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Neisseria gonorrhoeae

. Techriology
elop. - 106 million cases/year (WHO 2012)

+ sexually active

+ gonorrhea - massive neutrophil response

+ sequelae include acquired blindness,
pelvic inflammatory disease and urethral exudate

female infertility

elicits little immunological memory

facilitates HIV transmission
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HIV & Neisseria gonorrhoeae:
Clinical and epidemiological synergy

« Positive correlation has been appreciated for over two decades

« Gonorrhea is associated with a 2-5 fold increased rate of male to
female HIV-1 transmission iening answasseret, 1999

* Women with laboratory-diagnosed N. gonorrhoeae infections have a
7-fold increased risk of HIV-1 acquisition msaa eta. 2012)

« Concurrent infection is associated with:
— Increased HIV-1 Viremia gz eta. 2000, nwengasong et i 2001)
— Decreased CD4* T lymphocyte counts @z eta. 2000
— Decreased CD8* T lymphocyte responses auieta, 2002)

« The treatment of symptomatic N. gonorrhoeae infection leads to
decreased HIV-1 DNA detected in urogenital tract swabs in HIV* men
and WOMEN (anys et 1067 woss et 1055)

* N. gonorrhoeae directly stimulates HIV replication by shedding HBP,
a novel innate immune agonist weor e, 2015 caueteta, 2015

1. Necessity...
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Impact of Gonococcal Urethritis on
HIV Titers in Seminal Plasma
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“Treatment failure to the last resort of treatment for
gonorrhea — third generation cephalosporins — has
been confirmed in Austria, Australia, Canada,
France, Japan, Norway, Slovenia, South Africa,
Sweden and the United Kingdom.”

Media centre

WHQO’s first global report on antibiotic
resistance reveals serious, worldwide
threat to public health

New WHO report provides the most comprehensive picture of
antibiotic resistance to date, with data from 114 countries

News release

30 APRIL 2014 | GENEVA - A new report by WHO-ts first to look at
antimicrobial resistance, including antibiotic resistance, globally-reveals.
that this serious threat is no longer a prediction for the future, itis
happening right now in every region of the world and has the potential to
affect anyone. of any age. in any country. Antibiotic resistance-when
bacteria change so antibiotics no longer work in people who need them
to treat infections~is now a major threat to public health

2. Potential...
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Bactericidal Antibody in Genital Infection
Due to Neisseria gonorrhoeae

Abstract

ilus), there i no ciear role for such antibodies in protection
apuns gonoeocsl infetion.

Dennis L. Kasper, Peter A. Rice,
and William M. McCormack

From the Channing Laboratory, Depariment of Medicine,
Haruard Medical School, aud the Departments of Medicine
and Medical Microbiology, Baston City Hospital,

Boston, Masachusetts

Woested the bpotss tat i
uionsudy o 27 st o (e selo of A sonerioesy v conindons s
mlu mﬂeﬂl in ?ne sl.nnll ‘communi B inescapable. First, humans must have evolved natural defence
quent gonococcal infections. Women were examined and cul-  mechanisms against a pathogen that can so profovndly affct

isalates were typed according to protein 1 serovar, auxotype,
and war and

reproduction. Second, that N. gonorrhoeae must bave evolved
‘mechanisms for evading these defences, 1o confinue to coexist

straiin. The hypothesis was tested by comparing the predictions
of the hypothesis with the abservations of the study. Over the
14-m0 period of the study, major changes in

Over the past decade,
of part of the ccologic relationships between N. gonorrhoede
and humans has advanced considerably. We now know that

specific serovars were observed in the gonococeal population
infecting these women. Women with HIV infection experi-
enced  higher rate of gonococcal infection (0.56:0.03 vs.
0.46:0.04, P < 0.05, ¢ test) compared with HIV-negative
women and were more [ikely to experience multiple infections
the same strain. The daration of prosti
versely related to the frequency of gonococeal infection.
Women experiencing an infection with a specific gonococcal
Serbvar were af a 2- to 10-Told rediced risk of refnfecion wih
e same serovar, except for the 1B-1 serovar. The resulls of
e stuly were consistent with all four predictions of the hy-
thesi

th the homologous serovar. The mechanism of his protee-
tion remains to be determined.

is dynamic (6-8). We have also leamed that within human
populations certain segments (9, 10) (iermed high frequency
transmitters) are respansible for confimued endemiciy of .
gonorrhoeae in human communities.
‘We have advanced the hypothesis that the diversity and
dynsmism of gonococcal populations are ecologic defeace
. hat altow N. in

10 N. gonorrhoeae (11). According to the hypothesis, protective.
strain-specific immunity develops after  natural gonococeal
infection, ultimately resulting i immunity of the high fre-
quency transmitter population 1o the specific gonococcal
Strains, In the fuce of this population immunity, a given gono-
coccal strain dies out. New strains must be confingally evolv-
ing for N. gonurrhoeac to persist in the population. This hy-
pothesis has been expressed by others as well (12). In this

JC1 1989 83:1472-6

An assay of bactericidal antibody has been developed to study the host response to
infection Neisseria gonarrhoeae. This tesi for
of women who were exposed 1o N. gonorrhoeae but who did noi become in-
fected, of patients with various types of genital infection with N. gonorrhoeae, and
of a small number of individuals with no histary of gonorrhea, Antibody was found
in the sera of <817, ed o

ibody was performed on

o of men and women with uncomplic acoceal infec

tion. Prolonged mucosal infection with the gonococcus (>33 days) correlated with
the presence of bactericidal antibody. Bactericidal antibody was not detected in
957 of the specimens of acute-phase serum obuained from women with gonacaceal
atory discase. The convalescent-phase_sera of 107,

pelvic inflar of women with
clinically scvere pelvic i disease showed a_rise in titer of b
antibody tw the infecting strain of N. gonarrhoeae, whereas only 119, of the con

valescent-phase sera of with mild or moderately severe discase showed a simi-

e

lar rise.



Enhancement of Adaptive Immunity to

Neisseria gonorrhoeae by Local Intravaginal

Administration of Microencapsulated
Interleukin 12

Yingra L, Nejat . Eglms, and Wichae! W Russll

11D 2013 208:1821-9

Vaginal administration of
microencapsulated IL-12 administered
during primary infection leads to more
rapid immune-mediated clearance to
secondary infection

Correlates with heightened Thl
response, and generation of
gonococcal-specific serum IgG and
mucosal IgA and 1gG

Microencapsulated anti-IL-10 or anti-
TGFB had a similar effect
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Gonococcal Antigens under Investigation

Evidence for

Antigen Function protective potential
2C7 mimetic Bactericidal LOS epitope Protective by active and passive
immunization

TbpB, TbpA Transferrin receptor Abs block uptake of iron from Tf

MtrE OM channel of MtrCDE Protective by active immunization
active efflux pump system

PorB Nutrient acquisition, serum Protective with VRP; loop-specific
resistance, invasion peptides induce cross-reactive,

bactericidal Abs

AniA Anaerobic growth, Abs to nonglycosylated AniA
biofilm formation block nitrite reductase function

Lst LOS sialylation; protects Abs reduce surface sialylation
against innate effectors

OmpA Adhesin, invasin Bactericidal Abs

OpcA Adhesin, invasin Bactericidal Abs

4. Preclinical.
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3. Antigens...

Research

Quantitative Proteomics of the Neisseria
Gonorrhoeae Cell Envelope and Membrane
Vesicles for the Discovery of Potential
Therapeutic Targets*s

-ASBMB

Ryszard A. Zielket, Igor H. Wierzbickit, Jacob V. Weber}, Philip R. Gafkens,
and Aleksandra E. Sikorat1]

Candidates Identification

Candidates Selection and Evaluation

&

Fm? A

o/

+ + |+ 168 common surface proteins identified by
proteomic comparison of gonococcal strains

+ Immunogenicity and functional studies on-going

Female Mouse Model:

A Tool for Gonorrhea Research

Characteristics of Infection:
 Vaginal colonization for 10-12 days

+ 6 in cervicovaginal lumen and tissue and within the lamina propria

+ Influx of PMNs in vaginal smears, tissue

* Proinflammatory response due to TLR4-dependent
induction of Th17 responses (Feinen, 2010)

BALB/c mouse

+ Poor antibody response; susceptible to reinfection

Proven useful for:

+ Studying gonococcal evasion of innate effectors

+ Identifying immunological pathways

» Product testing (antibiotics, vaginal microbicides, vaccines

Jerse 2011. Front Microbiol.
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Moving Ahead: "Humanizing' the Mouse Human CEACAMs facilitate N. gonorrhoeae
ucosal adherence and pe

hCEACAM

* Hysterectomy samples from 23 patients ‘/;—1,_\ _ ,E».\‘

=~ 3 ™~

* Stained with monoclonal antibodies specific to L;M;/ v L%:;{
CEACAM1, CEACAMS5 or CEACAM6 " :

Wildtype hCEACAM

a-CEACAM1 q-CEACAMS Lumen Lumen

)

‘ Red: CEACAM Blue: DAPI

Ectocervix Endocervix Uterus

‘ 8h post infection

Charu Kaushic, Varun Anipindi & Epshita Tslam Transcervical infection, B-estradiol, uterine tissue Epshita Islam

Local and systemic cytokine induction during Neutrophil recruitment into Ngo-infected
uterine infection of CEACAM-humanized mice uterine tissues

Upper Genital Lower Genital
Tract fissue Tract fissu Serum
74 CEABACI _WCEACAMT

PBS Control Ngo-Infected

mctcpe otech

Transcervical, Depoprovera, 108 Ngo/mouse. 1 day post infection

Transcervical infection, B-estradiol, uterine tissue Epshita Islam

Experimental Human Gonorrhea

* Since the late 1980’s, controlled human infection studies
conducted in the US under appropriate ethical review
with full written informed consent

* Existing program at the University of North Carolina
provides a unique opportunity to study pathogen factors
and host responses in human infection under controlled
conditions.

* Experimental urethral infection of male volunteers is safe
(>200 subjects inoculated without serious complications)

* Wild-type GC elicit signs and symptoms of natural
infection.

5. Clinical...

Marcia Hobbs




2/10/2015

Current eligibility criteria Current experimental protocol
¢ Written informed consent obtained at screening followed
7 ’ by a T/F test of understanding.
¢ Inclusion . . . . . . .
Health le. 18-35 Id O * On day of inoculation, subjects admitted to inpatient unit
— nealthyma Ae, “32yearso /\ of clinical research center at UNC Hospitals for 6 day trial;
— Normal genital exam

written informed consent obtained again.
— Willing to abstain from sexual activity during study o
¢ ~240 pL of PBS containing 10*-10°

. i 5
Exclusion organisms instilled into anterior ‘y!
— History of sexually transmitted infection urethra through sterile #8 French
— Positive serology for HIV, syphilis, HBV, HCV pediatric catheter.

— Abnormal complement activity

— Allergy to penicillin, ceftriaxone, ciprofloxacin or
lidocaine

¢ Subjects examined daily for signs & symptoms of
urethritis up to 5 days after inoculation. May leave the
unit during the day if asymptomatic.

Marcia Hobbs Marcia Hobbs

Treatment and follow-up

« All subjects receive ceftriaxone (250mg IM),
either on request due to symptoms, or prior

to end of trial, whether or not cultures are * Past observational studies of the natural history
positive. of experimental gonococcal infection with “wild-
. FO”OW-Up visit within 1 week for ta rgeted type” strains (Hobbs et al. 2011 Frontiers in Microbiology)

clinical exam and test of cure. » Ongoing pathogenesis and host response studies

* Final 2-week follow-up phone call to assess with isogenic mutants

potential AEs. * Future vaccine & treatment studies

Marcia Hobbs Marcia Hobbs

Future Priorities

1. Greater focus on vaccine development
— Antigens
— Surrogate measures for assessing immunity
— Continued improvement of preclinical models
2. Ongoing research on basic aspects of pathogenesis and host
response
— Genome-based analyses
— Gonococcal lifestyle within mucosal tissues
— Human experimental and natural history studies
3. Concerted effort toward the goal of vaccine development and
implementation

— Leadership to coordinate interactions between disciplines

6. Looking ahead". — Sustained funding by funding agencies and nonprofit

organizations




The Gonococcal Vaccine Consortium
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