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[0006] Among other things, the present disclosure provides compositions and 

methods for prevention and/or treatment of nosocomial infections in patient populations in 

need thereof. 

[0007] Among other things, the present disclosure provides immunogenic 

compositions comprising, for example, (i) a backbone polymer comprising a polymer and one 

or more antigenic polysaccharides conjugated to the polymer; and (ii) one or more 

polypeptide antigens non-covalently complexed with the polymer or the antigenic 

polysaccharide. 

[0007a]  In one aspect, the present disclosure refers to an immunogenic composition 

comprising (i) a backbone polymer comprising a polymer and one or more antigenic 

polysaccharides conjugated to the polymer; and (ii) one or more polypeptide antigens non-

covalently complexed with the polymer and/or the antigenic polysaccharide; wherein the 

polymer is a Klebsiella spp. K19 capsular polysaccharide. 

[0008] In some examples, an immunogenic composition may comprise one or more 

antigenic polysaccharides conjugated to a polymer with a linker.  In some examples, an 

immunogenic composition may comprise one or more antigenic polysaccharides conjugated 

to a polymer without a linker.  In some examples, the one or more antigenic polysaccharides 

are derived from gram-negative bacteria and/or gram-positive bacteria.  In some examples, 

the one or more antigenic polysaccharides are derived from Klebsiella, Pseudomonas, and/or 

E. coli antigenic polysaccharides. 

[0009] In some examples, one or more of the opsonization potential, or 

immunogenicity of the one or more antigenic polysaccharides is increased relative to a 

predetermined level, as measured by ELISA and/or by an antibody functional assay.  In some 

examples, one or more of the opsonization potential, or immunogenicity of the one or more 

antigenic polysaccharides is increased relative to a control composition, as measured by 

ELISA and/or by an antibody functional assay.  In some examples, a control composition 

may comprise an antigenic polysaccharide present in the immunogenic composition and not 

comprising a backbone polymer present in the immunogenic composition.  In some 

examples, a control composition may comprise an antigenic polypeptide present in the 

immunogenic composition and not comprising a backbone polymer present in the 

immunogenic composition.  In some examples, a control composition may comprise an 

antigenic polypeptide present in the immunogenic composition and/or an antigenic 

polysaccharide present in the immunogenic composition, and not comprising a polymer 

present in the immunogenic composition.  In some examples, a control composition may 

comprise an antigenic polysaccharide present in the vaccine composition and not comprising 

a backbone polymer present in the vaccine composition.  In some 
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examples, a control composition may comprise an antigenic polypeptide present in the 

vaccine composition and not comprising a backbone polymer present in the vaccine 

composition.  In some examples, a control composition may comprise an antigenic 

polypeptide present in the vaccine composition and/or an antigenic polysaccharide present in 

the vaccine composition, and not comprising a polymer present in the vaccine composition.  

In some examples, a control composition may comprise an antigenic polysaccharide present 

in the pharmaceutical composition and not comprising a backbone polymer present in the 

pharmaceutical composition.  In some examples, a control composition may comprise an 

antigenic polypeptide present in the pharmaceutical composition and not comprising a 

backbone polymer present in the pharmaceutical composition.  In some examples, a control 

composition may comprise an antigenic polypeptide present in the pharmaceutical 

composition and/or an antigenic polysaccharide present in the pharmaceutical composition, 

and not comprising a polymer present in the pharmaceutical composition.   

[00010] In some examples, one or more of the opsonization potential, or 

immunogenicity of the one or more antigenic polysaccharides is increased at least 1-fold, 2-

fold, 3-fold, 4-fold, or 5-fold relative to a predetermined level, as measured by ELISA and or 

by an antibody functional assay.  In some examples, the predetermined level is a preimmune 

level.  In some examples, the epitope valency of the one or more antigenic polysaccharides is 

at least 1-fold, 2-fold, 3-fold, 4-fold, or 5-fold above that of the native polysaccharide.   

[00011] In some examples, one or more polypeptide antigens may be carrier proteins 

for one or more antigenic polysaccharides.  In some examples, upon administration to a 

subject, an immunogenic composition induces antibody production against one or more 

pathogens in the subject at level greater than a composition comprising an antigenic 

polysaccharide and not comprising the backbone polymer, as measured by ELISA.  In some 

examples, upon administration to a subject, an immunogenic composition induces antibody 

production against one or more pathogens in the subject at level greater than a composition 

comprising a polypeptide antigen and not comprising the backbone polymer, as measured by 

ELISA.  In some examples, the one or more pathogens are selected from, Klebsiella, 

Pseudomonas, and E. coli.  In some examples, upon administration to a subject, an 

immunogenic composition elicits an immune response against one or more of Klebsiella, 

Pseudomonas, and E. coli. 

[00012] In some examples, a polypeptide antigen is or comprises a bacterial 

polypeptide, a fungal polypeptide, and/or a viral polypeptide, or combinations thereof.  In 

some examples, a polypeptide antigen is or comprises a polypeptide or immunogenic  
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fragment thereof from Klebsiella, Pseudomonas, and/or E. coli.  In some examples, a 

polypeptide antigen is or comprises a polypeptide derived from Klebsiella, Pseudomonas, 

and/or an E. coli polypeptide. 

[00013] In some examples, a polymer is or comprises a polysaccharide, a polypeptide, 

or a synthetic dendrimer.  In some examples, the polymer is about 50 kDa to about 2000 kDa 

in size. In some examples, a polymer is or comprises a capsular polysaccharide derived from 

a gram-negative or gram-positive bacteria.  In some examples, a capsular polysaccharide is or 

comprises a Klebsiella capsular polysaccharide, Pseudomonas exopolysaccharide, and/or 

Escherichia capsular polysaccharide.  In some examples, a polymer is or comprises a 

Klebsiella spp. K19 capsular polysaccharide.  In some examples, a polymer is or comprises a 

linear poly-L-lysine, or a dendrimer of L-lysine.  In some examples, a polymer is or 

comprises a dendrimer of a synthetic monosaccharide or oligosaccharide. 

[00014] In some examples, one or more polypeptide antigens are non-covalently 

complexed with a polymer and/or one or more antigenic polysaccharides by formation of at 

least one complementary affinity-molecule pair comprising (i) a first affinity molecule 

associated with the polymer or one or more antigenic polysaccharides; and (ii) a 

complementary affinity molecule associated with one or more polypeptide antigens.  In some 

examples, the complementary affinity-molecule pair is selected from the group consisting of: 

biotin/biotin-binding protein, antibody/antigen, enzyme/substrate, receptor/ligand, 

metal/metal-binding protein, carbohydrate/carbohydrate binding protein, lipid/lipid-binding 

protein, and His tag/His tag-binding molecule.  In some examples, the first affinity molecule 

is biotin or a derivative thereof.  In some examples, the complementary affinity molecule is a 

biotin-binding protein or biotin-binding domain thereof.  In some examples, the biotin-

binding protein is rhizavidin, avidin, streptavidin, bradavidin, tamavidin, lentiavidin, 

zebavidin, NeutrAvidin, CaptAvidin™, or a combination thereof.   

[00015] In some examples, a first affinity molecule is cross-linked or covalently 

bonded to the polymer or the one or more antigenic polysaccharides.  In some examples, the 

first affinity molecule is cross-linked or covalently bonded to the polymer of the backbone 

polymer.  In some examples, the first affinity molecule is cross-linked or covalently bonded 

to the one or more antigenic polysaccharides.  In some examples, the first affinity molecule is 

cross-linked or covalently bonded to the polymer of the backbone polymer and to the one or 

more antigenic polysaccharides.  In some examples, the  
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polymer is or comprises poly-L-Lysine.  In some examples, the one or more antigenic 

polysaccharides is or comprises a polysaccharide of one or more of Klebsiella, Pseudomonas, 

and E. coli.  

[00016] In some examples, the one or more antigenic polysaccharides is or comprises a 

K. pneumoniae OPS of type O1, O2, O3, O5, or a combination thereof.  In some examples, 

the one or more antigenic polysaccharides is or comprises a P. aeruginosa OPS of type O1, 

O2, O3, O4, O5, O6, O10, O11, O12, or a combination thereof.  In some examples, at least 

one of the antigenic polysaccharides is or comprises the P. aeruginosa exopolysaccharide 

PsL.  In some examples, the PsL is or comprises at least one epitope that binds to a 

monoclonal antibody comprising an amino acid sequence having at least 80%, 85%, 90%, 

95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:4 and/or an 

amino acid sequence having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% 

identity to the sequence of SEQ ID NO:5.  

[00017] In some examples, at least one polypeptide antigen is or comprises an amino 

acid sequence having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity 

to the sequence of SEQ ID NO:1 (K. pneumoniae Type I fimbrial protein), or an 

immunogenic fragment thereof.  In some examples, at least one polypeptide antigen is or 

comprises an amino acid sequence having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 

99%, or 100% identity to the sequence of SEQ ID NO:2 (K. pneumoniae conserved Type III 

fimbrial protein MrkA) and/or an amino acid sequence having at least 80%, 85%, 90%, 95%, 

96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:3 or an immunogenic 

fragment thereof.  In some examples, at least one polypeptide antigen is or comprises a P. 

aeruginosa FliC flagellin subtype A, P. aeruginosa FliC flagellin subtype B, or an 

immunogenic fragment thereof.  In some examples, at least one polypeptide antigen is or 

comprises an amino acid sequence having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 

99%, or 100% identity to the sequence of SEQ ID NO:6 (P. aeruginosa FliC flagellin 

subtype A1), an amino acid sequence having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 

99%, or 100% identity to the sequence of SEQ ID NO:9 (P. aeruginosa FliC flagellin 

subtype A2), an amino acid sequence having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 

99%, or 100% identity to the sequence of SEQ ID NO:7 (P. aeruginosa FliC flagellin 

subtype B) or an immunogenic fragment thereof.  In some examples, at least one polypeptide 

antigen is or comprises an amino acid sequence having at least 80%, 85%, 90%,  
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95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:8 

(P. aeruginosa PcrV), or an immunogenic fragment thereof. 

[00018] In some examples, an immunogenic composition of the disclosure is or 

comprises (a) a backbone polymer comprising (i) a polymer comprising a Klebsiella spp. K19 

capsular polysaccharide; and (ii) one or more antigenic polysaccharides comprising a 

polysaccharide of Klebsiella or Pseudomonas conjugated to the Klebsiella spp. K19 capsular 

polysaccharide; and (b) one or more polypeptide antigens non-covalently complexed with the 

polymer by formation of at least one complementary affinity-molecule pair comprising (i) a 

first affinity molecule associated with the polymer; and (ii) a complementary affinity 

molecule associated with the one or more polypeptide antigens.  In some examples, the one 

or more antigenic polysaccharides is or comprises a K. pneumoniae OPS of type O1, O2, O3, 

O5, or a combination thereof.  In some examples, the one or more antigenic polysaccharides 

is or comprises a P. aeruginosa OPS of type O1, O2, O3, O4, O5, O6, O10, O11, or a 

combination thereof.  In some examples, the first affinity molecule is biotin or a derivative 

thereof and the complementary affinity molecule is or comprises a biotin-binding protein or 

biotin-binding domain thereof.  In some examples, the biotin-binding protein is or comprises 

rhizavidin or a biotin-binding domain thereof.  In some examples, the one or more 

polypeptide antigens is or comprises P. aeruginosa FliC flagellin subtype B D2 domain 

lacking the TLR5 binding motif, P. aeruginosa PcrV, K. pneumoniae MrkA, antigenic 

fragments thereof, or a combination thereof. 

[00018a]  In another aspect, the present disclosure refers to an immunogenic 

composition as disclosed herein comprising (a) a backbone polymer comprising (i) a polymer 

comprising a Klebsiella spp. K19 capsular polysaccharide; and (ii) one or more antigenic 

polysaccharides comprising a polysaccharide of Klebsiella or Pseudomonas conjugated to the 

Klebsiella spp. K19 capsular polysaccharide; and (b) one or more polypeptide antigens non-

covalently complexed with the polymer by formation of at least one complementary affinity-

molecule pair comprising (i) a first affinity molecule associated with the polymer; and (ii) a 

complementary affinity molecule associated with the one or more polypeptide antigens. 

[00019] In some examples, at least one complementary affinity-molecule pair 

comprises a fusion protein comprising (i) a biotin-binding protein or biotin-binding domain 

thereof, (ii) a polypeptide comprising an amino acid sequence having at least 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (FlaB 

flagellin D2 domain lacking the TLR5 binding motif) or an immunogenic fragment thereof, 

and (iii) a polypeptide comprising an amino acid sequence having at least 80%, 85%, 90%, 

95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:2 or SEQ ID 

NO:3 (K. pneumoniae MrkA) or an immunogenic fragment thereof.  In some examples, the 

fusion protein is or comprises a polypeptide comprising an amino acid sequence having at 

least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ 

ID NO:24 (Rhavi-FlaB-Domain2-MrkA-His). 

[00020] In some examples, at least one complementary affinity-molecule pair 

comprises a fusion protein comprising (i) a biotin-binding protein or biotin-binding domain 
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thereof, (ii) a polypeptide comprising an amino acid sequence having at least 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (P. 

aeruginosa FliC flagellin subtype B D2 domain lacking the TLR5 binding motif) or an 

immunogenic fragment thereof, and (iii) a polypeptide comprising an amino acid sequence 

having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the 

sequence of SEQ ID NO:8 (P. aeruginosa PcrV) or an immunogenic fragment thereof.  In 

some examples, a fusion protein is or comprises a polypeptide comprising an amino acid 

sequence having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to 

the sequence of SEQ ID NO:26 (Rhavi-FlaB-Domain2-PcrV-His). 

[00021] Among other things, the present disclosure provides vaccine compositions.  In 

some examples a vaccine composition may comprise one or more immunogenic 

compositions.  In some examples a vaccine composition may comprise a pharmaceutically 

acceptable carrier.   

[00022] In some examples, a vaccine composition may comprise one or more of (a) an 

immunogenic composition comprising a backbone polymer comprising a polymer comprising 

a biotinylated Klebsiella spp. K19 capsular polysaccharide, a KP O1 OPS conjugated to the 

Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-

covalently complexed to the biotinylated backbone polymer; (b) an immunogenic 

composition comprising a backbone polymer comprising a polymer comprising a biotinylated 

Klebsiella spp. K19 capsular polysaccharide, a KP O2 OPS conjugated to the Klebsiella spp. 

K19 capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; (c) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a KP O3 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; and (d) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a KP O5 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer. 

[00023] In some examples, a vaccine composition may comprise one or more of (a) an 

immunogenic composition comprising a backbone polymer comprising a polymer comprising 

a biotinylated Klebsiella spp. K19 capsular polysaccharide, a KP O1 OPS  
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conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-MrkA 

fusion protein non-covalently complexed to the biotinylated backbone polymer; (b) an 

immunogenic composition comprising a backbone polymer comprising a polymer comprising 

a biotinylated Klebsiella spp. K19 capsular polysaccharide, a KP O2 OPS conjugated to the 

Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-PcrV fusion protein non-

covalently complexed to the biotinylated backbone polymer; (c) an immunogenic 

composition comprising a backbone polymer comprising a polymer comprising a biotinylated 

Klebsiella spp. K19 capsular polysaccharide, a KP O3 OPS conjugated to the Klebsiella spp. 

K19 capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; and (d) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a KP O5 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-PcrV fusion protein non-covalently complexed 

to the biotinylated backbone polymer. 

[00023a] In another aspect, the present disclosure refers to a vaccine composition comprising: 

(a) a first immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a KP O1 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

MrkA fusion protein non-covalently complexed to the biotinylated backbone polymer; 

(b) a second immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a KP O2 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

PcrV fusion protein non-covalently complexed to the biotinylated backbone polymer; 

(c) a third immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a KP O3 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

MrkA fusion protein non-covalently complexed to the biotinylated backbone polymer; and 

(d) a fourth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a KP O5 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

PcrV fusion protein non-covalently complexed to the biotinylated backbone polymer. 

[00024] In some examples, a vaccine composition may comprise one or more of (a) an 

immunogenic composition comprising a backbone polymer comprising a 



8a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O1 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

MrkA fusion protein non-covalently complexed to the biotinylated backbone polymer; (b) an 

immunogenic composition comprising a backbone polymer comprising a polymer comprising 

a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O2 OPS conjugated to the 

Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-

covalently complexed to the biotinylated backbone polymer; (c) an immunogenic 

composition comprising a backbone polymer comprising a polymer comprising a biotinylated 

Klebsiella spp. K19 capsular polysaccharide, a PA O3 OPS conjugated to the Klebsiella spp. 

K19 capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; (d) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O4 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; (e) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O5 OPS conjugated to the Klebsiella spp. K19 
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capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; (f) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O6 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; (g) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O10 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; and (h) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O11 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer. 

[00025] In some examples, a vaccine composition may comprise one or more of (a) an 

immunogenic composition comprising a backbone polymer comprising a polymer comprising 

a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O1 OPS conjugated to the 

Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-PcrV fusion protein non-

covalently complexed to the biotinylated backbone polymer; (b) an immunogenic 

composition comprising a backbone polymer comprising a polymer comprising a biotinylated 

Klebsiella spp. K19 capsular polysaccharide, a PA O2 OPS conjugated to the Klebsiella spp. 

K19 capsular polysaccharide, and a Rhavi-FlaBD2-PcrV fusion protein non-covalently 

complexed to the biotinylated backbone polymer; (c) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O3 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-PcrV fusion protein non-covalently complexed 

to the biotinylated backbone polymer; (d) an immunogenic composition comprising a 

backbone polymer comprising a polymer comprising a biotinylated Klebsiella spp. K19 

capsular polysaccharide, a PA O4 OPS conjugated to the Klebsiella spp. K19 capsular 

polysaccharide, and a Rhavi-FlaBD2-PcrV fusion protein non-covalently complexed to the 

biotinylated backbone polymer; (e) an immunogenic composition comprising a backbone 

polymer comprising a polymer comprising a biotinylated Klebsiella spp. K19 capsular 

polysaccharide, a PA O5 OPS conjugated to the Klebsiella spp. K19 capsular  
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polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently complexed to the 

biotinylated backbone polymer; (f) an immunogenic composition comprising a backbone 

polymer comprising a polymer comprising a biotinylated Klebsiella spp. K19 capsular 

polysaccharide, a PA O6 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, 

and a Rhavi-FlaBD2-MrkA fusion protein non-covalently complexed to the biotinylated 

backbone polymer; (g) an immunogenic composition comprising a backbone polymer 

comprising a polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, 

a PA O10 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-

FlaBD2-MrkA fusion protein non-covalently complexed to the biotinylated backbone 

polymer; and (h) an immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O11 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

MrkA fusion protein non-covalently complexed to the biotinylated backbone polymer. 

[00025a] In another aspect, the present disclosure refers to a vaccine composition comprising: 

(a) a first immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O1 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

PcrV fusion protein non-covalently complexed to the biotinylated backbone polymer; 

(b) a second immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O2 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

PcrV fusion protein non-covalently complexed to the biotinylated backbone polymer; 

(c) a third immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O3 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

PcrV fusion protein non-covalently complexed to the biotinylated backbone polymer;  

(d) a fourth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O4 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

PcrV fusion protein non-covalently complexed to the biotinylated backbone polymer; 

(e) a fifth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O5
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OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

MrkA fusion protein non-covalently complexed to the biotinylated backbone polymer; 

(f) a sixth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O6 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

MrkA fusion protein non-covalently complexed to the biotinylated backbone polymer; 

(g) a seventh immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O10 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

MrkA fusion protein non-covalently complexed to the biotinylated backbone polymer; and 

(h) an eighth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O11 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

MrkA fusion protein non-covalently complexed to the biotinylated backbone polymer. 

[00026] In some examples, a vaccine composition may comprise one or more of: (a) an 

immunogenic composition comprising a backbone polymer comprising a polymer comprising 

a biotinylated Klebsiella spp. K19 capsular polysaccharide, a KP O1 OPS conjugated to the 

Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-

covalently complexed to the biotinylated backbone polymer; (b) an immunogenic 

composition comprising a backbone polymer comprising a polymer comprising a biotinylated 

Klebsiella spp. K19 capsular polysaccharide, a KP O2 OPS conjugated to the Klebsiella spp. 

K19 capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; (c) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a KP O3 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; (d) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a KP O5 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; (e) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O1 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 
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complexed to the biotinylated backbone polymer; (f) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O2 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; (g) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O3 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; (h) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O4 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; (i) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O5 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; (j) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O6 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; (k) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O10 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; and (l) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O11 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer. 

[00027] In some examples, a vaccine composition may comprise one or more of (a) an 

immunogenic composition comprising a backbone polymer comprising a polymer comprising 

a biotinylated Klebsiella spp. K19 capsular polysaccharide, a KP O1 OPS conjugated to the 

Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-MrkA  
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capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; (k) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O10 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; and (l) an immunogenic composition 

comprising a backbone polymer comprising a polymer comprising a biotinylated Klebsiella 

spp. K19 capsular polysaccharide, a PA O11 OPS conjugated to the Klebsiella spp. K19 

capsular polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer.  In some examples, the Rhavi-FlaBD2-

MrkA fusion protein is or comprises a polypeptide comprising an amino acid sequence 

having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the 

sequence of SEQ ID NO:24 (Rhavi-FlaB-Domain2-MrkA-His).  In some examples, the 

Rhavi-FlaBD2-PcrV fusion protein is or comprises a polypeptide comprising an amino acid 

sequence having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to 

the sequence of SEQ ID NO:26 (Rhavi-FlaB-Domain2-PcrV-His). 

[00027a] In another aspect, the present disclosure refers to a vaccine composition comprising: 

(a) a first immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a KP O1 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

MrkA fusion protein non-covalently complexed to the biotinylated backbone polymer; 

(b) a second immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a KP O2 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

PcrV fusion protein non-covalently complexed to the biotinylated backbone polymer; 

(c) a third immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a KP O3 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

MrkA fusion protein non-covalently complexed to the biotinylated backbone polymer;  

(d) a fourth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a KP O5 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

PcrV fusion protein non-covalently complexed to the biotinylated backbone polymer;
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(e) a fifth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O1 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

PcrV fusion protein non-covalently complexed to the biotinylated backbone polymer; 

(f) a sixth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O2 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

PcrV fusion protein non-covalently complexed to the biotinylated backbone polymer; 

(g) a seventh immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O3 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

PcrV fusion protein non-covalently complexed to the biotinylated backbone polymer;  

(h) an eighth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O4 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

PcrV fusion protein non-covalently complexed to the biotinylated backbone polymer; 

(i) a ninth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O5 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

MrkA fusion protein non-covalently complexed to the biotinylated backbone polymer; 

(j) a tenth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O6 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

MrkA fusion protein non-covalently complexed to the biotinylated backbone polymer; 

(k) an eleventh immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O10 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

MrkA fusion protein non-covalently complexed to the biotinylated backbone polymer; and 

(l) a twelfth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a PA O11 

OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a Rhavi-FlaBD2-

MrkA fusion protein non-covalently complexed to the biotinylated backbone polymer. 
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[00028] In some examples, the OPS of each immunogenic composition is present in a 

w/w ratio of about 1:1.  In some examples, the backbone polymer of each immunogenic 

composition is present in a w/w ratio of about 1:1.  In some examples, the combined OPS and 

CPS of each immunogenic composition is present in a w/w ratio of about 1:1.  In some 

examples, the OPS of each immunogenic composition is present at about 1 µg.  In some 

examples, the backbone polymer of each immunogenic composition is present at about 1 µg.  

In some examples, the combined OPS and CPS of each immunogenic composition is present 

at about 1 µg.  In some examples, the OPS of each immunogenic composition is present at 

about 5 µg.  In some examples, the backbone polymer of each immunogenic composition is 

present at about 5 µg.  In some examples, the combined OPS and CPS of each immunogenic 

composition is present at about 5 µg.  In some examples, the backbone polymer is or 

comprises a BP-1 backbone.  In some examples, the backbone polymer is or comprises BP-

1.2 backbone.  In some examples, the backbone polymer is or comprises BP-2a backbone.  In 

some examples, the backbone polymer is or comprises BP-2b backbone.  In some examples, 

the backbone polymer is or comprises BP-3 backbone.  
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[00029] In some examples, one or more polypeptide antigens is or comprises one or 

more P. aeruginosa proteins or variants, and wherein the complementary affinity molecule is 

or comprises a biotin-binding protein or biotin-binding domain thereof.  In some examples, at 

least one of the polypeptide antigens is or comprises an amino acid sequence having at least 

80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID 

NO:7 (P. aeruginosa FlaB flagellin) or an immunogenic fragment thereof.  In some 

examples, at least one of the polypeptide antigens is or comprises an amino acid sequence 

having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the 

sequence of SEQ ID NO:6 (P. aeruginosa FlaA1 flagellin) or an immunogenic fragment 

thereof.   

[00030] In some examples, at least one complementary affinity-molecule pair is or 

comprises a fusion protein comprising a biotin-binding protein or biotin-binding domain 

thereof and a polypeptide comprising an amino acid sequence having at least 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:9 (FlaA2 

flagellin) or an immunogenic fragment thereof.   

[00031] In some examples, at least one complementary affinity-molecule pair is or 

comprises a fusion protein comprising a biotin-binding protein or biotin-binding domain 

thereof and a polypeptide comprising an amino acid sequence having at least 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (FlaB 

flagellin D2 domain lacking the TLR5 binding motif) or an immunogenic fragment thereof or 

a polypeptide comprising an amino acid sequence having at least 80%, 85%, 90%, 95%, 

96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:11 (FlaA1 flagellin 

D2 domain lacking the TLR5 binding motif) or an immunogenic fragment thereof or a 

polypeptide comprising an amino acid sequence having at least 80%, 85%, 90%, 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:12 (FlaA2 flagellin D2 

domain lacking the TLR5 binding motif) or an immunogenic fragment thereof. 

[00032] In some examples, at least one complementary affinity-molecule pair is or 

comprises a fusion protein comprising a biotin-binding protein or biotin-binding domain 

thereof and a polypeptide comprising an amino acid sequence having at least 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (FlaB 

flagellin D2 domain lacking the TLR5 binding motif) or an immunogenic fragment thereof.  
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[00033] In some examples, at least one complementary affinity-molecule pair is or 

comprises a fusion protein comprising a biotin-binding protein or biotin-binding domain 

thereof and a polypeptide comprising an amino acid sequence having at least 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:11 

(FlaA1 flagellin D2 domain lacking the TLR5 binding motif) or an immunogenic fragment 

thereof. 

[00034] In some examples, at least one complementary affinity-molecule pair is or 

comprises a fusion protein comprising a biotin-binding protein or biotin-binding domain 

thereof and a polypeptide comprising an amino acid sequence having at least 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:12 

(FlaA2 flagellin D2 domain lacking the TLR5 binding motif) or an immunogenic fragment 

thereof.  

[00035] In some examples, at least one complementary affinity-molecule pair is or 

comprises a fusion protein comprising a biotin-binding protein or biotin-binding domain 

thereof and a polypeptide comprising an amino acid sequence having at least 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:8 (P. 

aeruginosa type III secretion system (TTSS) PcrV) or an immunogenic fragment thereof. 

[00036] In some examples, at least one complementary affinity-molecule pair is or 

comprises a fusion protein comprising (i) a biotin-binding protein or biotin-binding domain 

thereof, (ii) a polypeptide comprising an amino acid sequence having at least 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:7 (P. 

aeruginosa FliC flagellin subtype B) or an immunogenic fragment thereof, and (iii) a 

polypeptide comprising an amino acid sequence having at least 80%, 85%, 90%, 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:8 (P. aeruginosa PcrV) or 

an immunogenic fragment thereof.  

[00037] In some examples, at least one complementary affinity-molecule pair is or 

comprises a fusion protein comprising (i) a biotin-binding protein or biotin-binding domain 

thereof, (ii) a polypeptide comprising an amino acid sequence having at least 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (P. 

aeruginosa FliC flagellin subtype B D2 domain lacking the TLR5 binding motif) or an 

immunogenic fragment thereof, and (iii) a polypeptide comprising an amino acid sequence 
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having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the 

sequence of SEQ ID NO:8 (P. aeruginosa PcrV) or an immunogenic fragment thereof.  

[00037a] In another aspect, the present disclosure refers to a fusion protein comprising: (i) 

a biotin­ binding protein, (ii) a polypeptide comprising an amino acid sequence having at 

least 95%,  96%, 97%, 98%,  99%, or 100% identity  to the sequence of SEQ ID NO:10 (P. 

aeruginosa flagellin subtype B D2 domain  lacking the TLR5 binding motif) or an 

immunogenic fragment thereof comprising at least 95% of the amino acid residues found in 

SEQ ID NO:10, and (iii) a polypeptide comprising an amino acid sequence having at least 

95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:8 (P. 

aeruginosa PcrV) or an immunogenic fragment thereof comprising at least 95% of the 

amino acid residues found in SEQ ID NO:8. 

[00038] In some examples, at least one complementary affinity-molecule pair is or 

comprises a fusion protein comprising (i) a biotin-binding protein or biotin-binding domain 

thereof, (ii) a polypeptide comprising an amino acid sequence having at least 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:7 (P. 

aeruginosa FliC subtype B flagellin) or an immunogenic fragment thereof, and (iii) a 

polypeptide comprising an amino acid sequence having at least 80%, 85%, 90%, 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:2 or SEQ ID NO:3 (K. 

pneumoniae MrkA) or an immunogenic fragment thereof.  

[00038a] In another aspect, the present disclosure refers to a fusion protein comprising: (i) 

a biotin­ binding protein, (ii) a polypeptide comprising an amino acid sequence having at 

least 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (P. 

aeruginosa FlaB flagellin D2 domain (FlaBD2) lacking the TLR5 binding motif) or an 

immunogenic fragment thereof comprising at least 95% of the amino acid residues found in 

SEQ ID NO:10, and (iii) a polypeptide comprising an amino acid sequence having at least  

96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:3 (K. pneumoniae 

MrkA) or an immunogenic fragment thereof comprising at least 95% of the amino acid 

residues found in SEQ ID NO:3. 

[00039] In some examples, at least one complementary affinity-molecule pair is or 

comprises a fusion protein comprising (i) a biotin-binding protein or biotin-binding domain 

thereof, (ii) a polypeptide comprising an amino acid sequence having at least 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (P. 

aeruginosa FliC subtype B flagellin D2 domain lacking the TLR5 binding motif) or an 

immunogenic fragment thereof, and (iii) a polypeptide comprising an amino acid sequence 
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having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the 

sequence of SEQ ID NO:2 or SEQ ID NO:3 (K. pneumoniae MrkA) or an immunogenic 

fragment thereof.  

[00040] In some examples, at least one complementary affinity-molecule pair is or 

comprises a fusion protein comprising (i) a biotin-binding protein or biotin-binding domain 

thereof, (ii) a polypeptide comprising an amino acid sequence having at least 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:8 (P. 

aeruginosa PcrV) or an immunogenic fragment thereof, and (iii) a polypeptide comprising an 

amino acid sequence having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% 

identity to the sequence of SEQ ID NO:2 or SEQ ID NO:3 (K. pneumoniae MrkA) or an 

immunogenic fragment thereof.  

[00041] In some examples, upon administration to a subject, an immunogenic 

composition elicits antibodies that recognize native MrkA on K. pneumoniae expressing 

MrkA.  In some examples, upon administration to a subject, a vaccine composition elicits 

antibodies that recognize native MrkA on K. pneumoniae expressing MrkA. 
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[00042] In some examples, a pharmaceutical composition comprises one or more 

immunogenic compositions or vaccine compositions described herein.  In some examples, a 

pharmaceutical composition comprises a pharmaceutically acceptable carrier.  In some 

examples, a pharmaceutical composition comprises one or more adjuvants.  In some 

examples, the adjuvant is selected from the group of aluminum phosphate, aluminum 

hydroxide, phosphated aluminum hydroxide, TLRs agonists such as the TLR2 saponin 

(QS21) or porins and TLR4 agonists such as for example monophosphoryl lipidA (MPL) and 

TLR5 such as flagellins, etc.   

[00042a]  In another aspect, the present disclosure refers to a pharmaceutical 

composition comprising one or more of the immunogenic compositions or vaccine 

compositions as disclosed herein and a pharmaceutically acceptable carrier. 

[00043] In some examples, a pharmaceutical composition is formulated for 

intramuscular, intraperitoneal, intradermal and/or subcutaneous administration.  In some 

examples, the pharmaceutical composition is formulated for injection.  In some examples, 

upon administration to a subject, a pharmaceutical composition elicits a Th1 and/or Th17 cell 

response.  In some examples, upon administration to a subject, a pharmaceutical composition 

elicits an opsonic/bactericidal response against one or more of Klebsiella, Pseudomonas, and 

E. coli.  In some examples, upon administration to a subject, a pharmaceutical composition 

reduces rate of transmission and/or colonization of the mucosal surfaces by one or more of 

Klebsiella, Pseudomonas, and E. coli.  In some examples, upon administration to a subject, a 

pharmaceutical composition reduces rate of transmission and/or colonization of the GI tract 

by one or more of Klebsiella, Pseudomonas, and E. coli.  

[00044] Some examples provide methods of immunizing a subject against Klebsiella 

infection comprising administering to the subject an effective amount of an immunogenic 

composition of the disclosure.  Some examples provide methods of immunizing a subject 

against Klebsiella infection comprising administering to the subject an effective amount of a 

vaccine composition of the disclosure.  Some examples provide methods of immunizing a 

subject against Klebsiella infection comprising administering to the subject an effective 

amount of a pharmaceutical composition of the disclosure.   

[00044a]  In another aspect, the present disclosure refers to use of (i) an effective amount 

of the immunogenic composition or vaccine composition as disclosed herein, or (ii) an 

effective amount of the pharmaceutical composition as disclosed herein in the manufacture of 

a medicament for immunizing a subject against Klebsiella infection. 

[00045] Some examples provide methods of immunizing a subject against P. 

aeruginosa infection comprising administering to the subject an effective amount of an 

immunogenic composition of the disclosure.  Some examples provide methods of 

immunizing a subject against P. aeruginosa infection comprising administering to the subject 

an effective amount of a vaccine composition of the disclosure.  Some examples provide  
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methods of immunizing a subject against P. aeruginosa infection comprising administering to 

the subject an effective amount of a pharmaceutical composition of the disclosure.   

[00045a]  In another aspect, the present disclosure refers to use of (i) an effective amount 

of the immunogenic composition or vaccine composition as disclosed herein, or (ii) an 

effective amount of the pharmaceutical composition as disclosed herein in the manufacture of 

a medicament for immunizing a subject against P. aeruginosa infection. 

[00046] Some examples provide methods of immunizing a subject against E. coli 

infection comprising administering to the subject an effective amount of an immunogenic 

composition of the disclosure.  Some examples provide methods of immunizing a subject 

against E. coli infection comprising administering to the subject an effective amount of a 

vaccine composition of the disclosure.  Some examples provide methods of immunizing a 

subject against E. coli infection comprising administering to the subject an effective amount 

of a pharmaceutical composition of the disclosure.   

[00046a]  In another aspect, the present disclosure refers to use of (i) an effective amount 

of the immunogenic composition or vaccine composition as disclosed herein, or (ii) an 

effective amount of the pharmaceutical composition as disclosed herein in the manufacture of 

a medicament for immunizing a subject against E. coli infection. 

[00047] In some examples, upon administration to a subject, an immunogenic 

composition elicits an immune response against gram-negative and/or gram-positive bacteria.  

In some examples, upon administration to a subject, a vaccine composition elicits an immune 

response against gram-negative and/or gram-positive bacteria.  In some examples, upon 

administration to a subject, a pharmaceutical composition elicits an immune response against 

gram-negative and/or gram-positive bacteria.  In some examples, the gram-negative bacteria 

are selected from Klebsiella, Pseudomonas, E. coli, and a combination thereof.  In some 

examples, the immune response is an antibody or B cell response.  In some examples, the 

immune response is a CD4+ T cell response, including Th1, Th2, or Th17 response, or a 

CD8+ T cell response, or CD4+/CD8+ T cell response.  In some examples, the immune 

response is an antibody or B cell response; and a T cell response.   

[00048] Some examples provide antibody compositions comprising antibodies raised 

in a mammal immunized with an immunogenic composition of the disclosure.  Some 

examples provide antibody compositions comprising antibodies raised in a mammal 

immunized with a vaccine composition of the disclosure.  Some examples provide antibody 

compositions comprising antibodies raised in a mammal immunized with a pharmaceutical 

composition of the disclosure.  In some examples, the antibody composition comprises at 

least one antibody selected from the group consisting of monoclonal antibodies and anti-

idiotype antibodies.  In some examples, the antibody composition comprises an isolated 

gamma globulin fraction.  

[00048a]  In another aspect, the present disclosure refers to an antibody composition 

comprising antibodies raised in a mammal immunized with an immunogenic composition or 

vaccine composition as disclosed herein. 

[00049] In some examples, the disclosure provides methods of purifying an O-antigen 

polysaccharide from one or more cellular components of Klebsiella, wherein the  
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cellular components include protein and/or nucleic acid, the method comprising steps of: 

contacting one or more cellular components with an oxidizing reagent to obtain a mixture, 

wherein the pH of the mixture is between about 3 and 5; separating the O-antigen 

polysaccharide from the cellular components; and recovering the OPS, wherein the OPS is 

substantially free of the other cellular components and contains a free aldehyde at its reducing 

terminal end.  In some examples, the oxidizing reagent is sodium nitrite, the acid is acetic 

acid and wherein the reducing terminal end of the OPS is a 2,5-anhydromannose residue 

containing a free aldehyde.  

[00049a]  In another aspect, the present disclosure refers to a method of purifying an O-

antigen polysaccharide from one or more cellular components of Klebsiella, wherein the 

cellular components include protein and/or nucleic acid, the method comprising steps of: 

contacting one or more cellular components with an oxidizing reagent and an acid to obtain a 

mixture, wherein the pH of the mixture is between 3 and 5, and wherein the oxidizing agent 

is sodium nitrite and the acid is acetic acid; separating the O-antigen polysaccharide from the 

cellular components; and recovering the OPS, wherein the OPS is substantially free of the 

other cellular components and contains a 2,5-anhydromannose residue containing a free 

aldehyde at its reducing terminal end. 

[00050] In another example, the present disclosure refers to a method of purifying an 

O-antigen polysaccharide from one or more cellular components of gram-negative bacteria, 

wherein the cellular components include protein and/or nucleic acid, the method comprising: 

contacting one or more cellular components with an acidic reagent to obtain a mixture 

wherein the pH of the mixture is between about 3 and 5,  heating the mixture to between 

about 80°C to about 100°C; separating the O-antigen polysaccharide from the cellular 

components; and recovering the OPS, wherein the OPS is substantially free of the other 

cellular components and contains a ketone at its reducing terminal end.  

[00051] In another example, the present disclosure refers to a method of making a 

backbone polymer comprising at least one non-biotinylated O-antigen polysaccharide, 

wherein the O-antigen polysaccharide comprises a primary amino group, and at least one 

biotinylated polysaccharide, the method comprising: chemically linking the O-antigen 

polysaccharide primary amino group by mixing the O-antigen polysaccharide with a partially 

oxidized polysaccharide containing aldehyde groups and a biotin containing primary amine to 

obtain a mixture; and reductively aminating the mixture with a reducing agent to produce a 

BP-1 polymer backbone, wherein the polysaccharide is biotinylated and the chemically 

linked O-antigen polysaccharide is not biotinylated.  Some examples provide for a BP-1 

polymer backbone made by the methods disclosed herein. 

[00052] In another aspect, the present disclosure refers to a  method of making a 

backbone polymer comprising at least one non-biotinylated O-antigen polysaccharide, 

wherein the O-antigen polysaccharide comprises a primary amino group, and at least one 

biotinylated polysaccharide, the method comprising: chemically linking the O-antigen 

polysaccharide primary amino group by mixing the O-antigen polysaccharide with a 

polysaccharide biotinylated and oxidized obtained by first treating the carboxylate groups of 

the polysaccharide with 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide N- 



20 

hydroxysuccinimide (EDC) and N-Hydroxysuccinimide (NHS) and a biotin hydrazide, then 

treating the polysaccharide with an oxidizing agent; and reductively aminating the mixture 

with a reducing agent to produce BP-1.2 polymer backbone, wherein the polysaccharide is 

biotinylated and the chemically linked O-antigen polysaccharide is not biotinylated.  In some 

examples, the primary group on the O-antigen polysaccharide is the L-Alanine α-amino 

group of the outer core OPS of P. aeruginosa or an amino group that has been introduced into 

the reducing end of the O-antigen polysaccharide by chemically linking a short spacer 

molecule containing a primary group at each end by reductive amination with a reducing 

agent.  In some examples, the oxidizing agent for the oxidation of the polysaccharide is 

sodium periodate, the short spacer containing di-amine is adipic dihydrazide and the 

reductive amination reductive agent is sodium cyanoborohydride.  Some examples provide 

for a BP-1.2 polymer backbone made by the methods disclosed herein. 

[00053] In some examples, the disclosure provides methods of making a backbone 

polymer comprising at least one non-biotinylated O-antigen polysaccharide, wherein the O-

antigen polysaccharide comprises a primary amino group, and at least one biotinylated 

polysaccharide, the method comprising: chemically linking the O-antigen polysaccharide 

primary amino group by mixing the O-antigen polysaccharide with a polysaccharide 

biotinylated and CDAP-activated obtained by first treating the carboxylate groups of the 

polysaccharide with 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide N-

hydroxysuccinimide (EDC) and N-Hydroxysuccinimide (NHS) and a biotin hydrazide, then 

activating the biotinylated polysaccharide with CDAP to produce BP-1.3 polymer backbone, 

wherein the polysaccharide is biotinylated and the chemically linked O-antigen 

polysaccharide is not biotinylated.  In some examples, the primary group on the O-antigen 

polysaccharide is the L-Alanine α-amino group of the outer core OPS of P. aeruginosa or an 

amino group that has been introduced into the reducing end of the O-antigen polysaccharide 

by chemically linking a short spacer molecule containing a primary group at each end by 

reductive amination with a reducing agent.  In some examples, the short spacer containing di-

amine is adipic dihydrazide and the reductive amination reductive agent is sodium 

cyanoborohydride.  Some examples provide for a BP-1.3 polymer backbone made by the 

methods disclosed herein. 

[00053a]  In another aspect, the present disclosure refers to a method of making a 

backbone polymer comprising at least one non-biotinylated O-antigen polysaccharide, 

wherein the O-antigen polysaccharide comprises a primary amino group, and at least one 

biotinylated polysaccharide, the method comprising: chemically linking the O-antigen 

polysaccharide primary amino group by mixing the O-antigen polysaccharide with a 

polysaccharide biotinylated and CDAP-activated obtained by first treating the carboxylate 

groups of the polysaccharide with 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide N-

hydroxysuccinimide (EDC) and N-Hydroxysuccinimide (NHS) and a biotin hydrazide, then 

treating the polysaccharide with CDAP to produce BP-1.3 polymer backbone, wherein the 

polysaccharide is biotinylated and the chemically linked O-antigen polysaccharide is not 

biotinylated. 

[00054] In some examples, the disclosure provides methods of making a backbone 

polymer comprising at least one biotinylated O-antigen polysaccharide and at least one 

biotinylated polysaccharide, the method comprising: chemically linking the O-antigen  
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polysaccharide containing a primary amine in their core obtained by either linking a short 

spacer containing a primary amine at each end to an O-antigen polysaccharide by reductive 

amination to obtain an O-antigen polysaccharide-spacer molecule or using underivatized OPS 

containing L-alanine α-amino group, mixing the O-antigen polysaccharide containing 

primary amine with a partially oxidized polysaccharide to obtain a mixture;  reductively 

aminating the mixture to form an OPS backbone; and derivatizing the OPS backbone with 

CDAP and a biotin containing primary amine, thereby forming a backbone polymer, wherein 

the polysaccharide and the chemically linked O-antigen polysaccharide are biotinylated.  

Some examples provide for a backbone polymer made by the methods disclosed herein. 

[00055] In some examples, the disclosure provides methods of making a backbone 

polymer comprising at least one biotinylated O-antigen polysaccharide and at least one non-

biotinylated polysaccharide, the method comprising: biotinylating an O-antigen 

polysaccharide comprising one or more core KDOs and/or heptose moieties with CDAP and 

a biotin containing primary amine to obtain a biotinylated OPS mixture; partially oxidizing 

the biotinylated OPS mixture with sodium periodate to introduce aldehydes into the core 

KDOs and/or heptose moieties; reductively aminating the biotinylation mixture with adipic 

acid dihydrazide; mixing the biotinylated and aminated OPS with a partially oxidized 

polysaccharide to form a mixture; and reductively aminating the mixture; thereby forming a 

backbone polymer, wherein the polysaccharide is not biotinylated and the chemically linked 

O-antigen polysaccharide is biotinylated.  Some examples provide for a backbone polymer 

made by the methods disclosed herein. 

[00056] In some examples, the disclosure provides methods of making a backbone 

polymer comprising at least one biotinylated O-antigen polysaccharide and a PLL polymer, 

the method comprising: reductively aminating an O-antigen polysaccharide containing 

terminal aldehydes or alpha KDOs with the ε-NH2 groups of a PLL polymer to produce an 

OPS PLL polymer; derivatizing the OPS with CDAP to form a derivative mixture; reacting 

the derivative mixture with a biotin containing primary amine; and treating or not treating the 

mixture with an acylating reagent to cap the unreacted ε-NH2 groups of the PLL polymer; 

thereby making a backbone polymer, wherein the capped N-acetylated- PLL backbone or 

uncapped PLL is not biotinylated and the chemically linked O-antigen polysaccharide is 

biotinylated.  In some examples, the acylating agent is acetic anhydride or acetyl chloride.  In 

some examples, the reducing agent is sodium cyanoborohydride.  Some examples provide for 

a backbone polymer made by the methods disclosed herein. 
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[00057] In another aspect, the present disclosure refers to a method of making a 

backbone polymer comprising at least one non-biotinylated O-antigen polysaccharide, 

wherein the O-antigen polysaccharide comprises an azido group at its reducing terminal end, 

and at least one biotinylated polysaccharide containing alkynes groups, the method 

comprising: chemically click-linking in the presence of a catalyst the O-antigen 

polysaccharide containing azido groups at their reducing ends with a biotinylated 

polysaccharide containing alkynes, thereby forming an OPS backbone polymer, wherein the 

polysaccharide is biotinylated but the chemically click-linked O-antigen polysaccharide is not 

biotinylated.  Some examples provide for a backbone polymer made by the methods 

disclosed herein. 

[00058] In some examples, the disclosure provides methods of making a backbone 

polymer comprising at least one non-biotinylated O-antigen polysaccharide, wherein the O-

antigen polysaccharide comprises an aldehyde or ketone group at its reducing terminal end, 

and at least one biotinylated polysaccharide containing primary amino groups obtained by 

click-linking in the presence of a catalyst the biotinylated polysaccharide containing alkynes 

groups with a small MW compound containing an azido at one end and a free amino group at 

the other end , the method comprising: chemically linking the O-antigen polysaccharide 

containing aldehyde or ketone groups by mixing the O-antigen polysaccharide with a 

biotinylated polysaccharide containing primary amino groups and reductively aminating the 

mixture with a reducing agent, thereby forming a backbone polymer, wherein the 

polysaccharide is biotinylated but the chemically linked O-antigen polysaccharide is not 

biotinylated.  Some examples provide for a backbone polymer made by the methods 

disclosed herein. 

[00059] In some examples, the disclosure provides methods of making a backbone 

polymer comprising at least one biotinylated O-antigen polysaccharide, wherein the 

biotinylated O-antigen polysaccharide comprises an azide group at its reducing terminal end, 

and at least one non-biotinylated polysaccharide containing alkynes, the method comprising: 

chemically click-linking in the presence of a catalyst the biotinylated O-antigen 

polysaccharide containing azido groups at their reducing ends with a non-biotinylated 

polysaccharide containing alkynes, thereby forming a backbone polymer , wherein the 

polysaccharide is non-biotinylated and the chemically click-linked O-antigen polysaccharide 

is biotinylated.  In some examples, the catalyst for click-linking the O-antigen polysaccharide 

and the polysaccharide via the alkyne–azide cycloaddition is copper sulfate.  In some 

examples, the alkyne group to derivatize the polysaccharide is selected from the 
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group consisting of 1-Amino-3-butyne, 1-Amino-4-pentyne, DBCO-amine, and Alkyne-

PEG4-Amine.  In some examples, the azide group to derivatize the polysaccharide is selected 

from the group consisting of Azido-PEG3-Amine, Azido-Propylamine and Azido-

Butylamine.  Some examples provide for a backbone polymer made by the methods disclosed 

herein. 

[00060] In some examples, a fusion protein is or comprises a biotin-binding domain 

and a polypeptide that is or comprises an amino acid sequence having at least 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of any one of SEQ ID 

NOs:16 to 26.  In some examples, a fusion protein is or comprises a biotin-binding domain 

and a polypeptide which is or comprises an amino acid sequence having at least 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of any one of SEQ ID 

NOs:1-3 or 6-26. 

[00060a]  In another aspect, the present disclosure refers to a fusion protein comprising a 

biotin-binding domain and a polypeptide, wherein the fusion protein comprises an amino acid 

sequence having at least 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of any 

one of SEQ ID NOs:16 to 26.  

[00060b]  In another example, the present disclosure refers to a fusion protein 

comprising a biotin-binding domain and a polypeptide comprising an amino acid sequence 

having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the 

sequence of any one of SEQ ID NOs:1-3 or 6-26. 

[00061] In some examples, a method of making a variant MAPS comprises 

complexing at least one backbone polymer described herein with at least one fusion protein 

described herein.  In some examples, the variant MAPS is a BP-1 MAPS, a BP-1.2 MAPS, a 

BP-1.3 MAPS, a BP-2a MAPS, a BP-2b MAPS, or a BP-3 MAPS. 

[00061a]  In another aspect, the present disclosure refers to a method of making an 

immunogenic complex, comprising complexing at least one backbone polymer made by the 

method as disclosed herein with at least one of the fusion proteins as disclosed herein. 

[00062] In some examples, a method of assessing the immunogenicity of an 

immunogenic composition described herein, comprises evaluating, measuring, and/or 

comparing an immune response using one or more in vitro bioassays including B cell and T 

cell responses such as antibody levels by ELISA, functional antibody levels by FC, OPK and 

other functional tests like agglutination, motility, cytotoxicity, Th1/Th17 cells and cytokine 

levels and in vivo assays in animal models of nosocomial disease (pneumoniae, sepsis, burn 

wounds, GI and surgical site infections), such as bacterial clearance, passive and active 

protection following challenge with the nosocomial pathogens that are the targets of the 

immunogenic composition.  In some examples the immune response is compared to a control 

composition.  In some examples, a control composition may comprise an antigenic 

polysaccharide present in the immunogenic composition and not comprising a backbone 

polymer present in the immunogenic composition.  In some examples, a control composition 

may comprise an antigenic polypeptide present in the immunogenic composition and not 

comprising a backbone polymer present in the immunogenic composition.  In some 

examples, a control composition may comprise an antigenic polypeptide present in the 

immunogenic composition and/or an antigenic polysaccharide present in the immunogenic 

composition, and not comprising a polymer present in the immunogenic composition.   
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[00063] In some examples, a method of assessing the potency of an immunogenic 

composition described herein, comprises evaluating, measuring, and/or comparing an 

immune response using one or more in vitro bioassays including B cell and T cell responses 

such as antibody levels by ELISA, functional antibody levels by FC, OPK and other 

functional tests like agglutination, motility, cytotoxicity, Th1/Th17 cells and cytokine levels 

and in vivo assays in animal models of nosocomial disease (pneumoniae, sepsis, burn 

wounds, GI and surgical site infections), such as bacterial clearance, passive and active 

protection following challenge with the nosocomial pathogens that are the targets of the 

immunogenic composition.  In some examples the immune response is compared to a control 

composition.  In some examples, a control composition may comprise an antigenic 

polysaccharide present in the immunogenic composition and not comprising a backbone 

polymer present in the immunogenic composition.  In some examples, a control composition 

may comprise an antigenic polypeptide present in the immunogenic composition and not 

comprising a backbone polymer present in the immunogenic composition.  In some 

examples, a control composition may comprise an antigenic polypeptide present in the 

immunogenic composition and/or an antigenic polysaccharide present in the immunogenic 

composition, and not comprising a polymer present in the immunogenic composition.   

[00064] In some examples, a method of assessing the immunogenicity of an vaccine 

composition described herein, comprises evaluating, measuring, and/or comparing an 

immune response using one or more in vitro bioassays including B cell and T cell responses 

such as antibody levels by ELISA, functional antibody levels by FC, OPK and other 

functional tests like agglutination, motility, cytotoxicity, Th1/Th17 cells and cytokine levels 

and in vivo assays in animal models of nosocomial disease (pneumoniae, sepsis, burn 

wounds, GI and surgical site infections), such as bacterial clearance, passive and active 

protection following challenge with the nosocomial pathogens that are the targets of the 

vaccine composition.  In some examples the immune response is compared to a control 

composition.  In some examples, a control composition may comprise an antigenic 

polysaccharide present in the vaccine composition and not comprising a backbone polymer 

present in the vaccine composition.  In some examples, a control composition may comprise 

an antigenic polypeptide present in the vaccine composition and not comprising a backbone 

polymer present in the vaccine composition.  In some examples, a control composition may 

comprise an antigenic polypeptide present in the vaccine composition  
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and/or an antigenic polysaccharide present in the vaccine composition, and not comprising a 

polymer present in the vaccine composition.   

[00065] In some examples, a method of assessing the potency of an vaccine 

composition described herein, comprises evaluating, measuring, and/or comparing an 

immune response using one or more in vitro bioassays including B cell and T cell responses 

such as antibody levels by ELISA, functional antibody levels by FC, OPK and other 

functional tests like agglutination, motility, cytotoxicity, Th1/Th17 cells and cytokine levels 

and in vivo assays in animal models of nosocomial disease (pneumoniae, sepsis, burn 

wounds, GI and surgical site infections), such as bacterial clearance, passive and active 

protection following challenge with the nosocomial pathogens that are the targets of the 

vaccine composition.  In some examples the immune response is compared to a control 

composition.  In some examples, a control composition may comprise an antigenic 

polysaccharide present in the vaccine composition and not comprising a backbone polymer 

present in the vaccine composition.  In some examples, a control composition may comprise 

an antigenic polypeptide present in the vaccine composition and not comprising a backbone 

polymer present in the vaccine composition.  In some examples, a control composition may 

comprise an antigenic polypeptide present in the vaccine composition and/or an antigenic 

polysaccharide present in the vaccine composition, and not comprising a polymer present in 

the vaccine composition.   

[00066] In some examples, a method of assessing the immunogenicity of an 

pharmaceutical composition described herein, comprises evaluating, measuring, and/or 

comparing an immune response using one or more in vitro bioassays including B cell and T 

cell responses such as antibody levels by ELISA, functional antibody levels by FC, OPK and 

other functional tests like agglutination, motility, cytotoxicity, Th1/Th17 cells and cytokine 

levels and in vivo assays in animal models of nosocomial disease (pneumoniae, sepsis, burn 

wounds, GI and surgical site infections), such as bacterial clearance, passive and active 

protection following challenge with the nosocomial pathogens that are the targets of the 

pharmaceutical composition.  In some examples the immune response is compared to a 

control composition.  In some examples, a control composition may comprise an antigenic 

polysaccharide present in the pharmaceutical composition and not comprising a backbone 

polymer present in the pharmaceutical composition.  In some examples, a control 

composition may comprise an antigenic polypeptide present in the pharmaceutical 

composition and not comprising a backbone polymer present in the pharmaceutical  
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composition.  In some examples, a control composition may comprise an antigenic 

polypeptide present in the pharmaceutical composition and/or an antigenic polysaccharide 

present in the pharmaceutical composition, and not comprising a polymer present in the 

pharmaceutical composition.   

[00067] In some examples, a method of assessing the potency of an pharmaceutical 

composition described herein, comprises evaluating, measuring, and/or comparing an 

immune response using one or more in vitro bioassays including B cell and T cell responses 

such as antibody levels by ELISA, functional antibody levels by FC, OPK and other 

functional tests like agglutination, motility, cytotoxicity, Th1/Th17 cells and cytokine levels 

and in vivo assays in animal models of nosocomial disease (pneumoniae, sepsis, burn 

wounds, GI and surgical site infections), such as bacterial clearance, passive and active 

protection following challenge with the nosocomial pathogens that are the targets of the 

pharmaceutical composition.  In some examples the immune response is compared to a 

control composition.  In some examples, a control composition may comprise an antigenic 

polysaccharide present in the pharmaceutical composition and not comprising a backbone 

polymer present in the pharmaceutical composition.  In some examples, a control 

composition may comprise an antigenic polypeptide present in the pharmaceutical 

composition and not comprising a backbone polymer present in the pharmaceutical 

composition.  In some examples, a control composition may comprise an antigenic 

polypeptide present in the pharmaceutical composition and/or an antigenic polysaccharide 

present in the pharmaceutical composition, and not comprising a polymer present in the 

pharmaceutical composition.   

List of Common Abbreviations 

[00068] ADH: Adipic Dihydrazide; AMR: antimicrobial resistance; AU: arbitrary unit; 

BB: Backbone; BP: Backbone Polymer; CDAP: 1-cyano-4-dimethylaminopyridinium 

tetrafluoro borate; CDC: Center for Disease Control and Prevention; CDM: chemically 

defined media; CF: Cystic Fibrosis; CP: Common Part; CPS: Capsular Polysaccharide; CFU: 

colony forming units; COPS: Core O Polysaccharide; CT: cholera toxin; DNA: 

deoxyribonucleic acid; DTT: Dithiothreitol; EC: Escherichia coli; EDC: 1-Ethyl-3-(3-

dimethylaminopropyl)-carbodiimide; ELISA: enzyme linked immunosorbent assay; ELISpot: 

enzyme linked immunospot; ETEC: enterotoxic E. coli; FC: Flow Cytometry; FT; Flow 

Through; GI: gastrointestinal; GNB: gram-negative bacteria; GNR: gram-negative rod; H-

NMR: proton nuclear magnetic resonance; HA: hemagglutination; HK: heat killed; HL-60  
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Claims 

We claim:  

 

1. An immunogenic composition comprising (i) a backbone polymer comprising a polymer 

and one or more antigenic polysaccharides conjugated to the polymer; and (ii) one or more 

polypeptide antigens non-covalently complexed with the polymer and/or the antigenic 

polysaccharide; wherein the polymer is a Klebsiella spp. K19 capsular polysaccharide. 

 

2. The immunogenic composition of claim 1, wherein the one or more polypeptide antigens 

are non-covalently complexed with the polymer and/or one or more antigenic polysaccharides by 

formation of at least one complementary affinity-molecule pair comprising (i) a first affinity 

molecule associated with the polymer and/or one or more antigenic polysaccharides; and (ii) a 

complementary affinity molecule associated with one or more polypeptide antigens. 

 

3. The immunogenic composition of claim 2, wherein the complementary affinity-molecule 

pair is selected from the group consisting of: biotin/biotin-binding protein, antibody/antigen, 

enzyme/substrate, receptor/ligand, metal/metal-binding protein, carbohydrate/carbohydrate 

binding protein, lipid/lipid-binding protein, and His tag/His tag-binding molecule.  

 

4. The immunogenic composition of claim 2 or 3, wherein the first affinity molecule is 

cross-linked or covalently bonded to the polymer and/or the one or more antigenic 

polysaccharides. 

 

5. The immunogenic composition of any one of claims 2-4, wherein the one or more 

polypeptide antigens comprise one or more P. aeruginosa proteins or variants comprising at least 

95% identity to the one or more P. aeruginosa proteins, and wherein the complementary affinity 

molecule comprises a biotin-binding polypeptide. 

 

6. The immunogenic composition of any one of claims 2-5, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising a biotin-binding 

polypeptide and a polypeptide comprising an amino acid sequence having at least 95%, 96%, 
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97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (FlaB flagellin D2 domain 

lacking the TLR5 binding motif) or an immunogenic fragment thereof comprising at least 95% 

of the amino acid residues found in SEQ ID NO:10 or a polypeptide comprising an amino acid 

sequence having at least 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ 

ID NO:11 (FlaA1 flagellin D2 domain lacking the TLR5 binding motif) or an immunogenic 

fragment thereof comprising at least 95% of the amino acid residues found in SEQ ID NO:11 or 

a polypeptide comprising an amino acid sequence having at least 95%, 96%, 97%, 98%, 99%, or 

100% identity to the sequence of SEQ ID NO:12 (FlaA2 flagellin D2 domain lacking the TLR5 

binding motif) or an immunogenic fragment thereof comprising at least 95% of the amino acid 

residues found in SEQ ID NO:12. 

 

7. The immunogenic composition of any one of claims 2-6, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising a biotin-binding 

polypeptide and a polypeptide comprising an amino acid sequence having at least 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (FlaB flagellin D2 domain 

(FlaBD2) lacking the TLR5 binding motif) or an immunogenic fragment thereof comprising at 

least 95% of the amino acid residues found in SEQ ID NO:10.  

 

8. The immunogenic composition of any one of claims 2-7, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising a biotin-binding 

polypeptide and a polypeptide comprising an amino acid sequence having at least 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:8 (P. aeruginosa type III 

secretion system (TTSS) PcrV) or an immunogenic fragment thereof comprising at least 95% of 

the amino acid residues found in SEQ ID NO:8. 

 

9. The immunogenic composition of any one of claims 2-8, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising (i) a biotin-binding 

polypeptide, (ii) a polypeptide comprising an amino acid sequence having at least 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:7 (P. aeruginosa flagellin 

subtype B) or an immunogenic fragment thereof comprising at least 95% of the amino acid 

residues found in SEQ ID NO:7, and (iii) a polypeptide comprising an amino acid sequence 
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having at least 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:8 

(P. aeruginosa PcrV) or an immunogenic fragment thereof comprising at least 95% of the amino 

acid residues found in SEQ ID NO:8.  

 

10. The immunogenic composition of any one of claims 2-9, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising (i) a biotin-binding 

polypeptide, (ii) a polypeptide comprising an amino acid sequence having at least 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (P. aeruginosa flagellin 

subtype B D2 domain (FlaBD2) lacking the TLR5 binding motif) or an immunogenic fragment 

thereof comprising at least 95% of the amino acid residues found in SEQ ID NO:10, and (iii) a 

polypeptide comprising an amino acid sequence having at least 95%, 96%, 97%, 98%, 99%, or 

100% identity to the sequence of SEQ ID NO:8 (P. aeruginosa PcrV) or an immunogenic 

fragment thereof comprising at least 95% of the amino acid residues found in SEQ ID NO:8.  

 

11. The immunogenic composition of any one of claims 2-10, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising (i) a biotin-binding 

polypeptide, (ii) a polypeptide comprising an amino acid sequence having at least 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:7 (P. aeruginosa subtype B 

flagellin) or an immunogenic fragment thereof comprising at least 95% of the amino acid 

residues found in SEQ ID NO:7, and (iii) a polypeptide comprising an amino acid sequence 

having at least 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:2 or 

SEQ ID NO:3 (K. pneumoniae MrkA) or an immunogenic fragment thereof comprising at least 

95% of the amino acid residues found in SEQ ID NO:2 or SEQ ID NO:3.  

 

12. The immunogenic composition of any one of claims 2-11, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising (i) a biotin-binding 

polypeptide, (ii) a polypeptide comprising an amino acid sequence having at least 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (P. aeruginosa subtype B 

flagellin D2 domain (FlaBD2) lacking the TLR5 binding motif) or an immunogenic fragment 

thereof comprising at least 95% of the amino acid residues found in SEQ ID NO:10, and (iii) a 

polypeptide comprising an amino acid sequence having at least 95%, 96%, 97%, 98%, 99%, or 



  

238 

 

100% identity to the sequence of SEQ ID NO:2 or SEQ ID NO:3 (K. pneumoniae MrkA) or an 

immunogenic fragment thereof comprising at least 95% of the amino acid residues found in SEQ 

ID NO:2 or SEQ ID NO:3.  

 

13. The immunogenic composition of any one of claims 7-12, wherein upon administration 

to a subject, the immunogenic composition elicits antibodies that recognize native MrkA on K. 

pneumoniae expressing MrkA.  

 

14. The immunogenic composition of any one of the preceding claims, wherein the one or 

more antigenic polysaccharides comprise a polysaccharide of one or more of Klebsiella, 

Pseudomonas, and E. coli. 

 

15. The immunogenic composition of any one of the preceding claims, wherein the one or 

more antigenic polysaccharides comprises an O-antigen polysaccharide (OPS). 

 

16. The immunogenic composition of claim 14 or 15, wherein the one or more antigenic 

polysaccharides comprise a K. pneumoniae OPS of type O1, O2, O3, O5, or a combination 

thereof.  

 

17. The immunogenic composition of claim 14 or 15, wherein the one or more antigenic 

polysaccharides comprise a P. aeruginosa OPS of type O1, O2, O3, O4, O5, O6, O10, O11, O12, 

or a combination thereof.  

 

18. The immunogenic composition of any one of the preceding claims, wherein at least one 

polypeptide antigen comprises an amino acid sequence having at least 95%, 96%, 97%, 98%, 

99%, or 100% identity to the sequence of SEQ ID NO:2 (K. pneumoniae conserved Type III 

fimbrial protein MrkA) and/or an amino acid sequence having at least 95%, 96%, 97%, 98%, 

99%, or 100% identity to the sequence of SEQ ID NO:3 or an immunogenic fragment thereof 

comprising at least 95% of the amino acid residues found in SEQ ID NO: 2 or SEQ ID NO: 3.  
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19. The immunogenic composition of any one of the preceding claims, wherein at least one 

polypeptide antigen is a P. aeruginosa flagellin subtype A, P. aeruginosa flagellin subtype B, or 

an immunogenic fragment thereof comprising at least 95% of the amino acid residues found in P. 

aeruginosa flagellin subtype A or P. aeruginosa flagellin subtype B.  

 

20.  The immunogenic composition of any one of the preceding claims, wherein at least one 

polypeptide antigen comprises an amino acid sequence having at least 95%, 96%, 97%, 98%, 

99%, or 100% identity to the sequence of SEQ ID NO:8 (P. aeruginosa PcrV), or an 

immunogenic fragment thereof comprising at least 95% of the amino acid residues found in SEQ 

ID NO:8. 

 

21. The immunogenic composition of any one of the preceding claims, wherein at least one 

of the polypeptide antigens comprises an amino acid sequence having at least 95%, 96%, 97%, 

98%, 99%, or 100% identity to the sequence of SEQ ID NO:7 (P. aeruginosa FlaB flagellin) or 

an immunogenic fragment thereof comprising at least 95% of the amino acid residues found in 

SEQ ID NO:7.  

 

22. An immunogenic composition comprising  

(a)  a backbone polymer comprising  

(i) a polymer comprising a Klebsiella spp. K19 capsular polysaccharide; and  

(ii) one or more antigenic polysaccharides comprising a polysaccharide of 

Klebsiella or Pseudomonas conjugated to the Klebsiella spp. K19 capsular 

polysaccharide; and  

(b)  one or more polypeptide antigens non-covalently complexed with the polymer by 

formation of at least one complementary affinity-molecule pair comprising  

(i) a first affinity molecule associated with the polymer; and  

(ii) a complementary affinity molecule associated with the one or more 

polypeptide antigens. 

 

23. The immunogenic composition of claim 22, wherein the one or more antigenic 

polysaccharides comprises an O-antigen polysaccharide (OPS). 
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24. The immunogenic composition of claim 22 or 23, wherein the one or more antigenic 

polysaccharides comprise a K. pneumoniae OPS of type O1, O2, O3, O5, or a combination 

thereof.  

 

25. The immunogenic composition of any one of claims 22-24, wherein the one or more 

antigenic polysaccharides comprise a P. aeruginosa OPS of type O1, O2, O3, O4, O5, O6, O10, 

O11, or a combination thereof.  

 

26. The immunogenic composition of any one of claims 22-25, wherein the first affinity 

molecule is biotin and the complementary affinity molecule is a biotin-binding polypeptide. 

 

27. The immunogenic composition of claim 26, wherein the biotin-binding polypeptide is 

rhizavidin. 

 

28. The immunogenic composition of any one of claims 22-27, wherein the one or more 

polypeptide antigens is selected from P. aeruginosa flagellin subtype B D2 domain (FlaBD2) 

lacking the TLR5 binding motif, P. aeruginosa PcrV, K. pneumoniae MrkA, antigenic fragments 

thereof comprising at least 95% of the residues found in P. aeruginosa flagellin subtype B D2 

domain (FlaBD2) lacking the TLR5 binding motif, P. aeruginosa PcrV, or K. pneumoniae 

MrkA, or a combination thereof. 

 

29. The immunogenic composition of any one of claims 22-28, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising (i) a biotin-binding 

polypeptide, (ii) a polypeptide comprising an amino acid sequence having at least 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (FlaB flagellin D2 domain 

lacking the TLR5 binding motif) or an immunogenic fragment thereof comprising at least 95% 

of the amino acid residues found in SEQ ID NO:10, and (iii) a polypeptide comprising an amino 

acid sequence having at least 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of 

SEQ ID NO:2 or SEQ ID NO:3 (K. pneumoniae MrkA) or an immunogenic fragment thereof 

comprising at least 95% of the amino acid residues found in SEQ ID NO:2 or SEQ ID NO:3.  
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30. The immunogenic composition of claim 29, wherein the fusion protein comprises a 

polypeptide comprising an amino acid sequence having at least 95%, 96%, 97%, 98%, 99%, or 

100% identity to the sequence of SEQ ID NO:24 (Rhavi-FlaB-Domain2-MrkA-His). 

 

31. The immunogenic composition of any one of claims 22-28, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising (i) a biotin-binding 

polypeptide, (ii) a polypeptide comprising an amino acid sequence having at least 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (P. aeruginosa flagellin 

subtype B D2 domain (FlaBD2) lacking the TLR5 binding motif) or an immunogenic fragment 

thereof comprising at least 95% of the amino acid residues found in SEQ ID NO:10, and (iii) a 

polypeptide comprising an amino acid sequence having at least 95%, 96%, 97%, 98%, 99%, or 

100% identity to the sequence of SEQ ID NO:8 (P. aeruginosa PcrV) or an immunogenic 

fragment thereof comprising at least 95% of the amino acid residues found in SEQ ID NO:8.  

 

32. The immunogenic composition of claim 31, wherein the fusion protein comprises a 

polypeptide comprising an amino acid sequence having at least 95%, 96%, 97%, 98%, 99%, or 

100% identity to the sequence of SEQ ID NO:26 (Rhavi-FlaB-Domain2-PcrV-His). 

 

33. The immunogenic composition of any one of claims 22-32, wherein the one or more 

polypeptide antigens comprise one or more P. aeruginosa proteins or variants comprising at least 

95% identity to the one or more P. aeruginosa proteins, and wherein the complementary affinity 

molecule comprises a biotin-binding polypeptide. 

 

34. The immunogenic composition of any one claims 22-33, wherein at least one of the 

polypeptide antigens comprises an amino acid sequence having at least 95%, 96%, 97%, 98%, 

99%, or 100% identity to the sequence of SEQ ID NO:7 (P. aeruginosa FlaB flagellin) or an 

immunogenic fragment thereof comprising at least 95% of the amino acid residues found in SEQ 

ID NO:7.  
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35. The immunogenic composition of any one of claims 22-34, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising a biotin-binding 

polypeptide and a polypeptide comprising an amino acid sequence having at least 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (FlaB flagellin D2 domain 

lacking the TLR5 binding motif) or an immunogenic fragment thereof comprising at least 95% 

of the amino acid residues found in SEQ ID NO:10 or a polypeptide comprising an amino acid 

sequence having at least 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ 

ID NO:11 (FlaA1 flagellin D2 domain lacking the TLR5 binding motif) or an immunogenic 

fragment thereof comprising at least 95% of the amino acid residues found in SEQ ID NO:11 or 

a polypeptide comprising an amino acid sequence having at least 95%, 96%, 97%, 98%, 99%, or 

100% identity to the sequence of SEQ ID NO:12 (FlaA2 flagellin D2 domain lacking the TLR5 

binding motif) or an immunogenic fragment thereof comprising at least 95% of the amino acid 

residues found in SEQ ID NO:12. 

 

36. The immunogenic composition of any one of claims 22-35, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising a biotin-binding 

polypeptide and a polypeptide comprising an amino acid sequence having at least 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (FlaB flagellin D2 domain 

(FlaBD2) lacking the TLR5 binding motif) or an immunogenic fragment thereof comprising at 

least 95% of the amino acid residues found in SEQ ID NO:10.  

 

37. The immunogenic composition of any one of claims 22-36, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising a biotin-binding 

polypeptide and a polypeptide comprising an amino acid sequence having at least 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:8 (P. aeruginosa type III 

secretion system (TTSS) PcrV) or an immunogenic fragment thereof comprising at least 95% of 

the amino acid residues found in SEQ ID NO:8. 

 

38. The immunogenic composition of any one of claims 22-37, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising (i) a biotin-binding 

polypeptide, (ii) a polypeptide comprising an amino acid sequence having at least 95%, 96%, 
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97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:7 (P. aeruginosa flagellin 

subtype B) or an immunogenic fragment thereof comprising at least 95% of the amino acid 

residues found in SEQ ID NO:7, and (iii) a polypeptide comprising an amino acid sequence 

having at least 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:8 

(P. aeruginosa PcrV) or an immunogenic fragment thereof comprising at least 95% of the amino 

acid residues found in SEQ ID NO:8.  

 

39. The immunogenic composition of any one of claims 22-38, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising (i) a biotin-binding 

polypeptide, (ii) a polypeptide comprising an amino acid sequence having at least 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (P. aeruginosa flagellin 

subtype B D2 domain (FlaBD2) lacking the TLR5 binding motif) or an immunogenic fragment 

thereof comprising at least 95% of the amino acid residues found in SEQ ID NO:10, and (iii) a 

polypeptide comprising an amino acid sequence having at least 95%, 96%, 97%, 98%, 99%, or 

100% identity to the sequence of SEQ ID NO:8 (P. aeruginosa PcrV) or an immunogenic 

fragment thereof comprising at least 95% of the amino acid residues found in SEQ ID NO:8.  

 

40. The immunogenic composition of any one of claims 22-39, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising (i) a biotin-binding 

polypeptide, (ii) a polypeptide comprising an amino acid sequence having at least 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:7 (P. aeruginosa subtype B 

flagellin) or an immunogenic fragment thereof comprising at least 95% of the amino acid 

residues found in SEQ ID NO:7, and (iii) a polypeptide comprising an amino acid sequence 

having at least 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:2 or 

SEQ ID NO:3 (K. pneumoniae MrkA) or an immunogenic fragment thereof comprising at least 

95% of the amino acid residues found in SEQ ID NO:2 or SEQ ID NO:3.  

 

41. The immunogenic composition of any one of claims 22-40, wherein at least one 

complementary affinity-molecule pair comprises a fusion protein comprising (i) a biotin-binding 

polypeptide, (ii) a polypeptide comprising an amino acid sequence having at least 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (P. aeruginosa subtype B 
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flagellin D2 domain (FlaBD2) lacking the TLR5 binding motif) or an immunogenic fragment 

thereof comprising at least 95% of the amino acid residues found in SEQ ID NO:10, and (iii) a 

polypeptide comprising an amino acid sequence having at least 95%, 96%, 97%, 98%, 99%, or 

100% identity to the sequence of SEQ ID NO:2 or SEQ ID NO:3 (K. pneumoniae MrkA) or an 

immunogenic fragment thereof comprising at least 95% of the amino acid residues found in SEQ 

ID NO:2 or SEQ ID NO:3.  

 

42. The immunogenic composition of any one of claims 36-41, wherein upon administration 

to a subject, the immunogenic composition elicits antibodies that recognize native MrkA on K. 

pneumoniae expressing MrkA.  

 

43. A vaccine composition comprising: 

(a) a first immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

KP O1 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-MrkA fusion protein non-covalently complexed to the biotinylated 

backbone polymer; 

(b) a second immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

KP O2 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-PcrV fusion protein non-covalently complexed to the biotinylated 

backbone polymer; 

(c) a third immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

KP O3 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-MrkA fusion protein non-covalently complexed to the biotinylated 

backbone polymer; and 

(d) a fourth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

KP O5 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 
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Rhavi-FlaBD2-PcrV fusion protein non-covalently complexed to the biotinylated 

backbone polymer. 

 

44. A vaccine composition comprising: 

(a) a first immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

PA O1 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-PcrV fusion protein non-covalently complexed to the biotinylated 

backbone polymer; 

(b) a second immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

PA O2 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-PcrV fusion protein non-covalently complexed to the biotinylated 

backbone polymer; 

(c) a third immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

PA O3 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-PcrV fusion protein non-covalently complexed to the biotinylated 

backbone polymer;  

(d) a fourth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

PA O4 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-PcrV fusion protein non-covalently complexed to the biotinylated 

backbone polymer; 

(e) a fifth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

PA O5 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-MrkA fusion protein non-covalently complexed to the biotinylated 

backbone polymer; 

(f) a sixth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 
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PA O6 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-MrkA fusion protein non-covalently complexed to the biotinylated 

backbone polymer; 

(g) a seventh immunogenic composition comprising a backbone polymer comprising 

a polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, 

a PA O10 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, 

and a Rhavi-FlaBD2-MrkA fusion protein non-covalently complexed to the 

biotinylated backbone polymer; and 

(h) an eighth immunogenic composition comprising a backbone polymer comprising 

a polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, 

a PA O11 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, 

and a Rhavi-FlaBD2-MrkA fusion protein non-covalently complexed to the 

biotinylated backbone polymer. 

 

45. A vaccine composition comprising: 

(a) a first immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

KP O1 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-MrkA fusion protein non-covalently complexed to the biotinylated 

backbone polymer; 

(b) a second immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

KP O2 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-PcrV fusion protein non-covalently complexed to the biotinylated 

backbone polymer; 

(c) a third immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

KP O3 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-MrkA fusion protein non-covalently complexed to the biotinylated 

backbone polymer;  
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(d) a fourth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

KP O5 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-PcrV fusion protein non-covalently complexed to the biotinylated 

backbone polymer; 

(e) a fifth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

PA O1 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-PcrV fusion protein non-covalently complexed to the biotinylated 

backbone polymer; 

(f) a sixth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

PA O2 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-PcrV fusion protein non-covalently complexed to the biotinylated 

backbone polymer; 

(g) a seventh immunogenic composition comprising a backbone polymer comprising 

a polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, 

a PA O3 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and 

a Rhavi-FlaBD2-PcrV fusion protein non-covalently complexed to the 

biotinylated backbone polymer;  

(h) an eighth immunogenic composition comprising a backbone polymer comprising 

a polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, 

a PA O4 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and 

a Rhavi-FlaBD2-PcrV fusion protein non-covalently complexed to the 

biotinylated backbone polymer; 

(i) a ninth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

PA O5 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-MrkA fusion protein non-covalently complexed to the biotinylated 

backbone polymer; 
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(j) a tenth immunogenic composition comprising a backbone polymer comprising a 

polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, a 

PA O6 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, and a 

Rhavi-FlaBD2-MrkA fusion protein non-covalently complexed to the biotinylated 

backbone polymer; 

(k) an eleventh immunogenic composition comprising a backbone polymer 

comprising a polymer comprising a biotinylated Klebsiella spp. K19 capsular 

polysaccharide, a PA O10 OPS conjugated to the Klebsiella spp. K19 capsular 

polysaccharide, and a Rhavi-FlaBD2-MrkA fusion protein non-covalently 

complexed to the biotinylated backbone polymer; and 

(l) a twelfth immunogenic composition comprising a backbone polymer comprising 

a polymer comprising a biotinylated Klebsiella spp. K19 capsular polysaccharide, 

a PA O11 OPS conjugated to the Klebsiella spp. K19 capsular polysaccharide, 

and a Rhavi-FlaBD2-MrkA fusion protein non-covalently complexed to the 

biotinylated backbone polymer. 

 

46. The vaccine composition of any one of claims 43-45, wherein the Rhavi-FlaBD2-MrkA 

fusion protein and/or the Rhavi-FlaBD2-PcrV fusion protein comprises a biotin-binding 

polypeptide and a polypeptide comprising an amino acid sequence having at least 95%, 96%, 

97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (FlaB flagellin D2 domain 

(FlaBD2) lacking the TLR5 binding motif) or an immunogenic fragment thereof comprising at 

least 95% of the amino acid residues found in SEQ ID NO:10. 

 

47. The vaccine composition of any one of claims 43-45, wherein the Rhavi-FlaBD2-PcrV 

fusion protein comprises a biotin-binding polypeptide and a polypeptide comprising an amino 

acid sequence having at least 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of 

SEQ ID NO:8 (P. aeruginosa type III secretion system (TTSS) PcrV) or an immunogenic 

fragment thereof comprising at least 95% of the amino acid residues found in SEQ ID NO:8. 

 

48. The vaccine composition of any one of claims 43-45, wherein Rhavi-FlaBD2-PcrV 

fusion protein comprises (i) a biotin-binding polypeptide, (ii) a polypeptide comprising an amino 
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acid sequence having at least 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of 

SEQ ID NO:10 (P. aeruginosa flagellin subtype B D2 domain (FlaBD2) lacking the TLR5 

binding motif) or an immunogenic fragment thereof comprising at least 95% of the amino acid 

residues found in SEQ ID NO:10, and (iii) a polypeptide comprising an amino acid sequence 

having at least 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:8 

(P. aeruginosa PcrV) or an immunogenic fragment thereof comprising at least 95% of the amino 

acid residues found in SEQ ID NO:8. 

 

49. The vaccine composition of any one of claims 43-45, wherein the Rhavi-FlaBD2-MrkA 

fusion protein (i) a biotin-binding polypeptide, (ii) a polypeptide comprising an amino acid 

sequence having at least 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ 

ID NO:10 (P. aeruginosa subtype B flagellin D2 domain (FlaBD2) lacking the TLR5 binding 

motif) or an immunogenic fragment thereof comprising at least 95% of the amino acid residues 

found in SEQ ID NO:10, and (iii) a polypeptide comprising an amino acid sequence having at 

least 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:2 or SEQ ID 

NO:3 (K. pneumoniae MrkA) or an immunogenic fragment thereof comprising at least 95% of 

the amino acid residues found in SEQ ID NO:2 or SEQ ID NO:3.  

 

50. The vaccine composition of any one of claims 43-45, wherein upon administration to a 

subject, the vaccine composition elicits antibodies that recognize native MrkA on K. pneumoniae 

expressing MrkA.  

 

51. The vaccine composition of any one of claims 43-45, wherein the Rhavi-FlaBD2-MrkA 

fusion protein comprises a polypeptide comprising an amino acid sequence having at least 95%, 

96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:24 (Rhavi-FlaB-

Domain2-MrkA-His). 

 

52. The vaccine composition of any one of claims 43-45, wherein the Rhavi-FlaBD2-PcrV 

fusion protein comprises a polypeptide comprising an amino acid sequence having at least 95%, 

96%, 97%, 98%, 99%, or 100% identity to the sequence of SEQ ID NO:26 (Rhavi-FlaB-

Domain2-PcrV-His). 
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53. The immunogenic composition or vaccine composition of any one of the preceding 

claims, wherein upon administration to a subject, the immunogenic composition elicits an 

immune response against gram-negative and/or gram-positive bacteria.  

 

54. The immunogenic composition or vaccine composition of claim 53, wherein the immune 

response is an antibody or B cell response.   

 

55. The immunogenic composition or vaccine composition of claim 53, wherein the immune 

response is a CD4+ T cell response, including Th1, Th2, or Th17 response, or a CD8+ T cell 

response, or CD4+/CD8+ T cell response.   

 

56. The immunogenic composition or vaccine composition of claim 53, wherein the immune 

response is: 

an antibody or B cell response; and  

a T cell response. 

 

57. The immunogenic composition or vaccine composition of any one of claims 53-56, 

wherein the gram-negative bacteria are selected from Klebsiella, Pseudomonas, E. coli, and a 

combination thereof. 

 

58. A pharmaceutical composition comprising one or more of the immunogenic compositions 

or vaccine compositions of claims 1-57 and a pharmaceutically acceptable carrier. 

 

59. The pharmaceutical composition of claim 58, further comprising one or more adjuvants.  

 

60. The pharmaceutical composition of claim 59, wherein the adjuvant is selected from the 

group of aluminum phosphate, aluminum hydroxide, phosphated aluminum hydroxide, and a 

TLR agonist. 
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61. The pharmaceutical composition of claim 60, wherein the TLR agonist is a TLR2, TLR4, 

and/or TLR5 agonist. 

 

62. The pharmaceutical composition of claim 61, wherein the TLR2 agonist is a saponin or a 

porin. 

 

63. The pharmaceutical composition of claim 62, wherein the saponin is QS21. 

 

64. The pharmaceutical composition of claim 61, wherein the TLR4 agonist is 

monophosphoryl lipid A (MPL A). 

 

65. The pharmaceutical composition of claim 61, wherein the TLR5 agonist is a flagellin. 

 

66. The pharmaceutical composition of any one of claims 58-65, wherein the pharmaceutical 

composition is formulated for injection. 

 

67. The pharmaceutical composition of any one of claims 58-66, wherein upon 

administration to a subject, the pharmaceutical composition elicits a Th1 and/or Th17 cell 

response.  

 

68. The pharmaceutical composition of any one of claims 58-67, wherein upon 

administration to a subject, the pharmaceutical composition elicits an opsonic/bactericidal 

response against one or more of Klebsiella, Pseudomonas, and E. coli.  

 

69. The pharmaceutical composition of any one of claims 58-68, wherein upon 

administration to a subject, the pharmaceutical composition reduces rate of transmission and/or 

colonization of the mucosal surfaces by one or more of Klebsiella, Pseudomonas, and E. coli.  

 

70. The pharmaceutical composition of any one of claims 58-69, wherein upon 

administration to a subject, the pharmaceutical composition reduces rate of transmission and/or 

colonization of the GI tract by one or more of Klebsiella, Pseudomonas, and E. coli.  
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71. Use of (i) an effective amount of the immunogenic composition or vaccine composition 

of any one of claims 1-57, or (ii) an effective amount of the pharmaceutical composition of any 

one of claims 58-70 in the manufacture of a medicament for immunizing a subject against 

Klebsiella infection.  

 

72. Use of (i) an effective amount of the immunogenic composition or vaccine composition 

of any one of claims 1-57, or (ii) an effective amount of the pharmaceutical composition of any 

one of claims 58-70 in the manufacture of a medicament for immunizing a subject against P. 

aeruginosa infection.  

 

73. Use of (i) an effective amount of the immunogenic composition or vaccine composition 

of any one of claims 1-57, or (ii) an effective amount of the pharmaceutical composition of any 

one of claims 58-70 in the manufacture of a medicament for immunizing a subject against E. coli 

infection.  

 

74. An antibody composition comprising antibodies raised in a mammal immunized with an 

immunogenic composition or vaccine composition of any one of claims 1-57. 

 

75. A method of purifying an O-antigen polysaccharide from one or more cellular 

components of Klebsiella, wherein the cellular components include protein and/or nucleic acid, 

the method comprising steps of:  

contacting one or more cellular components with an oxidizing reagent and an acid to 

obtain a mixture, wherein the pH of the mixture is between 3 and 5, and wherein the oxidizing 

agent is sodium nitrite and the acid is acetic acid;  

separating the O-antigen polysaccharide from the cellular components; and  

recovering the OPS, wherein the OPS is substantially free of the other cellular 

components and contains a 2,5-anhydromannose residue containing a free aldehyde at its 

reducing terminal end. 
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76. A method of making a backbone polymer comprising at least one non-biotinylated O-

antigen polysaccharide, wherein the O-antigen polysaccharide comprises a primary amino group, 

and at least one biotinylated polysaccharide, the method comprising: 

 chemically linking the O-antigen polysaccharide primary amino group by mixing the O-

antigen polysaccharide with a polysaccharide biotinylated and oxidized obtained by first treating 

the carboxylate groups of the polysaccharide with 1-Ethyl-3-(3-dimethylaminopropyl)-

carbodiimide N-hydroxysuccinimide (EDC) and N-Hydroxysuccinimide (NHS) and a biotin 

hydrazide, then treating the polysaccharide with an oxidizing agent; and reductively aminating 

the mixture with a reducing agent to produce BP-1.2 polymer backbone, wherein the 

polysaccharide is biotinylated and the chemically linked O-antigen polysaccharide is not 

biotinylated.  

 

77.  A method of making a backbone polymer comprising at least one non-biotinylated O-

antigen polysaccharide, wherein the O-antigen polysaccharide comprises a primary amino group, 

and at least one biotinylated polysaccharide, the method comprising: 

 chemically linking the O-antigen polysaccharide primary amino group by mixing 

the O-antigen polysaccharide with a polysaccharide biotinylated and CDAP-activated 

obtained by first treating the carboxylate groups of the polysaccharide with 1-Ethyl-3-(3-

dimethylaminopropyl)-carbodiimide N-hydroxysuccinimide (EDC) and N-

Hydroxysuccinimide (NHS) and a biotin hydrazide, then treating the polysaccharide with 

CDAP to produce BP-1.3 polymer backbone, wherein the polysaccharide is biotinylated 

and the chemically linked O-antigen polysaccharide is not biotinylated.  

 

78. A method of making a backbone polymer comprising at least one non-biotinylated O-

antigen polysaccharide, wherein the O-antigen polysaccharide comprises an azido group at its 

reducing terminal end, and at least one biotinylated polysaccharide containing alkynes groups, 

the method comprising: 

chemically click-linking in the presence of a catalyst the O-antigen polysaccharide 

containing azido groups at their reducing ends with a biotinylated polysaccharide containing 

alkynes, 
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thereby forming an OPS backbone polymer, wherein the polysaccharide is biotinylated 

but the chemically click-linked O-antigen polysaccharide is not biotinylated. 

 

79. A fusion protein comprising a biotin-binding domain and a polypeptide, wherein the 

fusion protein comprises an amino acid sequence having at least 95%, 96%, 97%, 98%, 99%, or 

100% identity to the sequence of any one of SEQ ID NOs:16 to 26.  

 

80. A method of making an immunogenic complex, comprising complexing at least one 

backbone polymer made by the method of any one of claims 76-78 with at least one of the fusion 

proteins of claim 79.  

 

81.  A fusion protein comprising:  

 (i) a biotin­ binding protein,  

 (ii) a polypeptide comprising an amino acid sequence having at least 95%, 96%, 97%, 

98%, 99%, or 100% identity to the sequence of SEQ ID NO:10 (P. aeruginosa FlaB flagellin 

D2 domain (FlaBD2) lacking the TLR5 binding motif) or an immunogenic fragment thereof 

comprising at least 95% of the amino acid residues found in SEQ ID NO:10, and  

 (iii) a polypeptide comprising an amino acid sequence having at least 95%, 96%, 97%, 

98%, 99%, or 100% identity to the sequence of SEQ ID NO:3 (K. pneumoniae MrkA) or an 

immunogenic fragment thereof comprising at least 95% of the amino acid residues found in 

SEQ ID NO:3. 

 

82.  A fusion protein comprising: 

 (i) a biotin­ binding protein,  

 (ii) a polypeptide comprising an amino acid sequence having at least 95%,  96%, 97%, 

98%,  99%, or 100% identity  to the sequence of SEQ ID NO:10 (P. aeruginosa flagellin 

subtype B D2 domain  lacking the TLR5 binding motif) or an immunogenic fragment thereof 

comprising at least 95% of the amino acid residues found in SEQ ID NO:10, and  

 (iii) a polypeptide comprising an amino acid sequence having at least 95%, 96%, 97%, 

98%, 99%, or 100% identity to the sequence of SEQ ID NO:8 (P. aeruginosa PcrV) or an 
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immunogenic fragment thereof comprising at least 95% of the amino acid residues found in 

SEQ ID NO:8. 

 

 


