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Carbohydrate-based vaccines of Streptococcus pneumoniae

LIU Xiaoyu, CHEN Min"
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266237, Shandong, China

Abstract: Streptococcus pneumoniae causes a range of diseases such as invasive infections
(bacteremia of septicemia and meningitis, etc.) and common mucosa infections (pneumonia, otitis
media, sinusitis, etc.). According to the structure of surface capsular polysaccharide, it is classified into
different serotypes (98 serotypes identified, with 20 highly virulent). A number of related vaccines have
been developed, among which 23-valent pneumococcal polysaccharide vaccine (PPV23) and 13-valent
pneumococcal protein-conjugate vaccine (PCV13) are commonly used. However, natural polysaccharide
antigens face some challenges, such as difficulty in purification and uneven composition. Therefore,
synthetic oligosaccharide-based glycoconjugate vaccines have become a promising alternative. After
vaccination, serotype substitution occurs and the pathogenicity rate of certain serotypes (such as serotype
3 and 19A) increases. Thus, serum-independent protein vaccines and whole-cell vaccines have become a
new research focus. This review took S. pneumoniae serotype 3 vaccine as an example to summarize the

mechanism of different types of vaccines and their research progress.

Keywords: Streptococcus pneumoniae serotype 3; glycoconjugate vaccine; synthetic oligosaccharide
vaccine
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Table 1 Marketed and clinical Streptococcus pneumoniae vaccines
Vaccine Antigen Camf:r Current
protein status

PPV23 (Merck) Capsular polysaccharide (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A,None Licensed
12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 22F, 23F, 33F)

PCV7 (Pfizer) Capsular polysaccharide (4, 6B, 9V, 14, 18C, 19F, 23F) CRM197 Licensed

PCV10 (GSK Biologicals) Capsular polysaccharide (1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, 23F) D, TT, DT Licensed

PCV13 (Pfizer) Capsular polysaccharide (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, CRM197 Licensed
19F, 23F)

PCV15 (Merck) Capsular polysaccharide (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, CRM197 Phase 11
19F, 22F, 23F, 33F)

PCV20 (Pfizer) Capsular polysaccharide (1, 3, 4, 5, 6A, 6B, 7,9V, 14, 18C, 19A, CRM197 Phase 11
19F, 23F, 8, 10A, 11A, 12F, 15BC, 22F, 33F)

Protein vaccine (Sanofi-Pasteur) PcpA None Phase [

Protein vaccine (Sanofi-Pasteur) PlyD1 None Phase |

Protein vaccine (Sanofi-Pasteur) PcpA, PhtD None Phase |

Protein vaccine (Sanofi-Pasteur) PcpA, PhtD, PlyD1 None Phase |

Protein vaccine (GSK PD, Ply, PhtD None Phase |

Biologicals)

PCV10+protein vaccine (GSK ~ PCV10, PlyD1, PhtD D, TT, DT  Phase Il

Biologicals)

PCV13+protein vaccine (GSK ~ PCV13, PhtD, dPly None Phase Il

Biologicals)

Protein vaccine (GSK PhtD None Phase I

Biologicals)

Protein vaccine (GNCA) SP-2108, SP-0148, SP-1912 None Phase I

Protein vaccine (Intercell AG)  PcsB, StkP, PsaA None Phase |

Inactivated whole cell vaccine  Inactivated Streptococcus pneumoniae Rx1 strain None Phase I

(PATH)
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Streptococcus pneumoniae serotype 3 capsular polysaccharide locus and synthase-dependent
I A: repeating unit of the serotype 3 capsular polysaccharide; B: the serotype 3 capsular
polysaccharide locus; C: synthase-dependent assembly.
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Figure 2 The mechanism of polysaccharide protein conjugate vaccine to activate T cells™*>*. FDC: follicle
dendritic cell; BCR: B-cell receptor; TCR: T-cell receptor; MHC II: major histocompatibility complex II;

ROS: reactive oxygen species.
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Figure 3 Combination method of polysaccharide
and carrier protein. A: direct binding; B: coupling
with protein using linker after partial hydrolysis.
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Figure 4 Major steps involved in rational design of synthetic carbohydrate vaccines®”). First, elucidate the
structure of the polysaccharide repeat unit on the cell surface; obtain various structures of oligosaccharides
by one-pot method, automation, chemical enzymatic methods, efc., to form a glycan library; use glycan
microarrays to screen patient sera for antibodies against a synthetic antigen library; immunize mice after
conjugated with protein carriers to prepare monoclonal antibodies; use glycan array analysis to monitor
antibody titer; use X-ray crystallography, small-angle X-ray scattering, nuclear magnetic resonance transfer
saturation difference spectroscopy, surface plasmon resonance, isothermal titration calorimetry, competitive
ELISA and other methods to analyze the 3D structure of oligosaccharide-antibody conjugates and the
interaction between the two effects”’*"); finally get the optimized antigen design.

*2 KT I3EMREKESHEREENEXMR

Table 2 Relevant research on Streptococcus pneumoniae serotype 3 synthetic oligosaccharide vaccines

Synthetic oligosaccharide Carrier protein Immunogenicity References

antigen

Tetrasaccharides CRM197 Tetrasaccharide-CRM197 can induce protective immunity  [15,47-48]
and protect against pneumonia caused by ST3 in mice.

Disaccharides, trisaccharides, BSA Tetrasaccharide-BSA has stronger immunogenicity and can [49]

tetrasaccharides bind to antibodies induced by natural CPS-CRM197.

Pentasaccharides, hexaose, TT Pentasaccharide and hexasaccharide-TT have stronger [46]

heptaose, octasaccharide

immunogenicity; hexasaccharide-TT can cause long-term

immune memory, which can effectively protect mice from
ST3 infection and prolong survival.

QB VLPs FKIf /R A SEREBURE F, 5]
b ER /N ORI I DA E IR N A < hi] ik )
FEMIRIY 22 QB-TS3 HBERI/NRZH] T AL
PRI (F73 % 95%)1%,

DL b e fR & B e i, B LS AT L
ATl &M . Flun, Kaplonek il & T
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Figure 5

Synthesis of Qp-tetrasaccharide conjugates*’!. An azidoethanol linker was added at the end of the

synthesized tetrasaccharide to introduce an orthogonal azide group, and then the oligosaccharide was coupled
to the bacteriophage QBVLP through a copper-catalyzed azide-alkyne cycloaddition reaction.
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