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Abstract: The pneumococcal vaccines play an indispensable role in defending against various
invasive and non-invasive diseases caused by Sreptococcus pneumoniae. The capsular
polysaccharide is a key antigen, while the impurity residues in the capsular polysaccharide cause
side effects of pneumococcal polysaccharide vaccines and conjugate vaccines. As the global
demand for high-valent pneumococcal vaccines covering a wide range of serotypes keeps
increasing, it is urgent and crucial to develop efficient and scalable production technologies for
high-purity capsular polysaccharide antigens. The safety and quality attributes of capsular
polysaccharide are influenced by multiple factors encompassing the selection of pathogen strains,
formulation of culture media, control of fermentation processes, and purification technologies.
Following the concept of Quality by Design (QbD) and the process development path, this article
systematically summarizes the knowledge and experience throughout the entire process ranging
from upstream strain screening and optimization, refined fermentation process design, to
downstream purification, aiming to provide comprehensive and in-depth theoretical guidance and
practical strategies for building and improving the production system of capsular polysaccharide.
Keywords: pneumococcal vaccine; capsular polysaccharide; antigen; quality; impurities
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Immunoelectron microscopy of pneumococcal capsules

[53

1. A: After 4 h of cultivation, exponential

phase under nitrogen. B: After 12 h of cultivation, stationary phase under nitrogen. C: After 12 h of cultivation,
stationary phase under air, after anaerobic growth (size bar=1.0 pm).
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Figure 2 Optimization strategies for the manufacturing technology of Sreptococcus pneumoniae capsular

polysaccharide.

P4 actamicro@im.ac.cn, & 010-64807516



RN | AR, 2024, 64(10)

3665

(2) K TZTH: o34t R el AL o341t
KR AN o] S O RET B R R AL .
RPN S E SR BRI Y, B RGO B
PR AR A K B A 2, T A
%, JERE R4l T2

() RWHEARGEN . MDA R HOHE &
HAn =P8, Qe R = 7 K B 5
OS2 B A9 R o N- A 2 UL IR A (N-lauryl
sarcosine sodium, NLS). =ifRigabFE ., BPL LA
R 5 HANMG e — AR R A

(4) gtk T 200k YRl 22 oiEss & M
UEFZAT AL AR AR B ek, DUR e
D FERT o i S BGA H] (Pfizer Inc.)3) &K
BB 2250, T Ak T 200 ] s A O die 26 7
Jo R A 2 bR, R 2R Al T2
) L HR,

X LB AR 1B AT e AN A B T 4R
Fh v 6] 1t 8 4% 2K TR 25 00 1) 4 R A B A K K- R
SE T, BRI AT R R R, PR R
N7 (AR P AT K o I 5 RO AS 1) 3 E A JB 1 1Y)
PETt, AR AE A R AR IE T A F0ll g K
F TR, HESIE e T R ] A e i A

Sk

[1] PATON JC, TRAPPETTI C. Streptococcus pneumoniae
capsular polysaccharide[J]. Microbiology Spectrum,
2019, 7(2): 10.1128.

(2] ARLL5, FHE, 25—Hl, B8, 2K, 102 pRiz 2
Jils 48 % BR TR UL 3 B 2041 AR B 25 4 A (0], R I

LA, 2021, 37(9): 801-807.
REN HY, WANG YQ, LI YN, ZHAO N, QIN T.
Analysis of serogroups distribution characteristics and
drug resistance spectrum of 102 strains of invasive
Sreptococcus  pneumonia[J]. Chinese Journal of
Zoonoses, 2021, 37(9): 801-807 (in Chinese).

[3] BOGAERT D, van BELKUM A, SLUIJTER M,
LUIJENDIJK A, de GROOT R, RUMKE HC,
VERBRUGH HA, HERMANS P. Colonisation by
Sreptococcus pneumoniae and Saphylococcus aureus

(3]

[10]

(1]

in healthy children[J]. The Lancet, 2004, 363(9424):
1871-1872.

RIBEE, INEE, 2w, sk, BRh2s, HaE, o,
BRI G BE BRI B4 3 A KT 245 Pk A (0], BRACAR:
I ER5E, 2010, 25(2): 100-102.

ZHU XH, SUN ZY, LI L, ZHANG B, CHEN ZJ, TIAN
L, WANG B, ZHU Q. Distribution and antibiotic
resistance of Sreptococcus pneumoniae[J]. Journal of
Modern Laboratory Medicine, 2010, 25(2): 100-102 (in
Chinese).

SFEIR MM. Diagnosis of multidrug-resistant pathogens
of pneumonia[J]. Diagnostics, 2021, 11(12): 2287.

HRAR T BE o2y, AR TR BE e S S S R
23 WA IR TR B e Ty & A AL (2020 RR)[T].
P 5V R, 2021, 27(1): 1-47.

Chinese Preventive Medicine Association, Vaccine and
Immunology Branch of the Chinese Preventive

Medicine  Association.  Expert consensus on
immunoprophylaxis of pneumococcal disease (2020
version)[J]. Chinese Journal of Vaccines and
Immunization, 2021, 27(1): 1-47 (in Chinese).
FITZGERALD D, WATERER GW.

and  meningococcal

Invasive
pneumococcal disease[J].
Infectious Disease Clinics of North America, 2019,
33(4): 1125-1141.

WEISER JN, FERREIRA DM, PATON JC.
Streptococcus pneumoniae: transmission, colonization
and invasion[J]. Nature Reviews Microbiology, 2018,
16(6): 355-367.

GUO Y, QIAO LN. Clinical features and antibiotic
sensitivity of invasive pneumococcal disease versus
in children[J].
Chinese Journal of Contemporary Pediatrics, 2021,
23(5): 466-470.

LEES JA, CROUCHER NJ, GOLDBLATT D,
NOSTEN F, PARKHILL J, TURNER C, TURNER P,
BENTLEY SD. Genome-wide identification of lineage
and

noninvasive pneumococcal disease

associated  with
eLife, 2017, 6:

locus specific variation
pneumococcal carriage duration[J].
€26255.

W, REG, M, INERE. Bl B T 25
PRGN Ko X R N P 2470 A 2R i 245 LA B AF 5 ().
A ] L E L R 24 3R, 2010, 26(3): 255-258, 262.
PAN FP, WU LY, YE YF, SUN AH. Resistance
detection and macrolide antibiotic-resistant mechanism
of Sreptococcus pneumoniae isolates[J]. Chinese
Journal of Zoonoses, 2010, 26(3): 255-258, 262 (in

Chinese).

http://journals.im.ac.cn/actamicrocn



3666 LI Yuelong et al. | Acta Microbiologica Snica, 2024, 64(10)
[12] XU/, MR il 48 5% 2K o 0E 5 B A9 oF 5% a0 R [0]. Current status and prospect of quality control of
WAEYZER, 2022, 62(2): 446-457. 23-valent pneumococcal polysaccharide vaccine[J].
LIU XY, CHEN M. Carbohydrate-based vaccines of Drug Standards of China, 2022, 23(2): 156-160 (in
Sreptococcus pneumoniae[J]. Acta Microbiologica Chinese).
Sinica, 2022, 62(2): 446-457 (in Chinese). [22] JONES C. Glycoconjugate vaccines: the regulatory

[13] KADIOGLU A, WEISER JN, PATON JC, ANDREW framework[J]. Methods in Molecular Biology, 2015,
PW. The role of Sreptococcus pneumoniae virulence 1331: 229-251.
factors in host respiratory colonization and disease[J]. [23] ERGMEL S b ANRILHEZG . =F[M].
Nature Reviews Microbiology, 2008, 6(4): 288-301. 11 R, dba: FPEBEZRHS A, 2020.

[14] HAMAGUCHI S, ZAFAR MA, CAMMER M, Chinese Pharmacopoeia Commission. Pharmacopoeia
WEISER JN. Capsule prolongs survival of of the People’s Republic of China: Part Three[M]. 11th
Sreptococcus  pneumoniae  during  starvation[J]. ed. Beijing: China Medical Science Press, 2020 (in
Infection and Immunity, 2018, 86(3): €00802-¢00817. Chinese).

[15] HYAMS C, CAMBERLEIN E, COHEN JM, BAX K, [24] XU QW, ABEYGUNAWARDANA C, NG AS,
BROWN JS. The Streptococcus pneumoniae capsule STURGESS AW, HARMON BJ, HENNESSEY JP Jr.
inhibits ~ complement activity and  neutrophil Characterization and quantification of
phagocytosis by multiple mechanisms[J]. Infection and C-polysaccharide in  Sreptococcus pneumoniae
Immunity, 2010, 78(2): 704-715. capsular polysaccharide preparations[J]. Analytical

[16] AVERY OT, HEIDELBERGER M. Immunological Biochemistry, 2005, 336(2): 262-272.
relationships of cell constituents of pneumococcus[J]. [25] VIALLE S, SEPULCRI P, DUBAYLE J, TALAGA P.
Journal of Experimental Medicine, 1925, 42(3): The teichoic acid (C-polysaccharide) synthesized by
367-376. Sreptococcus pneumoniae serotype 5 has a specific

[17] AVERY OT, HEIDELBERGER M, GOEBEL WF. The structure[J]. Carbohydrate Research, 2005, 340(1):
soluble specific substance of friedlander’s bacillus: 91-96.
paper II. Chemical and immunological relationships of [26] BROWN S, SANTA MARIA JP Jr, WALKER S. Wall
pneumococcus type II and of a strain of friedlander’s teichoic acids of gram-positive bacteria[J]. Annual
bacillus[J]. The Journal of Experimental Medicine, Review of Microbiology, 2013, 67: 313-336.

1925, 42(5): 709-725. [27] TUOMANEN E, RICH R, ZAK O. Induction of

[18] TALAGA P, VIALLE S, MOREAU M. Development pulmonary inflammation by components of the
of a high-performance anion-exchange pneumococcal cell surface [J]. American Review of
chromatography with pulsed-amperometric detection Respiratory Disease, 1987, 135(4): 869-874.
based quantification assay for pneumococcal [28] NIELSEN SV, SORENSEN UBS, HENRICHSEN J.
polysaccharides and conjugates[J]. Vaccine, 2002, Antibodies against pneumococcal C-polysaccharide are
20(19/20): 2474-2484. not protective[J]. Microbial Pathogenesis, 1993, 14(4):

[19] JONES C, CURRIE F. Control of components of 299-305.
bacterial polysaccharide vaccines by physical [29] BRYANT KA, BLOCK SL, BAKER SA, GRUBER
methods[J]. Biologicals, 1991, 19(1): 41-47. WC, SCOTT DA. Safety and immunogenicity of a

[20] MRS, BXAEE, WIOTAR. IR SN 1 43 i alifk 13-valent  pneumococcal conjugate  vaccine[J].
WESEHE R [I]. A e F S, 2012, 40(2): Pediatrics, 2010, 125(5): 866-875.
72-78. [30] GOLDBLATT D, LEVINSKY RJ, TURNER MW. Role
ZHAO HP, ZHAO ZQ, XIE GL. Progress in isolation of cell wall polysaccharide in the assessment of IgG
and purification of bacterial capsular antibodies to the capsular polysaccharides of
polysaccharide[J]. Progress in Microbiology and Sreptococcus pneumoniae in childhood[J]. The Journal
Immunology, 2012, 40(2): 72-78 (in Chinese). of Infectious Diseases, 1992, 166(3): 632-634.

[21] BRB, A4E, FAM, FIM, nhsg. 23 Ml ek [31] MUSHER DM, LUCHI MJ, WATSON DA,

P 2 T e i BRI R BB 0], 2 AR,
2022, 23(2): 156-160.
CHEN Q, SHI JC, WANG CE, WANG SS, YE Q.

<l actamicro@im.ac.cn, & 010-64807516

HAMILTON R, BAUGHN RE.
polysaccharide vaccine in young adults and older

Pneumococcal

bronchitics: determination of IgG responses by ELISA



ZRIE S | UEW2ER, 2024, 64(10)

3667

[32]

[35]

[36]

[40]

the effect serum  with
non-type-specific cell wall polysaccharide[J]. The
Journal of Infectious Diseases, 1990, 161(4): 728-735.
POOLMAN J, BORROW R. Hyporesponsiveness and

its clinical

and of adsorption of

implications after vaccination with
polysaccharide or glycoconjugate vaccines[J]. Expert
Review of Vaccines, 2011, 10(3): 307-322.

SEN G, KHAN AQ, CHEN QY, SNAPPER CM. In
vivo humoral immune responses to isolated
pneumococcal polysaccharides are dependent on the
presence of associated TLR ligands[J]. The Journal of
Immunology, 2005, 175(5): 3084-3091.

SAMERE, ARNE, Bk, mAZ, i, MLAE, &
Mg, BOEL M AEERKE S AU LMk [I]. B
AP B9, 2012, 12(9): 1660-1664.

CHAI YJ, ZUO ZJ, MA B, ZUO Y, SHI J, ZHOU HJ,
XU DM, HUANG Z. Optimization of condition for the
fermentation process of Sreptococcus pneumoniae
serotype 5[J]. Progress in Modern Biomedicine, 2012,
12(9): 1660-1664 (in Chinese).

MOZZI F, GIORI G, OLIVER G, VALDEZ G
Exopolysaccharide production by Lactobacillus casei.
I. influence of salts[J]. Milchwissenschaft-milk
Science International, 1995, 50: 186-188.

GROBBEN GJ, van CASTEREN WHM, SCHOLS
HA, OOSTERVELD A, SALA G, SMITH MR,
SIKKEMA J, de BONT JAM. Analysis of the
exopolysaccharides produced by Lactobacillus
delbrueckii subsp. bulgaricus NCFB 2772 grown in
continuous culture on glucose and fructose[J]. Applied
Microbiology and Biotechnology, 1997, 48(4): 516-521.
DEGEEST B, DE VL. Indication that the nitrogen
both size of
exopolysaccharides  produced by  Sreptococcus

thermophilus LY03 and modelling of the bacterial

source influences amount and

growth and exopolysaccharide production in a complex
medium[J]. Applied and Environmental Microbiology,
1999, 65(7): 2863-2870.

TEXEIRA E, CHECA J, RIAL A, CHABALGOITY
JA, SUAREZ N. A new chemically defined medium for
cultivation of Sreptococcus pneumoniae serotype 1[J].
Journal of Biotech Research, 2015, 6:54-62.
RESTREPO AV, SALAZAR BE, AGUDELO M,
RODRIGUEZ CA, ZULUAGA AF, VESGA O.
Optimization of culture conditions to obtain maximal
growth of penicillin-resistant Sreptococcus
pneumoniae[J]. BMC Microbiology, 2005, 5(1): 34.

GONCALVES VM, ZANGIROLAMI TC,

[41]

[42]

[43]

[44]

GIORDANO RLC, RAW I, TANIZAKI MM,
GIORDANO RC. Optimization of medium and
cultivation conditions for capsular polysaccharide
production by Sreptococcus pneumoniae serotype
23F[J]. Applied Microbiology and Biotechnology,
2002, 59(6): 713-717.

JAIN R, MAITHAL K. Fermentation process for
Sreptococcus  pneumoniae:  PCTIN2011000365[P].
2011-12-08.

THIE SG, WA MA, &% Jp, fiullift DR, RN
v SE, i&FE3C JA, MARFR-AiR SK, #h WQ, 4T
IhFER PA. JH T AE A TR 40 ML K5 57 1 vh A 7 2 W B
F5H N & W 575 CN201680077135.5[P]. 2018-08-31
(in Chinese).

B, ABAS, BOE, EREA, AT, XE, ke, 5k
5, ZR/INE. TRPI IR RE T 1 T8 i % 4 R DR O Y 5
M [J]. FE R A il S 2E 4R A, 2014, 37(3): 126-128,
136.

HUANG F, DENG J, ZHAO Z, WANG ZJ, ZHOU Y,
LIU W, ZHANG K, ZHANG W, LI XB. Effect of
bacterial colony screening on polysaccharide yield of
Sreptococcus pneumoniae serotype 1[J]. International
Journal of Biologicals, 2014, 37(3): 126-128, 136 (in
Chinese).

ZANARDO RT, FERRI ALS, FIGUEIREDO DB,
KRASCHOWETZ S, CABRERA-CRESPO ],
GONCALVES VM. Development of a new process for
purification  of
Sreptococcus pneumoniae serotype 14[J]. Brazilian

capsular  polysaccharide from

Journal of Chemical Engineering, 2016, 33(3):
435-443.
MCFARLAND AL, BHATTARAI N, JOSEPH M,

WINKLER ME, MARTIN JE. Cellular Mn/Zn ratio
influences phosphoglucomutase activity and capsule
production in Sreptococcus pneumoniae D39[J].
Journal of Bacteriology, 2021, 203(13): €0060220.

MARTHOS BV, FERRI ALS, de FIGUEIREDO DB,
ZANGIROLAMI TC, GONCALVES VM. Capsular
Sreptococcus

from strain selection to

polysaccharide production by
pneumoniae serotype 1:
fed-batch cultivation[J]. Applied Microbiology and
Biotechnology, 2015, 99(24): 10447-10456.

HENRIQUES AWS, JESSOUROUN E, LIMA EL,
ALVES TLM. Capsular polysaccharide production by

Neisseria meningitidis serogroup C: optimization of

process variables using response surface
methodology[J]. Process Biochemistry, 2006, 41(8):
1822-1828.

http://journals.im.ac.cn/actamicrocn



3668

LI Yuelong et al. | Acta Microbiologica Snica, 2024, 64(10)

(48]

[51]

[55]

[56]

DE LOURDES MOURA LEAL M, DA SILVA GOMES
PEREIRA D, JESSOUROUN E, PEIXOTO GIMENES
COUTO MA, PEREIRA N. Investigation of cultivation
conditions for capsular polysaccharide production by
Sreptococcus pneumoniae serotype 14[J]. Electronic
Journal of Biotechnology, 2011, 14(5): 6.

ER 5 KS, FEHIR IS, Wi WS I AK. 35
IF MO DL PR B 2 OBE T RO R 7 ik
CN201180076292.1[P]. 2017-06-30 (in Chinese).
Flete, BOCHE, whAE, M. — Ml R BEER A £
ME O Wb OB OE R OB M W e Ty
CN201210314112.5[P]. 2013-12-11.

WANG TT, WEI WIJ, HAN F, HE JQ. Determination
method for sodium deoxycholate in Streptococcus
pneumoniae polysaccharide solution:
CN201210314112.5[P]. 2013-12-11 (in Chinese).
W, mAs, M, 2O, =k TR R, BRERK,
B, E8, AE, BREVE. —Fh 130 RIKE 2
B-E O SWA S Y B W & 05k m
CN201810053602.1[P]. 2018-05-29.

HUANG Z, XIANG ZY, SHI J, WU K, YUAN L,
FANG GL, CHEN YQ, QIAN W, WANG M, ZUO ZJ,

CHEN NP. A 13-valent pneumococcal
polysaccharide-protein conjugate composition and
preparation method and application thereof:

CN201810053602.1[P]. 2018-05-29 (in Chinese).
£ WP, TEDL/R GR, BAfiili % PR. Z A4l
REWEZH-ERESVASY:
CN200680017776.8[P]. 2012-07-18 (in Chinese).
GONCALVES VM, TAKAGI M, CARNEIRO SM, de
CAMPOS GIORDANO R, TANIZAKI MM.
Introduction of air in the anaerobic culture of
Sreptococcus pneumoniae serotype 23F induces the
release of capsular polysaccharide from bacterial
surface into the cultivation medium[J]. Journal of
Applied Microbiology, 2006, 101(5): 1009-1014.

Ty R, Z1EFR P, FE YI, B/RMEZ M, ZA# GA,
WA TL, Z85F AM, MITHT WD, BT% /R 4
VM. % B MR MM e W o
CN201080055928.X[P]. 2012-08-22 (in Chinese).

PR e, B3, XM, WK, EOME, EE1E, X
AYL. — R B Bk JE B 2 B R A Tk
CN202410196199.3[P]. 2024-03-26.

LIYL, ZHAO Y, LIU YL, CAO X, WANG YY, WANG
JL, LIU JK. A process for preparing the capsular
polysaccharide = of  Sreptococcus  pneumoniae:
CN202410196199.3[P]. 2024-03-26 (in Chinese).

GONCALVES VM, DIAS WO, CAMPOS IB,

<l actamicro@im.ac.cn, & 010-64807516

[62]

[64]

LIBERMAN C, SBROGIO-ALMEIDA ME, SILVA EP,
CARDOSO CP Jr, ALDERSON M, ROBERTSON G,
MAISONNEUVE JF, TATE A, ANDERSON P,
MALLEY R, FRATELLI F, LEITE LCC. Development
vaccine: BPL
stability[J].

cell
inactivation, c¢GMP production,
Vaccine, 2014, 32(9): 1113-1120.

PUJAR NS, HUANG NF, DANIELS CL, DIETER L,
GAYTON MG, LEE AL. Base
phosphodiester bonds in pneumococcal
polysaccharides[J]. Biopolymers, 2004, 75(1): 71-84.

STURGESS AW, RUSH K, CHARBONNEAU RJ,
LEE JI, WEST DJ, SITRIN RD, HENNESSEY JP Jr.
Haemophilus influenzae type b conjugate vaccine

of a whole pneumococcal

and

hydrolysis of

stability: catalytic depolymerization of PRP in the
presence of aluminum hydroxide[J]. Vaccine, 1999,
17(9/10): 1169-1178.

E R RV, Wil H VB, 24¢44 ND, ikFRHL
M, il MV, #2% K. T A 9 96 0 2 0 4y
B A BRI AR B A 5 CN201680037932.0[P].
2018-03-23 (in Chinese).

KL, FEvE SA, ZERFFN, 5E22 JK. glifb 28 2 h
B9 771 CN202080030584.0[P]. 2021-11-30.

ZHU LJ, COOK SA, MERCHANT N, MORAN JK.
Method for purifying bacterial polysaccharides:
CN202080030584.0[P]. 2021-11-30 (in Chinese).
MACHA C, LAVANYA A, NANNA R. Purification of
Sreptococcus pneumoniae capsular polysaccharides
ethanol[J].
International Journal of Pharmacy & Pharmaceutical
Sciences, 2014, 6: 385-387.

TP, R, EET, BV — P ER R
Al ALJ7 75 CN201710047246.8[P]. 2017-08-22.
WANG LB, WU H, GAO RF, LI T. Method for
Sreptococcus  pneumoniae
CN201710047246.8[P].

using  aluminium  phosphate  and

capsular
2017-08-22

purifying
polysaccharide:
(in Chinese).
YUAN YH, RUPPEN M, SUN WQ, CHU L,
SIMPSON J, PATCH J, MORAN JK, FINK P.
Shortened purification process for the production of
Sreptococcus pneumoniae capsular polysaccharides:
US12/052525[P]. 2014-02-18.

XIHmE, XIEEEL, H, I, Rk, HAE,
Tz, U, MOEW, R, EIohE, XBIEE,
AR, RAE, B A BRI 2 0 Y i A
CN202011545068.X[P]. 2021-04-06.

LIU YL, LIU JK, CAO X, YIN SS, XU YX, LI JY,
NING YY, WANG YY, LIN HQ, WANG H, WANG



RN | AR, 2024, 64(10)

3669

[65]

[68]

[69]

YZ, DENG HQ, HAN F, HAO Q, YIN X. Method for
preparing pneumococcal capsular polysaccharide:
CN202011545068.X[P]. 2021-04-06 (in Chinese).
XM, Rk, T, Rk, maEdE, Fam,
W, EWFAE. ol % 3K T AR 2 ) o v
CN202210376971.0[P]. 2023-10-31.

LIU YL, CAO X, NING YY, XU YX, GAO ZX, L1JY,
YIN SS, WANG YY. The preparation method of
pneumococcal capsular polysaccharide:
CN202210376971.0[P]. 2023-10-31 (in Chinese).
XM, g, e, WK, E8DE, xIdl,
R . — il 5 fil 2 Bk T 38 22 W L i 2
BER) 712 CN202410196193.6[P]. 2024-03-26.

LIU YL, GAO ZX, LI YL, CAO X, WANG JL, LIU
JK, ZHENG HF. The invention relates to a method for
Streptococcus  pneumoniae
polysaccharide or its degraded polysaccharide:
CN202410196193.6[P]. 2024-03-26 (in Chinese).
SEUNG-JIN JUNG, EUN-SEONG SEO, SANG-IL
YUN, BUI NGUYET MINH, SHENG-DE IJIN,
HWA-JA RYU, DOMAN KIM. Purification of capsular
polysaccharide produced by Sreptococcus pneumoniae
serotype 19A[J]. Journal of Microbiology
Biotechnology, 2011, 21(7): 734-738.

CANO FJ, KUO JS, QUERRY MV. Purification of
pneumococcal capsular polysaccharides: US6466379[P].
1980-12-30.

BUNE, KL, W, RERESF, BRIE, VL. BRYT
JELAIAL 14 MUY R SEERESEE M T2 R[],
r ) A= Wil i 22 24 R, 2016, 29(8): 856-860.

LI XB, ZHANG R, XIE YY, CHENG ZP, CHEN J,
JIANG S. Development of a procedure for purification
of capsular polysaccharide of  Sreptococcus
pneumoniae type 14 by acidification method[J].
Chinese Journal of Biologicals, 2016, 29(8): 856-860
(in Chinese).

BAHLER BD, HUGHES E, LEE T. Improved methods
for separation of Sreptococcus pneumoniae 3
polysaccharide: US11869206[P]. 2010-02-09.

LEE C, CHUN HJ, PARK M, KIM RK, WHANG YH,
CHOI SK, BAIK YO, PARK SS, LEE I. Quality

improvement  of

preparing capsular

and

capsular
Sreptococcus pneumoniae by purification process

polysaccharide  in

optimization[J]. Frontiers in Bioengineering and

[76]

Biotechnology, 2020, 8: 39.

WH SV, IRBE AK. (R RREE U016 Ui g A
Z @R T AR 2 B AL
CN201880057635.1[P]. 2020-06-16.

KAPRE SV, DATTA AK. Polysaccharide purification
for vaccine production using lytic enzymes, tangential
flow filtration and multimode chromatography:
CN201880057635.1[P]. 2020-06-16 (in Chinese).
KAPRE SV, JANA SK, JOGLEKAR TD. A novel
process  for  preparation  of
PCTIN2011000323[P]. 2012-09-27.
G, IME, BER, BB, Bk, X
HUNPY, AR, 01 — A B BR TR E R 2 4 )
£ 1% CN201210490414.8[P]. 2014-06-04.

JIN YJ, SUN Q, LI JQ, ZHAO QMI, LI YB, LIU HJ,
CAO XD, LI J, LI J. Method for preparing
Sreptococcus pneumoniae capsular polysaccharide:
CN201210490414.8[P]. 2014-06-04 (in Chinese).
SUAREZ N, FRAGUAS LF, TEXEIRA E,
MASSALDI H, BATISTA-VIERA F, FERREIRA F.
Production of capsular polysaccharide of Sreptococcus
pneumoniae type 14 and its purification by affinity
chromatography[J]. Applied and Environmental
Microbiology, 2001, 67(2): 969-971.

R, £4, 00T, A5, ok, — il R 5
BR BT JEME L B a4k k. CN201510468552.X[P].
2015-12-09.

REN KM, WANG X, WANG JH, BAI GJ, SHEN R.
Purification method of Sreptococcus pneumoniae
CN201510468552.X[P].

polysaccharides:

capsular  polysaccharide:
2015-12-09 (in Chinese).
GONCALVES VMM, TAKAGI M, LIMA RB,
MASSALDI H, GIORDANO RC, TANIZAKI MM.
Purification of capsular polysaccharide from
Sreptococcus  pneumoniae 23F by a
procedure suitable for scale-up[J]. Biotechnology and
Applied Biochemistry, 2003, 37(3): 283-287.

FULA, B, R, B, RS, A, R,
FHAR . — ol Al i 58 5 2R TR 2 I 2 B 1Y 5 1
CN201410767761.X[P]. 2015-04-22.

WANG JD, ZHAO H, SONG DW, LIANG HL, TAN J,
HAN X, GAO Q, YIN WD. Method for purifying
pneumococcal capsular polysaccharide:
CN201410767761.X[P]. 2015-04-22 (in Chinese).

serotype

http://journals.im.ac.cn/actamicrocn



