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Abstract

Neisseria gonorrhoeae infection (gonorrhoea) is a global public health challenge, causing
substantial sexual and reproductive health consequences, such as infertility, pregnancy
complications and increased acquisition or transmission of HIV. There is an urgency to controlling
gonorrhoea because of increasing antimicrobial resistance to ceftriaxone, the last remaining
treatment option, and the potential for gonorrhoea to become untreatable. No licensed gonococcal
vaccine is available. Mounting observational evidence suggests that N. meningitidis serogroup

B outer membrane vesicle-based vaccines may induce cross-protection against N. gonorriioeae
(estimated 30%—-40% effectiveness using the 4CMenB vaccine). Clinical trials to determine

the efficacy of the 4CMenB vaccine against N. gonorrhoeae are underway, as are Phase 1/2
studies of a new gonococcal-specific vaccine candidate. Ultimately, a gonococcal vaccine must be
accessible, affordable and equitably dispensed, given that those most affected by gonorrhoea are
also those who may be most disadvantaged in our societies, and most cases are in less-resourced
settings.

This vaccine value profile (VVVP) provides a high level, holistic assessment of the current

data to inform the potential public health, economic and societal value of pipeline vaccines.
This was developed by a working group of subject matter experts from academia, non-profit
organizations, public private partnerships and multi-lateral organizations. All contributors have
extensive expertise on various elements of the N. gonorrhoeae VVP and collectively aimed to
identify current research and knowledge gaps. The VVP was developed using published data
obtained from peer-reviewed journals or reports.

Summary

The development of this Vaccine Value Profile has been commissioned by WHO’s Immunization,
Vaccines and Biologicals (1'VB) department on the recommendation of IVB’s Product
Development for Vaccines Advisory Committee, to an independent contractor. All authors are
independent subject matter experts and the authors alone are responsible for the views expressed in
this manuscript.
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Introduction

1.1. The global public health need for a vaccine

Neisseria gonorrhoeae infection (gonorrhoea) is a global public health challenge. There are
an estimated 82 million new gonorrhoea cases among adults each year, with the highest
disability-adjusted life years (DALYS) in low- and middle-income countries (LMICs),
particularly in sub-Saharan Africa, Southeast Asia and Oceania [1,2]. There is urgency

in controlling gonorrhoea because of increasing antimicrobial resistance (AMR) and the
potential for gonorrhoea to become untreatable [3]. Untreated gonorrhoea can lead to a
wide range of sexual and reproductive health consequences, including infertility, adverse
pregnancy outcomes, and elevated risk of HIV acquisition and transmission. Globally, there
has been variable success in controlling gonorrhoea (through public health campaigns,
treatment efforts, sexual health education, behavioural counselling, and encouraging
consistent condom use). The incidence is rising in high-income countries, primarily among
key populations. In LMICs, lack of access to testing has resulted in no significant change in
incidence. Furthermore, the pipeline of new antimicrobials for the treatment of gonorrhoea is
scarce.

No licensed gonococcal vaccine is available. However, there is renewed interest in
developing a gonococcal vaccine after reports of decreased rates of gonorrhoea by

31 % amongst those vaccinated with a strain-specific outer membrane vesicle (OMV)
meningococcal serogroup B vaccine (MeNZB) in a retrospective case-control study of
14,730 sexual health clinic attendees in New Zealand [4]. Further evidence from two studies
from the United States and Australia confirmed that the 4CMenB vaccine (Bexsero, which
includes MeNZB’s OMV, but also contains additional antigens) could lower the acquisition
of gonorrhoea by 30-40 % [5,6]. The World Health Organization (WHO) released preferred
product characteristics (PPCs) for gonococcal vaccines in 2021 [7,8], and called for vaccine
development to achieve the global health sector strategy for sexually transmitted infections
(STIs) target to reduce gonorrhoea incidence by 90 % by 2030 [9].

1.2. Current methods of surveillance, diagnosis, prevention, and treatment

1.2.1. AMR surveillance—High-quality and representative gonococcal AMR data are
imperative to monitor AMR trends, identify emerging AMR, and inform refinements

of global, international and national clinical management guidelines and public health
policies. The WHO Global Gonococcal Antimicrobial Surveillance Programme (GASP)
has documented the emergence and spread of AMR in gonorrhoea globally since 1992.
The GASP is a worldwide laboratory network coordinated by focal points and regional
coordinating centres. In partnership with its WHO regional office, each designated
regional focal point collates data on antimicrobial susceptibility patterns in gonorrhoea in
participating countries. Surveillance data should be collected — including breakpoints for
AMR, frequency of collection, number of isolates, and interpretation of local AMR data.
Further guidance for surveillance of AMR in N. gonorrhoeae is available from WHO [67].
A WHO Enhanced GASP (EGASP) has also been established and is currently expanded
internationally. The WHO EGASP collects quality-assured and standardised gonococcal
AMR data linked to key clinical and epidemiological variables [68].
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1.2.2. Laboratory diagnosis—Primarily, diagnosis of gonococcal infections is made
with nucleic acid amplification testing (NAAT), but culture and Gram stain are also options
[69]. NAAT is the preferred method because of its high sensitivity and specificity, but it

is expensive and requires more sophisticated laboratory infrastructure and technical staff to
provide accurate results, making it relatively inaccessible in many LMICs. NAAT does not
provide information on antimicrobial susceptibility, so culture should be conducted in those
diagnosed with gonococcal infections by NAAT to guide management and monitor patterns
of AMR [70].

Culturing N. gonorrhoeae requires good samples collected at the point of care, proper
transportation of samples and appropriate laboratory culture techniques. The process can

be complicated because N. gonorrhoeae viability is difficult to maintain during transport.
Culture offers a cheaper alternative to NAAT but has lower sensitivity. Gram stain
microscopy can diagnose symptomatic gonococcal infection in male urethra but has poor
sensitivity and frequently suboptimal specificity for samples collected in the cervix, rectum,
and oropharynx [70].

In most LMICs, laboratory testing for gonorrhoea is not possible due to the lack of
resources. Instead, N. gonorrhoeae infection is confirmed based on clinical presentation.
This approach works relatively well for men as they are more likely to present with
symptoms of gonococcal urethritis, but most gonococcal infections in women as well

as oropharyngeal and rectal infections are asymptomatic and are therefore at risk of

being undiagnosed [70]. The lack of access to antimicrobial susceptibility testing, the

low sensitivity and the poor positive predictive value (PPV) of syndromic management of
gonorrhoea are concerning, as this can result in lack of treatment, incorrect antimicrobial
treatment as well as overuse of antimicrobial therapies, further fueling the current crisis of
AMR [71].

1.2.3. Prevention—Sexual health promotion remains the major prevention method for
N. gonorrhoeae infection; this includes public health campaigns, sexual health education,
behavioural counselling, and consistent condom use. A review article published in the
Bulletin of the World Health Organization presented multiple studies that demonstrated

a significant reduction in the incidence of gonorrhoea in association with condom use
[72]. Though the effectiveness of safe sex education and promotion of condom use has
contributed to limiting A. gonorrhioeae infection, in the last two decades, adherence to
condom use during sex has waned, coinciding with the expansion of other HIV prevention
methods such as treatment as prevention (TasP) and pre-exposure prophylaxis (PrEP) [73].
Prophylactic use of antibiotics (e.g. doxycycline) may reduce incidence of bacterial STls,
however, this is not currently recommended pending the results of ongoing clinical trials
(Tables 1-4).

1.2.4. Treatment—The current recommended first-line empirical antimicrobial therapy
in most countries is a combined antimicrobial regimen of intramuscular ceftriaxone 250-
1000 mg and oral azithromycin 1-2 g [70,74]. Some countries such as the UK and

the US have moved away from recommending this dual therapy to just a monotherapy

of ceftriaxone 1000 mg and 500 mg, respectively [75,76]. This therapy can clear most
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gonococcal infections but is under significant threat of treatment failure since the first
occurrence of unsuccessfully cleared pharyngeal gonorrhoea with recommended ceftriaxone
plus azithromycin dual therapy in 2016. Only after treatment with an increased dosage of
ceftriaxone and azithromycin did the pharyngeal swab return negative [77]. In 2018, the

UK and Australia reported the first gonorrhoea case resistant to ceftriaxone and showing
high-level resistance to azithromycin [78]. In 2022, a new N. gonorrhoeae strain with
resistance to ceftriaxone combined with high-level azithromycin resistance caused a failure
to treat a urethral gonorrhoea case in Austria [79], raising further concerns of gonorrhoea
becoming an untreatable infection.

Since the emergence of ceftriaxone-resistant gonococcal strains, gonorrhoea has developed
resistance against all available antimicrobial monotherapies. Effective antimicrobials are key
to gonorrhoea control, and until any vaccine becomes available, new antimicrobials must be
developed and tested for treating gonorrhoea. A few new antimicrobials are already studied
for treating N. gonorrhoeae infection, such as gepotidacin and zoliflodacin. Nevertheless,
further research is still required [54].

1.3. Summary of knowledge and research gaps in epidemiology, potential indirect public
health impact and economic burden

2.

The meeting report from a WHO global consultation on the public health value and PPCs
of gonococcal vaccines outlined the knowledge gaps, data and research needs for developing
gonococcal vaccines [8]. See Section 10 below for details on these research gaps.

Potential target populations and delivery strategies

The WHO PPC document outlines preferences and key considerations related to target
populations for gonococcal vaccines [7]. The choice of the target population(s), e.g., broad-
based vaccination of young people and/or targeted vaccination of specific populations at
higher risk for gonococcal infection, may vary across different settings, and will depend on
factors such as:

. gonococcal epidemiology.

. vaccine efficacy in those with prior infection.
. duration of vaccine protection.

. cost-effectiveness analyses.

. programmatic considerations.

In settings where target populations for the MenB vaccine already include young people,
such as those entering university or military recruits, vaccinating with an OMV-based

MenB vaccine to also prevent gonococcal infection could be relatively straightforward [7].
However, the uptake of existing MenB vaccines is low globally. Expanding the indication of
the existing MenB vaccine to include the prevention of gonococcal infection could improve
the cost-effectiveness of the vaccine and expand its use in more countries.
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3. Neisseria gonorrhoeae and its consideration as a public health priority
by global, regional or country stakeholders

The potential for recent increases in gonococcal AMR to compromise gonorrhoea control
and worsen sexual and reproductive health outcomes has led stakeholders at the global,
regional, and country level to consider Neisseria gonorrhoeae a public health priority.
Global strategies related to both STIs and AMR have recognized gonorrhoea as one of
the prioritized pathogens requiring immediate action for control [3,7,93-95], and this has
been mirrored in regional and national action plans [96,97-99,100, 101-105]. In addition,
several global vaccine-related initiatives reinforce the importance of gonococcal vaccine
development as a public health priority, as do efforts related to the role of vaccines in the
fight against AMR [100,101,104,105].

4. Existing guidance on preferences/preferred product attributes for
vaccines against Neisseria gonorrhoeae

WHO has developed PPCs for gonococcal vaccines through a global consultative process
[7]. Table 4 is reproduced from the WHO PPCs with permission. This table outlines

the preferred characteristics and notes related to “ideal” gonococcal vaccines, namely,
those specifically formulated to optimize efficacy against gonococcal infection and related
adverse SRH outcomes, and includes additional notes for MenB vaccines with potential
cross-protection against gonococcal infection.

5. Vaccine development

There is no protective immunity to natural infection with N. gonorrhoeae, and reinfections
are common. No immunologic surrogates or correlates of protection against N. gonorrhioeae
are known. However, observational studies of OMV-based N. meningitidis serogroup B
(MenB) vaccines have demonstrated likely cross-protection against N. gonorrfioeae, with
population-level reductions in gonococcal infection incidence as measured by NAATSs [4-6].
Table 5 outlines considerations related to the feasibility of gonococcal vaccine development,
and Table 6 summarizes the status of ongoing clinical trials of 4CMenB (Bexsero) and of the
OMV-based Neisseria gonorrhoeae generalized modules for membrane antigens (GMMA)
(NgG) investigational vaccine to prevent gonorrhoea. Other approaches in pre-clinical trials
use purified protein subunit; natural and genetically modified OMVs from N. gonorrhoeae or
N. meningitidis, or lipooligosaccharide epitope vaccines [34,108,109] (see Tables 7-10).

5.1. Probability of technical and regulatory success (PTRS)
See Table 5

5.2. Overview of the clinical trials of vaccine candidates
See Table 6 and Fig. 1.
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6. Health impact of a vaccine on the burden of disease and transmission

There is mounting evidence for the moderate effectiveness of the outer membrane vesicle-
based vaccine, 4CMenB, in preventing gonorrhoea in vaccinated young people. Although
this effect is consistent across several studies and is estimated at between 30 and 40 %
using more robust methodologies such as matched case-control studies, the observational
nature of these studies does not allow a causative effect to be substantiated. The randomised
control trials (RCT) listed in Table 6 will provide direct data on the efficacy of 4CMenB
and NgG against gonorrhoea. The impact of 4CMenB on gonorrhoea where co-infection
occurs is conflicting, with some studies reporting lower effectiveness and others showing
no difference. Long-term protection requires further evaluation as some studies suggest
protection against gonorrhoea may wane after 3—4 years. Modelling studies indicate that
even a low-efficacy vaccine against gonorrhoea, even as low as 20 %, could significantly
reduce disease incidence and burden (Table 7). As women are more affected by the
complications of gonococcal infection such as PID and infertility, any reduction in disease
will improve women’s health globally.

7. Social and/or economic impact of a vaccine

Studies evaluating the social and/or economic impact of a gonococcal vaccine are limited
(Table 7). Economic evaluation models in the US context demonstrated that a gonococcal
vaccine would be needed to prevent rising costs of emerging AMR [131], and would be
cost-saving [126].

8. Policy considerations and financing

At the global level, a WHO policy recommendation by the Strategic Advisory Group of
Experts (SAGE) for immunization and WHO prequalification of gonococcal vaccines would
be first steps for consideration of financing by Gavi, the Vaccine Alliance for low-income
countries. Gavi evaluates new vaccines for financing in Gavi-eligible countries through its
Vaccine Investment Strategy (VIS). The VIS process provides a transparent mechanism for
assessing vaccine products using several criteria, including health and economic impact,
the contribution of equity and social protection, feasibility and implementation costs. To
date, the WHO Product Development for Vaccines Advisory Committee (PDVAC) has
endorsed PPCs for gonococcal vaccines which are now published. PPCs describe vaccine
attributes that would optimize impact, and outline critical data needs that are expected to
facilitate policy decision-making. Key factors influencing the likelihood of global policy
recommendations and financing include a better understanding of the global burden of
disease due to gonorrhoea and the status of gonococcal AMR.

The greatest burden of gonorrhoea is in LMICs; however, given limited resources,
Gavi-eligible countries will likely require Gavi financing to support the introduction of
gonococcal vaccines. For LMICs that are not Gavi-eligible, policymakers need to make
decisions on gonococcal vaccines based on the local epidemiologic context and the potential
impact and cost-effectiveness of gonococcal vaccines. The same is true for HICs: despite
greater resources for new vaccine introduction, the burden of gonococcal infection and
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disease is typically lower in general populations and mostly focused in smaller populations
at higher risk. A WHO policy recommendation will be important for non-Gavi-eligible
LMICs, but decisions will be informed by the country’s National Advisory Committees on
Immunization. Generation of the data and evidence that will be needed for policymaking
(at the national and global level) and Gavi financing can accelerate the pathway to vaccine
introduction and use, in countries and target populations with the greatest need.

Of note, the policy and financing considerations for a standalone gonococcal vaccine
will differ from those for MenB vaccines with some efficacy against gonorrhoea. An
additional indication for an existing licensed/prequalified vaccine will simplify policy
decision-making and likely improve cost-effectiveness given the potential impact on two
conditions. However, the epidemiologic overlap between the two conditions in different
settings, overlap in target populations, and cost and cost-effectiveness considerations will
guide policy and financing decisions.

9. Access and implementation feasibility

Various aspects of access and implementation feasibility will differ for standalone
gonococcal vaccines compared with MenB vaccines with potential cross-protection against
gonococcal infection, as well as according to target populations (e.g., broad-based
vaccination of adolescents versus targeted vaccination of individuals at higher risk) in
different settings.

10. Research gaps

11.

A WHO global consultation on the public health value and PPCs of gonococcal vaccines,
held in January 2019, brought together a multidisciplinary, international group of experts

to assess the current evidence base surrounding potential health, economic, and societal
value of gonococcal vaccines, their likely acceptance and use, and preferred product
considerations. The findings of this meeting were summarized and published [8]. Table 11,
reproduced with permission from this meeting report, outlines the knowledge gaps, data and
research needs for developing gonococcal vaccines. For references, please see the original
meeting report.

Conclusion

The case for developing a vaccine for N. gonorrhoeae has become increasingly stronger,
given an imminent threat of untreatable gonorrhoea with rapidly rising AMR. This
potentially preventable STI affects an estimated 82 million people yearly [1], causing a
substantial disease burden and economic costs. . gonorrfioeae is a high-priority pathogen
for addressing AMR by WHO and several other regional and national public health agencies
and ministries of health.

Existing control measures have proved insufficient. In recent years, adherence to condom
use during sex has been weaning off, coinciding with the expansion of HIV prevention
methods such as TasP and PrEP for HIV infection [73]. Further, the stigma associated

with STIs, the costs of accessing quality-assured molecular diagnostics associated with low
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testing coverage among priority populations, reliance on syndromic management leading to
over-consumption of antibiotics, and inconsistent availability of antimicrobial susceptibility
testing means that gonorrhoea is underdiagnosed and inadequately managed, particularly

in LMICs. Screening and treating asymptomatic gonococcal infection would be ideal.
However, even if affordable, feasible tests are made available globally, increasing AMR
threatens the ability to use screening and treatment as a control measure.

Vaccination will be essential to control this pathogen and reach the WHO Global STI
Strategy targets to reduce gonorrhoea incidence by 90 % by 2030 [9]. Humans can

develop humoral and cellular responses following infections; however, these do not induce
long-lasting immunity and protect against re-infection. Vaccine-induced immunity would
need to be distinct from immune responses elicited through natural infection. Mounting
evidence suggests that N. meningitidis serogroup B OMV-based vaccine may induce cross-
protection against N. gonorrhoeae (30 %—40 % efficacy using the 4CMenB vaccinations),
and clinical trials are underway to determine the efficacy of the 4CMenB vaccine against

N. gonorrhoeae, along with Phase 1/2 studies of a new gonococcal-specific vaccine
candidate. Population-based [4—6] and modelling studies [82,126-128] already demonstrate
the potential to reduce infection burden and transmission, even if a vaccine is only
moderately effective (as low as 20 %). Economic studies predict significant cost-savings and
reductions in disease burden with scaling up gonococcal vaccination [126,131]. Integrating
gonococcal vaccines with current vaccine delivery infrastructure for key target groups (e.g.
young people through school-based programs) or opportunistic vaccination for specific
populations at higher risk (e.g. MSM attending sexual health services), provides possibilities
for implementation and scale-up.

Ultimately, a gonococcal vaccine must be affordable and equitably dispensed, given

that those most affected by gonorrhoea are also those who may be most disadvantaged

in our societies, and most cases are in less-resourced settings. To accelerate vaccine
development and implementation, there are ongoing research priorities related to obtaining
better epidemiologic data regarding . gonorrhoeae infection, disease, AMR and natural
history; modelling gonococcal infection, disease, AMR, economic burden and theoretical
vaccine impact and cost-effectiveness, particularly from LMICs; advancing basic science,
translational, immunobiologic, and clinical research; and encouraging investment and
planning for policy and implementation decisions in advance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Overview of candidate vaccines for gonococcal infection in clinical trials.
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