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Key health issues associated with gonorrhoea

= 82 million cases per year

= The majority of infections have no symptoms or only mild symptoms
that may not be recognized as an STI

* Treatment may not be sort or treatment is often empirical
= Infection can have significant long term health consequences
= Antibiotic resistance — may become untreatable

. . . . . . P tionis
= Prevention by vaccination is considered essential for = """
the long term control of gonorrhoea Cure 0

4

https://www.who.int/news-room/fact-sheets/detail/sexually-transmitted-infections-(stis)



Activities to facilitate Iy Griffith

Institute for Glycomics

vaccine development
P WHO preferred product
characteristics for
gonococcal vaccines
i Vaccine afd”e
Eoslbe Volume 38, Issue 28, 9 June 2020, Pages 4362-4373 ; 3
ELSEVIER %
WHO Report

Gonococcal vaccines: Public health value
and preferred product characteristics;
report of a WHO global stakeholder
consultation, January 2019

Sami L. Gottlieb 2 & =, Francis Ndowa 2, Edward W. Hook 111 €, Carolyn Deal d Laura Bachmann ¢,
Laith Abu-Raddad T, Xiang-Sheng Chen 8, Ann Jerse h Nicola Low |, Calman A. MacLennanJ, Helen
Petousis-Harris ¥, Kate L. Seib !, Magnus Unemo ™, Leah Vincent d Birgitte K. Giersing 2,

Gonococcal Vaccine PPC Expert Advisory Group

{73, World Health
&% Organization

https://www.who.int/publications/i/item/9789240039827 et



https://www.who.int/publications/i/item/9789240039827
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Key Target

Indicator Baseline - Targets - Targets -
20202 2025 2030

82.3 million 65.8 million 8.23 million

Number of new cases of gonorrhea
among people 15-49 years old per

H = 90% reduction in the number of new
? cases of gonorrhoea by 2030

Global health sector {[>) Action 103: New vaccines for sexually

strategies on, respectively,

BV, sl hiEpatis and " transmitted infections.

sexually transmitted
infections for the period

2022-2030 @%’iﬂﬁfﬁ'&ﬂ
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Gonococcal vaccine development / evaluation ==

(Subunit, protein
* Lipooligosaccharide
* Quter membrane
\vesicles (OMVs)

~

J

. ‘
Discovery and Regulatory
exploratory Preclinical stage § Phasel studies § Phase Il studies Phase Il trials approval &
stage introduction

= Characterisation of gonococcal
virulence factors as promising vaccine
antigens
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Gonococcal vaccine development / evaluation ==

= |nvestigation of
cross-protection by a [

meningococcal
vaccine against
gonorrhoea

: l \
Discovery and Regulatory
exploratory Preclinical stage § Phasel studies § Phase Il studies Phase Il trials approval &

stage introduction

Meningococcal
4CMenB vaccine




1\ Griffith

Gonococcal vaccine development / evaluation ==

= Mathematical modelling of the potential
impact of a vaccine against gonorrhoea

B
Discovery and Regulatory
exploratory Preclinical stage § Phasel studies § Phase Il studies Phase Il trials approval &
stage introduction

[- Modelling potential vaccine impact ]




Neisseria gonorrhoeae

= Gram negative bacteria

u Only |nfeCt humanS Ng microcolony, x5,000

= Adapt to changing hosts &
host microenvironments

= Array of virulence factors
*Interact and survive within host cells
*Avoid / suppress the host immune response

W\ Griffith

Institute for Glycomics

Environment

® ' o

Humans

—

|

Animals
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Gonococcal virulence factors

Surface structures needed for adhesion,
invasion and immune evasion ’
Opa protein
OQuter
membrane

= Type IV pili o

Periplasm

= Lipooligosaccharide (LOS)

Inner
membrane

= Porin

Cytoplasm

= Opacity-associated protein (Opa)

Iron acquisition and efflux of toxic materials

= Efflux systems

MtrC—MtrD-MtrE

Porin

FarA-FarB
* [ron binding proteins o
Antimicrobials

Fatty acids HpuA-HpuB

Iron

Quillin & Seifert. Nature Reviews Microbiology 16:226—-240 (2018)
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Anti-virulence vaccines institute for Glycomics
= Target bacterial components @ @
essential for infection Adherence to Competition with resident
urogenital epithelium microbiota, nutrient acquistion

and microcolony formation

N. gonorrhoeae

= Less likely to mutate to avoid Opa protein Microbiota e
Immune response Type IV pili

of epithelium

N AT
DA AN

SIORIRIONY UuO |

Quillin & Seifert. Nature Reviews Microbiology 16:226—-240 (2018)
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Variable virulence factors - pilin St

= Antigenic & Phase Variation

Antigenic variation

= Pilin based vaccine tested in clinical trials in
1990s failed e s

Virulence Factors of Neisseria gonorrhoeae

Bayliss, FEMS Microbiol Rev 2009;33:504-520



W\ Griffith

Barriers to gonorrhoea vaccine development R

= Antigenically variable bacteria

> Selection of broadly protective antigens is challenging

= No / limited protective immunity after infection

> Limited data on immune protection to guide vaccine development

= Humans are only natural host

> Difficult to fully test vaccine candidates in animal models that lack

human specific receptors and molecules (e.g., iron sources)
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Gonococcal vaccine development / evaluation ==

CSubunit, protein
* Lipooligosaccharide
* Quter membrane
\vesicles (OMVs)

\

_J

|

Meningococcal
4CMenB vaccine

' ‘ | \
Discovery and Regulatory
exploratory Preclinical stage § Phasel studies § Phase Il studies Phase Il trials approval &
stage introduction

[- Modelling potential vaccine impact ]
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Subunit vaccine candidates under investigation =i lilEcn

Name Description

2C7 Peptide mimic of Ng LOS epitope 2C7

AniA Nitrite reductase

BamA Outer membrane protein assembly factor

MetQ Methionine-binding protein of ABC transporter

MsrA/B Methionine sulfoxide reductase

MtrE Outer membrane channel protein of MirCDE
efflux pump

NHBA Neisseria Heparin Binding Antigen

oMmv Naturally secreted outer membrane vesicles

PilQ Type IV pilus biogenesis and competence protein

ThpA/B Transferrin binding proteins A and B

TdfH TonB-dependent transporter H
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Subunit vaccine candidates under investigation

Name Description

Institute for Glycomics

207 Peptide mimic of Ng LOS epitope 2C7 2
- Evgeny

|:> AniA Nitrite reductase : /45-,3" Semchenko

BamA Outer membrane protein assembly factor E / ‘
|:> MetQ Methionine-binding protein of ABC transporter , Aoy 5
|:> MsrA/B Methionine sulfoxide reductase -

MtrE Outer membrane channel protein of MirCDE

efflux pump

|:> NHBA Neisseria Heparin Binding Antigen

oMmv Naturally secreted outer membrane vesicles

PilQ Type IV pilus biogenesis and competence protein

ThpA/B Transferrin binding proteins A and B

TdfH TonB-dependent transporter H
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Antigens are involved in growth & survival

Institute for Glycomics

AniA, nitrite reductase 1
/ R = Anaerobic respiration
= Biofilm formation

Virulence factors

NHBA, Neisseria heparin binding antigen 2
Conserved = Serum resistance
= Adherence

Exposed

MsrA/B, Methionine sulfoxide reductase 3
= Oxidative stress defence

MetQ, component of methionine importer 4
= Nutrient uptake
= Adherence

NS /

1. Shewell et al (2017) DOI: 10.1371/journal.pone.0182555. 2. Semchenko et al (2020) DOI: 10.3390/vaccines8020219.
3. Jen et al (2019) DOI: 10.3389/fimmu.2019.00137. 4. Semchenko et al (2017) DOI: 10.1128/1A1.00898-16.



Antigens are conserved

-

o

Virulence factors

Conserved

Exposed

~

J

Antigen
AniA
MsrA/B
NHBA

MetQ

Genome Sequence
presence conservation

100/100 >98.6%
100/100 >99.6%
100/100 >97.3%
100/100 100%

1. Shewell et al (2017) DOI: 10.1371/journal.pone.0182555. 2. Semchenko et al (2020) DOI: 10.3390/vaccines8020219.
3. Jen et al (2019) DOI: 10.3389/fimmu.2019.00137. 4. Semchenko et al (2017) DOI: 10.1128/1A1.00898-16.

1\ Griffith

Institute for Glycomics

Widely
expressed

v

N N X
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Antigens are surface exposed & immunogenic

IgG ELISA against whole cell N. gonorrhoeae
- serum from immunised mice

@ )

Virulence factors /
_ N—
AniA ( NHBA \\ MsrA/B MetQ

105_

Conserved
105+ 105+ 106 -

plfhey
105_
104_

104_

Titre

105_

104 H
H 102 T r 102 T T
(-] (/] Sﬁé}

& &
Strain Strain Strain Strain

Exposed

Titre
Titre
>
s
Titre
3 3
s h
b
2
1
— }

1. Shewell et al (2017) DOI: 10.1371/journal.pone.0182555. 2. Semchenko et al (2020) DOI: 10.3390/vaccines8020219.
3. Jen et al (2019) DOI: 10.3389/fimmu.2019.00137. 4. Semchenko et al (2017) DOI: 10.1128/1A1.00898-16.



Do these antigens induce a protective immune N\ Griffith

response ?

= No known correlate
of immunological
protection

= Qur antigens
generate antibodies
with multiple modes
of action

Institute for Glycomics

Cell lysis

&

Bactericidal
»’
\ Opsonophagocytic
Vaccine
induced
antibodies

Blocking activity

Phagocytosis

%
{///

N ”"M;;rophage

Neutralization
(blocks viral binding
sites; coats bacteria)

- Virus
4

Bacterium




Cell '!(ysis

Serum bactericidal activity (SBA)

Antibody binding triggers membrane
attack complex formation and cell lysis

W\ Griffith

Institute for Glycomics
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Phagocytosis 1\ Griffith

Opsonophagocytic activity (OPA)

Institute for Glycomics

Antibodies and complement opsonise bacteria
and facilitate phagocytosis & killing by neutrophils

_d

e 'Méb.fophage
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AniA & MsrA/B antibodies block enzyme activity Emms

Neutralization

/ (blocks viral binding
= ites; coats bacteri
AniA ( MsrA/B sites; coats bacteria)
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NHBA & MetQ antibodies block binding to human [kt
cervical & urethral epithelial cells

\\_
NHBA | MetQ
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Gonorrhoea vaccine candidates e

(Subunit, protein R

* Lipooligosaccharide . _ L
. Outer membrane Antigen optimisation

_vesicles (OMVs) * Formulation

R

e

-————

4

B
Discovery and Regulatory
exploratory Preclinical stage § Phasel studies | Phase Il studies Phase lll trials approval &
stage introduction
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Gonorrhoea vaccine candidates et for Scoes

 Meningococcal
4CMenB vaccine

Discovery and Regulatory

approval &
introduction

exploratory Preclinical stage § Phasel studies § Phase Il studies Phase lll trials
stage




Pathogenic Neisseria

Neisseria gonorrhoeae &
Neisseria meningitidis

= Closely related
= Share most genes/ virulence factors
= N. meningitidis is encapsulated

Component

= Cause distinct diseases

= Distinct vaccine development
pathways

- Capsule

— PorA

W\ Griffith

Institute for Glycomics

M. elongats 25315
M. slcon 29256

N, mucosa 25996
— M. subllava NJ9T03
L W favescens NRL3ID03
—— M. cinarea 14685
M. polysacchamna 43763
N, Ixctamica 23870
M, kactarmica 02008
M. gonoiioess FA10S0
N, gonorfodas NMCCP115945
N. gonorhosas M311
N. mening s MCSS
. maningitidis alphal4®
H N. maningitidis alpha153*
N. meningitidis alpha275"
. meningitids FAMAS
N, meningitols 053442
N, memingitiis 22491

Marri PR, et al. (2010) PLOS ONE
doi.org/10.1371/journal.pone.0011835
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Meningococcal serogroup B (MenB)
vaccines

=Quter membrane vesicle (OMV) vaccines
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THE LANCET Petousis-Harris et al, 2017

- %JI;[/Ie\; Mvemb.rane Vesicle Effectiveness of a group B outer membrane vesicle
( ) Vaccine meningococcal vaccine against gonorrhoea in New
Zealand: a retrospective case-control study

YAl

Dr Helen Petousis-Harris, PhD &5 Janine Paynter, PhD - Jane Morgan, MD - Peter Saxton, PhD - Barbara
McArdle, MCE - Prof Felicity Goodyear-Smith, MD - Prof Steven Black, MD - Show fewer authors

DOI: http://dx.doi.org/10.1016/S0140-6736(17)31449-6 CrossMark

* Developed for MenB epidemic in NZ
* ~1 million vaccinated 2004-2008

» Retrospective case-control study
» People vaccinated with MeNZB were significantly
less likely to get gonorrhoea vs. unvaccinated

* Predicted effectiveness of 31%
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4CMenB / Bexsero sttt for lycormics
= OMV + recombinant protein _
Vaccine = OMV component ldentical to MeNZB

+ 3 protein antigens
= Approved in >37 countries

* 3 case-control studies have shown reduced
odds of N. gonorrhoeae in those vaccinated
with 4CMenB

- estimated effectiveness of 30-40%

..- GNAmo\;_c against gonorrhoea
N- f 'GNA2091 -
.-

Longtin et al., 2017. Abara et al., 2022 Lancet Infect Dis . Wang et al., 2022 Lancet Infect Dis



Griffith
Vaccine 33 (2015) 4520-4525 @m UNIVERSITY

Institute for Glycomics

The potential impact of vaccination on the prevalence of gonorrhea

Andrew P. Craig?, Richard T. Gray?, Jennifer L. Edwards”, Michael A. Apicella®,
Michael P. Jennings‘:!, David P. Wilson®!, Kate L. Seib%:*!

Heterosexual population

Vaccinated 13 year olds
20-100% efficacy — 20 yr protection
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Prevalence of gonorrhoea, %

100%
0 T T T i
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Years after vaccine introduction
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UNIVERSITY
4C M e n B l B exs e ro Institute for Glycomics
* OMV + recombinant protein gy HIDS (T

Vaccine

™ e \
N GNA1030 -
v GNA2091 -c
.-

The Serogroup B Meningococcal Vaccine Bexsero Ehc1ts
Antibodies to Neisseria gonorrhoeae

Evgeny A. Semchenko,' Aimee Tan,' Ray Borrow, and Kate L. Seib"
"Institute for Glycomics, Griffith University, Gold Coast, Queensland, Australia; and Vaccine Evaluation Unit, Public Health England, Manchester Royal Infirmary, United Kingdom

High level of conservation of MeNZB/ 4CMenB
antigens in N. gonorrhoeae

* 18 of the 22 main OMV proteins have a
homologue with >80% identity
 NHBA - 67% identity

Cross-reactivity with N. gonorrhoeae of sera from
humans immunized with 4CMenB

Semchenko et al, 2019, Clinical Infectious Diseases. 69:1101
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Can a meningococcal vaccine prevent
gonorrhoea?
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MenB OMV vaccine trials underway institute for Glycomics
- iImmunogenicity, effectiveness against gonorrhoea

OMY vaccine clinical studies with 4CMenB Clinil;;al Trial
numper

MenGO: Docs the licensed meningococcal vaccine Bexscro® provide cross- ACTRN126190

protection against gonorrhoca? 01478101

Efficacy study of 4CMenB Bexsero® to prevent gonorrhoca infection in gay and NCT04415424

bisexual men GoGoVax

Mucosal immunity against Neisseria gonorrhoeae after 4CMenB vaccination NCT04722003

Study to assess gonorrhoeae immune responses induced by a N. meningitidis vaccine | NCT04094383
4CMcnB
Safety and efficacy study of meningococcal group B vaccine tMenB+OMYV NZ NCT04350138
Bexsero to prevent gonococcal infection

Gonococcal vaccine study in key populations in Kenya BexKPK

NCT04297436

Immunisation for adolescents against serious communicable diseases B Part of it NT | NCT04398849

Source: https://clinicaltrials.gov  https://www.anzctr.org.au/
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Can a meningococcal vaccine prevent LV SuErE
gonorrhoea?

= 2 Clinical trials

= 2-dose schedule of 4CMenB in men who have sex with men (MSM),
either HIV negative taking PrEP or living with HIV

= 3-monthly follow-up over 2 years

* This MSM cohort have high gonorrhoea incidence

*Recommended under Australian guidelines to attend clinics 3-6 monthly
for comprehensive sexual health screening



. . Griffith
Can a meningococcal vaccine prevent LV SuErE
gonorrhoea?

= 2 Clinical trials

= 2-dose schedule of 4CMenB in men who have sex with men (MSM),
either HIV negative taking PrEP or living with HIV

= 3-monthly follow-up over 2 years

* This MSM cohort have high gonorrhoea incidence
*Recommended under Australian guidelines to attend clinics 3-6 monthly
for comprehensive sexual health screening

»Is there less gonorrhoea in the vaccinated group?
» What can we learn from the immune responses we see?



SRR R TG
% MenGO: %

& Does the Meningococcal B 4
<« vaccine prevent %
Q} gonorrhoea? 9,
%fm WeR e n(y
ANZCTR: 12619001478101 v

gl ™ ]

3
’
o

&

-

%Qneensland Government
Gold Coast Health

Gold Coast Sexual Health (GCSHC)
Drs Thng, O’Sullivan

W\ Griffith

Institute for Glycomics

Open-label, randomised controlled trial

130 MSM
« study group - 4CMenB
 control group — unvaccinated

Finished recruiting
Expected results 2024

W
Griffith
UNIVERSITY

Institute for Glycomics

Queensland, Australia

Institute for Glycomics
Drs Seib, Semchenko,
Eskandari, Taha

Y

GOLD COAST
HOSPITAL
FOUNDATION
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G o G o = Double-blind, randomised controlled trial
= 730 MSM

« study group - 4CMenB
e control group — saline placebo
* Recruitment ongoing

* Expected results early 2025
ClinicalTrials.gov - NCT04415424

= Basil Donovan, Andrew Grulich ILV)J ‘ '
= David Lewis Griffith \Kirbylnstitute
w Kit Fairley Institute for Glycomics

Queensland, Australia

= Caroline Thng
= Anna McNulty

= M Law, D Whiley, M Polizzotto,, D Williamson, A Jennison, P«
M Lahra, M Chen, E Chow, R Guy, J Kaldor, M Jennings, Australian Government
C Selvey, J Costello, B Mackie, ACON, Positive Life National Health and

Medical Research Council
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MenGo preliminary data e o

Cellmgj}sis' =

= Sera from 4CMenB-vaccinated individuals kills N. gonorrhoeae

Serum bactericidal activity assay |

*kkk

102+ | =
| | "oe:\ 6@‘\/
" anm ' % P
g 10M EEEE Months O O
- fa [o s
OJ 3 J 6 J
100 . I
0 6 0 6 month

Unvaccinated Vaccinated
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Can a meningococcal vaccine prevent ==
gonorrhoea?

= Can we use 4CMenB to prevent N. gonorrhoeae”?
= Can we identify potential correlates of protection?

= Can we identify new candidate antigens?
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Gonorrhoea vaccine candidates e

(Subunit, protein
* Lipooligosaccharide
* Quter membrane
\vesicles (OMVs)

~

J

' ‘ | \
Discovery and Regulatory
exploratory Preclinical stage § Phasel studies § Phase Il studies Phase lll trials approval &
stage introduction

 Meningococcal
4CMenB vaccine

* Modelling potential vaccine impact
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Queensland, Australia

MSM anatomical site-specific model
MSM vaccinated on presentation for STI testing

The Journal of Infectious Diseases T2 T
YETDS hivma
M A J O R A R T I C L E Infectious Diseases Society of America hiv medicine association OXFORD

A Gonococcal Vaccine Has the Potential to Rapidly Reduce
the Incidence of Neisseria gonorrhoeae Infection Among
Urban Men Who Have Sex With Men

Ben B. Hui,"” Thilini N. Padeniya,' Nic Rebuli,' Richard T. Gray,' James G. Wood,” Basil Donovan,' Qibin Duan,'? Rebecca Guy,' Jane S. Hocking,*
Monica M. Lahra,>® David A. Lewis,”®® David M. Whiley," David G. Regan,"* and Kate L. Seib?

David Regan
Ben Hui
‘ Thilini Padeniya
Kirbylnstitute ~ Richard Gray
\ James Wood

National Institute of
Allergy and . . . .
Infectious Diseases ICGVI: Vaccine Design, Formulation & Implementation



Key findings from MSM model W) St ey

Queensland, Australia

0%-100% transmission suppression and
50% protective efficacy

« Offer vaccination at STI testing 16 T
visits — 30% uptake L Supprgssi;n
12 0%
25%
« Gonorrhoeae elimination 07 i
possible within 8 yrs with 8T 100%

vaccines of 2 50% efficacy 6t
lasting 2 yrs, if a booster is given |
every 3 yrs

m) ICGVI: Vaccine Design, Formulation & Implementation
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(Subunit, protein A

» Lipooligosaccharide _

- Outer membrane * Meningococcal
_vesicles (OMVs) 4CMenB vaccine

Preclinical stage

Regulatory

Discovery and
Phase | studies § Phase Il studies Phase lll trials approval &

introduction

exploratory
stage

[- Modelling potential vaccine impact ]
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»90% reduction in the
number of new cases
of gonorrhoea by 2030

Global health sector

strategies on, respectively,
HIV, viral hepatitis and
sexually transmitted
infections for the period
2022-2030




	��Gonococcal �Virulence Factors & �Vaccine Development ���Kate Seib
	Slide Number 2
	Activities to facilitate �vaccine development
	Key Target
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Can a meningococcal vaccine prevent gonorrhoea?
	Slide Number 33
	Can a meningococcal vaccine prevent gonorrhoea?
	Can a meningococcal vaccine prevent gonorrhoea?
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Can a meningococcal vaccine prevent gonorrhoea?
	Slide Number 40
	MSM anatomical site-specific model �MSM vaccinated on presentation for STI testing�
	Key findings from MSM model
	Slide Number 43
	Slide Number 44

