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INTRODUCTION
GLYCOVAX - A Training Network for the Rational Design of the Next Generation of
Well-Defined Glycoconjugate Vaccines

GLYCOVAX is a European Training Network (ETN) funded in the framework of H2020 Marie
Skłodowska- Curie ITN programme. The GLYCOVAX network aims at the education of promising
young scientists who will learn how to rationally design well-defined and innovative
glycoconjugate vaccines to improve current preventive therapies and tackle unmet medical
needs. The project is based on a profound interaction between the academic and industrial
sectors, involving 8 academic groups and 2 industrial partners. In this highly multidisciplinary
environment 14 Early Stage Researchers (ESRs) are trained in the growing field of glycoscience
and vaccinology, enriching their skills and combining different state-of-the-art methodologies for
the rational design of innovative glycoconjugates.

For more details and news, visit the website www.glycovax.eu.

WORKSHOPS
Six workshops will be organized during GLYCOVAX. In these workshops, the ESRs will attend
seminars from internationally recognized experts in scientific areas related to the network
objectives. The topics selected for the workshops aim at covering the state-of-the-art of
disciplines strongly connected with the GLYCOVAX program. These forums are intended also to
stimulate the establishment of new scientific collaborations inside and outside the network.

In particular, the first Workshop “Introduction on glycoconjugate vaccines” has been
organized by GSKVACSRL, Siena, Italy. Lectures dealt with:
•

•

•

•

•

•

•

Vaccination and the immune system.

Bacterial and viral surface glycans.

Mechanism of action of glycoconjugate vaccines.

Parameters influencing the immunogenicity of glycoconjugates.

Glycoconjugate vaccines on the market.

Semisynthetic and fully synthetic vaccines.

Towards the rational design of novel carbohydrate-based vaccines.

TRAINING EVENT I

17th-21st October 2016 - GSK Vaccines, Via Fiorentina 1, 53100 Siena - Italy
INTRODUCTION ON GLYCOCONJUGATE VACCINES WORKSHOP
17th-18th OCTOBER 2016

09.00-09.15

DAY I

Registration

09.15-09.30

Welcome
Roberto Adamo - GlaxoSmithKline Vaccines, Italy

09.30-10.30

An overview of glycoconjugate vaccines
Paolo Costantino - GlaxoSmithKline Vaccines, Italy

10.30-11.00

Coffee break

11.00-12.00

The design of synthetic vaccines
Luigi Lay - Università degli Studi di Milano, Italy

12.00-13.00

The synthesis of sugar mimetics
Anna Bernardi - Università degli Studi di Milano, Italy

13.00-14.00

Lunch

14.00-15.00

The problem of multivalent formulation: Carrier priming and
immune interference
Maria Rosaria Romano - GlaxoSmithKline Vaccines, Italy

15.00-16.00

GBS vaccines
Immaculada Margarit - GlaxoSmithKline Vaccines, Italy

16.00-17.00

Chemicophysical characterization of glycoconjugates
Francesco Berti - GlaxoSmithKline Vaccines, Italy

17.15

Shuttle for the visit to Rocca delle Macie
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The importance of vaccination
Anna Prugnola - GlaxoSmithKline Vaccines, Italy

10.30-11.30

Bacterial and viral glycans
Roberto Adamo - GlaxoSmithKline Vaccines, Italy

11.30-12.00
12.00-13.00
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13.00-14.00

Coffee break
Bioconjugate vaccines for the prevention of bacterial infecStefan Kemmler - LimmaTech Biologics, Switzerland
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Vaccines for emerging countries
Francesca Micoli - GSK Vaccines Institute for Global Health, Italy
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Clinical development of glycoconjugates
Audino Podda - GlaxoSmithKline Vaccines, Italy
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Technical development of glycoconjugates
Malte Meppen - GlaxoSmithKline Vaccines, Italy
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OVERVIEW OF GLYCOCONJUGATE VACCINES
Paolo Costantino

GlaxoSmithKline Vaccines, Siena, Italy

In this lecture participants have been introduced to glycoconjugate vaccines. The nature and the
function of capsular polysaccharides present onto the surface of many pathogenic bacteria has been
described followed by a short history and features of non-conjugated polysaccharide vaccines which
culminated with the identification of their limitations.
The concept of glycoconjugate vaccines and their historical roots have been introduced also with the
help of two short videos. Their improved immunological features, as compared to polysaccharide
vaccines, have been discussed together with a list of licensed glycoconjugate vaccines against deadly
pathogens like Haemophilus influenzae type b, Pneumococcus and Meningococcus, and others in
development. The different approaches to produce glycoconjugates were then briefly discussed as well
as the quality control applied for their release. In a second part of the lecture the main variables that
influence the glycoconjugate vaccines product profile were discussed and examples of studies
conducted to understand their effect on immunogenicity in animal models were given.
Finally the impact that glycoconjugate vaccines can have on the incidence of bacterial diseases has
been illustrated with two notable examples derived from the experience in the field with serogroup A
and C meningococcal conjugates.
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THE DESIGN OF SYNTHETIC VACCINES
Luigi Lay

Università degli Studi di Milano, Milan, Italy

The lecture deals with the design and development of vaccines based on synthetic carbohydrate
antigens. In the Introduction the basic concepts about the use of glycoconjugate vaccines are briefly
described, highlighting the potential benefits of employing fully synthetic carbohydrate antigens for the
development of new and more efficient glycoconjugate-based vaccines. These concepts are supported
by significant examples, taken from recent literature, of antibacterial vaccines based on synthetic
antigens currently under investigation.
In the following section other relevant examples taken from my personal research activity are illustrated,
concerning the development of a hydrolytically stable synthetic analogue of Neisseria meningitidis A
(MenA) capsular polysaccharide (CPS). In particular, two kinds of potentially stable structural mimics of
MenA CPS have been addressed. First, the synthesis of phosphono analogues is reported, followed by
the preparation and characterization of the corresponding gold glyconanoparticles to enhance their
binding affinity towards the specific anti-MenA antibody. The phosphono analogues have been also
employed for the synthesis of protein neo-glycoconjugates using HSA as a carrier model, and their
biological evaluation is briefly described.
MenA carba analogues, where the endocyclic pyranose oxygen is replaced by a methylene group, are
the second class of stabilized MenA analogues discussed in the lecture. Besides their chemical synthesis,
the immunological evaluation of CRM197 neo-glycoconjugates with short-length carba oligomers is
reported.
The last section of the lecture points out the limitations of traditional glycoconjugate vaccines, identifying
zwitterionic polysaccharides (ZPS) as possible alternative antigens for the development of new
generation vaccines. ZPS display both positive and negative charge centres within a single repeating
unit and seem to behave like T cell-dependent antigens, as they activate T cells through the traditional
MHCII pathway. Finally, two examples of investigation of the mechanism of T cell activation by ZPS are
outlined, namely the synthesis of zwitterionic analogues of Salmonella typhi Vi antigen polysaccharide,
and the use of ZPS as entirely carbohydrate carriers alternative to immunogenic proteins to enhance the
immunogenicity of tumor associated carbohydrate antigens, such as Tn and TF antigens.

5

PHYSICOCHEMICAL CHARACTERIZATION OF GLYCOCONJUGATES
Francesco Berti

GlaxoSmithKline Vaccines, Siena, Italy

In the last ten years, physico-chemical technologies have been extensively applied for structural
characterization of carbohydrate antigens used to prepare glycoconjugate vaccines by their covalent
coupling to carrier proteins. Several approaches using NMR Spectroscopy and Mass Spectrometry
strongly contributes for understanding of the relationship between the polysaccharide structure and its
immunological efficiency.
Purified carbohydrates and glycoconjugate vaccines against bacterial pathogens (i.e. Neisseria
meningitidis, Group B Streptococcus) have been investigated for identity confirmation and
conformational analysis of the saccharide moiety, and for its interaction with monoclonal antibodies.
A combination of physico-chemical techniques can be used for tracking and structural characterization
of polysaccharide antigens, starting from the analysis of the bacterial cells to the final conjugate
vaccine, and ultimately to evaluate the antigen-antibody interaction.
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GBS VACCINES

Immaculada Margarit

GlaxoSmithKline Vaccines, Siena, Italy

Streptococcus agalactiae (Group B streptococcus, GBS) can cause invasive disease in infants born to
mothers carrying the bacteria in their ano/genital tract. Neonatal GBS infections mainly occur within
the first week of life (early onset disease, EOD) or between days 8-90 (late-onset disease, LOD) and
are a major source of global infant sepsis and meningitis with high fatality rates. Up to 38% of infants
surviving EOD/LOD may suffer from long-term sequelae. GBS is also an important cause of maternal
peripartum morbidity.
Intrapartum antibiotic prophylaxis (IAP) administered to mothers at risk of transmitting neonatal disease
has greatly reduced the incidence of EOD. In some regions, risk is determined by recto-vaginal
screening for GBS colonization at 35-37 weeks of gestation, while in others by specific factors including
premature rupture of membranes, fever, suspected amnionitis or previous infant with GBS infection.
However, precipitous labor, false negative screening or antibiotic allergies can lead to IAP failures.
Furthermore, IAP has not reduced the incidence of LOD, and concerns have been raised for possible
induction of antibiotic resistance and negative impact on the neonatal intestinal microbiota.
To date, there are no available anti-GBS vaccines. Yet, the capsular polysaccharide (CPS), its most
important GBS pathogenicity factor, shows great promise as antigen target. Ten CPS serotypes have
been serologically and chemically characterized and found to be antigenically unique. Five of them (Ia,
Ib, II, III, V) account for more than 90% of cases globally. Remarkably, anti-CPS maternal antibody
levels have been shown to be associated with serotype-specific reduction of neonatal disease risk.
Therefore, vaccination of pregnant women may represent an effective strategy for neonatal disease
prevention in the form of placentally-transferred anti-CPS antibodies. Antibody thresholds predictive of
neonatal protection have been derived from observational studies comparing anti-CPS IgG titers in sera
from colonized mothers and those delivering non-infected babies. An important question concerns the
relationship between maternal CPS-specific antibody concentrations and functional activity, and how
natural exposure and vaccination affect these two variables. Recent PhI/II clinical studies have shown
that multivalent vaccines based on CPS conjugates of major serotypes are safe for the mother and the
infant, and elicit functional anti-GBS IgGs transferred with high rates to the fetus. These results shed new
optimism onto the concept that maternal conjugate vaccines are technically feasible for the prevention
of such a devastating disease.
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THE PROBLEM OF MULTIVALENT FORMULATION: CARRIER PRIMING AND
IMMUNE INTERFERENCE
Maria R. Romano

GlaxoSmithKline Vaccines, Siena, Italy

Glycoconjugate vaccines are safe and efficacious tools to prevent infection and mortality against
different encapsulated bacterial pathogens.1-3 These vaccines are composed of carbohydrate antigens
covalently bound to a carrier protein which provides T-cell epitopes that confer a T dependent character
to the saccharide moiety. Five carrier proteins are currently included in licensed glycoconjugate
vaccines: Diphtheria toxoid (DT), Tetanus toxoid (TT), CRM197 (a non-toxic mutant of diphtheria toxin),
outer membrane protein complex (OMPC of N. meningitidis serogroup B) and Protein D, derived from
non-typeable H. influenzae (NTHi).4,5 Current pediatric immunization programs in the modern
vaccination schedules are becoming more complex, such as administration of several vaccines
simultaneously and multiple exposure to multiple vaccines based on the same protein carriers,
increasing the concern that repeated exposure to the same or antigenic related carriers might interfere
with the anti-carbohydrate response. Multivalent conjugates administration and vaccines
coadministration can be associated with immune interference such as carrier-specific enhancement of
T-cell help, carrier-inducedepitopic suppression (CIES) or bystander interference.6-7 Carrier priming
and suppression effect were investigated in animal studies and different behaviors between DT, TT and
CRM197 protein carriers were reported.8-10 The impact of the immune interference might be avoided or
reduced by using novel carrier proteins. Novel carriers might help to overcome immune interference in
multivalent vaccines containing several polysaccharide-conjugate antigens and also to develop
vaccines which target both protein as well saccharide epitopes of the same pathogen.11
References:
[1]

Costantino P, Rappuoli R, Berti F. Expert Opin Drug Discov 2011;6:1045–66.

[2]

Berti F, Adamo R. ACS Chem Biol 2013;8:1653–63.

[4]

Bröker M et al, Biologicals 2011;39(4):195-204.

[3]

[5]

[6]

De Gregorio E, Rappuoli R. Nat Rev Immunol 2014;14(7):505-14.
Knuf M et al, Vaccine 2011;29:4881-4890.

H. Findlow and R. Borrow (2016) Human Vaccines & Immunotherapeutics 12:1, 226-230.

[7]

K.Probe et al. (2014) Vaccine 32, 1423–1430

[9]

Pecetta S et al, Vaccine 2015;33:314-320.

[11]

Tontini M et al, Vaccine 2016;34:4235-4242

[8]

[10]

8

Tontini M et al, Vaccine 2013;31:4827-4833.

Pecetta S et al, Vaccine 2016;34:2334-2341.

THE IMPORTANCE OF VACCINATION
Anna Prugnola

GlaxoSmithKline Vaccines, Siena, Italy

In the context of the meeting which was held in Siena in November 2016, I was asked to give a lecture
about the value of vaccinations.
In most of the scientific curricula, there is no formal education on vaccinology, so that most scientists have
limited knowledge of the impact that vaccinations had on the well-being and health of the human species.
Therefore the lecture was aimed at presenting the most relevant data concerning vaccine use and impact; it
was shown that the incidence of infectious diseases greatly diminished in the last century whereas chronic
diseases increased. Of course the decrease of infectious diseases is due to a number of concomitant factors
but the immense contribution of vaccines should not be neglected. For example, the only disease in the
history of human mankind which was eradicated form the earth was an infectious disease for which a
vaccine became available in the late 18th century: smallpox. Smallpox vaccine was widely used until total
eradication of disease was obtained.
Enormous progresses were also shown in the fight against polio virus, which was the cause of severe
diseases and sequelae up to the sixties of the past century. Polio has not yet been eradicated but a global
fight has enormously reduced the incidence of the disease and the number of countries where wild polio
virus is still circulating.
Notwithstanding this important and impactful cases, vaccines are still surrounded by a number of false
myths which create what is commonly referred to as “vaccine hesitancy”.
A number of common myths were therefore discussed and data were shown to proof that the value of
vaccination is much bigger that it is commonly considered.
A balanced presentation of scientific data about vaccination was given (showing also common side effects
of vaccination) so that the audience could be exposed to a factual description of vaccine features.
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BACTERIAL AND VIRAL GLYCANS
Roberto Adamo

GlaxoSmithKline Vaccines, Siena, Italy

The bacterial cell envelope is coated by a dense layer composed of fibrous polysaccharides and
globular glycoproteins, named glycocalyx. This structure helps bacteria to survive in unpredictable and
often hostile environment, and at the same time allows the selective passage of nutrients from the
outside and waste products from the inside.
The surface of both Gram-negative and Gram-positive bacteria is generally covered by a
polysaccharide layer called capsule (Filloux and Whitfield 2016, Hendrickx, et al. 2011).
A given bacterial species might have strains with structurally different capsular polysaccharides resulting
in different serogroups or serotypes. Below the capsule, Gram-negative bacteria are characterized by
an outer membrane from which anchored lipopolysaccharides and membrane proteins protrude.
In contrast, Gram-positive bacteria lack an outer membrane but are surrounded by a much thicker layer
of peptidoglycans compared to Gram-negatives. In Gram-positive bacteria, threading through the layer
of peptidoglycans, there are teichoic acids.
Carbohydrates, like β-glucans, mannans, chitins and others, are also predomimant components of the
surface of fungal species (Gow, et al. 2017). Many of these structures have been targetd to develop
carbohydrate-based vaccines.
Despite the structural differences, three main biosynthetic pathways are known: termed Wzx/Wzy
dependent, ATP-binding cassette (ABC) transporter dependent, and synthase dependent (Cuthbertson,
et al. 2010, Willis and Whitfield 2013). The understanding of these mechanisms is opening new
perspectives in glycoengineering proteins to manufacture vaccines.
N-linked glycosylation is one of the most common forms of protein modification also in viruses.
Differently from bacteria, viruses employ the host system for glycosylation. Typically
A high mannose core is attached to the amide nitrogen of asparagine of the motif Asn-X-Ser/Thr.
This attachment occurs early in protein synthesis, followed by a complex process of trimming and
remodeling of the oligosaccharide during transit through the endoplasmic reticulum (ER) and Golgi.
Glycosylation impacts the role of the viral glycoproteins in stability, antigenicity and host cell invasion.
Paradigmatic examples are the highly glycosylated human immunodeficiency virus-1 (HIV-1) envelope
protein (Env) and influenza hemagglutinin (HA) (O’Connell, et al. 2016; Rathore, et al. 2014)
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BIOCONJUGATE VACCINES FOR THE PREVENTION OF BACTERIAL INFECTIONS
Stefan Kemmler

LimmaTech Biologics AG, Schlieren, Switzerland

To overcome the challenges of chemical conjugation, LimmaTech Biologics AG employs an innovative
technology (bioconjugation) acquired by GSK in 2015 to develop conjugate vaccines against multiple
bacterial pathogens. Bioconjugation is based on an enzymatic, site-directed, in vivo conjugation of a
polysaccharide antigen to specifically introduced asparagine residue within a carrier protein in
recombinant E. coli and results in a highly defined product. This scalable technology produces
homogenous and well characterized bioconjugates after simple microbial fermentation in a highly
reproducible manner, without the need for chemical conjugation and additional consecutive extractions
of proteins or polysaccharides.
Using the bioconjugation platform, more than 20 vaccine candidates towards different pathogens were
developed using a range of different carrier proteins enzymatically conjugated to O-antigen or capsular
polysaccharides.
As a consequence of the simplicity of the product and the robustness/consistency of its process of
manufacture, the time from TT to GMP release can be kept to a minimum strongly supporting the
development of multivalent vaccines.
The data presented here exemplify the key characteristics of the bioconjugation technology by the
development, characterization, preclinical and clinical testing of a bioconjugate vaccine candidate
targeting Shigella flexneri serotype 2a. Shigella spp. are a major cause of moderate to severe diarrhea
and dysentery in children under 5 years of age in low and middle income countries, and in travelers to
those areas but no vaccine is currently licensed. Flexyn2a is a bioconjugate vaccine that conjugates the
O antigen of Shigella flexneri 2a (Sfl2a) to the exotoxin A of Pseudomonas aeruginosa (EPA). In Phase
1 study a good safety and robust immunogenicity profile was shown.
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VACCINES FOR EMERGING COUNTRIES
Francesca Micoli

GSK Vaccines Institute for Global Health, Siena, Italy

GSK Vaccines Institute for Global Health (GVGH) has the ambition to develop effective and affordable
vaccines for neglected diseases in impoverished communities. Despite the success of vaccination in the
last decades, there are still many infectious diseases in need of a vaccine, especially in LMICs, where
multiple barriers, scientific, regulatory and economic, have so far prevented the effective deployment of
vaccines that target even the most common infectious diseases.
Here, two different technologies, glycoconjugation and Generalised Modules for Membrane Antigens
(GMMA) have been compared for the development of an O-antigen based vaccine against invasive
nontyphoidal Salmonella, major cause of community-acquired bacteremia in Africa for which no vaccine
is available. The O-antigen portion of Salmonella lipopolysaccharide has been implicated as a target of
protective immunity and O-antigen-based vaccines are currently under development.
GMMA are outer membrane vesicles naturally released by Gram-negative bacteria mutated to increase
blebbing. Salmonella strains were genetically manipulated by deletion of tolR to induce GMMA
production. O-antigen from corresponding wild type bacteria were extracted and conjugated to
CRM197 as carrier protein. Purified GMMA, conjugates and their O-antigen chains were fully
characterized. GMMA and O-antigen conjugates were compared in immunogenicity studies in mice.
O-antigen on GMMA had similar structural characteristics to O-antigen conjugated to CRM197. When
tested in mice, GMMA induced greater serum bactericidal activity and more diverse IgG subclass profile compared with equivalent quantities of glycoconjugate vaccine only inducing IgG1. Presence of
Alhydrogel strongly increased the immune response induced by the conjugate, while no major effect
was observed on the immune response induced by GMMA. Both GMMA and conjugate vaccines
resulted in reduced bacterial colonization of spleens and livers of challenged mice.
Given to simplicity of production and induction of highly functional in vivo antibody responses, GMMA
are a promising strategy for the development of an affordable vaccine against nontyphoidal
Salmonella.
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CLINICAL DEVELOPMENT OF GLYCOCONJUGATE VACCINES
Audino Podda

GSK Vaccines Institute for Global Health, Siena, Italy

The methodological approach to clinical development of conjugate vaccines is not significantly different
from that used for other vaccines in Phase 1-4 clinical trials.
However, the immunological and protective profile of these vaccines must be carefully assessed to confirm that they have the key characteristics which differentiate conjugate vaccines from polysaccharide
vaccines. More specifically, the following aspects should be evaluated: a) Increased immunogenicity
across age groups; b) Induction of immunological memory; c) Immunogenicity in infants and toddlers; d)
Clinical protection against disease in infants and toddlers; e) Effect on bacterial carriage and transmission; f) Indirect mechanisms of protection (e.g., herd immunity).
During the presentation, examples of clinical trials designed to address the above aspects will be presented for various conjugate vaccines, including Haemophilus influenzae type b, Neisseria meningitidis,
Salmonella typhi and Pneumococcal vaccines.
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