount that naturally 
induces a protective response in a particular Subject. 
0283. In some embodiments, inventive prophylactic and/ 
or therapeutic protocols involve administering a therapeuti 
cally effective amount of one or more inventive immunogenic 
compositions to a healthy Subject (i.e., a Subject who does not 
display any symptoms of chlamydia infection and/or who has 
not been diagnosed with pneumococcal infection). For 
example, healthy individuals may be vaccinated using inven 
tive immunogenic compositions prior to development of 
pneumococcal infection and/or onset of symptoms of pneu 
mococcal infection; at risk individuals (e.g., patients exposed 
to individuals Suffering from pneumococcal infection, 
patients with HIV or a compromised immune system, or a 
Subject who is Susceptible is to pneumococcal infection Such 
as a subject with Job’s syndrome (subject lacking Th-17 
cell-mediated response) or a Subject with aggamaglobunemic 
(a Subject lacking antibody-mediated response)) can be 
treated Substantially contemporaneously with (e.g., within 48 
hours, within 24 hours, or within 12 hours of) the onset of 
symptoms of and/or exposure to pneumococcal infection. Of 
course individuals known to have pneumococcal infection or 
sepsis may receive treatment at any time. 
0284. In some embodiments, inventive prophylactic and/ 
or therapeutic protocols involve administering a therapeuti 
cally effective amount of one or more inventive immunogenic 
compositions to a subject such that an immune response is 
stimulated in both T cells and B cells. 
0285. In some embodiments, by combining one or more 
pneumococcal antigens and adjuvants, immune responses 
(e.g. T cell and/or B cell responses) can be tailored to prefer 
entially elicit the most desirable type of immune response for 
a given indication, e.g., humoral response, Th1 T cell 
response, Th17 T cell response, IFN-y secretion by antigen 
specific T cells, cytotoxic T cell response, antibody response, 
B cell response, innate immune response, or a combination of 
these responses. 

Assaying Vaccination Efficacy 
0286 The efficacy of vaccination with the a vaccine or 
immunogenic composition as disclosed herein may be deter 
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mined in a number of ways, in addition to the clinical out 
comes described above. First, one may assay IL-17 levels 
(particularly IL-17A) by stimulating T cells derived from the 
subject after vaccination. The IL-17 levels may be compared 
to IL-17 levels in the same subject before vaccination. 
Increased IL-17 (e.g., IL-17A) levels, such as a 1.5 fold, 
2-fold, 5-fold, 10-fold, 20-fold, 50-fold or 100-fold or more 
increase, would indicate an increased response to the vaccine. 
Alternatively (or in combination), one may assay neutrophils 
in the presence of T cells or antibodies from the patient for 
pneumococcal killing. Increased pneumococcal killing. Such 
as a 1.5 fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold or 100 
fold or more increase, would indicate an increased response 
to the vaccine. In addition, one may measure Tsub.H17 cell 
activation, where increased Tsub.H17 cell activation, such as 
a 1.5 fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold or 100-fold 
or more increase, correlates with an increased response to the 
vaccine. One may also measure levels of an antibody specific 
to the vaccine, where increased levels of the specificantibody, 
such as a 1.5 fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold or 
100-fold or more increase, are correlated with increased vac 
cine efficacy. In certain embodiments, two or more of these 
assays are used. For example, one may measure IL-17 levels 
and the levels of vaccine-specific antibody. Alternatively, one 
may follow epidemiological markers such as incidence of 
severity of, or duration of pneumococcal infection in vacci 
nated individuals compared to unvaccinated individuals. 
0287 Vaccine efficacy may also be assayed in various 
model systems such as the mouse model. For instance, 
BALB/c or C57BL/6 strains of mice may be used. After 
administering the test vaccine to a subject (as a single dose or 
multiple doses), the experimenter administers a challenge 
dose of S. pneumoniae. In some cases, a challenge dose 
administered intranasally is Sufficient to cause S. pneumoniae 
colonization (especially nasal colonization) in an unvacci 
nated animal, and in some cases a challenge dose adminis 
tered via aspiration is sufficient to cause sepsis and a high rate 
of lethality in unvaccinated animals. One can then measure 
the reduction in colonization or the reduction in lethality in 
vaccinated animals. As demonstrated in Examples 1-3, the 
efficacy of polypeptides of Table 1 in inhibiting S. pneumo 
niae nasal colonization following intranasal challenge in the 
mouse model can be assessed. Examples 3 and 4 show the 
efficacy of polypeptides of Table 1 in protecting against sepsis 
and death following infection with S. pneumoniae via aspi 
ration in the mouse model. 

Immunogenic Compositions and Formulations 
0288. In one embodiment, an immunogenic composition 
as disclosed herein, e.g., a vaccine or immunogenic compo 
sition described herein, can comprise a pharmaceutically 
acceptable carrier. In another embodiment, the vaccine com 
position described herein is formulated for administering to a 
mammal. Suitable formulations can be found in Remington's 
Pharmaceutical Sciences, 16th and 18th Eds., Mack Publish 
ing, Easton, Pa. (1980 and 1990), and Introduction to Phar 
maceutical Dosage Forms, 4th Edition, Lea & Febiger, Phila 
delphia (1985), each of which is incorporated herein by 
reference. 
0289. In one embodiment, a vaccine compositions as 
described herein comprise pharmaceutically acceptable car 
riers that are inherently nontoxic and nontherapeutic. 
Examples of Such carriers include ion exchangers, alumina, 
aluminum Stearate, lecithin, serum proteins, such as human 
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serum albumin, buffer Substances such as phosphates, gly 
cine, Sorbic acid, potassium Sorbate, partial glyceride mix 
tures of Saturated vegetable fatty acids, water, salts, or elec 
trolytes such as protamine Sulfate, disodium hydrogen 
phosphate, potassium hydrogen phosphate, Sodium chloride, 
Zinc salts, colloidal silica, magnesium trisilicate, polyvinyl 
pyrrolidone, cellulose-based Substances, and polyethylene 
glycol. For all administrations, conventional depot forms are 
Suitably used. Such forms include, for example, microcap 
Sules, nano-capsules, liposomes, plasters, inhalation forms, 
nose sprays, Sublingual tablets, and Sustained release prepa 
rations. For examples of Sustained release compositions, see 
U.S. Pat. Nos. 3,773.919, 3,887,699, EP 58,481A, EP 158, 
277A, Canadian Patent No. 1176565; U. Sidman et al., 
Biopolymers 22:547 (1983) and R. Langer et al., Chem. Tech. 
12:98 (1982). The proteins will usually be formulated at a 
concentration of about 0.1 mg/ml to 100 mg/ml per applica 
tion per patient. 
0290. In one embodiment, other ingredients can be added 
to vaccine formulations, including antioxidants, e.g., ascor 
bic acid; low molecular weight (less than about ten residues) 
polypeptides, e.g., polyarginine or tripeptides; proteins. Such 
as serum albumin, gelatin, or immunoglobulins; hydrophilic 
polymers such as polyvinylpyrrolidone; amino acids, such as 
glycine, glutamic acid, aspartic acid, or arginine; monosac 
charides, disaccharides, and other carbohydrates including 
cellulose or its derivatives, glucose, mannose, or dextrins; 
chelating agents such as EDTA; and Sugar alcohols such as 
mannitol or sorbitol. 

0291. In one embodiment, a vaccine composition as 
described herein for administration must be sterile. Sterility is 
readily accomplished by filtration through sterile filtration 
membranes (e.g., 0.2 micron membranes). 
0292. In some embodiments, a vaccine composition as 
described hereinfurther comprises pharmaceutical excipients 
including, but not limited to biocompatible oils, physiologi 
cal saline solutions, preservatives, carbohydrate, protein, 
amino acids, osmotic pressure controlling agents, carrier 
gases, pH-controlling agents, organic solvents, hydrophobic 
agents, enzyme inhibitors, water absorbing polymers, Surfac 
tants, absorption promoters and anti-oxidative agents. Rep 
resentative examples of carbohydrates include soluble Sugars 
Such as hydropropyl cellulose, carboxymethyl cellulose, 
Sodium carboxyl cellulose, hyaluronic acid, chitosan, algi 
nate, glucose, Xylose, galactose, fructose, maltose, saccha 
rose, dextran, chondroitin Sulfate, etc. Representative 
examples of proteins include albumin, gelatin, etc. Represen 
tative examples of amino acids include glycine, alanine, 
glutamic acid, arginine, lysine, and their salts. 
0293. In some embodiments, the immunogens as 
described hereincan be solubilized in water, a solvent such as 
methanol, or a buffer. Suitable buffers include, but are not 
limited to, phosphate buffered saline Ca"/Mg" free (PBS), 
normal saline (150 mMNaCl in water), and Tris buffer. Anti 
gen not soluble in neutral buffer can be solubilized in 10 mM 
acetic acid and then diluted to the desired volume with a 
neutral buffer such as PBS. In the case of antigen soluble only 
at acid pH, acetate-PBS at acid pH may be used as a diluent 
after solubilization in dilute acetic acid. Glycerol can be a 
Suitable non-aqueous buffer for use in the present invention. 
0294. If the immunogen as disclosed herein is not soluble 
perse, the immunogen can be present in the formulation in a 
Suspension or even as an aggregate. In some embodiments, 
hydrophobic antigen can be solubilized in a detergent, for 
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example a polypeptide containing a membrane-spanning 
domain. Furthermore, for formulations containing lipo 
Somes, an antigen in a detergent solution (e.g., a cell mem 
brane extract) may be mixed with lipids, and liposomes then 
may beformed by removal of the detergent by dilution, dialy 
sis, or column chromatography. 
0295. In some embodiments, a vaccine composition is 
administered in combination with other therapeutic ingredi 
ents including, e.g., Y-interferon, cytokines, chemotherapeu 
tic agents, or anti-inflammatory or anti-viral agents. 
0296. In some embodiments, a vaccine composition is 
administered in a pure or Substantially pure form, but it is 
preferable to present it as a pharmaceutical composition, for 
mulation or preparation. Such formulation comprises 
polypeptides described herein together with one or more 
pharmaceutically acceptable carriers and optionally other 
therapeutic ingredients. Other therapeutic ingredients include 
compounds that enhance antigen presentation, e.g., gamma 
interferon, cytokines, chemotherapeutic agents, or anti-in 
flammatory agents. The formulations can conveniently be 
presented in unit dosage form and may be prepared by meth 
ods well known in the pharmaceutical art. For example, Plot 
kin and Mortimer (In Vaccines, 1994, W.B. Saunders Com 
pany; 2nd edition) describes vaccination of animals or 
humans to induce an immune response specific for particular 
pathogens, as well as methods of preparing antigen, deter 
mining a Suitable dose of antigen, and assaying for induction 
of an immune response. 
0297. In some embodiments, a vaccine composition as 
described herein further comprises an adjuvant, as described 
herein. 
0298 Formulations of vaccine compositions suitable for 
intravenous, intramuscular, intranasal, oral, Subcutaneous, or 
intraperitoneal administration conveniently comprise sterile 
aqueous solutions of the active ingredient with solutions 
which are preferably isotonic with the blood of the recipient. 
Such formulations may be conveniently prepared by dissolv 
ing Solid active ingredient in water containing physiologi 
cally compatible Substances such as Sodium chloride (e.g., 
0.1-2.0 M), glycine, and the like, and having a buffered pH 
compatible with physiological conditions to produce anaque 
ous solution, and rendering the solution Sterile. These may be 
present in unit or multi-dose containers, for example, sealed 
ampoules or vials. 
0299 Liposomal suspensions can also be used as pharma 
ceutically acceptable carriers. These can be prepared accord 
ing to methods known to those skilled in the art, for example, 
as described in U.S. Pat. No. 4,522,811. 
0300 Formulations for an intranasal delivery are 
described in U.S. Pat. Nos. 5,427,782, 5,843,451 and 6,398, 
774, which are incorporated herein in their entirety by refer 
ence. Other means of mucosal administration are also encom 
passed herein. 
0301 The formulations of a vaccine composition as dis 
closed herein can also incorporate a stabilizer. Illustrative 
stabilizers are polyethylene glycol, proteins, saccharide, 
amino acids, inorganic acids, and organic acids which may be 
used either on their own or as admixtures. Two or more 
stabilizers may be used in aqueous Solutions at the appropri 
ate concentration and/or pH. The specific osmotic pressure in 
Such aqueous Solution is generally in the range of 0.1-3.0 
osmoses, preferably in the range of 0.80-1.2. The pH of the 
aqueous solution is adjusted to be within the range of 5.0-9.0, 
preferably within the range of 6-8. 
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0302) When oral preparations are desired, a vaccine com 
position can be combined with typical carriers. Such as lac 
tose, Sucrose, starch, talc magnesium Stearate, crystalline cel 
lulose, methyl cellulose, carboxymethyl cellulose, glycerin, 
Sodium alginate or gum arabic among others. 
0303. The present invention provides immunogenic com 
positions (e.g., vaccines) comprising a novel pneumococcal 
antigen, e.g., one or more of a polypeptide antigen selected 
from Table 1 or functional fragments thereof and any combi 
nations thereof, and one or more pharmaceutically acceptable 
excipients. In accordance with Some embodiments, a method 
of administering an inventive immunogenic composition to a 
subject in need thereof is provided. In some embodiments, 
inventive compositions are administered to humans. For the 
purposes of the present invention, the phrase “active ingredi 
ent generally refers to an inventive immunogenic composi 
tion comprising at least one chlamydia antigen and optionally 
comprising one or more additional agents, such as an adju 
Vant 

0304 Although the descriptions of immunogenic compo 
sitions provided herein are principally directed to composi 
tions which are suitable for administration to humans, it will 
be understood by the skilled artisan that such compositions 
are generally Suitable for administration to animals of all 
sorts. Modification of immunogenic compositions Suitable 
for administration to humans in order to render the composi 
tions Suitable for administration to various animals is well 
understood, and the ordinarily skilled Veterinary pharmacolo 
gist can design and/or perform such modification with merely 
ordinary, if any, experimentation. Subjects to which admin 
istration of the immunogenic compositions of the invention is 
contemplated include, but are not limited to, humans and/or 
other primates; mammals, including commercially relevant 
mammals such as domestic animals, cattle, pigs, horses, 
sheep, cats, and/or dogs; and/or birds, including commer 
cially relevant birds such as chickens, ducks, geese, and/or 
turkeys. 
0305 The formulations of the immunogenic compositions 
described herein may be prepared by any method known or 
hereafter developed in the art of vaccines. In some embodi 
ments, such preparatory methods include the step of bringing 
the antigen?s) (or nucleic acids encoding the antigens, for 
nucleic acid based applications) into association with one or 
more excipients and/or one or more other accessory ingredi 
ents, and then, if necessary and/or desirable, shaping and/or 
packaging the product into a desired single- or multi-dose 
unit 
0306 An immunogenic composition of the invention may 
be prepared, packaged, and/or sold in bulk, as a single unit 
dose, and/or as a plurality of single unit doses. As used herein, 
a “unit dose' is discrete amount of the immunogenic compo 
sition comprising a predetermined amount of the antigen?s). 
0307 The relative amounts of the antigen?s), the pharma 
ceutically acceptable excipient(s), and/or any additional 
ingredients (e.g., adjuvant) in a composition of the invention 
will vary, depending upon the identity, size, and/or condition 
of the subject treated and further depending upon the route by 
which the composition is to be administered. 
0308 Immunogenic formulations of the present invention 
may additionally comprise a pharmaceutically acceptable 
excipient, which, as used herein, includes any and all sol 
vents, dispersion media, diluents, or other liquid vehicles, 
dispersion or Suspension aids, Surface active agents, isotonic 
agents, thickening or emulsifying agents, preservatives, Solid 
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binders, lubricants and the like, as suited to the particular 
dosage form desired. Remington's The Science and Practice 
of Pharmacy, 21. Sup. St Edition, A. R. Gennaro, (Lippincott, 
Williams & Wilkins, Baltimore, Md., 2006; incorporated 
herein by reference) discloses various excipients used in for 
mulating pharmaceutical compositions and known tech 
niques for the preparation thereof. Except insofar as any 
conventional excipient is incompatible with a Substance or its 
derivatives, such as by producing any undesirable biological 
effect or otherwise interacting in a deleterious manner with 
any other component(s) of the immunogenic composition, its 
use is contemplated to be within the scope of this invention. 
0309. In some embodiments, the pharmaceutically accept 
able excipient is at least 95%,96%.97%.98%, 99%, or 100% 
pure. In some embodiments, the excipient is approved for use 
in humans and for veterinary use. In some embodiments, the 
excipient is approved by United States Food and Drug 
Administration. In some embodiments, the excipient is phar 
maceutical grade. In some embodiments, the excipient meets 
the standards of the United States Pharmacopoeia (USP), the 
European Pharmacopoeia (EP), the British Pharmacopoeia, 
and/or the International Pharmacopoeia. 
0310 Pharmaceutically acceptable excipients used in the 
manufacture of immunogenic compositions include, but are 
not limited to, inert diluents, dispersing and/or granulating 
agents, Surface active agents and/or emulsifiers, disintegrat 
ing agents, binding agents, preservatives, buffering agents, 
lubricating agents, and/or oils. Such excipients may option 
ally be included in the inventive formulations. 
0311 Injectable formulations, for example, sterile inject 
able aqueous or oleaginous Suspensions may be formulated 
according to the known art using Suitable dispersing or wet 
ting agents and Suspending agents. A sterile injectable prepa 
ration may be a sterile injectable solution, Suspension or 
emulsion in a nontoxic parenterally acceptable diluent or 
Solvent, for example, as a solution in 1,3-butanediol. Among 
the acceptable vehicles and solvents that may be employed 
are water, Ringer's solution, U.S.P. and isotonic sodium chlo 
ride solution. In addition, sterile, fixed oils are conventionally 
employed as a solvent or Suspending medium. For this pur 
pose any bland fixed oil can be employed including synthetic 
mono- or diglycerides. In addition, fatty acids such as oleic 
acid are used in the preparation of injectables. 
0312 Injectable formulations can be sterilized, for 
example, by filtration through a bacterial-retaining filter, or 
by incorporating sterilizing agents in the form of sterile Solid 
compositions which can be dissolved or dispersed in sterile 
water or other sterile injectable medium prior to use. 
0313. In order to prolong release of an immunogenic com 
position and stimulate maximal uptake by antigen presenting 
cells in the vicinity of an injection site, it is often desirable to 
slow the absorption from Subcutaneous or intramuscular 
injection. This may be accomplished by the use of a liquid 
Suspension of crystalline or amorphous material with poor 
water solubility. Alternatively, delayed absorption of a 
parenterally administered drug form may be accomplished by 
dissolving or Suspending the drug in an oil vehicle. 
0314. In some embodiments, an immunogenic composi 
tion is administered to a mucosal Surface. Compositions for 
rectal or vaginal administration can include Suppositories 
which can be prepared by mixing immunogenic compositions 
of this invention with suitable excipients such as cocoa butter, 
polyethylene glycol or a Suppository wax, which are solid at 
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ambient temperature but liquid at body temperature and 
therefore melt in the rectum or vaginal cavity and release 
antigen. 
0315. In some embodiments, an immunogenic composi 
tion is administered orally. Solid dosage forms for oral 
administration include capsules, tablets, pills, powders, and 
granules. In Such solid dosage forms, the antigen can be 
mixed with at least one inert, pharmaceutically acceptable 
excipient such as sodium citrate or dicalcium phosphate and/ 
or a) fillers or extenders such as starches, lactose, Sucrose, 
glucose, mannitol, and silicic acid, b) binders such as, for 
example, carboxymethylcellulose, alginates, gelatin, polyvi 
nylpyrrolidinone. Sucrose, and acacia, c) humectants such as 
glycerol, d) disintegrating agents such as agar, calcium car 
bonate, potato or tapioca starch, alginic acid, certain silicates, 
and sodium carbonate, e) solution retarding agents such as 
paraffin, f) absorption accelerators such as quaternary ammo 
nium compounds, g) wetting agents such as, for example, 
cetyl alcohol and glycerol monostearate, h) absorbents such 
as kaolin and bentonite clay, and i) lubricants such as talc, 
calcium Stearate, magnesium Stearate, Solid polyethylene gly 
cols, Sodium lauryl Sulfate, and mixtures thereof. In the case 
of capsules, tablets and pills, the dosage form may comprise 
buffering agents. 
0316 Suitable devices for use in delivering immunogenic 
compositions by an intradermal route described herein 
include short needle devices such as those described in U.S. 
Pat. Nos. 4,886,499; 5,190,521; 5,328,483; 5,527,288; 4,270, 
537; 5,015,235; 5,141,496; and 5,417,662. Jet injection 
devices which deliver liquid immunogenic compositions to 
the dermis via a liquid jet injector and/or via a needle which 
pierces the stratum corneum and produces a jet which reaches 
the dermis are suitable. Jetinjection devices are described, for 
example, in U.S. Pat. Nos. 5,480,381: 5,599,302; 5,334,144: 
5,993,412: 5,649,912; 5,569,189; 5,704,911; 5,383,851: 
5,893,397; 5,466.220; 5,339,163; 5,312,335; 5,503,627; 
5,064,413: 5,520,639; 4,596,556; 4,790,824; 4.941,880; 
4,940,460; and PCT publications WO 97/37705 and WO 
97/13537. Ballistic powder/particle delivery devices which 
use compressed gas to accelerate an immunogenic composi 
tion in powder form through the outer layers of the skinto the 
dermis are suitable. Alternatively or additionally, conven 
tional syringes may be used in the classical mantoux method 
of intradermal administration. 

0317 General considerations in the formulation and/or 
manufacture of pharmaceutical agents may be found, for 
example, in Remington: The Science and Practice of Phar 
macy 21. Sup.st ed., Lippincott Williams & Wilkins, 2005. 
0318. The vaccine formulation or immunogenic composi 
tion may be suitable for administration to a human patient, 
and vaccine or immunogenic composition preparation may 
conform to USFDA guidelines. In some embodiments, the 
vaccine formulation or immunogenic composition is Suitable 
for administration to a non-human animal. In some embodi 
ments, the vaccine or immunogenic composition is Substan 
tially free of either endotoxins or exotoxins. Endotoxins may 
include pyrogens, such as lipopolysaccharide (LPS) mol 
ecules. The vaccine or immunogenic composition may also 
be substantially free of inactive protein fragments which may 
cause a fever or other side effects. In some embodiments, the 
composition contains less than 1%, less than 0.1%, less than 
0.01%, less than 0.001%, or less than 0.0001% of endotoxins, 
exotoxins, and/or inactive protein fragments. In some 
embodiments, the vaccine or immunogenic composition has 
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lower levels of pyrogens than industrial water, tap water, or 
distilled water. Other vaccine or immunogenic composition 
components may be purified using methods known in the art, 
Such as ion-exchange chromatography, ultrafiltration, or dis 
tillation. In other embodiments, the pyrogens may be inacti 
vated or destroyed prior to administration to a patient. Raw 
materials for vaccines, such as water, buffers, salts and other 
chemicals may also be screened and depyrogenated. All 
materials in the vaccine may be sterile, and each lot of the 
vaccine may be tested for sterility. Thus, in certain embodi 
ments the endotoxin levels in the vaccine fall below the levels 
set by the USFDA, for example 0.2 endotoxin (EU)/kg of 
product for an intrathecal injectable composition; 5 EU/kg of 
product for a non-intrathecal injectable composition, and 
0.25-0.5 EU/mL for sterile water. 

0319. In certain embodiments, the preparation comprises 
less than 50%, 20%, 10%, or 5% (by dry weight) contami 
nating protein. In certain embodiments, the desired molecule 
is present in the substantial absence of other biological mac 
romolecules, such as other proteins (particularly other pro 
teins which may substantially mask, diminish, confuse or 
alter the characteristics of the component proteins either as 
purified preparations or in their function in the subject recon 
stituted mixture). In certain embodiments, at least 80%, 90%, 
95%, 99%, or 99.8% (by dry weight) of biological macro 
molecules of the same type present (but water, buffers, and 
other Small molecules, especially molecules having a 
molecular weight of less than 5000, can be present). In some 
embodiments, the vaccine or immunogenic composition 
comprising purified subunit proteins contains less than 5%, 
2%, 1%, 0.5%, 0.2%, 0.1% of protein from host cells in which 
the subunit proteins were expressed, relative to the amount of 
purified subunit. In some embodiments, the desired polypep 
tides are substantially free of nucleic acids and/or carbohy 
drates. For instance, in some embodiments, the vaccine or 
immunogenic composition contains less than 5%, less than 
2%, less than 1%, less than 0.5%, less than 0.2%, or less than 
0.1% host cell DNA and/or RNA. In certain embodiments, at 
least 80%, 90%, 95%, 99%, or 99.8% (by dry weight) of 
biological macromolecules of the same type are present in the 
preparation (but water, buffers, and other small molecules, 
especially molecules having a molecular weight of less than 
5000, can be present). 
0320. It is preferred that the vaccine or immunogenic com 
position has low or no toxicity, within a reasonable risk 
benefit ratio. In certain embodiments, the vaccine or immu 
nogenic composition comprises ingredients at concentrations 
that are less than LD.50 measurements for the animal being 
vaccinated. LD50 measurements may be obtained in mice or 
other experimental model systems, and extrapolated to 
humans and other animals. Methods for estimating the LD50 
of compounds in humans and other animals are well-known 
in the art. A vaccine formulation or immunogenic composi 
tion, and any component within it, might have an LD50 value 
in rats of greater than 100 g/kg, greater than 50 g/kg, greater 
than 20 g/kg, greater than 10 g/kg, greater than 5 g/kg, greater 
than 2 g/kg, greater than 1 g/kg, greater than 500 mg/kg, 
greater than 200 mg/kg, greater than 100 mg/kg, greater than 
50 mg/kg, greater than 20 mg/kg, or greater than 10 mg/kg. A 
Vaccine formulation or immunogenic composition that com 
prises a toxin such as botulinum toxin (which can be used as 
an adjuvant) should contain significantly less than the LD50 
of botulinum toxin. 
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0321. The formulations suitable for introduction of the 
Vaccine formulations or pharmaceutical composition vary 
according to route of administration. Formulations suitable 
for parenteral administration, such as, for example, by 
intraarticular (in the joints), intravenous, intramuscular, intra 
dermal, intraperitoneal, intranasal, and subcutaneous routes, 
include aqueous and non-aqueous, isotonic sterile injection 
Solutions, which can contain antioxidants, buffers, bacteri 
ostats, and solutes that render the formulation isotonic with 
the blood of the intended recipient, and aqueous and non 
aqueous sterile suspensions that can include suspending 
agents, solubilizers, thickening agents, stabilizers, and pre 
servatives. The formulations can be presented in unit-dose or 
multi-dose sealed containers, such as ampoules and vials. 
0322. Injection solutions and suspensions can be prepared 
from sterile powders, granules, and tablets of the kind previ 
ously described. In the case of adoptive transfer of therapeutic 
T cells, the cells can be administered intravenously or 
parenterally. 
0323 Formulations suitable for oral administration can 
consist of (a) liquid solutions, such as an effective amount of 
the polypeptides or packaged nucleic acids suspended in dilu 
ents, such as water, saline or PEG 400; (b) capsules, sachets or 
tablets, each containing a predetermined amount of the active 
ingredient, as liquids, solids, granules or gelatin; (c) suspen 
Sions in an appropriate liquid; and (d) suitable emulsions. 
Tablet forms can include one or more of lactose, sucrose, 
mannitol, Sorbitol, calcium phosphates, corn starch, potato 
starch, tragacanth, microcrystalline cellulose, acacia, gelatin, 
colloidal silicon dioxide, croscarmellose sodium, talc, mag 
nesium stearate, stearic acid, and other excipients, colorants, 
fillers, binders, diluents, buffering agents, moistening agents, 
preservatives, flavoring agents, dyes, disintegrating agents, 
and pharmaceutically compatible carriers. Lozenge forms 
can comprise the active ingredient in a flavor, usually sucrose 
and acacia or tragacanth, as well as pastilles comprising the 
active ingredient in an inert base, such as gelatin and glycerin 
or sucrose and acacia emulsions, gels, and the like containing, 
in addition to the active ingredient, carriers known in the art. 
The pharmaceutical compositions can be encapsulated, e.g., 
in liposomes, or in a formulation that provides for slow 
release of the active ingredient. 
0324. The antigens, alone or in combination with other 
suitable components, can be made into aerosol formulations 
(e.g., they can be "nebulized') to be administered via inhala 
tion. Aerosol formulations can be placed into pressurized 
acceptable propellants, such as dichlorodifluoromethane. 
propane, nitrogen, and the like. Aerosol formulations can be 
delivered orally or nasally. 
0325 Suitable formulations for vaginal or rectal adminis 
tration include, for example, suppositories, which consist of 
the polypeptides or packaged nucleic acids with a suppository 
base. Suitable suppository bases include natural or synthetic 
triglycerides or paraffin hydrocarbons. In addition, it is also 
possible to use gelatin rectal capsules which consist of a 
combination of the polypeptides or packaged nucleic acids 
with a base, including, for example, liquid triglycerides, poly 
ethylene glycols, and paraffin hydrocarbons. 

Doses and Routes of Administration 

1. Dosage Forms. Amounts, and Timing 
0326. The amount of antigen in each vaccine or immuno 
genic composition dose is selected as an effective amount, 
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which induces a prophylactic or therapeutic response, as 
described above, in either a single dose or over multiple 
doses. Preferably, the dose is without significant adverse side 
effects in typical vaccines. Such amount will vary depending 
upon which specific antigen is employed. Generally, it is 
expected that a dose will comprise 1-1000 g of each protein, 
in Some instances 2-100 ug, for instance 4-40 ug. In some 
aspects, the vaccine formulation comprises 1-1000 ug of the 
polypeptide and 1-250 ug of the adjuvant. In some embodi 
ments, the appropriate amount of antigen to be delivered will 
depend on the age, weight, and health (eg immunocompro 
mised status) of a subject. When present, typically an adju 
vant will be present in amounts from 1 Jug-250 ug per dose, for 
example 50-150 lug, 75-125 ug or 100 ug. 
0327. In some embodiments, only one dose of the vaccine 

is administered to achieve the results described above. In 
other embodiments, following an initial vaccination, Subjects 
receive one or more boost vaccinations, for a total of two, 
three, four or five vaccinations. Advantageously, the number 
is three or fewer. A boost vaccination may be administered, 
for example, about 1 month, 2 months, 4 months, 6 months, or 
12 months after the initial vaccination, such that one vacci 
nation regimen involves administration at 0, 0.5-2 and 4-8 
months. It may be advantageous to administer split doses of 
vaccines which may be administered by the same or different 
rOuteS. 

0328. The vaccines and immunogenic compositions 
described herein may take on a variety of dosage forms. In 
certain embodiments, the composition is provided in solid or 
powdered (e.g., lyophilized) form; it also may be provided in 
Solution form. In certain embodiments, a dosage form is 
provided as a dose of lyophilized composition and at least one 
separate sterile container of diluent. 
0329. In some embodiments, the composition will be 
administered in a dose escalation manner, Such that succes 
sive administrations of the composition contain a higher con 
centration of composition than previous administrations. In 
Some embodiments, the composition will be administered in 
a manner Such that Successive administrations of the compo 
sition contain a lower concentration of composition than pre 
vious administrations. 

0330. The precise dose to be employed in the formulation 
will also depend on the route of administration and should be 
decided according to the judgment of the practitioner and 
each patient’s circumstances. For example, a range of 25 
ug-900 ug total immunogen protein can be administered 
intradermally, monthly for 3 months. Ultimately, the attend 
ing physician will decide the amount of protein or vaccine 
composition to administer to particular individuals. 
0331. In some embodiments, a therapeutically effective 
amount of an inventive immunogenic composition is deliv 
ered to a patient and/or animal prior to, simultaneously with, 
and/or after exposure to a chlamydia organism or diagnosis 
with a chlamydial disease, disorder, and/or condition. In 
Some embodiments, a therapeutic amount of an inventive 
composition is delivered to a patient and/or animal prior to, 
simultaneously with, and/or after onset of symptoms of a 
chlamydial disease, disorder, and/or condition. In some 
embodiments, the amount of an immunogenic composition is 
sufficient to reduce risk of infection by, or treat, alleviate, 
ameliorate, relieve, delay onset of inhibit progression of 
reduce severity of and/or reduce incidence of one or more 
symptoms or features of the chlamydial disease, disorder, 
and/or condition. 
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0332 Immunogenic compositions, according to the 
method of the present invention, may be administered using 
any amount and any route of administration effective for 
treatment. The exact amount required will vary from subject 
to Subject, depending on the species, age, and general condi 
tion of the subject, the severity of the infection, the particular 
composition, its mode of administration, its mode of activity, 
and the like. The specific effective dose level for any particu 
lar subject or organism will depend upon a variety of factors 
including the immunogenicity of the antigen composition 
employed; the specific composition employed; the nature of 
adjuvant used; the age, body weight, general health, sex and 
diet of the subject; the time of administration, route of admin 
istration, and like factors well known in the medical arts. 
0333. In therapeutic applications, compositions are 
administered to a patient Suffering from a disease in an 
amount Sufficient to treat the patient. Therapeutic applica 
tions of a composition described herein include reducing 
transmissibility, slowing disease progression, reducing bac 
terial viability or replication, or inhibiting the expression of 
proteins required for toxicity, such as by 90%. 80%, 70%, 
60%, 50%, 40%, 30%, 20% or 10% of the levels at which they 
would occur in individuals who are not treated with the com 
position. 
0334. In prophylactic embodiments, compositions are 
administered to a human or other mammal to induce an 
immune response that can inhibit the establishment of an 
infectious disease or other condition. In some embodiments, 
a composition may partially block the bacterium from estab 
lishing an infection. 
0335. In some embodiments, the compositions are admin 
istered in combination with antibiotics. This co-administra 
tion is particularly appropriate when the pharmaceutical com 
position is administered to a patient who has recently been 
exposed (or is Suspected of having been recently exposed) to 
S. pneumoniae. Many antibiotics are used to treat pneumo 
coccal infections, including penicillin, amoxicillin, amoxicil 
lin/clavulanate, cefuroxime, cefotaxime, ceftriaxone, and 
Vancomycin. The appropriate antibiotic may be selected 
based on the type and severity of the infection, as well as any 
known antibiotic resistance of the infection (Jacobs MR 
"Drug-resistant Streptococcus pneumoniae: rational antibi 
otic choices' Am J. Med. 1999 May 3: 106 (5A): 19S-25S). 

2. Administration 

0336 A method of immunization or vaccinating a mam 
mal against pneumococcal infections comprises administer 
ing a vaccine composition described herein. 
0337. In some embodiments, the immunogenic composi 
tions or vaccine compositions as described herein can be 
administered intravenously, intranasally, intramuscularly, 
subcutaneously, infraperitoneally or orally. A preferred route 
of administration is intranasal or by other mucosal route. 
0338 Vaccination can be conducted by conventional 
methods. For example, an immunogen as polypeptide as dis 
closed in Table 1 can be used in a suitable diluent such as 
saline or water, and optionally with complete or incomplete 
adjuvants. The vaccine can be administered by any route 
appropriate for eliciting an immune response. The vaccine 
can be administered once or at periodic intervals until an 
immune response is elicited Immune responses can be 
detected by a variety of methods known to those skilled in the 
art, including but not limited to, antibody production, cyto 
toxicity assay, proliferation assay and cytokine release 
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assays. For example, samples of blood can be drawn from the 
immunized mammal, and analyzed for the presence of anti 
bodies against the immunogen protein used in the vaccination 
by ELISA and the titer of these antibodies can be determined 
by methods known in the art. 
0339 Immunogenic compositions of the present invention 
may be administered by any route that elicits an immune 
response. In some embodiments, an immunogenic composi 
tion is administered subcutaneously. In some embodiments, 
an immunogenic composition is administered intramuscu 
larly. In some embodiments, the immunogenic compositions 
of the present invention are administered by a variety of 
routes, including oral, intravenous, intra-arterial, intramedul 
lary, intrathecal, intraventricular, transdermal, interdermal, 
rectal, intravaginal, intraperitoneal, topical (as by powders, 
ointments, creams, and/or drops), transdermal, mucosal, 
nasal, buccal, enteral, Sublingual; by intratracheal instillation, 
bronchial instillation, and/or inhalation; and/or as an oral 
spray, nasal spray, and/or aerosol. 
0340. The vaccine formulations and pharmaceutical com 
positions herein can be delivered by administration to an 
individual, typically by Systemic administration (e.g., intra 
venous, intraperitoneal, intramuscular, intradermal, Subcuta 
neous, Subdermal, transdermal, intracranial, intranasal, 
mucosal, anal, vaginal, oral, buccal route or they can be 
inhaled) or they can be administered by topical application. In 
Some embodiments, the route of administration is intramus 
cular. In other embodiments, the route of administration is 
Subcutaneous. In yet other embodiments, the route of admin 
istration is mucosal. In certain embodiments, the route of 
administration is transdermal or intradermal 
0341 Certain routes of administration are particularly 
appropriate for vaccine formulations and immunogenic com 
positions comprising specified adjuvants. In particular, trans 
dermal administration is one Suitable route of administration 
for S. pneumoniae vaccines comprising toxins (e.g. cholera 
toxin or labile toxin); in other embodiments, the administra 
tion is intranasal. Vaccines formulated with Alphavirus rep 
licons may be administered, for example, by the intramuscu 
lar or the Subcutaneous route. Vaccines comprising 
Monophosphory Lipid A (MPL), Trehalose Dicoynomyco 
late (TDM), and dioctadecyldimethylammonium bromide 
(DDA) are suitable (interalia) for intramuscular and subcu 
taneous administration. A vaccine comprising residuimod 
may be administered topically or subcutaneously, for 
example. 
0342. In certain embodiments, an immunogenic composi 
tion of the invention may be administered in amounts that 
include a protein antigen in ranges of 1 Lig-500 ug. In some 
embodiments, a dose of about 10 ug. 20, 30 ug, 50g, or 100 
ug is administered to a human. 
0343. In some embodiments, an immunogenic composi 
tion is administered more than once (e.g., twice, three times, 
four times, five times). In some embodiments, a boost is given 
about one week, two weeks, three weeks, one month, three 
months, six months, one year, or longer after an initial immu 
nization. 

Preparation and Storage of Vaccine Formulations and 
Immunogenic Compositions 
0344. The S. pneumoniae vaccines and immunogenic 
compositions described herein may be produced using a vari 
ety of techniques. For example, a polypeptide may be pro 
duced using recombinant DNA technology in a Suitable host 
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cell. A suitable host cell may be bacterial, yeast, mammalian, 
or other type of cell. The host cell may be modified to express 
an exogenous copy of one of the relevant polypeptide genes. 
Typically, the gene is operably linked to appropriate regula 
tory sequences such as a strong promoter and a polyadenyla 
tion sequence. In some embodiments, the promoter is induc 
ible or repressible. Other regulatory sequences may provide 
for secretion or excretion of the polypeptide of interest or 
retention of the polypeptide of interest in the cytoplasm or in 
the membrane, depending on how one wishes to purify the 
polypeptide. The gene may be present on an extrachromo 
Somal plasmid, or may be integrated into the host genome. 
One of skill in the art will recognize that it is not necessary to 
use a nucleic acid 100% identical to the naturally-occurring 
sequence. Rather, some alterations to these sequences are 
tolerated and may be desirable. For instance, the nucleic acid 
may be altered to take advantage of the degeneracy of the 
genetic code Such that the encoded polypeptide remains the 
same. In some embodiments, the gene is codon-optimized to 
improve expression in a particular host. The nucleic acid may 
be produced, for example, by PCR or by chemical synthesis. 
0345 Once a recombinant cell line has been produced, a 
polypeptide may be isolated from it. The isolation may be 
accomplished, for example, by affinity purification tech 
niques or by physical separation techniques (e.g., a size col 
umn). 
0346. In a further aspect of the present disclosure, there is 
provided a method of manufacture comprising mixing one or 
more polypeptides or an immunogenic fragment or variant 
thereof with a carrier and/or an adjuvant. 
0347 In some embodiments, antigens for inclusion the 
vaccine formulations and immunogenic compositions may be 
produced in cell culture. One method comprises providing 
one or more expression vectors and cloning nucleotides 
encoding one or more polypeptides selected from polypep 
tides having an amino acid sequence of Table 1. Such as SEQ 
ID NO: 1-76 or 153-234, then expressing and isolating the 
polypeptides. 
0348. The immunogenic polypeptides described herein, 
and nucleic acid compositions that express the polypeptides, 
can be packaged in packs, dispenser devices, and kits for 
administering nucleic acid compositions to a mammal. For 
example, packs or dispenser devices that contain one or more 
unit dosage forms are provided. Typically, instructions for 
administration of the compounds will be provided with the 
packaging, along with a Suitable indication on the label that 
the compound is suitable for treatment of an indicated con 
dition, such as those disclosed herein. 

Use of Immunogenic Compositions 

0349 1. Defense Against S. pneumoniae Infection 
0350. The immunogenic compositions of the present dis 
closure are designed to elicit an immune response against S. 
pneumoniae. Compositions described herein (e.g., ones com 
prising one or more polypeptides of Table 1 or 2, or nucleic 
acids encoding the polypeptides) may stimulate an antibody 
response or a cell-mediated immune response, or both, in the 
mammal to which it is administered. In some embodiments, 
the composition stimulates a TH1-biased CD4+ T cell 
response, a TH 17-biased CD4+ T cell response and/or a 
CD8+ T cell response. In some embodiments, the composi 
tion stimulates an antibody response. In some embodiments, 
the composition stimulates a TH1-biased CD4+ T cell 
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response, TH17-biased CD4+ T cell response and/or a CD8+ 
T cell response, and an antibody response. 
0351. In certain embodiments, the composition (e.g., one 
comprising one or more polypeptides of Table 1 or 2, or 
nucleic acids encoding the polypeptides, or antibodies reac 
tive with the peptides) includes a cytokine or nucleotide cod 
ing region encoding a cytokine Such as IL-17, to provide 
additional stimulation to the immune system of the mammal. 
In certain embodiments, the composition comprises a cytok 
ine such as IL-17. 
0352 While not wishing to be bound by theory, in some 
embodiments a T. Sub.H17 cell response is desirable in 
mounting an immune response to the compositions disclosed 
herein, e.g., ones comprising one or more polypeptides of 
Table 1 or 2. In certain embodiments, an active Tsub.H17 
response is beneficial in clearing a pneumococcal infection. 
For instance, mice lacking the IL-17A receptor show 
decreased whole cell vaccine-based protection from a pneu 
mococcal challenge (Lu et al., “Interleukin-17A mediates 
acquired immunity to pneumococcal colonization. PLoS 
Pathog. 2008 Sep.19; 4 (9)). 
0353 Thus, herein is provided a method of increasing 
IL-17 production by administering the compositions 
described herein (e.g., ones comprising one or more polypep 
tides of Table 1 or 2) to a subject. Furthermore, this applica 
tion provides a method of activating Tsub.H17 cells by 
administering said compositions to a subject. In certain 
embodiments, increased IL-17A levels result in increased 
pneumococcal killing by neutrophils or neutrophil-like cells, 
for instance by inducing recruitment and activation of neu 
trophils of neutrophil-like cells. In certain embodiments, this 
pneumococcal killing is independent of antibodies and 
complement. However, specific antibody production and 
complement activation may be useful additional mechanisms 
that contribute to clearing of a pneumococcal infection. 
0354 Immunogenic compositions containing immuno 
genic polypeptides or polynucleotides encoding immuno 
genic polypeptides together with a pharmaceutical carrier are 
also provided. 
0355. In some instances, the immunogenic composition 
comprises one or more nucleic acids encoding one or more 
polypeptides of SEQ ID NOS: 1-76, such as one or more 
nucleic acids selected from SEQ ID Nos. 77-152. In some 
embodiments these nucleic acids are expressed in the immu 
nized individual, producing the encoded S. pneumoniae anti 
gens, and the S. pneumoniae antigens so produced can pro 
duce an immunostimulatory effect in the immunized 
individual. 
0356. Such a nucleic acid-containing immunostimulatory 
composition may comprise, for example, an origin of repli 
cation, and a promoter that drives expression of one or more 
nucleic acids encoding one or more polypeptides of SEQID 
NOS: 1-76. Such a composition may also comprise a bacterial 
plasmid vector into which is inserted a promoter (sometimes 
a strong viral promoter), one or more nucleic acids encoding 
one or more polypeptides of SEQID NOS: 1-76, and a poly 
adenylation/transcriptional termination sequence. In some 
instances, the nucleic acid is DNA. 

Diagnostic Uses 
0357 This application provides, inter alia, a rapid, inex 
pensive, sensitive, and specific method for detection of S. 
pneumoniae in patients. In this respect it should be useful to 
all hospitals and physicians examining and treating patients 
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with or at risk for S. pneumoniae infection. Detection kits can 
be simple enough to be set up in any local hospital laboratory, 
and the antibodies and antigen-binding portions thereof can 
readily be made available to all hospitals treating patients 
with or at risk for S. pneumoniae infection. As used herein, 
“patient” refers to an individual (such as a human) that either 
has an S. pneumoniae infection or has the potential to contract 
an S. pneumoniae infection. A patient may be an individual 
(such as a human) that has an S. pneumoniae infection, has the 
potential to contract an S. pneumoniae infection, who has 
recovered from S. pneumoniae infection, and/oran individual 
whose infection status is unknown. 

0358. In some embodiments, one may perform a diagnos 
tic assay using two or more antibodies, each of which binds 
one of the antigens of Table 1 detect S. pneumoniae in an 
individual. As disclosed in Example 5, Sera from a mouse 
immunized with SP0785 detected the presence to type 4 
TIGR4 S. pneumoniae Strain. Accordingly, in some embodi 
ment, one of the antigens for use in a diagnostic is any pneu 
mococcal antigen selected from SEQ ID NO: 1-76. The 
instant disclosure also provides a method of phenotyping 
biological samples from patients Suspected of having a S. 
pneumoniae infection: (a) obtaining a biological sample from 
a patient; (b) contacting the sample with two or more S. 
pneumoniae-specific antibodies or antigen-binding portions 
thereof under conditions that allow for binding of the anti 
body or antigen-binding portion to an epitope of S. pneumo 
niae; where binding indicates the presence of S. pneumoniae 
in the sample. In some embodiments, the binding to the bio 
logical sample is compared to binding of the same antibody to 
a negative control tissue, wherein if the biological sample 
shows the presence of S. pneumoniae as compared to the 
negative control tissue, the patient is identified as likely hav 
ing a S. pneumoniae infection. In some cases, binding of one 
antibody indicates the presence of S. pneumoniae; in other 
cases, the binding of two or more antibodies indicates the 
presence of S. pneumoniae. The aforementioned test may be 
appropriately adjusted to detect other bacterial infections, for 
instance by using an antibody immunoreactive a homolog 
(from another bacterial species) of one of the proteins 
described in Table 1. In some embodiments, the antibodies 
raised against a S. pneumoniae protein in Table 1 will also 
bind the homolog in another Streptococcus species, espe 
cially if the homologs have a high percentage sequence iden 
tity. 
0359 Alternatively, one may use an antigen of Table 1 
(such as SEQ ID NO: 1-76) to detect anti-S. pneumoniae 
antibodies in an individual. The instant disclosure also pro 
vides a method of phenotyping biological samples from 
patients Suspected of having a S. pneumoniae infection: (a) 
obtaining a biological sample from a patient; (b) contacting 
the sample with two or more S. pneumoniae-specific antigens 
selected from Table 1 or portions or functional fragments 
thereofunder conditions that allow for binding of the antigen 
(or portion thereof) to any host antibodies present in the 
sample; where binding indicates the presence of anti-S. pneu 
moniae antibodies in the sample. In some embodiments, the 
binding to the biological sample is compared to binding of the 
same antigen to a negative control tissue, wherein if the 
biological sample shows the presence of anti-S. pneumoniae 
antibodies as compared to the negative control tissue, the 
patientis identified as likely either (1) having a S. pneumoniae 
infection, or (2) having had a S. pneumoniae infection in the 
past. In some cases, detecting one antibody indicates a current 
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or past infection with S. pneumoniae; in other cases, detecting 
two or more antibodies indicates a current or past infection 
with S. pneumoniae. The aforementioned test may be appro 
priately adjusted to detect other bacterial infections, for 
instance by using a homolog (from another bacterial species 
(e.g., a Streptococcal species) of the proteins described in 
Table 1. 

0360. In some embodiments, the immune cell response of 
a mammalian cell may be quantified ex vivo. A method for 
Such quantification comprises administering the composi 
tions herein disclosed to a mammalian T cell ex vivo, and 
quantifying the change in cytokine production of the mam 
malian T cell in response to the composition. In these meth 
ods, the cytokine may be, for example, IL-17. 
0361. The binding of an S. pneumoniae antibody to an 
antigen (e.g., a polypeptide of Table 1, such as SEQID NO: 
1-76) may be measured using any appropriate method. Such 
methods include ELISA (enzyme-linked immunosorbent 
assay), Western blotting, competition assay, and spot-blot. 
The detection step may be, for instance, chemiluminescent, 
fluorescent, or colorimetric. One suitable method for measur 
ing antibody-protein binding is the LumineX XMAP system, 
where peptides are bound to a dye-containing microsphere. 
Certain systems, including the XMAP system, are amenable 
to measuring several different markers in multiplex, and 
could be used to measure levels of antibodies at once. In some 
embodiments, other systems are used to assay a plurality of 
markers in multiplex. For example, profiling may be per 
formed using any of the following systems: antigen microar 
rays, bead microarrays, nanobarcodes particle technology, 
arrayed proteins from cDNA expression libraries, protein in 
situ array, protein arrays of living transformants, universal 
protein array, lab-on-a-chip microfluidics, and peptides on 
pins. Another type of clinical assay is a chemiluminescent 
assay to detectantibody binding. In some Such assays, includ 
ing the VITROS Ecianti-HCV assay, antibodies are bound to 
a solid-phase Support made up of microparticles in liquid 
Suspension, and a Surface fluorometer is used to quantify the 
enzymatic generation of a fluorescent product. 
0362. In some embodiments, if the biological sample 
shows the presence of S. pneumoniae (e.g., by detecting one 
or more polypeptide of Table 1, such as SEQID NO: 1-76, or 
an antibody that binds one of said polypeptides), one may 
administer a therapeutically effective amount of the compo 
sitions and therapies described herein to the patient. The 
biological sample may comprise, for example, blood, semen, 
urine, vaginal fluid, mucus, saliva, feces, urine, cerebrospinal 
fluid, oratissue sample. In some embodiments, the biological 
sample is an organ intended for transplantation. In certain 
embodiments, before the detection step, the biological 
sample is Subject to culture conditions that promote the 
growth of S. pneumoniae. 
0363 The diagnostic tests herein (e.g., those that detect a 
polypeptide of Table 1, such as SEQ ID NO: 1-76, or an 
antibody that binds one of said polypeptides) may be used to 
detect S. pneumoniae in a variety of samples, including 
samples taken from patients and samples obtained from other 
Sources. For example, the diagnostic tests may be used to 
detect S. pneumoniae in food, drink, or ingredients for food 
and drink; on objects such as medical instruments, medical 
devices Such as cochlear implants and pacemakers, shoes, 
clothing, furniture including hospital furniture, and drapes 
including hospital drapes; or in Samples taken from the envi 
ronment Such as plant samples. In some embodiments, the 
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tests herein may be performed on samples taken from animals 
Such as agricultural animals (cows, pigs, chickens, goats, 
horses and the like), companion animals (dogs, cats, birds, 
and the like), or wild animals. In certain embodiments, the 
tests herein may be performed on samples taken from cell 
cultures such as cultures of human cells that produce a thera 
peutic protein, cultures of bacteria intended to produce a 
useful biological molecule, or cultures of cells grown for 
research purposes. 
0364. This disclosure also provides a method of determin 
ing the location of a S. pneumoniae infection in a patient 
comprising: (a) administering a pharmaceutical composition 
comprising a labeled S. pneumoniae antibody or antigen 
binding portion thereof to the patient, and (b) detecting the 
label, wherein binding indicates a S. pneumoniae infection in 
a particular location in the patient. Such a diagnostic may also 
comprise comparing the levels of binding in the patient to a 
control. In certain embodiments, the method further com 
prises, if the patient has a S. pneumoniae infection, treating 
the infection by administering a therapeutically effective 
amount of a S. pneumoniae-binding antibody or antigen 
binding portion thereof to the patient. In certain embodi 
ments, the method further comprises, if the patient has a S. 
pneumoniae infection, treating the infection by administering 
atherapeutically effective amount of a S. pneumoniae protein 
of Table 1 or 2, or immunogenic portion thereof, to the 
patient. The method may further comprise determining the 
location and/or Volume of the S. pneumoniae in the patient. 
This method may be used to evaluate the spread of S. pneu 
moniae in the patient and determine whether a localized 
therapy is appropriate. 
0365. In some embodiments, the anti-S. pneumoniae anti 
bodies or T cells described herein may be used to make a 
prognosis of the course of infection. In some embodiments, 
the anti-S. pneumoniae antibodies or T cells herein may be 
detected in a sample taken from a patient. If antibodies or T 
cells are present at normal levels, it would indicate that the 
patient has raised an immune response against anti-S. pneu 
moniae. If antibodies or T cells are absent, or present at 
reduced levels, it would indicate that the patient is failing to 
raise a sufficient response against anti-S. pneumoniae, and a 
more aggressive treatment would be recommended. In some 
embodiments, antibodies or T cells present at reduced levels 
refers to antibodies that are present at less than 50%, 20%, 
10%, 5%, 2%, or 1% the level of antibodies or T cells typical 
in a patient with a normal immune system. Antibodies may be 
detected by affinity for any of the antigens described herein 
(e.g., those in Table 1 and/or 2), for example using ELISA.T 
cells may be detected by ex vivo responses for any of the 
antigens described herein (e.g., those in Table 1 and/or 2), for 
example using ELISA or ELISPOT assays. 
0366. In some embodiments, detection of specific S. pneu 
moniae antigens (e.g., those in Table 1 and/or 2. Such as SEQ 
ID NO: 1-76 and/or SEQ ID NO: 153-234) may be used to 
predict the progress and symptoms of S. pneumoniae infec 
tion in a patient. It will be understood by one of skill in the art 
that the methods herein are not limited to detection of S. 
pneumoniae. Other embodiments include the detection of 
related bacteria including bacteria with proteins homologous 
to the proteins described in Table 1 or 2. Such related bacteria 
include, for example, other strains of Streptococcus. Accord 
ingly, in some embodiments, such pneumococcal antigen 
proteins of Table 1 or immunogen mixtures may be useful in 
diagnostics. 
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Kits 

0367. Another aspect of the present invention provides a 
variety of kits comprising one or more of the pneumococcal 
antigens as described herein. For example, the invention pro 
vides a kit including a novel pneumococcal antigen and 
instructions for use. A kit may include multiple different 
pneumococcalantigens. Akit may include any of a number of 
additional components or reagents in any combination. All of 
the various combinations are not set forth explicitly but each 
combination is included in the scope of the invention. 
0368 According to certain embodiments of the invention, 
a kit may include, for example, (i) an immunogenic compo 
sition including at least one of the following chlamydia anti 
gens: SP0785, SP1500, SP0346, SP1386, SP0084, SP1479 
and SP2145 polypeptide antigens; and (ii) instructions for 
administering the composition to a Subject in need thereof. In 
Some embodiments, the kit further includes an adjuvant. 
0369 Kits that include nucleic acids encoding chlamydia 
antigens are also provided. In certain embodiments, a kit may 
include, for example, (i) a composition including a nucleic 
acid encoding a pneumococcal antigen; (ii) instructions for 
use of the nucleic acid compositing (e.g., instructions for 
expressing the nucleic acid for producing the antigen, or 
instructions for administering the composition to a subject in 
need thereof to elicit a response against pneumococcus). 
0370. Instructions included with kits may, for example, 
include protocols and/or describe conditions for production 
of immunogenic compositions and/or administration of 
immunogenic compositions, to a subject in need thereof, etc. 
Kits generally include one or more vessels or containers so 
that some or all of the individual components and reagents 
may be separately housed. Kits may also include a means for 
enclosing individual containers in relatively close confine 
ment for commercial sale, e.g., a plastic box, in which instruc 
tions, packaging materials such as Styrofoam, etc., may be 
enclosed. An identifier, e.g., a barcode, radio frequency iden 
tification (ID) tag, etc., may be present in or on the kit or in or 
one or more of the vessels or containers included in the kit. An 
identifier can be used, e.g., to uniquely identify the kit for 
purposes of quality control, inventory control, tracking, 
movement between workstations, etc. 
0371. Some embodiments of the technology described 
herein can be defined according to any of the following num 
bered paragraphs: 

0372 1. An immunogenic composition comprising at 
least one isolated pneumococcal antigen or fragment 
thereof with the amino acid sequence selected from SEQ 
ID NO: 1-76 or SEQID NO: 153-234, and wherein the 
composition elicits an immune response against Strep 
tococcus pneumoniae when administered to a mammal. 

0373 2. The immunogenic composition of paragraph 1, 
wherein the pneumococcal antigen or fragment thereof 
exists as a fusion conjugate. 

0374 3. The immunogenic composition of paragraph 2, 
wherein the fusion conjugate is a polysaccharide conju 
gate. 

0375 4. The immunogenic composition of paragraph 3, 
wherein the fusion conjugate comprises the pneumococ 
cal antigen or fragment thereof fused to a pneumococcal 
pneumolysoid PdT, wherein the pneumococcal pneu 
molysoid PdT is conjugated to the polysaccharide. 

0376 5. The immunogenic composition of any of para 
graphs 2 to 4, wherein the polysaccharide is dextran, Vi 
polysaccharide of Salmonella typhi, or pneumococcal 
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cell wall polysaccharide (CWPS), or another polysac 
charide of prokaryotic or eukaryotic origin. 

0377 6. The immunogenic composition of any of para 
graphs 1 to 5, wherein the immunogenic composition 
induces a IL-17A (Th17-cell) response in a subject. 

0378 7. The immunogenic composition of any of para 
graphs 1 to 6, wherein the immunogenic composition is 
further prepared as a vaccine that reduces or protects a 
mammal against pneumococcal colonization. 

0379 8. The immunogenic composition of any of para 
graphs 1 to 7, wherein the immunogenic composition 
further comprises an adjuvant. 

038.0 9. The immunogenic composition of any of para 
graphs 1 to 8, wherein said immunogenic composition is 
administered mucosally. 

0381 10. The immunogenic composition of any of 
paragraphs 1 to 9, wherein the immunogenic composi 
tion comprises at least 2 pneumococcal antigens or frag 
ments with the amino acid sequence selected from SEQ 
ID NO: 1-76 or SEQID NO: 153-234. 

0382 11. The immunogenic composition of any of 
paragraphs 1 to 10, wherein the immunogenic compo 
sition comprises at least 3 pneumococcal antigens or 
fragments with the amino acid sequence selected from 
SEQ ID NO: 1-76 or SEQID NO: 153-234. 

0383) 12. The immunogenic composition of any of 
paragraphs 1 to 11, wherein the immunogenic compo 
sition comprises at least 5 pneumococcal antigens or 
fragments with the amino acid sequence selected from 
SEQ ID NO: 1-76 or SEQID NO: 153-234. 

0384 13. The immunogenic composition of any of 
paragraphs 1 to 12, wherein the immunogenic compo 
sition comprises between 5 and 20 pneumococcal anti 
gens or fragments thereof with the amino acid sequence 
selected from SEQ ID NO: 1-76 or SEQ ID NO: 153 
234. 

0385) 14. The immunogenic composition of any of 
paragraphs 1 to 13, wherein the immunogenic compo 
sition comprises more than 20 pneumococcal antigens 
or fragments thereof with the amino acid sequence 
selected from SEQ ID NO: 1-76 or SEQ ID NO: 153 
234. 

0386 15. The method of any of paragraphs 1 to 14, 
wherein a pneumococcal protein or protein fragment is 
at least one of the pneumococcal proteins SP0785, 
SP1500 and SP2145. 

0387. 16. The method of any of paragraphs 1 to 15, 
wherein the immune response comprises a humoral 
immune response. 

0388 17. The method of any of paragraphs 1 to 15, 
wherein the immune response comprises a cellular 
immune response. 

0389. 18. A method of inducing an IL-17A response in 
a Subject, comprising administering to the Subject at 
least one immunogenic composition of any of para 
graphs 1-17 effective to induce an immune response 
against Streptococcus pneumoniae in the Subject. 

0390 19. A method to protect against pneumococcal 
colonization, comprising administering to the Subject at 
least one immunogenic composition of any of para 
graphs 1-17. 

0391 20. A method to elicit an immune response 
against Streptococcus pneumoniae in a mammal, the 
method comprising administering to the mammal at 

Pfizer EX1042, Page 51 of 68



US 2015/0374811 A1 

least one immunogenic composition comprising one or 
more isolated pneumococcal antigen or fragment 
thereof with the amino acid sequence selected from SEQ 
ID NO: 1-76 or SEQID NO: 153-234 in an effective to 
induce an immune response against Streptococcus pneu 
moniae in the Subject. 

0392) 21. A method to protect against Streptococcus 
penumoniae or Salmonaell typhii colonization in a 
mammal, comprising administering to the mammal at 
least one immunogenic composition of any of para 
graphs 1-17 in effective to induce an immune response 
against Streptococcus pneumoniae in the Subject. 

0393 22. The method of any of paragraphs 18-21, 
wherein the immunogenic composition comprises at 
least one isolated pneumococcal antigen or fragment 
thereof iS SPO785 or SP1500. 

0394. 23. The method of paragraph 22, wherein the 
pneumococcalantigen or fragment thereofhas an amino 
acid sequence selected from SEQID NO:34 (SP0785) 
or SEQID NO. 51 (SP1500). 

0395 24. A method to protect against an invasive dis 
ease of Streptococcus pneumoniae in a Subject, compris 
ing administering to the Subject an immunogenic com 
position of any of paragraphs 1-17 in effective to induce 
an immune response against Streptococcus pneumoniae 
in the subject. 

0396 25. The method of paragraph 24, wherein the 
invasive disease is sepsis. 

0397 26. The method of paragraph 24, wherein the 
immunogenic composition comprises at least one iso 
lated pneumococcal antigen or fragment thereof is 
SP1386, SP1500, SP0084 and SP1479 and SP0346. 

0398. 27. The method of paragraph 26, wherein the 
pneumococcalantigen or fragment thereofhas an amino 
acid sequence selected from SEQID NO: 46 (SP1386), 
SEQ ID NO: 51 (SP1500), SEQ ID NO. 4 (SP0084), 
SEQ ID NO: 50 (SP1479) and SEQ ID NO: 15 
(SP0346). 

0399. 28. The method of any of paragraphs 18-27, 
wherein the pneumococcal antigen or fragment thereof 
is conjugated to the pneumococcal pneumolysoid PdT. 

0400 29. The method of any of paragraphs 18-27, 
wherein the pneumococcal antigen or fragment thereof 
is conjugated to the Vi polysaccharide of Salmonella 
typhi. 

0401 3.0. The method of any of paragraphs 18-29, 
wherein the pneumococcal antigen or fragment thereof 
is conjugated to the pneumococcal pneumolysoid PdT 
and the Vipolysaccharide of Salmonella typhi. 

0402. 31. The method of any of paragraphs 18-30, 
wherein the administration is mucosal administration. 

0403. 32. The method of any of paragraphs 18-31, 
wherein the administration is intravenous, Subcutaneous 
or intraperitoneal (IP) administration. 

0404 33. The method of any of paragraphs 18-32, 
wherein the immune response comprises a humoral 
immune response. 

04.05 34. The method of any of paragraphs 18-32, 
wherein the immune response comprises a cellular 
immune response. 
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EXAMPLES 

Materials and Methods 

04.06 Materials: Aluminum hydroxide (alum) was from 
Brenntag North America (2%. Alhydrogel). Ni-NTA resin was 
purchased from Qiagen. CloneEZ PCR cloning kit was 
obtained from Genscript Inc. All other reagents were obtained 
from Sigma or Thermo Fisher Scientific. 
0407 Construction of Expression Library. 
0408. The extracellular domains of selected proteins were 
amplified using TIGR4 genomic DNA as template by PCR 
and then integrated into pET21b expression vectors using the 
CloneEZ PCR cloning kit. Signal and transmembrane 
sequences were excluded from cloning. Detailed cloning 
region and primer sequences are listed in table I. For proteins 
that are unusually large (SP0648, SP0664 and SP1154, larger 
than 250 kDa) and proved difficult to purify as full-length, we 
divided their sequence into 3 parts and purified each sepa 
rately. We chose to divide the proteins based on the prediction 
of their secondary structure by BCL::Jufo (http://meilerlab. 
org/index.php/servers/show?s id=5), making truncations in 
areas that are not conserved by amino acid sequence. Thus the 
final protein library consists of 80 proteins/peptides. Plasmid 
sequences were verified by Genewiz Inc. 
04.09 Protein Purification. 
0410 E. coli transformants containing the relevant cloned 
proteins were grown to OD600–0.6, and protein expression 
was induced with 0.2 mM IPTG at 16° C. overnight. Cells 
were spun down and pellets were resuspended in lysis buffer 
(20 mM Tris-HCl, 500 mM. NaCl, pH8.0) and then lysed by 
sonication. The proteins of interest were purified from super 
natant over a Ni-NTA column; proteins were eluted in imida 
Zole buffer. Protein-containing elutions were combined, puri 
fied over a gel-filtration column and eluted in PBS buffer. 
0411 Generation of the Vi Conjugates. 
0412 Vi was resuspended to 5 mg/ml in buffer A (0.2 M 
MES, 150 mMNaCl, pH 5.9), and 1-ethyl-3-(3-dimethylami 
nopropyl)carbodiimide (EDC) and NHS-Sulfo was added 
into solution as powder for 30 minutes at 4° C. Reaction 
buffer was raised to pH7.5 by addition of 1M NaHPO. 
Proteins were then added to the reaction as 2 mg/mg, protein/ 
sugar. The reaction was carried out at 4°C. for 48 hours with 
rotation. Conjugates were separated by elution through a 
Sephacryl S500 gel filtration column and collection of the 
void volume fractions. 
0413 Stimulation of Mice Splenocytes and Human 
Peripheral Blood Mononuclear Cells (PBMC). 
0414 Spleens were harvested from either whole cell vac 
cine (WCV) immunized C57BL/6 mice or mice have been 
repeatedly colonized with S. pneumoniae were processed into 
a cellular Suspension and stimulated with different concen 
tration of recombinant proteins. Splenocytes were incubated 
for 3 days; plates were then spun to pellet cells, after which 
the Supernatants were collected and assayed for IL-17A using 
a mouse IL-17A ELISA kit (R&D Systems, Inc). 
0415 Human PBMC were separated from healthy adult 
volunteers and cultured in 96 well plates. Cells were stimu 
lated with different concentration of recombinant proteins for 
4 days and then analyzed for IL-17A in the Supernatant using 
a human IL-17A ELISA kit (ebioscience). 
0416) Antigen Preparations. 
0417 For intranasal (i.n.) immunization: Vaccines were 
prepared the same day of immunization by mixing purified 
proteins (5ug) with 1 Jug Cholera toxin (CT) per mouse in a 
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final 20 Jul of Saline. For Subcutaneous (s.c.) immunization: 
One day prior to immunization, vaccines were prepared as 
follows. Frozen aliquots were thawed or lyophilized vials 
were reconstituted with sterile water, diluted to the appropri 
ate concentration, and mixed with aluminum hydroxide 
(alum) at the indicated concentration in a 15 ml conical tube, 
which was then tumbled overnight at 4° C. to allow for 
adsorption. 
0418. Immunization and Challenge of Mice. 
0419 C57BL/6J mice were used in all the experiments. 
The age at time of first immunization was between 4-6 weeks. 
I.n. immunization was done by instilling 20 Jul of Saline, 
adjuvant only, or adjuvant mixed with antigen as specified 
atraumatically into unanesthetized mice, a procedure that 
puts no immunogen into the lungs; secondary immunizations 
were given after one week. Sc. immunization was performed 
3 times every two weeks. Gently restrained, nonanesthetized 
mice received injections of 200ll containing adjuvant with or 
without antigen in the lower part of the back at 2-week inter 
vals. Blood was drawn 2 weeks after the last immunization, 
and assayed for antibody and for IL-17A production in vitro 
upon stimulation with WCA. Nasopharyngeal colonization 
with the clinical pneumococcal isolate 0603 (serotype 6B) 
was carried out as previously described 4. Intraperitoneal 
(IP) challenge was given 1000 cfu of strain WU2-ply (an 
engineered strain that replaced ply with His-tagged ply) in 
200 ul PBS, and sickness or death of mice was monitored 
twice daily for 14 days. All animal studies were approved by 
our local animal ethics committees. 
0420 Enzyme-Linked Immunosorbent Assay (ELISA) 
and IL-17A Production in Whole Blood Samples. 
0421 Assays for murine antibodies for individual protein 
and IL-17A production in whole blood were carried out as 
previously described 2. 
0422 Binding of Antibody to Encapsulated Tigrá Strains. 
0423 S. pneumoniae Tigrá strain was grown to 
OD6000.8 and collected by centrifugation. Bacteria were 
killed at 58° C. for 1 hour and washed with PBS twice. 
Bacteria were blocked with 1 ml PES/1% BSA rotating over 
night at 4°C. Cells were spun down and resuspended in 250 
ul of PBS-Tween/1% BSA with 1:50 dilution of heat inacti 
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vated mouse serum. Samples were rotated at room tempera 
ture (RT) for 1 hour, and washed with PBS-Tween/1% BSA 
twice. 250 ul of PBS-Tween/1% BSA with 1:50 dilution of 
anti-mouse alexa Fluro 488 was added into cells and samples 
were rotated at RT for 1 hour. Samples were washed with 
PBS-Tween/1% BSA twice and then resupended in 500 ul 
PBS. Flow cytometry was performed in Children’s Hospital 
Boston. 
0424 Statistical Analysis. 
0425 Antibody and IL-17A concentrations and NP colo 
nization densities were compared by the Mann-Whitney U 
test using PRISM (version 4.0a, GraphPad Software, Inc). 
Differences in survival were analyzed with the Kaplan-Meier 
test, using PRISM as well. 

Example 1 

Selection of Protein Candidates by Bioinformatic 
Analysis 

0426. At present, there are at least 42 S. pneumoniae 
sequences available from the integrated microbial genomes 
website (world wide web: “limg.jgi.doe.gov/cgi-bin/w/ 
main.cgi”). Beginning with the sequenced TIGR4 strain, the 
inventors analyzed the genome for predicted secretion signal 
peptides and cell wall anchor motifs. The inventors identified 
335 proteins with a secretion signal peptide in TIGR4 and 15 
proteins with possible cell wall anchor motifs. 
0427. The protein library was further narrowed down to 76 
proteins based on the following parameters which were cho 
Sen a priori: 
0428 (a) Conservation across all the sequenced pneumo 
cocci (>90% identity at the amino acid level). 
0429 (b) Exclusion of any protein that had >40% homol 
ogy with proteins in the human genome 
0430 (c) Exclusion of proteins that contain an extracellu 
lar domain smaller than 100 amino acids. 
0431. The breakdown of the 76 proteins is as follows: 23 
hypothetical proteins, 17 proteins that play a role in substrate 
binding and transportation, 17 proteins with enzymatic activi 
ties and 19 others of unknown or hypothetical function. A full 
list of the proteins and their sequence is shown in Table 2. 

TABLE 2 

A list of the pneumococcal proteins 
SEQ ID NO: 1-83 and the primer sequences 

for isolation and amplification. 

Predicted 
functions Proteinsk 

SPOO10 (23 - end) 
(SEQ ID NO: 153) 

SPOO43 (42-end) 
(SEQ ID NO: 154) 

hypothetical 
protein 

competence factor 
transport protein 
ComB 

Primer 
ales Sequences 

CGGGATCCGAATTCGA 
GCTCCGAAAAAGAAGT 
CGTCTATAC 

(SEQ ID NO: 233) 
CTCGAGTGCGGCCGCA 
AGCTTTTTTAGAACCT 
CATAAACATC 

(SEQ ID NO: 235) 

SpOO1O-1 

SpOO 10-2 

CGGGATCCGAATTCGA 
GCTCCGAGAAGGAGAT 
GAGTTTGTC 

(SEQ ID NO: 236) 
CTCGAGTGCGGCCGCA 
AGCTTC: TOTTTGTTCA 
AAAATTGATC 

(SEO ID NO. 237) 

SpOO43-1 

Sp0043-2 
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TABLE 2 - continued 

A list of the pneumococcal proteins 
SEQ ID NO: 1-83 and the primer sequences 

for isolation and amplification. 

Proteinsk 

SPOO79 (24 - end) 
(SEO ID NO : 155) 

SPOO84 (11O- end) 
(SEQ ID NO: 156) 

SPOO92 (30 - end) 
(SEO ID NO : 157) 

SPOO98 (30 - end) 
(SEQ ID NO: 158) 

SPO106 (29 - end) 
(SEO ID NO : 159) 

SPO107 (30 - end) 
(SEQ ID NO: 16 O) 

SPO127 (26 - end) 
(SEQ ID NO: 161) 

SPO149 (25- end) 
(SEQ ID NO: 162) 

Predicted 
functions 

potassium uptake 
protein, Trk 
family 

histidine kinase 
(EC 2.7.13.3) 
(IMGterm) 

carbohydrate ABC 
transporter 
substrate-binding 
protein, CUT1 
family (TC 
3.A. 1.1. - ) 
(IMGterm) 

hypothetical 
protein 

L-serine 
ammonia-lyase 
(EC 4.3.1.17) 
(IMGterm) 

LysM domain 
protein 

hypothetical 
protein 

lipoprotein 

Primer 
ales 

SpOO79-1 

SpOO79-2 

Sp0084-1 

Sp0084-2 

Sp0092-1 

Sp0092-2 

Sp0098-1 

Sp0098-2 

Sp01.06-1 

SpO1 O6-2 

Sp0107-1 

Sp0107-2 

SpO127-1 

SpO127-2 

Sp0149-1 

Sequences 

CGGGATCCGAATTCGA 
GCTCCAAGCAGGATAT 
GAATATTATC 

(SEQ ID NO: 238) 
CTCGAGTGCGGCCGCA 
AGCTTCGAATTCAATG 
CTACTAGG 

(SEQ ID NO: 4O4) 

CGGGATCCGAATTCGA 
GCTCCTTTGATTCCTT 
GGAAGAAAG 

(SEQ ID NO: 405) 
CTCGAGTGCGGCCGCA 
AGCTTGGCTTTATTTT 
CACTACCAG 

(SEQ ID NO: 242) 

CGGGATCCGAATTCGA 
GCTCCAACAGCAAAAA 

AGCTGCTG 

(SEQ ID NO: 243) 
CTCGAGTGCGGCCGCA 

AGCTTTTTTTTGTTTT 
TCAAGAATTCATC 

(SEQ ID NO: 244) 

CGGGATCCGAATTCGA 
GCTCCGACGGGATTAA 

GAGCCTAC 

(SEQ ID NO: 245) 
CTCGAGTGCGGCCGCA 

AGCTTACGTCTGCTTG 
GTGTGGAT 

(SEQ ID NO: 246) 

CGGGATCCGAATTCGA 
GCTCCGTTCGTATTGG 

GAAGATTG 

(SEO ID NO: 247) 
CTCGAGTGCGGCCGCA 

AGCTTTTTAAAGAAAT 
TGACATTGTG 

(SEQ ID NO: 248) 

CGGGATCCGAATTCGA 
GCTCCCAAGAATCATC 

AACTTACAC 

(SEQ ID NO: 249) 
CTCGAGTGCGGCCGCA 

AGCTTATACCAGCCAT 
TGTTAAGCC 

(SEQ ID NO: 25O) 

CGGGATCCGAATTCGA 
GCTCCGAGACGACGAT 

TAATATTAAG 

(SEQ ID NO: 251) 
CTCGAGTGCGGCCGCA 

AGCTTTAGGCGTTTAA 
TGTAAGACTC 

(SEQ ID NO: 252) 

CGGGATCCGAATTCGA 
GCTCCAACTCAGAAAA 

GAAAGCAGAC 

(SEQ ID NO: 253) 
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TABLE 2 - continued 

A list of the pneumococcal proteins 
SEQ ID NO: 1-83 and the primer sequences 

for isolation and amplification. 

Predicted Primer 
Proteinsk functions ales Sequences 

Sp014.9-2 CTCGAGTGCGGCCGCA 
AGCTTCCAAACTGGTT 
GATCCAAAC 

(SEQ ID NO: 254) 

SPO191 (26 - end) hypothetical Sp01.91-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 163) protein GCTCCCCAGCTACAAA 

AACAGAAAAAG 

(SEO ID NO: 255) 
Sp0191-2 CTCGAGTGCGGCCGCA 

AGCTTTTGTTCTGTCG 
CGCCATTTGC 

(SEQ ID NO: 256) 

SPO198 (45- end) hypothetical Sp01.98-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 164) protein GCTCCAATACCAATAC 

TGCAAATGC 

(SEO ID NO: 257) 
Sp01.98-2 CTCGAGTGCGGCCGCA 

AGCTTTTTAGTTAAAA 
CGATTTGGTC 

(SEO ID NO: 258) 

SPO249 (26 - end) PTS system, IIB Sp0249-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 165) component GCTCCCAATCTAGTGG 

AGTTGAGG 

(SEO ID NO: 259) 
Sp0249-2 CTCGAGTGCGGCCGCA 

AGCTTCCCACTAATCA 
AAGATAGG 

(SEQ ID NO: 260) 

SPO321 (1- end) PTS system, IIA SpO321-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 14) component GCTCCATGAAAATTGT 

ACTTGTAG 

(SEQ ID NO: 261) 
SpO321-2 CTCGAGTGCGGCCGCA 

AGCTTAATACCCGATT 
CGAAATCTTC 

(SEQ ID NO: 263) 

SPO346 (98- end) capsular SpO346-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 166) polysaccharide GCTCCGGACTGACCAA 

biosynthesis TCGTTTAAATG 
protein Cps 4A (SEQ ID NO: 264) 

Sp0346-2 CTCGAGTGCGGCCGCA 
AGCTTTCTACCCTCCA 
TCACATCC 

(SEQ ID NO: 265) 

SPO4 O2 (29 - end) signal peptidase. Sp04 O2-1 CGGGATCCGAATTCGA 
(SEO ID NO : 167) Serine peptidase. GCTCCTGGAGCAATGT 

MEROPS family TCGCGTAG 
S26A (IMGterm) (SEQ ID NO: 266) 

Sp04 O2-2 CTCGAGTGCGGCCGCA 
AGCTTAAATGTTCCGA 
TACGGGTG 

(SEO ID NO: 267) 

SPO453 (25-298) amino acid ABC Sp0453-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 168) transporter GCTCCGATGAATATTT 

substrate-binding ACGCATCG 
protein, PAAT (SEQ ID NO: 268) 
family (TC Sp0453-2 CTCGAGTGCGGCCGCA 
3.A. 1.3. -) /amino AGCTTACCAGCACCAC 
acid ABC transporter GCAAGAG 
membrane protein, (SEQ ID NO: 269) 
PAAT family (TC 
3.A. 1.3. - ) (IMG term) 
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TABLE 2 - continued 

A list of the pneumococcal proteins 
SEQ ID NO: 1-83 and the primer sequences 

for isolation and amplification. 

Predicted Primer 
Proteinsk functions ales Sequences 

SPO564 (21 - end) hypothetical Sp0564-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 169) protein GCTCCTTTTCAAGTAC 

GGTGACTAAG 

(SEO ID NO: 27 O) 
Sp0564 - 2 CTCGAGTGCGGCCGCA 

AGCTTCTTGAACTTGA 

TGCCATTTTC 

(SEO ID NO: 271) 

SPO582 (92- end) hypothetical Sp0582-1 CGGGATCCGAATTCGA 
(SEO ID NO : 17 O) protein GCTCCGATAAAACCCT 

TTCTTCTGC 

(SEO ID NO: 272) 
Sp0582-2 CTCGAGTGCGGCCGCA 

AGCTTAAATGTGATTT 

CTGTAAAAATAC 

(SEO ID NO: 273) 

SPO589 (36 - end) serine O- Sp0589-1 CGGGATCCGAATTCGA 
(SEO ID NO : 171) acetyltransferase GCTCCGCCCACCGTCT 

(EC 2.3.1.30) CTCGCAT 
(IMGterm) (SEO ID NO: 274) 

Sp0589-2 CTCGAGTGCGGCCGCA 
AGCTTCAAACCAGACG 

ATCTGTGAC 

(SEO ID NO: 275) 

SPO6O1 (36-297) transmembrane Sp0601-1 CGGGATCCGAATTCGA 
(SEO ID NO : 172) protein Wexp3 GCTCCATCAAGGGAGC 

TACTGCCAAG 

(SEO ID NO: 276) 
Sp06 01-2 CTCGAGTGCGGCCGCA 

AGCTTCATACCAGAGA 

TAGATTGCTC 

(SEO ID NO: 277) 

SPO604 (223 - end) sensor histidine Sp0604-1 CGGGATCCGAATTCGA 
(SEO ID NO : 173) kinase WincS GCTCCGAAGCCATTCT 

CCAGCTGG 

(SEO ID NO: 278) 
Sp0604-2 CTCGAGTGCGGCCGCA 

AGCTTGTCTTGGACGA 

CTTTTGG 

(SEO ID NO: 279) 

SPO617 (44 - end) hypothetical Sp0617-1 CGGGATCCGAATTCGA 
(SEO ID NO : 174) protein GCTCCAACGGAGATTT 

TCAAGGAGC 

(SEQ ID NO: 280) 
Sp0617-2 CTCGAGTGCGGCCGCA 

AGCTTCT CACTAGTCT 

CATATATTTTTC 

(SEQ ID NO: 281) 

SPO62O (27- end) amino acid ABC Sp0620-1 CGGGATCCGAATTCGA 
(SEO ID NO : 175) transporter GCTCCAGCGCTCAAAA 

substrate-binding GACAATCG 
protein, PAAT (SEQ ID NO: 282) 
family (TC Sp0620-2 CTCGAGTGCGGCCGCA 
3.A. 1.3 : - ) AGCTTTTGTAACTGAG 
(IMGterm) ATTGATCTG 

(SEQ ID NO: 283) 
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TABLE 2 - continued 

A list of the pneumococcal proteins 
SEQ ID NO: 1-83 and the primer sequences 

for isolation and amplification. 

Predicted Primer 
Proteinsk functions ales Sequences 

SPO787 (43-290) hypothetical Sp0787-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 1.91) protein GCTCCTCTCGTCAAGT 

CAATAAAG 

(SEQ ID NO: 314) 
Sp0787-2 CTCGAGTGCGGCCGCA 

AGCTTCGTCGTCATAA 
AACTAAACG 

(SEQ ID NO: 315) 

SPO872 (30 - end) DD- Sp0872-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 192) carboxypeptidase GCTCCAAACATGCGAT 

PBP3. Serine TGCTGTTG 
peptidase. (SEQ ID NO: 316) 
MEROPS family Sp0872-2 CTCGAGTGCGGCCGCA 
S11 (IMGterm) AGCTTTAATTTCTCGT 

TAACAAAGCG 

(SEO ID NO : 317) 

SPO878 (245- end) SpoE family Sp0878-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 193) protein GCTCCACAGAGGAAGC 

TGTTCAAAATC 

(SEQ ID NO: 318) 
Sp0878-2 CTCGAGTGCGGCCGCA 

AGCTTTTGTTGTAACA 
CTTTTCGAGG 

(SEQ ID NO: 319) 

SPO899 (31-end) hypothetical Sp0899-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 194) protein GCTCCGAGGGGACGAA 

TCAAAGGC 

(SEQ ID NO: 32O) 
Sp0899-2 CTCGAGTGCGGCCGCA 

AGCTTAAGTTTAACCC 
ACTTATCATTATC 

(SEQ ID NO: 321) 

SP10O2 (22 - end) adhesion Sp10O2-1 CGGGATCCGAATTCGA 
(SEO ID NO : 195) lipoprotein GCTCCGGTCAAAAGGA 

AAGTCAGAC 

(SEQ ID NO: 322) 
Sp10O2-2 CTCGAGTGCGGCCGCA 

AGCTTCTTTAATTCTT 
CTGCTAGAATAC 

(SEQ ID NO: 323) 

SP1026 (24 - end) hypothetical Sp1026-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 196) protein GCTCCGTTCATCAAGA 

TGTCAAAC 

(SEQ ID NO: 324) 
Sp1026-2 CTCGAGTGCGGCCGCA 

AGCTTGCCAGATGTTG 
AAAAGAGAG 

(SEQ ID NO: 325) 

SP1032 (22 - end) iron-compound Sp1032-1 CGGGATCCGAATTCGA 
(SEO ID NO : 197) ABC transporter, GCTCCTCTAATTCTGT 

iron compound- TAAAAATGAAG 
binding protein (SEQ ID NO: 326) 

Sp1032-2 CTCGAGTGCGGCCGCA 
AGCTTTTTCGCATTTT 
TGCATGCATTTC 

(SEO ID NO: 327) 

SP1069 (34 - end) hypothetical Sp1069-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 198) protein GCTCCTCTTCAATGAA 

TAAATCAG 

(SEQ ID NO: 328) 
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TABLE 2 - continued 

A list of the pneumococcal proteins 
SEQ ID NO: 1-83 and the primer sequences 

for isolation and amplification. 

Predicted Primer 
Proteinsk functions ales Sequences 

Sp1069-2 CTCGAGTGCGGCCGCA 
AGCTTTTCGATGACTT 
GTCCTGCTTC 

(SEQ ID NO: 329) 

SP1154 (155-694) IgA1 - specific Sp1154-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 199) metallopeptidase. GCTCCGAAAATCATCT 

Metallo peptidase. TTTGCTAAATTAC 
MEROPS family (SEQ ID NO: 330) 
M26 (IMGterm) Sp1154–2 CTCGAGTGCGGCCGCA 

AGCTTTGTGTTTGATT 
CGGTTGAAAC 

(SEQ ID NO: 331) 

SP1154 (695-1374) Sp1154-3 CGGGATCCGAATTCGA 
(SEQ ID NO: 2OO) GCTCCTCCAATTCAAA 

TGGAAACG 

(SEQ ID NO: 332) 
Sp1154 - 4 CTCGAGTGCGGCCGCA 

AGCTTACCAAAGAAGT 

CCAAATGG 

(SEQ ID NO: 333) 

SP1154 (1375 - end) Sp1154-5 CGGGATCCGAATTCGA 
(SEQ ID NO: 2O1) GCTCCAAGGGGAATGC 

TTCACCATTAG 

(SEO ID NO : 334) 
Sp1154 - 6 CTCGAGTGCGGCCGCA 

AGCTTTTTTTTATTCT 

CAAAAATTG 

(SEO ID NO : 335) 

SP1267 (25- end) lic C protein Sp1267-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 2O2) GCTCCTTGGTTCAGGT 

TAATCAAAAAC 

(SEQ ID NO: 336) 
Sp1267-2 CTCGAGTGCGGCCGCA 

AGCTTATTTTCGTTTT 

TAAGAATTTC 

(SEO ID NO : 337) 

SP1376 (32-end) shikimate Sp1376-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 2O3) dehydrogenase GCTCCGCGACAGCTAC 

(EC 1.1.1.25) CAACGGTG 
(IMGterm) (SEQ ID NO: 338) 

Sp1376-2 CTCGAGTGCGGCCGCA 
AGCTTTTGGTATTTTT 

CTGTTAAAG 

(SEQ ID NO: 339) 

SP1386 (33- end) spermidine/ Sp1386-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 2O4) put rescine ABC GCTCCGATAGTCAAAA 

transporter, ATTGGTTATC 
spermidine/ (SEQ ID NO: 340) 
put rescine-binding Sp1386-2 CTCGAGTGCGGCCGCA 
protein AGCTTCTTCCGATACA 

TTTTAAACTG 

(SEQ ID NO: 341) 

SP1404 (31-end) hypothetical Sp1404-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 2O5) protein GCTCCGCCTATGAAGG 

CAAAGTAG 

(SEQ ID NO: 342) 
Sp1404-2 CTCGAGTGCGGCCGCA 

AGCTTCTTTCCAAGAG 

AAATCTTTC 

(SEQ ID NO: 343) 
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TABLE 2 - continued 

A list of the pneumococcal proteins 
SEQ ID NO: 1-83 and the primer sequences 

for isolation and amplification. 

Predicted Primer 
Proteinsk functions ales Sequences 

SP1405 (19 - end) transcriptional Sp1405-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 2O6) regulator Spx GCTCCTGGTTAGAAAA 

ACATAAGG 

(SEQ ID NO: 344) 
Sp1405-2 CTCGAGTGCGGCCGCA 

AGCTTCTAATACCAGC 
TCTCATTC 

(SEQ ID NO: 345) 

SP1419 (27- end) acetyltransferase, Sp1419-1 CGGGATCCGAATTCGA 
(SEO ID NO: 2O7) GNAT family GCTCCATGTTTCAAAA 

TTGGGCTTC 

(SEQ ID NO: 346) 
Sp1419-2 CTCGAGTGCGGCCGCA 

AGCTTACATTCTTCCC 
TACTTATACC 

(SEO ID NO. 347) 

SP1479 (40- end) peptidoglycan N- Sp1479-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 2O8) acetylglucosamine GCTCCAAGATCTACCA 

deacetylase A GCAAAAAAG 
(SEQ ID NO: 348) 

Sp1479-2 CTCGAGTGCGGCCGCA 
AGCTTTTCATCACGAC 
TATAGTACAGC 

(SEQ ID NO: 349) 

SP15 OO (27- end) amino acid ABC Sp1500-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 209) transporter GCTCCACTAGTGGAGA 

substrate-binding TAATTGGTC 
protein, PAAT (SEO ID NO: 35O) 
family (TC Sp1500-2 CTCGAGTGCGGCCGCA 
3.A. 1.3 : - ) AGCTTCTGTCCTTCTT 
(IMGterm) TTACTTC TTTG 

(SEQ ID NO: 351) 

SP1545 (29 - end) hypothetical Sp1545-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 21 O) protein GCTCCGAAGGAGAAAA 

ATTAGCTC 

(SEQ ID NO: 352) 
Sp1545-2 CTCGAGTGCGGCCGCA 

AGCTTTAGGCCCTCCT 
TGTTGACC 

(SEO ID NO: 353) 

SP1560 (28 - end) hypothetical Sp1560-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 211) protein GCTCCCAAAACAGTAC 

CAGTGCTAG 

(SEQ ID NO: 354) 
Sp1560-2 CTCGAGTGCGGCCGCA 

AGCTTATTCGTTTTTG 
AACTAGTTGC 

(SEO ID NO: 355) 

SP1624 (1 - 217) 1-acyl-sn- Sp1624-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 212) glycerol-3- GCTCCATGTTTTATAC 

phosphate TTATTTGCGTG 
acyltransferase (SEO ID NO: 356) 
(EC 2.3.1. 51) Sp1624-2 CTCGAGTGCGGCCGCA 
(IMGterm) AGCTTGGCAGGGATGC 

GGATAAACC 

(SEO ID NO: 357) 

SP1652 (62-397) hypothetical Sp1652-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 213) protein GCTCCAAAGTAACCAG 

TCCCAACATGG 

(SEO ID NO: 358) 
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TABLE 2 - continued 

A list of the pneumococcal proteins 
SEQ ID NO: 1-83 and the primer sequences 

for isolation and amplification. 

Predicted Primer 
Proteinsk functions ales Sequences 

Sp1652-2 CTCGAGTGCGGCCGCA 
AGCTTACTGGATGAAG 
CATTGCTATAC 

(SEO ID NO: 359) 

SP1683 (65- end) carbohydrate ABC Sp1683-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 214) transporter GCTCCAAATCAATCAT 

substrate-binding CGAAGCGTTTG 
protein, CUT1 (SEQ ID NO: 360) 
family (TC Sp1683-2 CTCGAGTGCGGCCGCA 
3.A. 1.1. - ) AGCTTTTGTTTCATAG 
(IMGterm) CTTTTTTGATTG 

(SEQ ID NO: 361) 

SP1826 (36 - end) ABC transporter, Sp1826-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 215) substrate-binding GCTCCATGCCTAATTA 

protein TAAATTTGTTG 
(SEQ ID NO: 362) 

Sp1826-2 CTCGAGTGCGGCCGCA 
AGCTTTTTTCTACCCT 

CCTTTTCC 

(SEQ ID NO: 363) 

SP1872 (40- end) iron-compound Sp1872-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 216) ABC transporter, GCTCCGAAGAAAAAGC 

iron-compound- TGATAAAAGTC 
binding protein (SEO ID NO: 364) 

Sp1872-2 CTCGAGTGCGGCCGCA 
AGCTTGCTGAATTAGA 

ATACGTACAA 

(SEO ID NO: 365) 

SP1891 (40- end) oligopeptide ABC Sp1891-1 CGGGATCCGAATTCGA 
(SEO ID NO: 217) transporter, GCTCCACAGAGGTAAC 

oligopeptide- CATTAAAAG 
binding protein (SEQ ID NO: 366) 
AmiA Sp1891-2 CTCGAGTGCGGCCGCA 

AGCTTTTTCAAAGCTT 

TTTGTATGTC 

(SEO ID NO: 367) 

SP1897 (30 - end) multiple sugar- Sp1897-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 218) binding protein GCTCCGCGGATGGCAC 

(IMGterm) AGTGACC 
(SEQ ID NO: 368) 

Sp1897-2 CTCGAGTGCGGCCGCA 
AGCTTATCCACATCCG 

CTTTCATC 

(SEQ ID NO: 369) 

SP1942 (37- end) transcriptional Sp1942-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 219) regulator, putative GCTCCAAAACCTATAA 

AAAAATCGGTG 

(SEO ID NO : 37O) 
Sp1942-2 CTCGAGTGCGGCCGCA 

AGCTTATTATCTTCAT 

CACCAACAGG 

(SEO ID NO : 371) 

SP1966 (25- end) UDP-N- Sp1966-1 CGGGATCCGAATTCGA 
(SEQ ID NO: 22O) acetylglucosamine GCTCCGCAGTCTTACC 

1- CTTGTTGGC 

carboxyvinyltransferase (SEO ID NO : 372) 
(EC 2.5.1.7) Sp1966-2 CTCGAGTGCGGCCGCA 
(IMGterm) AGCTTTTCATCTTCAT 

CACTTGCC 

(SEO ID NO : 373) 
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TABLE 2 - continued 

A list of the pneumococcal proteins 
SEQ ID NO: 1-83 and the primer sequences 

for isolation and amplification. 

Proteinsk 

SP1967 (3 O - end); 
(SEQ ID NO: 221) 

SP1998 (51 - end) 
(SEQ ID NO: 222) 

SP2O48 (40- end) 
(SEQ ID NO: 223) 

SP2O50 (35 - end) 
(SEQ ID NO: 224) 

SP2O83 (192- end) 
(SEQ ID NO: 225) 

SP2O84 (30 - end) 
(SEQ ID NO: 226) 

SP2O88 (3 O - end); 
(SEO ID NO: 227) 

SP2145 (1 - end) 
(SEO ID NO : 7O) 

Predicted 
functions 

hypothetical 
protein 

asparaginase (EC 
3.5.1.1.) 
(IMGterm) 

hypothetical 
protein 

competence 
protein Cd1D 

sensor histidine 
kinase PnpS 

phosphate ABC 
transporter 
substrate-binding 
protein, Phot 
family (TC 
3.A. 1.7.1) 
(IMGterm) 

phosphate uptake 
regulator, PhoU 
(IMGterm) 

antigen, cell wall 
surface anchor 
family 

Primer 
ales 

Sp1967-1 

Sp1967-2 

Sp1998-1 

Sp1998-2 

Sp2O48-1 

Sp2O48-2 

Sp2O50-1 

Sp2O50-2 

Sp2O83-1 

Sp2O83-2 

Sp2O84-1 

Sp2O84-2 

Sp2O88-1 

Sp2O88-2 

Sp2145-1 

Sequences 

CGGGATCCGAATTCGA 
GCTCCATAGAGGTTCC 
AGGTGGTTCG 

(SEO ID NO : 374) 
CTCGAGTGCGGCCGCA 
AGCTTGGGATTGTTTT 
TCAAGTAATC 

(SEO ID NO : 375) 

CGGGATCCGAATTCGA 
GCTCCGGGATTGTTTT 
TCAAGTAATC 

(SEO ID NO : 376) 
CTCGAGTGCGGCCGCA 
AGCTTGCCTTCCATAT 
AGTCTTTC 

(SEO ID NO : 377) 

CGGGATCCGAATTCGA 
GCTCCAGTCAGCTCCT 
CATTTCAG 

(SEO ID NO : 378) 
CTCGAGTGCGGCCGCA 
AGCTTACTTTTTTCTT 
TTTCCACAC 

(SEO ID NO : 379) 

CGGGATCCGAATTCGA 
GCTCCGTAGAGGAACA 
GATTTTCT 

(SEQ ID NO: 380) 
CTCGAGTGCGGCCGCA 
AGCTTATTTTTTGTTT 
CCTTAATGCG 

(SEQ ID NO: 381) 

CGGGATCCGAATTCGA 
GCTCCTTTAGCCCCAC 

CCAATCTGTG 

(SEQ ID NO: 382) 
CTCGAGTGCGGCCGCA 

AGCTTGTCCTGTGCGA 
AAGATTGG 

(SEQ ID NO: 383) 

CGGGATCCGAATTCGA 
GCTCCAAACAGTCAGC 

TTCAGGAAC 

(SEQ ID NO: 384) 
CTCGAGTGCGGCCGCA 

AGCTTTTTAATCTTGT 
CCCAGGTGG 

(SEO ID NO: 385) 

CGGGATCCGAATTCGA 
GCTCCGCCTTACTGGC 

CTTAGCCTCC 

(SEQ ID NO: 386) 
CTCGAGTGCGGCCGCA 

AGCTTATTCAAATCCA 
CTAGTTCTC 

(SEO ID NO: 387) 

CGGGATCCGAATTCGA 
GCTCCATGAAACCACT 

ACTTGAAACC 

(SEQ ID NO: 388) 
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TABLE 2 - continued 

Dec. 31, 2015 

A list of the pneumococcal proteins 
1-83 and the primer sequences 

for isolation and amplification. 

Proteinsk 

SP2151 (25- end) 
(SEQ ID NO: 228) 

SP21.87 (32 - end); 
(SEQ ID NO: 229) 

SP21.92 (224 - end) 
(SEQ ID NO: 23 O) 

SP2197 (30 - end) 
(SEQ ID NO: 231) 

SP2207 (30 - end) 
(SEQ ID NO: 232) 

SP2218 (106-end) 
(SEQ ID NO: 234) 

* Amino acid residues used for cloning; 

Predicted 
functions 

carbamate kinase 
(EC 2.7.2.2) 
(IMGterm) 

hypothetical 
protein 

sensor histidine 
kinase 

ABC transporter, 
substrate-binding 
protein, putative 

competence 
protein ComF, 
putative 

rod shape 
determining 
protein Mirec 
(IMGterm) 

Example 2 

Primer 
ales 

Sp2145 - 2 

Sp2151-1 

Sp2151-2 

Sp218.7-1 

Sp2187-2 

Sp21.92-1 

Sp21.92-2 

Sp21.97-1 

Sp21.97-2 

Sp2207-1 

Sp2207-2 

Sp22.18-1 

Sp22.18-2 

end refers to C-terminus. 

Screening Antigens from Mouse Splenocytes and 
Human Peripheral Blood Mononuclear Cells 

(PBMC) 
0432 60 proteins out of 80 genetic constructs were suc 
cessfully cloned and expressed in, then purified from, E. coli. 
These proteins were then used in stimulation experiments 

Sequences 

CTCGAGTGCGGCCGCA 
AGCTTGTGACTTGGTA 
ACCAGCTG 

(SEO ID NO: 389) 

CGGGATCCGAATTCGA 
GCTCCCAACAAGAAGC 
TTTAGTTG 

(SEQ ID NO: 390) 
CTCGAGTGCGGCCGCA 
AGCTTTCCTTTTTCAA 
TAATTGTTCC 

(SEQ ID NO: 391) 

CGGGATCCGAATTCGA 
GCTCCGTAATGGAAGA 
AACAGGAT 

(SEQ ID NO: 392) 
CTCGAGTGCGGCCGCA 
AGCTTAGTGAATAATA 
ACTGGCGAATC 

(SEQ ID NO: 393) 

CGGGATCCGAATTCGA 
GCTCCGAGCAAATTGT 
AAAATTGC 

(SEQ ID NO: 394) 
CTCGAGTGCGGCCGCA 
AGCTTCAAGCTAATCT 
TAAATTCC 

(SEO ID NO: 395) 

CGGGATCCGAATTCGA 
GCTCCAAAGACAACAA 
AGAGGCAGAAC 

(SEQ ID NO: 396) 
CTCGAGTGCGGCCGCA 
AGCTTTTTCACAAATT 
CGTTGGTGAAG 

(SEO ID NO: 397) 

CGGGATCCGAATTCGA 
GCTCCTGTTCAGACTG 
TGATTCTAC 

(SEO ID NO: 398) 
CTCGAGTGCGGCCGCA 
AGCTTTCTTACAAGGG 
AAAATGTT 

(SEO ID NO: 399) 

CGGGATCCGAATTCGA 
GCTCCTCTAAATTGCA 
AGCCACAAAG 

(SEQ ID NO: 4 OO) 
CTCGAGTGCGGCCGCA 
AGCTTTGAATTCCCCA 
CTAATTCTATC 

(SEQ ID NO: 401) 

with either mouse splenocytes or human PBMC to evaluate 
the ability of these proteins to recall a potent IL-17A response 
(elicitation of IL-17A responses is a predictor of immunoge 
nicity and protection against colonization by a pneumococcal 
antigen—(see Moffitt K L. Gierahn T. M. Lu Y J, et al. T(H) 
17-Based Vaccine Design for Prevention of Streptococcus 
pneumoniae Colonization. Cell Host Microbe 2011; 9:158 
65). 
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0433. The mouse splenocytes were obtained from three 
sources: 1. Mice previously immunized with a whole cell 
vaccine (WCV); 2. Mice previously colonized with a single 
strain of S. pneumoniae for 10 days and 3. Mice were sequen 
tially colonized with S. pneumoniae serotype 6B, 14F and 
19F strains. These three different models were used to iden 
tify putative protective surface antigens, as the inventors 
assessed if these antigens are Sufficiently expressed during 
colonization to elicit a response by immune cells following 
colonization. Furthermore, the inventors assessed if some of 
the Surface proteins would also confer protection against 
colonization and/or invasive disease in mice. Any given pro 
tein may provide protection against colonization, invasive 
disease, or both; since both colonization and invasive disease 
prevention are important goals of vaccination, the evaluation 
of the ability to confer protection in either model was 
included. The inventors also assessed if humans—who are all 
naturally exposed to pneumococci during their lifetime— 
were also capable of responding to the proteins, as more 
evidence that this protein may be expressed during human 
colonization. The responses to each protein in the different 
screens are summarized in Table 3 (which also includes 
whether the protein is protective against colonization, to be 
discussed below). 

TABLE 3 

Summary of IL-17A response to protein stimulation 
and protection against colonization. 

Mouse IL-17A Human IL-17A 
(responses to (responses to Protection 

Proteins 0.2/1/5 g of protein)* 1/10 ug of protein)* in mice 

PO346 +++++ -- No 
PO648 ++++ -- No 
PO785 +f-f++ ++ Yes 
PO787 +++f-f- +f- No 
P1154. +++++f- -- No 
P1376 --f++ --- No 
P1500 +f-f- +++f- Yes 
P1545 --- ++f- No 
P1872 --- +++f- No 
P1897 +f-f- +++ No 
P1942 +f-f++ +f- No 
P2145 --- +f- No 
P2151 +++++++ -- No 
P2207 ++++ +f- 
POO43 +f-f- -- 
POO79 ++++f- -- 
POO84 +++f- --- 
PO092 ++f- --- 
POO98 ++++++ -- 
PO149 --- ++ 
PO191 +f-f- --- 
PO198 ---- +f- 
PO249 ----------- --- 
PO321 ---- -- 
PO4O2 --- -- 
PO453 +++++f- ND** 
POS64 +f-f- ++f- 
PO582 ++++f- -- 
PO)6O1 --- +f- 
PO604 --- +f- 
PO617 --- ++ 
PO62O ------ +f- 
PO 629 --- ++ 
PO659 --- +f- 
PO662 +f-f- +f- 
PO678 ---- -- 
PO757 +f-f++ -- 
PO878 --- -- 
PO899 ++f-f- +f- 

O 

57 
Dec. 31, 2015 

TABLE 3-continued 

Summary of IL-17A response to protein stimulation 
and protection against colonization. 

Mouse IL-17A Human IL-17A 
(responses to (responses to Protection 

Proteins 0.2/1/5 g of protein)* 1/10 ug of protein)* in mice 

SP10O2 ++f- -- ND** 
SP1032 +f-f+ ++f- ND** 
SP1069 ++f- +f- ND** 
SP1386 ---- +f- ND** 
SP1404 +f-f- -- ND** 
SP1479 --- -- ND** 
SP1560 --- +++f- ND** 
SP1652 --- ++f- ND** 
SP1683 +++ -- ND** 
Sp1826 --- ND** ND** 

SP2084 +++ +f- ND** 
SP2.192 --- +f- ND** 
SP2197 +f-f- +++f- ND** 
SP2218 +f-f- --- ND** 

*IL-17A productionin response to protein stimulation: -, <25 pg/ml, +, s25 pg/ml, ++, s100 
pg. ml, +++, -250 pg/ml, 
**ND, not determined 

Example 3 

SP0785 and SP1500 Provide Protection Against 
Colonization 

0434. The inventors then tested the 14 antigens to see if 
they could provide protection in a mouse colonization model. 
For each protein tested, 5 mg of eachantigen were mixed with 
adjuvant CT and used to immunize mice twice weekly. Mice 
were challenged with a serotype 6B pneumococcal strain and 
the protection was accessed 7 days later for pneumococcal 
colonization in the nose. Two proteins, SP0785 and SP1500 
showed significant protection compared to the adjuvant alone 
group (p=0.0023 and p=0.0009 for SP0785 and SP1500, 
respectively) (FIG. 1). The other 12 antigens tested were not 
protective in this colonization model. 

Example 4 

Protection Against Sepsis Challenge 

0435. At the same time, the inventors evaluated whether 
these proteins could confer protection, when used as immu 
nogens, against invasive disease. Groups (n=10 mice per 
group) of C57/BL6 mice were immunized with one of the 15 
proteins subcutaneously with aluminum hydroxide as adju 
vant and then challenged in an intraperitoneal (IP) infection 
model with an engineered WU2 strain (wildtype ply replaced 
with a tagged ply). This infection leads to 80% death of 
control mice starting at 3-4 days post infection. As Summa 
rized in Table 4, protein SP0346 protected 60% of the immu 
nized mice compared to 20% of the alum group (p=0.0254). 
Four proteins protected 50% of mice, such as SP1386, 
SP1500, SP0084 and SP1479. The protection from the 
remaining 10 proteins was lower than 50%. 
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TABLE 4 

Protection against sepsis following immunization by the 
Subcutaneous route, using aluminum hydroxide as adiuvant. 

Proteins Survival rate (survival/total) 

None 2,10 
SPO785 3,10 
SP2145 1,10 
SP1826 3,10 
SPO191 3,10 
SPO198 4f10 
SPOS64 4f10 
Sp1069 2,10 
SP1942 3,10 
SP2151 3,10 
SP2197 Of 10 
SP1386 5.10 
SP1500 5.10 
SPOO84 5.10 
SP1479 5.10 
SPO346 6.10 

Example 5 

Protection Against Sepsis by Proteins Fusing to PdT 
0436 The inventors have previously shown that immuni 
Zation with a fusion conjugate, in which a pneumococcal 
protein is genetically fused to the pneumococcal pneu 
molysoid PdT and then covalently coupled to a polysaccha 
ride, can enhance immune responses and protection (LuY Jet 
al., Protection against Pneumococcal colonization and fatal 
pneumonia by a trivalent conjugate of a fusion protein with 
the cell wall polysaccharide. Infect Immun 2009; 77:2076 
83. Lu et al. A bivalent vaccine to protect against Strepto 
coccus pneumoniae and Salmonella typhi. Vaccine 2012; 
30:3405-12). The inventors next tested some antigens in 
fusion proteins with PdT and also fusion protein conjugated 
to the Salmonella typhipolysaccharide, Vi (our nomenclature 
for a fusion protein of protein X and PdT, then conjugated to 
Vi is X-PdT-Vi). As shown in FIG. 2, immunization with a 
fusion protein consisting of SP0785-PdT protected 80% mice 
against sepsis and fusion proteinSP2145-PdT protected 90%. 
The protection is not due to PdT alone, which only protects 
30% of the infected mice, not statistically different from the 
mortality rate of control mice. Fusion proteins SP0785-PdT. 
SP2145-PdT and SP1500-PdT were conjugated to Vi 
polysaccharide as described before. These mice made high 
level of IL-17A when stimulated with whole cell vaccine 
(WCV) (FIG. 3A), which raises the strong possibility that 
these two constructs may protect against both pneumococcal 
colonization and disease. FIG. 3B shows that these fusion 
conjugates also elicit robust antibodies to the Vipolysaccha 
ride, predicting protection against S. typhi as well. 
0437. Similarly to fusion proteins, SP2145-PdT-Vi and 
SP0785-PdT-Visignificantly protected mice when compared 
to immunization with alum alone (80% survival in either 
group compared to 20% survival in alum group, PK0.006 for 
either comparison; FIG. 4). 

Example 6 

Sera from Mice Immunized with SPO785 Binds to an 
Encapsulated Tigrá Strain 

0438 A flow cytometric assay was performed to test 
whether antibodies against these antigens (SP0785, SP1500, 
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SP2145) can bind to the surface of encapsulated pneumococ 
cal strain. The type 4 clinical isolate TIGR4 strain was cul 
tured to late-log phase and heat fixed. Binding of mouse 
anti-sera was detected by FITC labeled anti-mouse IgG. As 
shown in FIG. 5, serum from mice immunized with SP0785 
(black) can label the bacteria when compared to serum 
obtained from mice immunized with alum alone (grey), 
which indicates that anti-SP0785 antibody is able to bind to 
encapsulated pneumococcal strain. 
0439. In summary, the inventors have identified two pro 
teins SP0785 and SP1500 that protect against pneumococcal 
colonization, and SP0346 that protects against sepsis. Fusion 
proteins SP0785-PdT and SP2145-PdT or the conjugation of 
these two proteins to Vi protected mice against sepsis chal 
lenge. 

Example 7 
0440 MAPS complexes were made using biotinylated 
type-1 pneumococcal polysaccharide attached to a fusion 
protein consisting of rhizavidin and SP0785, SP1500, 
SPO435 or PdT. C57/BL6 mice were immunized with a mix 
ture of 3 MAPS complexes containing SP0785, SP1500 and 
PdT, or a mixture of all 4MAPS complexes described above, 
on aluminum hydroxide, at a dosage of 6.7 g of each antigen. 
Control mice received either aluminum hydroxide alone 
(alum, negative control) or a whole cell vaccine in alum (as a 
positive control). Immunization was given Subcutaneously 
three times, two weeks apart. Blood was drawn after the third 
immunization and stimulated with 10 ug/ml of S. pneumoniae 
whole cell antigen or 5 g/ml of purified SP0785, SP1500 or 
PdT protein. Antigen-specific or whole cell (WCB) IL-17A 
production was measured 7 days post stimulation by ELISA 
(FIG. 6A). One week after bleeding, mice were challenged 
with pneumococcal 603B strain and bacterial colonization 
rate in the nose was determined 10 days post challenge (FIG. 
6B). Mice that received immunizations with either 3 or 4 
MAPS complexes were protected against pneumococcal 
colonization. 
0441 C57BL/6 mice were immunized with vaccines con 
taining 5 ug of protein antigen (a fusion protein of SP0785, 
SP1500 and PdT conjugated to Vi polysaccharide of Salmo 
nella typhi) adsorbed onto alum, Subcutaneously three times, 
two weeks apart. Control mice received alum alone. Two 
weeks after last immunization, mice were intranasally chal 
lenged with pneumococcal 603B strain and bacterial coloni 
Zation rate in the nose was determined by nasal wash. The 
mice that were immunized with the fusion conjugate were 
significantly protected against pneumococcal colonization 
compared to the mice in the control group (FIG. 7). 
0442 New Zealand white rabbits were immunized with 
purified SP0785, SP1500 or PdT. An equal mixture of each 
serum from rabbits pre-immunization vs. post immunization 
(in this case, 67 ul each) was given to groups of 10 mice via 
the intraperitoneal route. Mice were then intraperitoneally 
infected with a serotype 3 strain 24 hours later and mice 
survival was monitored for 8 days. Group received post 
immunization serum had 60% survival comparing to 0% sur 
vival in the pre-serum group, a difference that was highly 
statistically significant, attesting to the protective capacity of 
antibodies to these proteins for pneumococcal invasive dis 
ease (FIG. 8). 

REFERENCES 

0443 All references described herein are incorporated 
herein in their entirety by reference. 
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0444 1. Moffitt K L. Gierahn T M, LuY J, et al. T(H)17- -continued 
Based Vaccine Design for Prevention of Streptococcus 
pneumoniae Colonization. Cell Host Microbe 2011; Pneumococcal Protein SEQ ID DNASEQ ID 
9:158-65. antigen name NO: NO: 

0445 2. LuY J, Forte S, Thompson CM, Anderson PW, SP1872 SEQID NO:58 SEQID NO: 134 
Malley R. Protection against Pneumococcal colonization SP1891 SEQID NO. 59 SEQIPNO: 135 
and fatal pneumonia by a trivalent conjugate of a fusion SP1897 SEQIPNO: 60 SEQIPNO: 136 

SP1942 SEQID NO: 61 SEQID NO: 137 
protein with the cell wall polysaccharide. Infect Immun SP1966 SEQID NO: 62 SEQID NO: 138 
2009; 77:2076-83. SP1967 SEQID NO: 63 SEQID NO: 139 

0446 3. Lu Y J, Zhang F. Sayeed S, et al. A bivalent SP1998 SEQIPNo. 64 SEQIPNO: 140 
SP2O48 SEQID NO: 65 SEQID NO: 141 

vaccine to protect against Streptococcus pneumoniae and SP2050 SEQID NO: 66 SEQID NO: 142 
Salmonella typhi. Vaccine 2012:30:3405-12. SP2O83 SEQID NO: 67 SEQID NO: 143 

0447 Sequences: SP2O84 SEQID NO: 68 SEQID NO: 144 
SP2O88 SEQID NO: 69 SEQID NO: 145 
SP2145 SEQID NO: 70 SEQID NO: 146 
SP2151 SEQID NO: 71 SEQID NO: 147 

Pneumococcal Protein SEQID DNA SEQID SP21.87 SEQID NO: 72 SEQID NO: 148 
antigen name NO: NO: SP2192 SEQID NO: 73 SEQID NO: 149 

SP2197 SEQID NO: 74 SEQID NO: 150 
SPOO10 SEQID NO: 1 SEQID NO: 77 SP22O7 SEQID NO: 75 SEQID NO: 151 
SPOO43 SEQID NO: 2 SEQID NO: 78 SP2218 SEQID NO: 76 SEQID NO: 152 
SPOO79 SEQID NO:3 SEQID NO: 79 
SPOO84 SEQID NO: 4 SEQID NO: 80 
SPOO92 SEQIPNO: 5 SEQIPNo. 81 SEQID NO: 153/SP0010 (23-end) 
SPOO98 SEQID NO: 6 SEQID NO: 82 
SPO106 SEQID NO: 7 SEQID NO: 83 SEQID NO: 154/SP0043 (42-end) 
SE, SES RN SES RN SEQID NO: 155/SP0079 (24-end) 
SPO149 SEGi No. 10 SEGi No. 86 SEQID NO: 156/SP0084 (110-end) 
SPO191 SEQID NO: 11 SEQID NO: 87 SEQID NO: 157/SP0092 (30-end) 
SPO198 SEQID NO: 12 SEQID NO: 88 
SPO249 SEQID NO: 13 SEQID NO: 89 SEQID NO: 158/SP0098 (30-end) 
SPO321 SEQID NO: 14 SEQID NO:90 SEQID NO: 159/SP0106 (29-end) 
SPO346 SEQID NO: 15 SEQID NO:91 
SPO4O2 SEQID NO: 16 SEQID NO: 92 SEQID NO: 160/SP0107 (30-end) 
SPO453 SEQID NO: 17 SEQID NO: 93 SEQID NO: 161/SPO127 (26-end) 
SPOS64 SEQID NO: 18 SEQID NO:94 
SPO582 SEQID NO: 19 SEQID NO: 95 SEQID NO: 162/SP0149 (25-end) 
SPO589 SEQID NO: 20 SEQID NO:96 SEQID NO: 163/SP0191 (26-end) 
SPO)6O1 SEQID NO: 21 SEQID NO: 97 
SPO604 SEQID NO: 22 SEQID NO: 98 SEQID NO: 164/SP0198 (45-end) 
SPO617 SEQID NO: 23 SEQID NO: 99 SEQID NO: 165/SP0249 (26-end) 
SPO62O SEQID NO: 24 SEQID NO: 100 
SPO629 SEQID NO:25 SEQID NO: 101 SEQID NO: 14/SP0321 (1-end) 
SPO648 SEQID NO: 26 SEQID NO: 102 SEQID NO: 166/SP0346 (98-end) 
SPO659 SEQID NO: 27 SEQID NO: 103 
SPO662 SEQID NO: 28 SEQID NO: 104 SEQID NO: 167/SP0402 (29-end) 
SPO664 SEQID NO: 29 SEQID NO: 105 
SPO678 SEQID NO:30 SEQID NO: 106 SEQID NO: 168/SP0453 (25-298) 
SPO724 SEQID NO:31 SEQID NO: 107 
SPO742 SEQIPNO:32 SEQIPNO: 108 0448 SEQID NO: 169/SP0564 (21-end) 
SPO757 SEQID NO:33 SEQID NO: 109 
SPO785 SEQID NO:34 SEQID NO: 110 SEQID NO: 170/SP0582 (92-end) 
SPO787 SEQIPNO:35 SEQID No. 111 SEQID NO: 171/SP0589 (36-end) 
SPO872 SEQID NO:36 SEQID NO: 112 
SPO878 SEQID NO:37 SEQID NO: 113 
SPO899 SEQID NO:38 SEQID NO: 114 SEQID NO: 172/SP0601 (36-297) 
SP10O2 SEQID NO:39 SEQID NO: 115 
SP1026 SEQID NO: 40 SEQID NO: 116 0449 SEQID NO: 173/SP0604 (223-end) 
SP1032 SEQID NO: 41 SEQID NO: 117 
SP1069 SEQID NO:42 SEQID NO: 118 SEQID NO: 1747SP0617 (44-end) 
SP1154 SEQID NO: 43 SEQID NO: 119 SEQID NO: 175/SP0620 (27-end) 
SP1267 SEQID NO:44 SEQID NO: 120 
SP1376 SEQID NO:45 SEQID NO: 121 SEQID NO: 176/SP0629 (21-end) 
SP1386 SEQID NO:46 SEQID NO: 122 
SP1404 SEQID NO:47 SEQID NO: 123 SEQID NO: 177/SP0648 (40-776) 
SP1405 SEQID NO:48 SEQID NO: 124 
SP1419 SEQID NO: 49 SEQID NO: 125 
SP1479 SEQID NO:50 SEQID NO: 126 SEQID NO: 178/SP0648 (777-1676) 
SP1500 SEQID NO:51 SEQID NO: 127 
SP1545 SEQID NO: 52 SEQID NO: 128 0450 SEQID NO: 179/SP0648 (1677-end) 
SP1560 SEQID NO:53 SEQID NO: 129 
SP1624 SEQID NO:54 SEQID NO: 130 SEQID NO: 180/SP0659 (28-end) 
SP1652 SEQID NO:55 SEQID NO: 131 
SP1683 SEQID NO: 56 SEQID NO: 132 SEQID NO: 181/SP0662 (29-276) 
SP1826 SEQID NO: 57 SEQID NO: 133 

0451 SEQID NO: 182/SP0662 (300-end) 
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SEQID NO: 183/SP0664 (103-629) SEQID NO: 207/SP1419 (27-end) 
SEQID NO. 208/SP1479 (40-end) 

SEQID NO: 184/SP0664 (630-1200) SEQID NO: 209/SP1500 (27-end) 
0452 SEQID NO: 185/SP0664 (1201-end) SE8 H N 2'SEE, 3.N. 
SEQID NO: 186/SP0678 (23-end) Q (28-end) 
SEQID NO: 187/SP0724 (35-end) 
SEQID NO: 188/SP0742 (43-end) SEQID NO: 212/SP1624 (1-217) 

SEQID NO: 189/SP0757 (44-451) SEQID NO: 213/SP1652 (62-397) 
0456 SEQID NO: 214/SP1683 (65-end) 

0453 SEQID NO: 190/SP0785 (33-end) SEQID NO: 215/SP1826 (36-end) 
SEQID NO: 216/SP1872 (40-end) SEOID NO: 191 (SPO787 (43-290 

Q ( ) SEQID NO: 217/SP1891 (40-end) 
0454 SEQID NO: 192/SP0872 (30-end) SEQID NO: 218/SP1897 (30-end) 
SEQID NO: 193/SP0878 (245-end) SEQID NO: 219/SP1942 (37-end) 
SEQID NO: 194/SP0899 (31-end) SEQID NO: 220/SP1966 (25-end) 
SEQID NO: 195/SP1002 (22-end) SEQID NO: 221/SP1967 (30-end) 
SEQID NO: 196/SP1026 (24-end) SEQID NO: 222/SP1998 (51-end) 
SEQID NO: 197/SP 1032 (22-end) SEQID NO: 223/SP2048 (40-end) 
SEQID NO: 198/SP1069 (34-end) SEQID NO: 224/SP2050 (35-end) 

SEQID NO: 225/SP2083 (192-end) 
SEQID NO: 199/SP1154 (155-694) SEQID NO: 226/SP2084 (30-end) 

SEQID NO: 227/SP2088 (30-end) 
SEQID NO: 200/SP1154 (695-1374) SEQID NO: 70/SP2145 (1-end) 
0455 SEQID NO: 201/SP1154 (1375-end) SEQID NO: 228/SP2151 (25-end) 
SEQID NO: 202/SP1267 (25-end) SEQID NO: 229/SP2187 (32-end) 
SEQID NO: 203/SP1376 (32-end) SEQID NO: 230/SP2192 (224-end) 
SEQID NO. 204/SP1386 (33-end) SEQID NO. 231/SP2197 (30-end) 
SEQID NO: 205/SP1404 (31-end) SEQID NO. 232/SP2207 (30-end) 
SEQID NO: 206/SP1405 (19-end) SEQID NO. 234/SP2218 (106-end) 

SEQUENCE LISTING 

The patent application contains a lengthy “Sequence Listing section. A copy of the “Sequence Listing is available in 
electronic form from the USPTO web site (http://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US20150374811A1). 
An electronic copy of the “Sequence Listing will also be available from the USPTO upon request and payment of the 
fee set forth in 37 CFR1.19(b)(3). 

1. An immunogenic composition comprising at least one immune response against Streptococcus pneumoniae when 
isolated pneumococcal antigen or fragment thereof with the administered to a mammal. 
amino acid sequence selected from SEQID NO: 1-76 or SEQ 2.-33. (canceled) 
ID NO: 153-234, and wherein the composition elicits an k . . . . 
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