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ty and Ins
A B S T R A C T

Diseases caused by microbial bacteria such as Haemophilus influenzae type b (Hib), Streptococcus
pneumoniae and Neisseria meningitidis are still very serious disease, which has brought a lot of burden to
many countries. Development of vaccine has brought hope for the prevention of such diseases.
Polysaccharide conjugate vaccines have been shown to have very good effects in preventing such
diseases. The polysaccharide conjugate vaccine adds the positive characteristics of protein antigens to the
polysaccharide antigen, thereby improving the immunogenicity of the polysaccharide antigen, solving
the problem that the polysaccharide vaccine cannot be effectively applicated in toddler or children,
which greatly promoting the development of this vaccine. This review introduces the progress of
polysaccharide conjugate vaccines.We introduce the typical polysaccharide conjugate vaccines currently
on themarket firstly, and then elucidate the protein carriers, the coupling chemistrymethods and quality
control that required in the preparation of polysaccharide conjugate vaccines. We can see that
polysaccharide conjugate vaccine is a kind of vaccine with great development potential, which can be a
sharp edge for us to prevent diseases.
© 2020 Chinese Chemical Society and Institute ofMateriaMedica, Chinese Academy ofMedical Sciences.

Published by Elsevier B.V. All rights reserved.
1. Introduction

Although reducing the resultant disease burden, the Haemo-
philus influenzae type b (Hib), Streptococcus pneumoniae and
Neisseria meningitidis are still the main causes of invasive diseases
[1]. Hib is a human bacterial pathogen, which can cause many
serious diseases, including epiglottitis, pneumonia, sepsis, and
meningitis. Hib is the most common cause of other invasive
bacterial diseases of bacterial meningitis. In developed countries,
the annual incidence of bacterial meningitis is about 5–10 cases
per 100,000 population [2]. In the United States, this organism is
the main cause of bacterial meningitis. Among children, more than
95% of all diseases related to invasive diseases of Haemophilus
x@kangh.com (X. Wei),
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species are caused by type b influenza H [3]. In low-income
countries, infectious diseases still account for a large proportion of
deaths, and vaccination can greatly reduce the burden of infectious
diseases [4]. The development of vaccines is a sign of success fight
against multiple infectious diseases. Vaccination of pathogen-
derived antigens can provide protection against infectious diseases
by inducing antigen-specific primary immune responses. Once the
same pathogen is encountered again, the immune system will be
activated quickly. The discovery of the vaccine began in 1796 that
Edward Jenner protected people against smallpox by injecting
similar but less toxic vaccinia virus [5]. Currently, vaccines have
been widely applicated to prevent and treat diseases [6], clinically
approved vaccines are made from attenuated or inactivated
pathogens, toxoids, protein or polysaccharide antigens which
are isolated from pathogens and etc. [7]. Capsular polysaccharide
(CPS) is a component related to immune response on bacterial cells
[8], capsular polysaccharides are composed of monosaccharides
bonded together by glycosidic bonds, they have excellent
biocompatibility and unique biological activity, and have been
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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proven to be the excellent targets for bacterial vaccine develop-
ment [9,10], bacteticidal and/or opsonic antibodies directed
against capsular polysaccharide (PS) glycotopes can prevent
invasive diseases caused by capsular bacteria [11]. In 1977, the
United States approved the 14-valent capsular polysaccharides
conjugated vaccine against S. pneumoniae developed by Merck
Sharp & Dohme, which greatly promoted the development of
polysaccharide vaccines [12]. Unfortunately, with the deepening of
research, it was observed that polysaccharide vaccine only induces
B cell response, even if antibodies are produced, there is no long-
term memory, even if repeated vaccination, the immune effect
cannot be enhanced, and the antibody concentration may lower
than the initial immunization, so-called “hypo-responsiveness”
[13]. Studies have also found that polysaccharide vaccines cannot
work on children under 2 years old, which may due to the
immature B cell function in children under 2 years of age.
Therefore, polysaccharide vaccines as T-cell independent antigens
cannot protect children under 2 years of age [1]. But coupling
bacterial polysaccharides with carrier proteins can produce T cell-
dependent antigens [14], can induce protective immunity in
children under 2 years of age, and thus polysaccharide conjugate
vaccines have been developed.

Before the advent of the Hib conjugate vaccine in 1988,
approximately 1 in 200 children under the age of 5 suffered from
Hib disease [15,16]. After the emergence of Hib conjugate vaccines,
many developed and developing countries began to introduce Hib
conjugate vaccines, and the incidence of Hib disease has dropped
sharply. In many countries where all infants are routinely
vaccinated against Hib, invasive Hib disease has almost disap-
peared [17]. Streptococcus pneumoniae is the main pathogen
causing pneumonia, otitis media, meningitis, bacteremia, and
septicemia, is a major global health problem with the character-
istics of high morbidity, mortality, and is associated with global
economic burden [18,19]. According to a survey conducted by the
World Health Organization (WHO), Streptococcus pneumoniae (also
known as pneumococcus) is the fourth largest microorganism that
causes fatal infections. Young children, the elderly, and immuno-
compromised patients are particularly prone to pneumococcal
infections. It is estimated that 14.5 million children are infected
with pneumonia every year. In 2013, nearly one million children
under the age of 5 died of pneumonia [20]. Neisseria meningitidis
[(Fig._1)TD$FIG]

Fig. 1. The immune mechanism of polysaccharide conjugate vaccine and the difference
vaccine. The polysaccharide conjugate vaccine is taken up by the antigen-presenting c
peptides bind toMHC II and are presented to cells for recognition, thereby stimulating the
memory B cells and produce IgG antibodies. (b) The difference between polysaccharide v
antigens. By combiningwith appropriate proteins, Tcell-dependent antigens can be prod
effect is better. BCR: B cell receptor; TCR: T cell receptor; MHC II: major histocompatib
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(meningococcus) is a gram-negative diplococcus which can cause
septicemia and meningitis in susceptible people. Neisseria
meningitidis are obligate human pathogens. Obtained through
aerosols and oral or nasal secretions during contact, it is a member
of the normal nasopharyngeal microbiome of healthy individuals.
Once obtained, meningococcal bacteria can be carried briefly or
even up to several months [21]. Meningococcal infection is a
widespread but not uniform problem. It is a sporadic and epidemic
disease. It is estimated that there are about 1.2 million cases of
meningococcal infections worldwide each year, and about 135,000
deaths. The disease patterns vary greatly over time, geographical
regions, age groups, and bacterial serogroups [22].

Chemical conjugation with carrier protein can effectively
enhance the immunogenicity of poorly immunogenic antigens.
This method has been successfully used to produce polysaccharide
conjugate vaccines against infectious diseases [23]. The polysac-
charide conjugate vaccine covalently couples the protein and
polysaccharide together, adds the positive characteristics of the
protein antigen to the polysaccharide antigen, improves the
immunogenicity of the polysaccharide antigen, and provides an
epitope for CD4+ T cells, which promotes the memory response to
polysaccharides. The polysaccharide conjugate vaccine covalently
couple protein and polysaccharide together, which increases the
positive characteristics of protein antigen for polysaccharide
antigen, improves the immunogenicity of polysaccharide antigen,
and provides antigenic determinants for CD4+ T cells, thereby
promoting the memory of polysaccharides, specifically, the
polysaccharide part of the vaccine binds to the B cell receptor
(BCR) and is endocytosed into B cells. The carrier protein in the
polysaccharide protein conjugate is degraded into polypeptides.
The peptide and the major histocompatibility complex combine to
form a peptide-MHC II complex. The complex is presented to the
surface of B cells and interacts with CD4+ T cell receptor (TCR), and
further activates T cells through the interaction of T cell-B cell
surface molecules. Activated T cells secrete lL-2, lL-4 and other
cytokines to stimulate B cell differentiation and maturation, can
induce PS-specific IgM-to-IgG switching, memory B-cell develop-
ment, and long-lived T-cell memory [24–28]. The immune
mechanism of polysaccharide conjugate vaccine and the difference
between polysaccharide vaccine and polysaccharide conjugate
vaccine can be seen in Fig. 1.
from polysaccharide vaccine. (a) Immune mechanism of polysaccharide conjugate
ells, and the conjugate molecules are digested to obtain glycan-peptides. Glycan-
production of cytokines IL-4 and IL-2, promoting homologous B cells tomature into

accine and polysaccharide conjugate vaccine. Polysaccharides are Tcell independent
uced,which can produce immunememory. The applicable age range is wider and the
ility complex class II.



J. Zhao et al. Chinese Chemical Letters 32 (2021) 1331–1340
This review introduces the development of polysaccharide
conjugate vaccines. At first, we introduce the development status
of polysaccharide conjugate vaccines and some typical polysac-
charide conjugate vaccines that have been on themarket. Secondly,
we elucidate the protein carriers commonly used in vaccines, and
then a brief introduction to the coupling chemistry for preparing
polysaccharide conjugate vaccines is given. Finally, the commonly
used instruments for detecting polysaccharide conjugate vaccines
are introduced. It is hoped that this review can provide ideas for
researchers who studying polysaccharide conjugate vaccines and
promote the development of polysaccharide conjugate vaccines.

2. Development of polysaccharide conjugate vaccine

There has been a century of research history of polysaccha-
ride vaccine and decades of polysaccharide conjugate vaccine
for the treatment of Hib, Streptococcus pneumoniae and
Neisseria meningitidis [29], and the treatment effect is satisfactory.
The conjugate vaccine consists of carrier protein and bacterial PS
[30]. The first conjugate vaccine is the Hib conjugated vaccine,
which was licensed for clinical application in 1987 [30],
subsequently, research on polysaccharide conjugate vaccines has
developed rapidly. In recent years, many polysaccharide conjugate
vaccines have been approved for the prevention of Streptococcus
pneumoniae, Neisseria meningitidis and Hib, such as Hiberix (Glaxi
SmithKline, Rixensart, Belgium), Prevenar 13 (Wyeth Pharma-
ceuticals Inc., Pearl River, NY, USA), Menjugate (Chiron, Emeryville,
California, USA), Pedvax HIB (Merck, Kenilworth, NJ, USA),
Menveo1 (Novartis). On August 19, 2009, the US Food and Drug
Administration (FDA) approved Hiberix (GlaxoSmithKline Bio-
logics, Belgium Rixensart), it can be used as a booster dose in
children from 15 months to 4 years old (before 5th birthday)
according to the Accelerated Approved Regulation to copewith the
continuing shortage of Hib vaccine from December 2007 to July
2009. On January 14, 2016, the Food and Drug Administration
(FDA) approved the expansion of Hiberix’s indications, which can
be used for immunization of infants and children aged 6 weeks to
4 years. Hiberix is a Hib conjugate vaccine composed of Hib
capsular polysaccharide and inactivated tetanus toxoid. It contains
10mg of purified capsular polyribose ribitol phosphate (PRP) and
25mg of tetanus toxoid (PRP-T), which is available as a single-dose
vial of lyophilized vaccine [31,32]. The Pneumococcal polysaccha-
ride (PnPS) conjugate vaccine Prevenar131 (PCV13) contains 13
serotypes of S. pneumoniae polysaccharide, that are individually
conjugated to nontoxic diphtheria protein (cross-reactive material
[CRM(197)]) [33]. In February 2010, the US Food and Drug
Administration approved PCV13 for use in children from 6 weeks
to 71 months old to prevent invasive pneumococcal disease and
otitis media [34]. On August 13, 2014, the Advisory Committee on
Immunization Practices (ACIP) recommended the use of a 13-
valent pneumococcal conjugate vaccine for adults that �65 years
of age [35]. China Food and Drug Administration (CFDA) approved
the application of Prevenar 13 for immunization of infants and
young children aged 6 weeks to 15 months in 2016. Menjugate is
developed by Chiron and applicated to the treatment of
meningococcal infections caused by the pathogen Neisseria
meningitidis. It employs CRM coupling technology and uses
diphtheria toxoid as the carrier protein for specific antigens of
type Cmeningitis. The vaccine is under development because of its
potential to prevent meningitis in adults and infants [36].
MenACWY-CRM197 (Menveo1, Novartis vaccines) is a tetravalent
meningococcal conjugate vaccine that can prevent invasive
meningococcal disease caused by Neisseria meningitidis antigen
A, C, W135 and Y. Menveo1 is composed of A, C, W135, Y
serogroups and the carrier protein (non-toxic diphtheria toxin
CRM197). MenACWY-CRM197 has been licensed for active
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immunization in the European Union, Canada and Australia and
can prevent �2 aged people develop invasive meningococcal
disease and are authorized in the United States for use between
the ages of 2 months and 55 years old [37]. Table 1 [34,35,38–50]
summarizes the relevant information of Hib, meningococcal and
pneumonia polysaccharide conjugate vaccine and shown the
preparation process of the polysaccharide conjugate vaccine in
Fig. 2.

3. Protein carriers

In principle, protein that carries a human T cell epitope and can
transform a T cell-independent polysaccharide-specific immune
response into a T helper cell response can be used as a carrier for
polysaccharide conjugate vaccine [51]. However, there are only a
few carrier proteins can be applicated in polysaccharide conjugate
vaccines. Diphtheria toxoid (DT), tetanus toxoid (TT), CRM197,
Haemophilus protein D (PD) and outermembrane protein complex
(OMPC) are currently the most studied protein carriers. OMPC has
been used in Hib conjugate vaccine and the first generation of
pneumococcal conjugate vaccine. PD is a 40 kDa cell surface
protein derived from non-typeable H. influenzae (NTH), which is
produced by a recombinant strain of Escherichia coli and has been
introduced into amultivalent pneumococcal conjugate vaccine as a
carrier for most serotypes [52].

3.1. Diphtheria toxin

Diphtheria toxin is a 62 kDa single polypeptide chain,
containing two disulfide bonds, synthesized by the Corylze-
bacterium diphfheriae and released outside the cell. The complete
diphtheria toxin molecule is non-enzymatically active. After mild
treatment with trypsin or other proteases in the presence of
certain thiols, the molecule will be broken down into a 24 kDa
fragment A and a 38 kDa fragment B, and the molecule is activated
[53]. Fragment A containing the catalytic C domain and fragment B
consisting of transmembrane and receptor binding domains [54].
Studies have shown that the role of fragment A and fragment B in
immunology is quite different, and they will not cross-react in
immunodiffusion against antitoxins. Antifragment A antibody can
inhibit the enzymatic activity of the isolated fragment A, but it will
not neutralize the toxin in the body. Antifragment B antibody
neutralizes the toxin’s in vivo toxicity by preventing the toxin from
attaching to the surface of sensitive cells [55]. Diphtheria toxin has
been widely used as a protein carrier in polysaccharide conjugate
vaccines. Faezeh Najafzadeh et al. coupled the detoxified
lipopolysaccharide (D-LPS) of Pseudomonas aeruginosa PAO-1 with
DT (as a carrier protein) to obtain a conjugate vaccine (D-LPS-DT),
and evaluated the immunity in a mouse model. The team
covalently coupled D-LPS and DT via amidation, and the molar
ratio of LPS to DT in the prepared conjugate was 3:1. The results
showed that mice immunized with D-LPS-DT conjugate vaccine
produced four times higher IgG antibodies than mice immunized
with D-LPS, indicating that the vaccine coupled with DT of
Pseudomonas aeruginosa PAO-1 can increase anti-LPS antibodies
and have the ability to prevent Pseudomonas, and has a huge
potential to prevent infection [56]. A phase 1 clinical study to
verify the safety and immunogenicity of Vi-DT typhoid conjugate
vaccine was conducted in Filipino healthy adults and children. The
vaccine tested is diphtheria toxoid conjugated Vi-polysaccharide
vaccine (Vi: Salmonella typhi capsular polysaccharide, Vi-DT),
which was obtained by covalent coupling of Vi polysaccharide and
DT. The vaccine contains two active ingredients, 25mg purified Vi
polysaccharide and DT formulated with stabilizers. The results
showed that Vi-DT has good safety, good tolerance and immuno-
genicity in all age groups from 2 to 45 years old [57].
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Fig. 2. The preparation steps of polysaccharide conjugate vaccine. First, the
polysaccharide is purified and then activated. At the same time, the required carrier
protein is purified. The polysaccharide and protein are coupled by coupling
chemistry. The conjugate is then purified, quality controlled, and tested for
immunogenicity, and finally the conjugate vaccine is obtained.

Table 1
The vaccines.

Type Name Company Time Protein carrier Polysaccharide Age Ref.

Pneumoniae PCV7 Pfizer 2000 CRM 197 Serotypes 4, 6B, 9 V, 14, 18C,
19 F, and 23 F

Young children [38,39,40,41]

PCV10
(SynflorixTM)

GlaxoSmithKline 2009 CRM 197 Serotype 1,4, 5,6B, 7 F9 V, 14,
18C, 19 F and 23 F

6 weeks, 10 weeks and 14
weeks (3 + 0) without catch-up
vaccination for older children
(Ethiopia)

[42,43]

PCV13
(Prevenar 13

1)
Pfizer 2010 CRM197 Serotypes 1, 3, 4, 5, 6A, 6B, 7 F,

9 V, 14, 18C, 19A, 19 F and 23 F
Children from 6 weeks to 71
months old (US FDA); adults
that �65 years of age (ACIP);
infants and young children
aged 6 weeks to 15 months
(CFDA)

[34,35,42,44]

PCV15 Merck & Co., Inc. – CRM197 Serotypes 1, 3, 4, 5, 6A, 6B, 7 F,
9 V, 14, 18C, 19A, 19 F, 22 F, 23 F
and 33F

In clinical trials [45]

PCV20 Pfizer – CRM197 Serotypes 1, 3, 4, 5, 6A, 6B, 7 F, 8,
9 V, 10A, 11A, 12 F, 14, 15B, 18C,
19A, 19 F, 22 F, 23 F and 33F

In clinical trials [46]

Meningococcal Menjugate1

(MCC-CRM197)
Novartis 1999 CRM197 MenC oligosaccharide Well tolerated and

immunogenic in infants when
given at ages 2, 3, and 4 months

[47,48,49]

MCC-CRM197
(Meningitec1)

Wyeth/Pfizer 1999 CRM197 MenC oligosaccharide Well tolerated and
immunogenic in infants when
given at ages 2, 3, and 4 months

[47,48,49]

MCC-TT
(NeisVac-C1)

Baxter 1999 Tetanus
toxoid

MenC polysaccharide Well tolerated and
immunogenic in infants when
given at ages 2, 3, and 4 months

[47,48,49]

Menactra1 Sanofi Pasteur 2005 Diphtheria
toxoid

MenA, C, Y and W
oligosaccharides

For babies aged 9–23 months,
and individuals aged 2–55
years old (USA)

[47,50]

Menveo1 Novartis 2010 CRM197 MenA, C, Y and W
oligosaccharides

�2 years old [47,50]

Nimenrix1 Pfizer 2012 Tetanus
toxoid

MenA, C, Y and W
oligosaccharides

Infants aged �6 weeks (in
Europe, but not in the USA)

[47,50]

Menitorix1 GlaxoSmithKline 2005 Tetanus
toxoid

Hib and meningococcal
serogroup C polysaccharides

As a booster vaccine in toddlers
(UK)

[47]

Haemophilus Hiberix GlaxoSmithKline 2009 Tetanus
toxoid

Hib capsular polysaccharide As the booster (final) dose [34]

PCV: pneumococcal conjugate vaccine; PCV7:7-valent pneumococcal conjugate vaccine; PCV10:10-valent pneumococcal conjugate vaccine; PCV13:13-valent pneumococcal
conjugate vaccine; PCV15:15-valent pneumococcal conjugate vaccine; PCV20:20-valent pneumococcal conjugate vaccine; MenA: meningococcal serogroup A; MenC:
meningococcal serogroup C; MenY: meningococcal serogroup Y; MenW: meningococcal serogroup W.
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3.2. Tetanus toxin

Tetanus toxin (TT) is a potent neurotoxin produced by
Clostridium tetani bacteria, is composed of a light chain of
52.4 kDa responsible for cleaving synaptophysin and a heavy
chain of 98.3 kDa. The heavy chain can be further divided N-
terminal domain (46.7 kDa) responsible for cell penetration and C-
terminal domain (51.6 kDa) controlling TT neuronal specific
binding (also known as tetanus toxin fragment C (TTFC)) [58].
TT has been widely used in the research field of polysaccharide
conjugate vaccines. A phase II clinical trial evaluated the
immunogenicity and safety of Sanofi Pasteur’s investigational
quadrivalent (serogroups A, C, Y, and W) meningococcal tetanus-
toxoid conjugate vaccine: MenACYW-TT. Conducted in healthy
infants who have been meningococcal, the licensed conjugate
vaccine MCV4-TT (NCT03205358) was used as a control. In this
phase II study conducted in Finland, 188 toddlers aged 12–24
months were randomly assigned to MenACYW-TT or MCV4-TT at a
1:1 ratio. In this exploratory study, the MenACYW-TT vaccine is
well tolerated and immunogenic. If the results of this exploratory
study are confirmed in the Phase III, for toddlers who receive
meningococcal vaccination for the first time, a single dose of
MenACYW-TT may be considered as an alternative vaccination
program [59]. In a phase III trial (NCT02752906), the tetravalent
meningococcal tetanus toxoid conjugate vaccine (MenACYW-TT)
was evaluated as a booster vaccine. The results of the study show
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that MenACYW-TT is as safe as licensed vaccine–MCV4 (Menac-
tra1; MCV4-DT). The research data also shows that the booster
dose of MenACYW-TT conjugate vaccine can cause a rapid and
strong immune response in adolescents and adults who within 4–
10 years after the initial dose of MCV4 vaccine [60]. However, TT
and DT need to be detoxified with formaldehyde before conjuga-
tion with polysaccharides, which will cause more lysine groups in
the carrier protein to become potential polysaccharide conjugation
sites [61].

3.3. CRM197

CRM197 is a non-toxic variant, usually obtained by fermenta-
tion of C. diphtheriae C7 (β197) culture and isolation [62,63]. A
single G-A transition occurred in CRM197, resulting in its glycine-
52 being replaced by glutamic acid. Although the enzymatic
activity is lost, the binding activity is retained, compared with
diphtheria toxin, CRM197 has higher purity, uniform structure, and
lysine residues are available and non-toxic, so there is no need to
detoxify by formaldehyde or glutaraldehyde. The detoxification
process of formaldehyde involves intramolecular and intermolec-
ular cross-linking, making the product very heterogeneous and
difficult to purify, and this process also can cause significant
epitope modification, so CRM197 can avoid the problem of
handling a large amount of toxic supernatant, these advantages
make CRM197 have better carrier effect and can become an ideal
protein carrier of polysaccharide conjugate vaccine [64–67].
CRM197 contains two domains joined together by disulfide bonds,
segment A (catalytic domain) and segment B (transmembrane
domain). The B domain contains a subdomain that binds to the EGF
receptor heparin-binding epidermal growth factor-like growth
factor (HB-EGF) and a subdomain that translocation into cells [68].
The role of segment A is still under study. Kaihang Wang et al.,
proposed that fragment A of CRM197 as an intramolecular
adjuvant carrier protein can be fused with non-granular antigens
in conventional genetic manipulations, thereby greatly enhancing
the immunogenicity of E2 protein. Their findings may provide an
example for the design of non-particulate subunit vaccines [54].
Studies have shown that the diphtheria toxinmutant CRM197may
increase the production of Th1 and Th2 secreting T cells during the
immune response, and induce the differentiation and maturation
of B cells through heterogeneous cytokines. Thus, when the
CRM197 is coupled to the capsular polysaccharide, it may cause
stronger antibody response and immune memory [54,69]. Many
CRM197-based polysaccharide conjugate vaccines have been
developed to protect important bacterial pathogens, such as
Streptococcus pneumoniae, Hib, and Neisseria meningitidis serum A,
C, Y, W135. Currently, millions of people around the world have
received these vaccines. There are also vaccines against Staphylo-
coccus aureus, Streptococcus agalactiae (Streptococcus type B),
Salmonella typhi, Salmonella paratyphi,Mycobacterium tuberculosis,
and some pneumococcal conjugate vaccines are in preclinical or
clinical evaluation [62]. Yunsong Chang et al. covalently combined
Arabinomannan (AM) with CRM197 to obtain a conjugate and
investigated its immune activity. Preliminary immunization
studies have shown that the AM-CRM197 immunogen can induce
strong specific antibodies after systemic administration, indicating
that AM-CRM197 has the potential to be a good candidate for a new
carbohydrate-based vaccine and can trigger tuberculosis protec-
tive immune response [70]. However, the method of producing
CRM197 can be through Pfenex technology, that is, to express
CRM197 in Pseudomonas fluorescens, or by fermentation of C7
diphtheriae C7 (β197) strain containing CRM197 gene, the low
yield and management limitations make it unable to meet the
needs of large-scale production of vaccines. Because of this, we
should focus on increasing their production or looking for better
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protein carriers to improve the development of polysaccharide
conjugate vaccine [71].

3.4. Carrier-induced epitopic suppression

Although polysaccharide conjugate vaccines have many advan-
tages, vaccines of this type may have carrier-induced epitopic
suppression (CIES) effect. Research reports indicate that pre-
exposure to the carrier may affect the effectiveness of subsequent
inoculation of the polysaccharide conjugate vaccine containing the
same or antigen-related carrier, enhancing or inhibiting the anti-
CPS immune response. The CIES might be caused by anti-carrier
antibodies facilitating conjugate capture by antigen presenting
cells (APCs) and expansion of carrier-specific B cells [72]. The
mechanism of CIES can be caused by one mechanism or multiple
mechanisms. Pre-existing antibodies against carriers may hinder
and/or promote the absorption of antigen-antibody complexes by
antigen-presenting cells, thereby preventing hapten-specific B
cells from approaching their epitopes, which is beneficial to anti-
carrier B cell reactions but not conducive to anti-hapten B cell
response [69]. Dominant carrier-specific memory B cells may
deprive the necessary resources of hapten-specific B cells, such as T
cells, through a competitive mechanism, and the regulatory T cells
produced by the carrier may interfere with the anti-hapten
response [69]. This phenomenon should attract the attention of
researchers, and should take into account the possible influencing
factors for the development of such vaccines.

4. Coupling chemistry

Bioconjugates play a vital role in life sciences and drug
development, because it provides the ability to combine bio-
molecules with drugs, polymers, nanoparticles, and other com-
poundswith different compositions and functions. As a result, they
have become a major component of many biochemical and
pharmaceutical applications, including protein stabilization, drug
delivery, and gene therapy [73]. The methods used to prepare the
conjugated vaccinemainly include reductive amination, amidation
and etherification reactions, and the conjugated vaccine obtained
by the method combination shows a high degree of stability [74].

Reductive amination is an indispensable method for analyzing
glycomic, which can greatly promotes glycan characterization and
quantification by coupling functional tags at reducing ends of
glycans, and sodium cyanoborohydride (NaBH3CN) and sodium
triacetoxyborohydride (NaBH(OAc)3) are two important reagents
to achieve this reaction [75,76]. However, compared with the
cyanidation chemical method using 1-cyano-4-dimethylamino-
pyridinium tetraflouroborate (CDAP), the yield of the reductive
amination chemical method is not satisfactory, the coupling by
reductive amination usually has lower PS-protein conjugate yields,
and an excessive amount of sodium cyanoborohydride (which
must be removed later) needs to be added, which increased the
cost of vaccines [77].

Cyanylation chemistry was originally created using CNBr to
create reactive cyanoester groups on PS. It was used in the first
conjugate reported by Dr. John Robbins in 1980, and refined by
Merieux using the 1983 version of Robbins [30]. Cyanylation
chemistry usually achieved by activating polysaccharides with
reagents such as CNBr, introducing spacers, activating spacer’s end
groups, and coupling activated polysaccharide-spacer complexes
to natural or activated proteins. The resulting conjugates are cross-
linked and have a very highmolecular weight [78]. Before coupling
the PS to the protein, itmust be activated by chemicalmodification.
Themethods currently used to activate the PS aremainly periodate
oxidation and cyanation. However, the periodate oxidationmethod
may affect the ring structures of PS, change its physical structure
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and lose important epitopes, which is not the case when using the
cyanidemethod [30]. However, the efficiency of cyanide chemistry
method using CNBr is very low, and the direct coupling between
carbohydrate and protein, peptide or lipid usually has the
characteristics of low yield and complex mixture, especially when
the protein and glycans participating in the reaction have multiple
reaction sites or steric hindrance.

Therefore, the basic method of preparing homogeneous
glycoconjugates is to installate an appropriate linker between
protein and polysaccharid, reduce steric hindrance and control
conjugation through highly regio- and stereos elective manner
[79], thus requiring reactive linker. Adipic acid dihydrazide (ADH)
is a commonly used linker, which reacts specifically with the
reducing end of carbohydrates through reductive amination [79].
Meanwhile, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hy-
drochloride (EDAC) is requred in the coupling process as a catalyst.
Subsequently, Douglas EShafer et al. found that the organic
cyanation reagent 1-cyano-4-dimethylaminopyridinium tetra-
flouroborate (CDAP) can be used to activate soluble polysacchar-
ides. CDAP is a water-soluble cyanation reagent with higher
electrophilicity than CNBr, thus allows the cyanation reaction to be
carried out under relatively mild conditions [80]. Compared with
CNBr, CDAP has the characteristics of less toxicity, more friendly to
environment and personnel, simple to operate, can be used at a
lower pH, and has fewer side reactions. The activated polysaccha-
ride is functionalized by exanediamine or adipic dihydrazide,
which can be directly coupled to proteins. The conjugated vaccine
prepared by this method has shown a better immune response,
and most researchers prefer to use CDAP to activate polysacchar-
ides [81,82]. Dain Kim et al. reduced the size of PnPS through
microfluidization, and applicated ADH as a linker, EDAC as a
catalyst to couple polysaccharides with CRM 197, they successfully
obtained polysaccharide conjugates, and conducted further
research on it. The results were satisfactory [83]. The technical
route for preparing polysaccharide protein conjugate vaccine can
be seen in Fig. 3 [84,85]. Khadijeh Ahmadi et al., prepared
immunoconjugates by adding ADH (as an efficient linker) and
EDAC (as a carboxyl activating agent) to the purified polysaccha-
ride in turn, and then subjected to a series of treatments. The
conventional polysaccharide/protein content determination was
[(Fig._3)TD$FIG]

Fig. 3. Common technical route for preparing polysaccharide conjugate vaccine. i) Activ
couple the polysaccharide to the protein to obtain a polysaccharide conjugate vaccine, i
react with the protein to obtain a carbon-nitrogen double bond, the polysaccharide prote
iii) or the protein is activated at the same time as the polysaccharide is activated, the car
polysaccharide, and finally the polysaccharide conjugate vaccine is obtained under the
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performed, and the immunoconjugates were characterized by
reversed-phase chromatography and FTIR spectroscopy. Finally,
the immunogenicity of the conjugated molecules was tested in a
mouse model. The results showed that specific antibodies (total
IgG) titers against conjugate vaccine were higher than nonconju-
gated capsular polysaccharides. The conditioning activity of
conjugate vaccine antiserum is significantly higher than poly-
saccharides alone. In addition, the bacterial load of the conjugate
vaccine group challenged with S. aureus COL strain cells was
significantly reduced compared to the PBS and nonconjugated
control groups. In conclusion, their results indicate that the
immunoconjugates could be developed as a potential vaccine
candidate against S. aureus [86]. Tiansen Li et al., obtained
applicated immunogenic conjugate antigens by using ADH as a
bridge, EDAC as a coupling agent to couple polysaccharides and
proteins. The conjugate was immunized in mice by and determi-
nate the antibody titer by indirect enzyme-linked immunosorbent
assay (ELISA), the results showed that antibodies appeared on the
14th day after immunization and persisted [87]. Although ADH has
beenwidely used as an effective linker, as a six-carbon spacer arm,
ADH cannot effectively reduce the steric shielding between PS and
protein, moreover, the spacer arm may produce a new antigen
structure, which may be harmless or toxic, and may lead to the
production of unnecessary non-protective antibodies. Therefore,
the non-toxic and non-immunogenic long spacer arm is an ideal
candidate for the development of conjugate vaccines, and studies
have shown that polyethylene glycol (PEG) may be a good choice
[88]. PEG hydrogels are easy to modify to allow degradation and
inclusion of biomolecules and other cell adhesion ligands to
promote specific cell functions, its biological purification effect is
widely used for surfacemodification of artificial medical materials.
Additionally, it can also inhibit protein adhesion [89,90].

In future research, we should look for better linkers, and
improve the synthesis method at the same time, so as to obtain
polysaccharide conjugate vaccine with better immune activity.

5. Quality control

Glycoconjugates involve several important aspects, such as
cellular metabolism, structure, assembly and identification, and
ate the polysaccharide by CADP, add the linker ADH, then add EDAC and protein to
i) or use NaIO4 to oxidize the polysaccharide to obtain an aldehyde group, and then
in conjugated vaccine is obtained under the action of the reducing agent NaBH3CN,
boxyl group of the protein reacts with hydrazine, and then reacts with the activated
action of NaBH4. Ps, polysaccharide; Pr, protein.
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are information carriers through biological interaction. In the
study of the structure of these compounds, it is important to
analyze the composition of the carbohydratemoiety and ensure its
physical and chemical properties [91]. WHO provides excellent
guidance for key quality control tests at each stage of Hib conjugate
vaccine, meningococcal conjugate vaccine and pneumococcal
conjugate vaccine. For example, activated polysaccharides should
be tested for their degree of activation and size, carrier proteins
should be tested for purity, and polysaccharide conjugate vaccines
should be tested for stability, identity and etc. [30]. Therefore, after
the successful coupling of polysaccharides and proteins, various
tests are required to ensure its stability, safety and effectiveness.
This section briefly introduces the instruments and methods
commonly used to detect polysaccharide conjugate vaccines.

5.1. Size exclusion chromatography (SEC)

When polysaccharide is used as an antigen, its immunogenicity
is directly related to its molecular weight. Therefore, the
distribution coefficient of SEC can be a standard and also the
requirement that the tested vaccine needs tomeet. SEC is amethod
with rapid and reasonable reproducibility [92], which was initially
performed on a cross-linked agarose gel (Sepharose CL-4B). In
1989, Newland et al. reported high-performance SEC (HPSEC) on a
2-column set packedwith TSKG5000 PWand TSKG2500 PW (Toyo
Soda, Tokyo, Japan) in series, with 0.2mol/L aqueous ammonium
acetate as eluent, which can obtain comparable results in a
relatively short time, the demand for samples is small, and the
molecular weight caused by depolymerization during vaccine
storage distribution changes can be easily detected by HPSEC
technology [93]. In order to confirmmolecularweight, SECmust be
used in conjunction with a detector that provides molecular
weight information. The combination of SEC and light scattering
detectors can determine and/or confirm molecular weight in a
better way. Size exclusion chromatography coupled with multi-
laser light scattering (SEC-MALS) can provide information about
sample size, shape and concentration [94]. At the same time, the
protein in the polysaccharide conjugate vaccine also needs to be
detected. When evaluating the formulation and stability of
therapeutic proteins, it is important to detect aggregates (dimers
or multimers of the protein), because the presence of certain
aggregates can significantly to change the characteristics of
therapeutic proteins, such as efficacy and immunogenicity, and
SEC can be used to detect the aggregates [92], However, if the
protein is non-spherical (such as highly-coiled proteins) and its
stokes radius is greater than the radius of the globular protein, then
the size of the protein or its aggregates may be overestimated. In
addition, if the protein contains carbohydrates or interactswith the
chromatographic column, the protein elution profile may have a
change, resulting in an erroneous estimation of its molecular
weight. To solve these problems, SEC-HPLC could be used in
conjunction with both light scattering and refractive index
detectors to determine the size of protein or its aggregates [95].
SEC has been used to detect the molecular weight and aggregation
of polysaccharides in polysaccharide vaccines. In addition,
according to the research of Tingting Zhang et al., SEC can also
be used for the purification of polysaccharide protein conjugates
[96].

5.2. High performance anion-exchange chromatography coupled with
pulsed amperometric detection (HPAEC-PAD)

The presence of free polysaccharides in vaccine preparations
can reduce the immune activity of conjugate vaccine. Studies have
shown that when the amount of free polysaccharide is higher than
10% of conjugated polysaccharide, it will inhibit type-specific
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immune [97], therefore, the polysaccharide content of the
combined vaccine needs to be tested. HPAEC-PAD is used to
estimate free and total saccharide content for free and total
saccharide contents estimation. HPAEC (also known as ion
chromatography (IC)), combined with PAD provides an effective
platform for the separation and quantification of carbohydrates,
with the characteristics of high selectivity, sensitivity and accuracy
[98], it was developed in 1990 and can be used for detection
without relying on fluorescence or absorption labels. It can track
the fate of substrates and products, so analysts can judge the
success of the reaction [99]. HPAEC-PAD is a good method to
separate neutral sugar, acid sugar and reducing sugar [100]. HPAE-
PAD can detect natural oligosaccharides, although PAD is not as
sensitive as fluorescence detection, the lack of labeling-induced
bias provides a more reliable characterization of components in
the released glycan pool [101]. HPAE-PAD has been used to
quantify polysaccharides, determine the amount of conjugated and
free polysaccharides in glycoconjugate vaccine, measure vaccine
stability, and determine polysaccharide impurities. It has been
used for Hib, Streptococcus pneumoniae, Neisseria meningitis
vaccine, and etc. [102]. Some polysaccharides contain sialic acid
(such as Neisseria meningitidis polysaccharides). Sialic acid is a
family of negatively charged monosaccharides and is a monosac-
charide family sharing a common 9-carbon bone structure. Inmost
cases, they bind to the C3 or C6 of the former sugar with its C2, and
usually exist at the end of the oligosaccharide. The amine group on
C5 of sialic acid is mainly modified to N-acetyl or N-hydroxyacetyl
to formNeu5Ac and Neu5Gc, respectively. Themost common sialic
acid is N-actetylneuraminic acid (abbreviated as NeuAc, Neu5Ac or
NANA) [103,104], mild hydrolysis conditions (weak acid/lower
temperature) are required to depolymerize the polysaccharide to
release sialic acid without causing too much chemical damage
(degradation) in order to quantify by subsequent HPAEC-PAD
analysis [105], M.M. Ho et al., have already explained this in detail
[106]. In simple terms, the steps of the operation are to hydrolyze
glycoproteins or other glycoconjugates in volatile acids (such as
TFA) to release monosaccharides, remove the acid by evaporation,
reconstitute the sample in deionized water, and then inject HPAE-
PAD system analysis. Subsequently, the monosaccharide was
separated on the Dionex CarboPac PA1 column of 16mmol/L
sodium hydroxide mobile phase, and then detected by PAD [107].

5.3. Nuclear magnetic resonance (NMR)

NMR spectroscopy is used for advanced characterization and
quality control of existing and novel products. It can be used for
structural determination and identity/integrity detection of
carbohydrate composition, as well as absolute quantification of
PS [108]. For polysaccharide conjugate vaccines, the identity of
glycan chains needs to be determined, which should include an
assessment of the degree ofO-acetylation (studies have shown that
the presence of O-acetyl groups can affect the immunogenicity
induced by polysaccharides. The results of studies conducted by
David S. Berry et al. showed that the O-acetyl groups of
polysaccharides from meningococcal group A affect their immu-
nogenicity.O-Acetylation is obviously an important parameter that
is maintained during PS protein binding [109]), as labile
substituents may be lost in the manufacturing process [110].
NMR spectroscopy is a powerful analytical technique that can be
used to determine the composition and structure of repeating
units in bacterial polysaccharides, reveal all structural character-
istics of bacterial polysaccharides, monitor the entire coupling
process, study intermediates in the conjugation process, and also
identify and quantify the residual reagents and impurities
generated during this process [111,112]. NMR spectroscopy is used
to analyze glycosidic linkages, ring configuration and anomeric



Table 2
Materials ormethods usually required to prepare polysaccharide conjugate vaccine.

Content detected Method(s)

Polysaccharide content HPAEC-PAD
Phosphorus method
Resorcinol assay

Polysaccharide size SEC
Protein content Lowery method
Identity verification NMR

ELISA
O-Acetyl Colorimetric assay
Coupling SDS-PAGE
ADH HPLCRP
Purification Size-exclusion chromatography

Hydrophobic interaction chromatography
Reverse-phase chromatography
Ammonium sulfate precipitation
Ultrafiltration

Immunogenicity ELISA

HPAEC-PAD, high performance anion-exchange chromatography coupled with
pulsed amperometric detection; SEC, size exclusion chromatography; NMR, nuclear
magnetic resonance; ELISA, enzyme-linked immunosorbent assay; SDS-PAGE,
sodium dodecyl sulfate polyacrylamide gel electrophoresis; HPLCRP, high perfor-
mance liquid chromatography-reversed phase.
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configuration of monomeric units. 2D NMR (nuclear overhauser
effect spectroscopy (NOESY), total correlation spectroscopy
(TOCSY), correlation spectroscopy (COSY)) is the main method
for analyzing the chemical composition of exopolysaccharides
[113]. NMR spectroscopy can check the chemical integrity of
industrially produced sugar vaccine products, which provides a
conventional release test for identifying the identity and consis-
tency of bulk monovalent, blended, activated and conjugated
polysaccharide components in conjugates. Circular dichroism
spectroscopy (CD) is a complementary method of NMR, which
can monitor the secondary structure changes of carrier protein
before and after the binding process [24]. In short, NMR could be
applicated to verify the purity, structure and identity of PS, and has
been used for the systematic physical and chemical characteriza-
tion of meningococcal vaccines [114].

5.4. Enzyme-linked immunosorbent assay (ELISA)

Since the introduction of ELISA in 1971, it has become the first
choice for the determination of soluble antigens and antibodies.
ELISA shows the antigen-antibody reactions through the color
change produced by enzyme-linked conjugate and enzyme
substrate and is used to identify the presence and concentration
of molecules in biological fluids [115,116]. Enzyme-linked immu-
nosorbent assay (ELISA) is widely used for quantification of various
polysaccharides and antibody reaction after vaccination with
polysaccharide conjugate vaccine. To determine the anti-Hib
antibody titer in human serum, a commercial enzyme-linked
immunosorbent assay kit can be used [117]. Because the structure
and characteristics of the tested substances are not always the
same, a variety of ELISA types have been developed to improve the
specificity of themeasurement, such as direct ELISA, indirect ELISA,
sandwich ELISA, competitive ELISA [115]. According to refs.
[118–120], ELISA has beenwidely used to detect the corresponding
antibody titers of meningococcal polysaccharide conjugate vac-
cine, pneumonia polysaccharide conjugate vaccine and Hib
polysaccharide conjugate vaccine. ELISA is now widely used to
detect antibodies against protein antigens. Because these sub-
stances have many acidic groups, usually with a net negative
charge, and have poor adsorption to plastics and other support
materials, it is difficult to apply this technique for antibody
measurement to bacterial polysaccharides, Barry M. Gray et al.
solved this problem by first covalently binding the polysaccharide
to the protein and then adsorbing it on the plastic, thereby fixing
the polysaccharide antigen. The coupling method is simple, fast
and uses a small amount of antigen. This makes the application of
ELISA technology suitable for quantitative antibody determination
possible [121]. Fátima Reyes et al. established four sandwich ELISAs
for quantifying capsular polysaccharide (CP) in conjugated and
plain meningococcal CP-based vaccines. ELISA shows good
precision and high sensitivity. The results show that these assays
are suitable for screening multiple vaccine samples and can be
used for batch-to-batch consistency and stability analysis [122].
Although NMR can be used to identify the identity of PS, building
the NMR laboratory requires a lot of investment, which increases
the cost of the vaccine. Therefore, WHO recommends that ELISA
can be used as an alternative test for PS identify [123].

5.5. Others

In addition to the several commonly used instruments
described above, there are many other methods for detecting
the quality of polysaccharide conjugate vaccines. After the
polysaccharide and protein are coupled together, it is necessary
to determine the success of the coupling. Sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) has been used for
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protein separation and molecular weight determination for
decades, and can be used to detect whether the protein and
polysaccharide in the polysaccharide conjugate vaccine are
successfully coupled [124]. For conjugates that are successfully
coupled, we need to perform quality control on their proteins,
polysaccharides, and some of the main reagents used in the
synthesis process. Linker-ADH used in the synthesis process, the
residual amount needs to be detected. After derivatizing the
polysaccharide conjugate vaccine with PBA, high performance
liquid chromatography-reversed phase (HPLCRP) was used to
analyze the residual amount of ADH [125]. The conjugate needs to
be purified, currently available methods for purifying polysaccha-
ride conjugate protein vaccines include size-exclusion chromatog-
raphy, hydrophobic interaction chromatography, reverse-phase
chromatography, ammonium sulfate precipitation and ultrafiltra-
tion and etc. [126]. Parinaz Emami et al., apply the results of Hadidi
et al., and Emami et al., to improve the performance of
ultrafiltration to purify the conjugated vaccine (which is highly
charged vaccine conjugate made by coupling a CPS from S.
pneumoniae to CRM197). After this team’s research, their method
can remove more than 98% of the free polysaccharides, which is a
major improvement compared to the previously reported purifi-
cation results for such conjugate vaccines. These results demon-
strate the potential of using ultrafiltration/diafiltration to purify
the conjugate vaccine product [126]. The use of HPAEC-PAD to
quantify the amount of polysaccharide in the vaccine is described
above. In addition, the total polysaccharide in the purified
conjugate can be estimated by the resorcinol assay. The amount
of free sugar is measured after combining the sample with sodium
deoxycholate. In addition, PS content can also be measured by the
phosphorus method [96,127]. Some polysaccharides are O-
acetylated, such as meningococcal group C capsular polysacchar-
ides, for this class of polysaccharides, the O-acetyl content should
be monitored [128], the O-acetyl content of PS can be determined
by colorimetric assay [129]. Protein concentration can be
measured by Lowry method [130]. The quality control of
polysaccharide conjugate vaccine is very important. When
preparing polysaccharide conjugate vaccines, the quality of
polysaccharide conjugate vaccines should be strictly controlled
tomeetWHO’s various quality control requirements for vaccines to
ensure their safety, stability and effectiveness. We have briefly
summarized the test contents and test methods of the polysac-
charide conjugate vaccine mentioned in this review (Table 2).
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6. Conclusion and perspective

This review introduces the development, preparation, and
equipment currently used for quality control of polysaccharide
conjugate vaccines. Recent years, the development of polysaccha-
ride conjugate vaccines is rapid, but the marketed polysaccharide
conjugate vaccines are still few and cannot fully meet the needs.
Especially for developing countries, the cost and technical shortage
of preparing polysaccharide conjugate vaccines have slowed the
development of polysaccharide conjugate vaccines. There are
many factors can affect the immunogenicity of glycoconjugates
vaccines, such as the length of the sugar, the amount of
incorporated sugar, the type of sugar or charge on the nonreducing
terminal end, coupling chemistry and the linker used for coupling,
the carbohydrate chain is still a controversial issue, and it is
reported that different vaccine candidates require different lengths
to produce the best immune response. At the same time, the size of
sugar must be sufficiently large to represent of the native antigen
epitopes (antigenic epitopes are a dangerous signal to stimulate
and mature APC, and then activate T cells) [88,127,131]. Therefore,
in the process of developing vaccines, we need to take these factors
into consideration and take certain measures to control their
quality. Although the carriers currently used in polysaccharide
conjugate vaccines, such as DT, TT, CRM197, have good effects and
are widely used, the observed effect of CIES is still a problem that
cannot be ignored.We should find themechanism that causes CIES
and propose possible solutions. Studies have shown that PEG
coupling can significantly reduce TT-specific IgG titers caused by
PS-TT, thereby enhancing PS-TT-induced PS-specific IgG titers,
thereby enhancing PS-TT-induced PS-specific IgG titers degree
[132]. At the same time, we should develop more protein carriers
that can be used to prepare vaccines to promote the development
of polysaccharide conjugate vaccines. As Fikri Avci et al. put
forward, we should: i) understand the effect of the size of the
polysaccharide or the size of the conjugate on the immune
response, ii) evaluate the immune mechanism of the carrier
protein to change the immune response, iii) conductmore research
to verify the impact of CIES, iv) understand the correlations leading
to the competition of polysaccharide-antigen Basic immunological
mechanisms, v) discover and applicatemore useful analytical tools
to analyze various characterizations of polysaccharide conjugate
vaccines, vi) study the effect of coupling chemistry on the
immunogenicity of polysaccharides, etc. [133]. Vaccine prepara-
tions as biological products are a special class of drugs, and their
quality control requirements are particularly strict. WHO has
different requirements for the quality control of different vaccines.
Each country also has its own requirements, although there are
many instruments andmethods that can be used to detect vaccines
and are constantly being improved and supplemented, we should
find more advanced instruments or more rigorous detection
methods to quantify the substance of polysaccharide conjugate
vaccine and verify its immunogenicity. In addition, adjuvants can
be added to the polysaccharide conjugate vaccine to enhance
immunogenicity. Adjuvants have been widely used in vaccine
development in recent years. Adjuvants can be used to enhance
specific immune responses against antigens. The development of
combination vaccines also requires consideration of appropriate
delivery routes and adjuvants. Some researchers have suggested
that Toll-like receptors (TLR) can be used as a built-in adjuvant to
participate in the development of vaccines during the vaccine
development process, which can have a better immune effect [7].
Combining the conjugated vaccine and adjuvant in the same
delivery system is considered to be more effective than co-
administration in increasing the activity of the irritating adjuvant.
And studies have shown that the use of β-glucan and Toll-like
receptor 7 agonist (TLR7a) in combination with meningococcal
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conjugate vaccine can significantly improve PS-specific immuno-
genicity [132]. Drug delivery vehicles can effectively encapsulate
drugs and deliver them to target tissues at the desired level for
treatment without breaking down the therapeutic agent. Several
drug carrier systems have recently emerged, such as nanoparticles,
hydrogels, microspheres, liposomes, and polymer micelles, which
adsorb, encapsulate and covalently bond drugs through complex
methods [134]. We can apply the carrier concept to polysaccharide
conjugate vaccines to improve their immunogenicity. Junfeng Liu
et al. designed a simple and competent nanocarrier of mannose
modified PEGylated branched PEI25k (PEI-PEG-Man), the research
results show that PEI-PEG-Man nanoparticles encapsulate CpG
(PEI-PEG-Man@CpG) may be used as a powerful carrier for in vitro
engineering to promote DC targeting and maturation, thereby
improving the efficiency of vaccines against cancer or infectious
diseases [135]. Therefore, in the future development, we should
consider in many ways, and strive to improve its effectiveness
while ensuring its safety and stability.

In short, we can see that the polysaccharide conjugate vaccine is
a kind of vaccine with great development potential and can be a
sharp edge for us to prevent diseases. At the same time, we can also
try to expand its application fields to other fields, such as tumors,
tuberculosis, influenza, which may have unexpected results.
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