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A B S T R A C T

Introduction: Gonorrhea remains a major global public health challenge due to its rising incidence, association 
with severe complications, and growing antibiotic resistance. Vaccine development against N. gonorrhoeae 
presents a promising solution, with particular focus on leveraging existing vaccines that offer potential cross- 
protective effects. This study evaluates the potential effectiveness of outer membrane vesicle (OMV)-based 
meningococcal B vaccines in preventing N. gonorrhoeae infections.
Methods: A systematic search was performed in PubMed, Embase and Scopus with no language restrictions until 
December 10th, 2024. Data were extracted independently by two researchers and effect estimates were syn
thesized using a random-effects model. We sought for odds ratios, relative risks, hazard ratios, or prevalence 
ratios of N. gonorrhoeae diagnoses between recipients of OMV-based vaccines and either unvaccinated individuals 
or those vaccinated with other vaccines. Vaccine effectiveness (VE) was calculated as (1 – Effect Size [ES]) x 100 
%. Subgroup analyses by comparator, intervention (type of OMV-based MenB vaccine administered and number 
of doses) and type of effect estimate were conducted.
Results: Nine out of 814 screened items met the inclusion criteria; all of them were observational (three cohort 
and five case-control studies) except one randomized clinical trial (RCT). OMV-based meningococcal B vacci
nation was linked to a statistically significant reduction in N. gonorrhoeae diagnoses overall (pooled ES: 0.70, 95 
% CI: 0.61–0.81, p < 0.001), namely pooled vaccine effectiveness (VE) estimated at 30 % (95 %CI: 19 %–39 %).
Conclusions and relevance: While randomized clinical trials are necessary, the findings of this systematic review 
and meta-analysis highlight the potential effectiveness of OMV-based vaccines in terms of gonorrhea prevention.

1. Introduction

Gonorrhea is among the most prevalent sexually transmitted diseases 
(STDs) globally [1]. Neisseria gonorrhoeae infections pose a significant 
public health challenge, as they are linked to severe complications, 
including infertility in women and pelvic inflammatory disease [2], with 
rising incidence rates [1]. According to the recent Centers for Diseases 
Control’s (CDC) treatment guidelines for sexually transmitted infections 
it is the second most commonly reported bacterial communicable dis
ease (available at https://www.cdc.gov/std/treatment-guidelines/g 

onorrhea-adults.htm). Over the last decade, the incidence of gonor
rhea has nearly doubled in numerous countries [1], with an estimated 
82 million new cases reported worldwide in 2020 [3]. This surge 
highlights the urgent need for effective control and prevention 
strategies.

Effective antibiotic treatment has historically been crucial in man
aging gonorrhea. However, N. gonorrhoeae has shown a remarkable 
ability to develop resistance to antibiotics, including ceftriaxone, the last 
remaining option for first-line empirical monotherapy [4]. This growing 
antimicrobial resistance, coupled with the limited availability of new 
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antibiotics, highlights the critical necessity for innovative public health 
strategies. This situation is further exacerbated by the absence of novel 
antibiotics, creating an urgent need for alternative solutions.

One promising strategy is the development of a vaccine against 
N. gonorrhoeae, which could reduce infections and potentially prevent 
the development of resistant strains. However, several challenges 
impede this goal. The mechanisms of immune protection against 
N. gonorrhoeae infections are not yet fully understood, and natural im
munity following infection is rare, as evidenced by the high rates of 
reinfection [5]. Leveraging existing vaccines that show cross-protection 
against N. gonorrhoeae could offer an immediate solution [6].

Recent research has suggested that the outer membrane vesicle 
(OMV) of Neisseria meningitidis serogroup B (MenB) vaccines might 
provide some protection against gonococcal infections [6–16]. Specif
ically, reductions in gonorrhea cases were observed after the imple
mentation of vaccination campaigns with OMV-based MenB vaccines in 
Cuba, Canada and Norway [7,8,17]. The 4-component serogroup B 
meningococcal vaccine (4CMenB) is currently the sole OMV-based 
vaccine available for serogroup B meningococcal disease. Porin A 
(PorA) is considered the main immunogen of OMV regarding MenB 
[18]. The same OMVs from MenB were also included in older vaccines 
such as the New Zealand meningococcal vaccine (MeNZB) [19], the VA- 
MENGOC-BC in Cuba [7], and the MenBvac in Norway [20]. In addition 
to OMV, 4CMenB combines it with three recombinant antigenic pro
teins: Neisseria adhesin A (NadA), factor H binding protein (fHbp), and 
Neisserial Heparin Binding Antigen (NHBA). Notably, NHBA is the only 
one among these proteins that is expressed on the surface of 
N. gonorrhoeae [21].

We herein present a systematic review and meta-analysis aiming to 
perform a quantitative synthesis of the available evidence on the 
effectiveness of OMV-based MenB vaccines in reducing the risk of 
N. gonorrhoeae infections. By synthesizing the published data, we hope 
to provide a comprehensive assessment of the potential role of these 
vaccines in controlling N. gonorrhoeae infections, thereby informing 
future public health strategies and vaccination policies.

2. Methods

2.1. Search strategy

This systematic review and meta-analysis follows the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 
2020) guidelines [22]; the PRISMA checklist is provided in Supple
mental Table 1.

The study protocol was registered with PROSPERO (Registration No: 
CRD42024542628). We conducted a systematic search in PubMed, 
EMBASE, and Scopus databases (search concluded on December 10th, 
2024). Detailed search algorithms for each database are included in the 
Supplemental Text. No language restrictions were applied. Reference 
lists of previously published systematic reviews and all eligible articles 
were systematically searched using a ‘snowball’ procedure.

All citations from each database were imported into a reference 
manager (Zotero) by two researchers independently, and duplicates 
were removed. Following initial screening of titles and abstracts, full 
texts of studies were assessed. Two authors independently selected 
studies; any disagreements were resolved by a senior author.

2.2. Eligibility

2.2.1. Inclusion criteria
We included studies involving any population having undergone 

MenB vaccination. Eligible study designs included quantitative studies 
such as randomized controlled trials, cohort studies, and case-control 
studies.

The present search focused on studies that reported N. gonorrhoeae 
infection rates among individuals vaccinated with an OMV-based MenB 

vaccine compared to those who were either unvaccinated or vaccinated 
with a different meningococcal vaccine. We sought prevalence ratios, 
hazard ratios, odds ratios, and relative risks for N. gonorrhoeae infections 
between these groups.

2.2.2. Data extraction
The following study characteristics and outcomes were extracted by 

two researchers independently and any disagreement was resolved by 
consulting the senior authors: title, first author and publication year, 
location and date of study, study design, sample size, population char
acteristics, comparison group characteristics, participant age (mean, 
median and age range), definition of N. gonorrhoeae infections, type of 
MenB vaccine used, outcome measures and main results. Inter-rater 
agreement during study selection was assessed using Cohen’s kappa. 
Any discrepancies in data extraction were resolved by discussion and 
consensus with the senior authors. In the case of missing or incomplete 
data the study authors were contacted via email in an effort to obtain 
any required information.

2.2.3. Quality and publication bias assessment
Two reviewers independently assessed study quality using the 

Newcastle-Ottawa Scale for observational studies (cohort and cross- 
sectional) and the Cochrane Risk of Bias 2.0 tool for randomized tri
als. Agreement between reviewers across all domains was high, with a 
Cohen’s kappa of 0.94. Discrepancies were resolved through discussion 
and consensus with a senior author.

2.3. Statistical analysis

The pooled effect estimates and 95 % confidence intervals were 
estimated with the random effects (DerSimonian-Laird) model. 
Between-study heterogeneity was assessed by estimating Q-test and I2 

statistic. Odds ratios were converted to relative risks, as appropriate 
according to the Cochrane handbook [23]. Vaccine effectiveness (VE) 
was calculated as (1 – Effect Size [ES]) x 100 %. Subgroup analyses by 
comparator, intervention (type of OMV-based MenB vaccine adminis
tered and number of doses) and type of effect estimate were conducted. 
The level of statistical significance was set at 0.05. Statistical analysis 
was performed with STATA/SE version 16 (Stata Corp., College Station, 
TX, USA).

3. Results

Through our initial search, a total of 814 articles were retrieved; 199 
from PubMed, 311 from Embase, and 304 from Scopus. After removing 
duplicates, 385 items were screened. Detailed information for each 
successive step in the selection of eligible studies is provided in the 
supplemental material (Supplemental Fig. 1 and Supplemental Table 2). 
Agreement between reviewers during the screening process was 
assessed using Cohen’s kappa, which was estimated to be 0.92, indi
cating almost perfect agreement. Discrepancies (16 out of 385 studies) 
were resolved through consultation with a senior author. Ultimately, 
nine studies were included, eight of which were observational; three 
retrospective cohort studies [12,15,16], four case-control studies 
[6,11,13,14], and one study employing both cohort and case-control 
methodologies [10]. However, we only included data from the case- 
control part of the latter study, as it specifically explored the results of 
interest. Additionally, one randomized controlled trial (RCT) was 
included [9].

The first cohort study included 6641 recipients of 4CMenB versus 
26,471 individuals receiving the tetravalent meningococcal vaccine 
MenACWY matched on age, sex, and year of index vaccination [15], the 
second one included 15,760 recipients of 4CMenB versus 15,212 re
cipients of a non-OMV-based MenB vaccine, the meningococcal 
serogroup B-factor H binding protein vaccine (MenB-FHbp) [12] and the 
third one included 51 people living with HIV (PLWH) and compared the 
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incidence rate of gonorrhea before and after vaccination [16].
The case-control studies included 30,904 cases of N. gonorrhoeae 

infection and 197,160 chlamydia controls in total (124,876 chlamydia 
controls [13], 12,487 chlamydia controls [6], 4935 chlamydia controls 
[10], 53,914 chlamydia controls [14] and 948 controls with either a 
chlamydia, syphilis or anal human papilloma virus (HPV) diagnosis 
[11]. Four case-control studies evaluated the 4CMenB vaccine 
[10,11,13,14], whereas one evaluated the MeNZB [6].

The RCT included 544 participants of which 274 received the 
4CMenB vaccine (269 received two doses and 5 one dose) and 270 did 
not receive any vaccination [9].

All studies were conducted in high-income countries: four in the 
United States of America (USA) [12–15], two in Italy [11,16], one in 
France [9], one in Australia [10], and one in New Zealand [6]. The study 
characteristics are summarized in Table 1.

3.1. Results of the meta-analysis

Overall, nine studies were included in the quantitative synthesis: 
three studies reported adjusted odds ratios [6,10,11], which were con
verted to relative risks; two studies reported adjusted prevalence ratios 
[13,14]; two studies reported adjusted hazard ratios [9,15]; one study 
reported an unadjusted incidence rate ratio [16]; and one study pro
vided N. gonorrhoeae case counts for OMV-based and non-OMV-based 
vaccine recipients [12], from which a relative risk was calculated. In 
seven studies, individuals vaccinated with OMV-based MenB vaccines 
were compared to unvaccinated individuals [6,9–11,13,14,16]; one 
study compared them to individuals vaccinated with the non-OMV- 
based MenB-FHbp vaccine [12], and another study compared them to 
individuals vaccinated with the MenACWY vaccine [15].

OMV-based MenB vaccination was associated with a statistically 
significant decrease in N. gonorrhoeae cases overall (pooled ES: 0.70, 95 
% CI: 0.61–0.81, p < 0.001); vaccine effectiveness was consequently 
estimated at 30 % (95 % CI: 19 %–39 %) (Fig. 1).

Regarding subgroup analyses by type of MenB vaccine administered, 
a significant decrease in N. gonorrhoeae infections was observed for in
dividuals vaccinated with two doses 4CMenB (pooled ES: 0.72, 95 % CI: 
0.59–0.88, p = 0.002; pooled VE: 28 %, 95 %CI: 12 %–41 %, Fig. 1), 
more than one doses of 4CMenB vaccine (pooled ES: 0.65, 95 % CI: 
0.50–0.85, p = 0.002; pooled VE: 35 %, 95 %CI: 15 %–50 %, Fig. 1) and 
individuals vaccinated with more than one doses of the MeNZB (pooled 
ES: 0.73, 95 % CI: 0.65–0.82, p < 0.001; pooled VE: 27 %, 95 %CI: 18 %– 
35 %, Fig. 1).

In regard to subgroup analysis by comparator, when comparing 
vaccinated versus unvaccinated individuals a pooled ES of 0.73 (95 % 
CI: 0.63–0.85, p < 0.001, Supplemental Fig. 1) was observed. This 
decrease was also evident when comparing vaccinated individuals to 
recipients of the non-OMV-based MenB-FHbp vaccine (pooled ES: 0.53, 
95 % CI: 0.32–0.86, p = 0.011, Supplemental Fig. 1) and to recipients of 
the MenACWY vaccine (pooled ES: 0.54, 95 % CI: 0.34–0.86, p = 0.009 
Supplemental Fig. 1). However, the latter two subgroup analyses 
involved only one study each. Subgroup analyses by type of effect esti
mate (adjusted odds ratio [aOR], adjusted hazard ratio [aHR], adjusted 
prevalence ratio [aPR], risk ratio [RR]), are presented in Supplemental 
Fig. 2.

3.2. Evaluation of quality of studies and risk of bias

The evaluation of quality of the included studies is presented in 
Supplemental Tables 3–5. In the case-control studies, the quality was 
mainly compromised by the lack of data on dropouts (non-response 
rate). In cohort studies, quality was compromised by the lack of data on 
the completeness of follow-up. In the RCT low overall risk of bias was 
assessed.

4. Discussion

The findings of this systematic review and meta-analysis reveal a 
statistically significant decrease in N. gonorrhoeae infections comparing 
recipients of OMV-based MenB vaccines with either unvaccinated in
dividuals or recipients of other meningococcal vaccines. All of the 
included studies, except for one, investigated the effectiveness of the 
4CMenB vaccine, while one examined the effectiveness of the MeNZB 
vaccine; both are OMV-based, with the 4CMenB vaccine showing higher 
protection than the MeNZB vaccine.

The observed effectiveness likely stems from cross-protection be
tween N. meningitidis and N. gonorrhoeae, both members of the Neisseria 
group [7], owing to significant similarities in their outer membrane 
vesicles due to high genetic homology [24–26]. Notably, enzyme-linked 
immunosorbent assays (ELISA) and Western blot analyses of the 
4CMenB vaccine have demonstrated that immunized mice [27] and 
human serum [24] can recognize gonococcal proteins. Besides the 
MeNZB OMV, 4CMenB contains additionally three recombinant anti
gens, of which NHBA is the only one expressed on the surface of 
N. gonorrhoeae. 4CMenB may provide superior protection against 
gonorrhea compared to MeNZB, primarily due to the strong homology of 
MtrE, a highly conserved OMV component between the two species 
(96.4 %) [28,29], and secondarily due to NHBA, which has a homology 
of 68.8 % [24]. This observation highlights the need for further inves
tigation into the role of minor OMV proteins in cross-protection.

The CDC recommends the 4CMenB vaccine as a public health mea
sure for individuals aged 2 months to 10 years who are at increased risk 
for meningococcal disease in the USA [30]. Despite its primary aim to 
prevent invasive meningococcal disease (IMD) in toddlers, young chil
dren, adolescents, and young adults [30,31], some of whom are not 
typically at high risk for gonorrhea, the studies included in our analysis 
focused on age groups that are at risk for gonorrhea. The vaccine’s po
tential benefit might pertain to high risk populations for gonorrhea; the 
latter may include men who have sex with men (MSM) [32]. although 
N. meningitidis serogroup C (MenC) is more common in outbreaks among 
MSM [33]. Since November 2023 the Joint Committee on Vaccination 
and Immunization (JCVI) has recommended the use of the 4CMenB 
vaccine for individuals at high risk of Neisseria gonorrhoeae infection, 
including MSM, transgender women, and sex workers in the United 
Kingdom [34].

The vaccine’s effectiveness could nevertheless face challenges due to 
the variability of N. gonorrhoeae’s membrane antigens [5]. While there 
have been indications of a sustained immunogenic response in vacci
nated adolescents at 4 and 7.5 years [35], the waning immunogenicity 
over time remains a concern. This might underscore the potential ne
cessity for booster doses to maintain effectiveness against evolving 
strains of the pathogen, a hypothesis that remains to be further 
investigated.

The findings of this study align partially with previous meta-analyses 
in the field. In 2024, Wang et al. reported a vaccine effectiveness of 34 % 
(95 % CI: 27–41 %) for OMV-based vaccines based on case-control 
studies, and 33 % (95 % CI: 9 %–56 %) based on cohort studies [36]. 
No overall estimate combining all study designs was provided, as case- 
control and cohort studies were analyzed separately. Similarly, Abara 
et al. reported a 4CMenB vaccine effectiveness of 32.4 % (95 % CI: 
26.2–38.7 %) against gonorrhea in the same year [37]. It is worth 
noting, however, that neither study converted odds ratios to relative 
risks, which could potentially lead to an overestimation of vaccine 
effectiveness.

Several limitations should be considered when interpreting the re
sults of the present systematic review and meta-analysis. First, most 
studies primarily enrolled younger participants and individuals who 
may have easier access to sexual health care services, potentially 
limiting the applicability of these findings to older populations or those 
facing barriers to accessing care. Second, the absence of site-specific 
data on N. gonorrhoeae infections (urethral, anal, pharyngeal) 
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Table 1 
Characteristics of relevant studies concerning the vaccine effectiveness of OMV-based meningococcal vaccines on the prevention of N.gonorrhoeae infection.

First 
author 
(year)

Study Design Participant 
Number

Region Mean age (Age 
range)

Follow-Up Population Definition of 
gonococcal 
infections

Comparator Type of OMV- 
based vaccine 
administered

Outcome 
Reported

Main results

Abara 
et al. 
202213

Retrospective 
case control 
study

18,099 cases of 
NG and 124,876 
controls with CT

New York 
and 
Philadelphia 
USA

Age 16–23 Jan 1, 2016 to 
Dec 31, 2018

Data from 
immunization 
registries for 
Individuals aged 
16–23 years. 
65.5 % were 
female 
Cases: those who 
were NG-positive 
and controls as 
CT-positive only

Reported 
gonorrhea 
diagnoses by the 
STI surveillance 
system in New 
York City 
Department of 
Health and Mental 
Hygiene, and the 
Philadelphia 
Department of 
Public Health

Unvaccinated 4CMenB (≥1 
dose; 4032 had 
received one 
dose, 3596 two 
doses and 64 at 
least three 
doses

Adjusted 
prevalence ratio 
for gonorrhea 
diagnoses 
comparing 
gonorrhea cases 
with chlamydia 
controls based on 
vaccination 
status. 
Multivariable 
models adjusted 
for race and 
ethnicity, gender, 
jurisdiction as 
covariates. 
Vaccine 
effectiveness (VE) 
was calculated as 
100 ×
(1–Adjusted 
Prevalence Ratio)

VE: 40 % (95 % 
CI: 23–53) for 
full vaccination 
aPR: 0⋅60 (95 % 
CI: 0.47–0.77), p 
< 0⋅0001

Abara 
et al. 
202414

Retrospective 
case control 
study

68,454 
participants with 
85,393 STIs 
(10,638 cases of 
gonorrhea 
monoinfection 
and 
53,914 cases of 
chlamydia 
monoinfection)

California, 
USA

Age 15–30 January 1, 
2016–December 
31, 2021

Electronic health 
records of Kaiser 
Permanente 
Northern 
California 
(KPNC). 
Reference group: 
Participants with 
chlamydia

Gonorrhea and 
chlamydia cases, 
whether occurring 
individually or as 
coinfections, were 
detected using 
NAAT.

Unvaccinated 4CMenB (≥1 
Dose, 174 
received 2 or 
more doses and 
384 received 1 
dose)

Adjusted for race/ 
ethnicity, gender, 
insurance status, 
neighborhood 
deprivation index, 
and HIV status. 
(expanded)

aPR: 0.99 
(0.79–1.25) 
(expanded)

Bruxvoort 
et al. 
202315

Matched 
Retrospective 
Cohort

6641 recipients 
of 4CMenB 
matched to 
26,471 
recipients of 
MenACWY

California, 
USA

18.8 (sd: 2.48) 
(MenB group) 
18.6 (sd: 2.54) 
(MenACWY 
group)

Median follow- 
up: 1.90 (IQR: 
1.16–2.97) 
(4CMenB group) 
1.97 (IQR: 
1.20–2.87) 
(MenACWY 
group)

Teens and young 
adults at Kaiser 
Permanente 
Southern 
California 3658 
(55.1 %) Female 
(MenB group) 
14,539 (54.9 %) 
female 
(MenACWY 
group)

Positive 
gonorrhea NAAT 
or NG culture 
from a genital or 
extragenital swab 
or urine sample 
and also any ICD- 
10 diagnosis for 
gonorrhea from 
all care settings 
from medical 
charts

Recipients of 
MenACWY 
vaccine

4CMenB (≥1 
dose, no data 
on the exact 
number of 
participants 
who received 
one, two, or 
more doses)

Hazard ratios for 
incident 
gonorrhea 
comparing 
recipients of 
4CMenB and 
recipients of 
MenACWY 
adjusted for Race/ 
Ethnicity, Number 
of outpatient 
visits, HIV 
infection PrEP use 
and other STI 
diagnoses.

aHR: 0.54 
(0.34–0.86)

Molina 
et al. 
20249

RCT 274 recipients of 
the 4CMenB 
vaccine and 270 
unvaccinated 
individuals

France Median age: 41 
(IQR: 34–48) 
(4CMenB group) 
40 (IQR: 34–49) 

Jan 19, 2021, and 
Sept 19, 2022

MSM aged 18 
years or older, 
HIV negative, 
already included 
in the ANRS 

Gonorrhea 
infections were 
defined by a single 
positive PCR test 
from at least one 

Unvaccinated 4CMenB (≥1 
doses, 269 
received 2 
doses and 5 

Adjusted hazard 
ratio for 
gonorrhea 
infection, 
adjusted for the 

The incidence of 
a first episode of 
gonorrhea was 
58.3 per 100 
person-years 

(continued on next page)
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Table 1 (continued )

First 
author 
(year) 

Study Design Participant 
Number 

Region Mean age (Age 
range) 

Follow-Up Population Definition of 
gonococcal 
infections 

Comparator Type of OMV- 
based vaccine 
administered 

Outcome 
Reported 

Main results

Unvaccinated 
group

PREVENIR study 
with a history of 
bacterial STIs 
within the 12 
months before 
enrolment

site (throat, urine, 
or anus)

received one 
dose)

potential 
influence of 
doxycycline PEP

(PY) in the 
4CMenB group 
and 77.1 per 100 
PY in the no- 
vaccine group, 
with an adjusted 
hazard ratio 
(aHR) of 0.78 
(95 % CI: 
0.60–1.01).

Labate 
et al. 
202416

Retrospective 
cohort

51 PLWH Italy 32 (IQR: 25–39) 
for the PLWH 
Data for MSM not 
available

2016–2023 PrEP users and 
PLWH who 
received at least 
one dose of 
4CMenB 
vaccination and 
who had at least 
one STDs test 
before and after 
the vaccination 
between 2016 and 
2023

Positive results for 
Gonorrhea

Unvaccinated 4CMenB (≥1 
dose, no data 
on the exact 
number of 
participants 
who received 
one, two, or 
more doses)

Poisson regression 
model to compare 
the incidence rate 
of NG and other 
STDs before and 
after the 
vaccination, 
therefore 
reporting an IRR.

uIRR: 0.28 (95 % 
CI:0.11–0.71 
p = 0.0073)

Petousis- 
Harris 
et al. 
20176

Retrospective 
case-control

14,730 cases and 
controls 
1241 having NG 
only 
12,487 having 
CT only 
1002 co-infected 
with NG and CT

New Zealand Age range: 15–30 
(Majority: 49 % 
was 20–24)

Study period 
from Jan 1, 2004, 
to Dec 31, 2016

All people aged 
15–30 years (born 
from Jan 1, 1984, 
to Dec 31, 1998) 
attending 
participating 
sexual health 
clinics who were 
diagnosed with 
NG or CT, or both, 
and eligible to 
receive the 
MeNZB vaccine in 
New Zealand 
during a mass 
immunization 
program from 
July 19, 2004, to 
June 30, 2006 
Cases: those who 
were NG-positive 
only and controls 
as CT-positive 
only

Gonorrhea 
diagnosis by 
culture or NAAT

Unvaccinated MeNZB (≥1 
dose; 940 
participants 
received at 
least one dose 
and 7429 
received 3 
doses)

Adjusted odds 
ratios for 
gonorrhea 
infections 
between cases and 
controls by 
vaccination status 
with MeNZB 
(complete vs. no 
vaccination) were 
calculated by 
logistic regression 
(adjusted for age 
group, ethnicity, 
sex, geographical 
location, and 
deprivation 
quintile.) 
VE was calculated 
as 100 × (1–OR). 
Only the results 
from sensitivity 
analysis were 
included, which 
established how 
much a change in 
classification and 
inclusion of 
coinfected 
individuals would 

aOR: 0⋅71 (95 % 
CI: 0.62–0.80) p 
< 0.0001

(continued on next page)
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Table 1 (continued )

First 
author 
(year) 

Study Design Participant 
Number 

Region Mean age (Age 
range) 

Follow-Up Population Definition of 
gonococcal 
infections 

Comparator Type of OMV- 
based vaccine 
administered 

Outcome 
Reported 

Main results

affect the 
estimates.

Raccagni 
et al. 
202311

Case-control 
study

1051 (103 cases, 
948 controls

Italy 44 (37–51) Median follow-up 
was 3.8 years 
(2.1–4.3 years)

MSM living with 
HIV. 
Cases: individuals 
with ≥1 NG 
infection since 
July 2016, after 
receiving 2 doses 
of 4CMenB if 
vaccinated, 
Controls: people 
who had ≥1 
syphilis, 
chlamydia, or anal 
HPV diagnosis 
since July 2016.

Gonorrhea 
infections were 
defined by 
gonococcal- 
specific cultures 
or NAAT

Unvaccinated 4CMenB (2 
doses; all 
vaccinated 
individuals 
[349] received 
2 doses)

Adjusted Odds 
ratios for 
gonorrhea 
infections 
between cases and 
controls by 
vaccination status 
(vaccinated with 
4CMenB vs. 
unvaccinated)  

Adjusted for: 
CD8+
lymphocytes 
count, hepatitis 
coinfections, age, 
years of 
antiretroviral 
therapy, CD4+
lymphocytes 
count, HIV-RNA 
VE was calculated 
as (1 − OR) x 100.

aOR: 0.561 (95 % 
CI: 0.345 0.912) 
p = 0.020   

VE: 44 % (95 % 
CI, 9 %–65 %), p 
= 0.020

Robison 
et al. 
202312

Retrospective 
cohort study

30,972 (15,760 
recipients of 1 or 
more OMV- 
based MenB 
Vaccines and 
15,212 
recipients of 1 or 
more non–OMV- 
based MBV)

USA Median age at 
vaccination: 19.3 
(18–20) years for 
the OMV-based 
vaccine 
19.4 (18–20) 
years for the non- 
OMV-based

1 month to 2 
years after 
vaccination or 
study end (March 
31, 2018)

Participants aged 
18–29 years from 
the immunization 
registries in 
Oregon. 
8510 (54 %) were 
females [54 %] for 
the OMV-based, 
and 8519 (56 %) 
were females for 
the non-OMV 
based)

Gonorrhea 
diagnoses from 
mandatory 
reporting in 
Oregon

Recipients of 
non-OMV 
based MenB 
vaccine 
MenB-FHbp

4CMenB (≥1 
dose, no data 
on the exact 
number of 
participants 
who received 
one, two, or 
more doses))

VE was reported 
comparing 
gonorrhea cases 
between 
recipients of 
OMV-based MenB 
with recipients of 
non-OMV-based 
MenB vaccine.

VE: 47 % (95 % 
CI, 13 %–68 %)  

(Twenty-four 
cases of 
gonorrhea were 
reported in OMV- 
based MBV 
recipients vs 44 
cases in 
non–OMV-based 
MBV recipients)

Wang 
et al. 
202310

Case-control 
study

823 cases of NG 
and 4935 CT 
controls

Australia Follow-up for 
three years after 
the 
implementation of 
the vaccination 
program for 
gonorrhea (mean 
or median follow- 
up not reported)

36 months Children, 
adolescents, and 
young adults 
targeted by the 
South Australia 
4CMenB 
vaccination 
program 
Cases: those who 
were NG-positive 
only and controls 
as CT-positive 
only

Gonorrhea 
notification data 
were provided by 
the 
Communicable 
Disease Control 
Branch

Unvaccinated 4CMenB (2 
doses: all 
vaccinated 
individuals 
included in this 
analysis 
received 2 
doses, exact 
number not 
given)

Adjusted odds 
ratio comparing 
gonorrhea 
infections 
between cases and 
controls by 
vaccination status 
(vaccinated vs. 
unvaccinated)  

VE was calculated 
as 1 minus the 
odds ratio 
estimated from 
the model  

aOR:0.717 (95 % 
CI: 0.552–0.930) 
p = 0.012 
VE: 28.3 % (95 % 
CI: 7.0–44.8)
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precluded a site-specific evaluation of vaccine effectiveness, potentially 
overlooking significant differences between sites. Third, most studies 
assessed vaccine effectiveness over a short period; however, there have 
been indications suggesting a potential decline in effectiveness over time 
[6,10], necessitating a longer-term approach to thoroughly investigate 
this phenomenon. Additionally, the inclusion of only 9 studies that have 
been published so far, somewhat limits the breadth of our analysis, but 
still provides valuable insights. Fourth, the observed VE was lower than 
50 %, a commonly cited benchmark for VE evaluations, for instance in 
the COVID-19 pandemic [38]; nevertheless, the necessary VE for each 
vaccine takes into account the disease, the target population and overall 
public health goals. Furthermore, some of the included studies primarily 
focused MSM [9,11], that may have a distinct immunological reaction to 
the vaccine due to prior gonorrhea infections resulting in a potential 
anamnestic response against minor proteins that are part of the OMV 
vaccine. Moreover, the included studies lacked data on behavioral dif
ferences between vaccinated and unvaccinated individuals. Factors such 
as condom use and sexual health awareness may have influenced the 
observed vaccine effectiveness, but were not reported in the synthesized 
studies, as a rule. Additionally, the duration of follow-up varied across 
studies, with some covering the COVID-19 pandemic period. Social 
distancing measures and lockdowns during this time may have influ
enced sexual behavior and STD transmission, potentially impacting the 
observed vaccine effectiveness. Also, a key limitation is the variability in 
gonorrhea diagnosis and outcome measures across studies; while some 
used NAAT or culture [6,9,11,14,15], others did not specify their 
methods [10,12,13,16]. Similarly, variations such as the inclusion of 
throat swabs in Molina et al.’s study further impact comparability. 
Finally, key clinical details such as the interval between vaccine doses 
and how repeated gonorrhea infections were handled (e.g., as single or 
multiple events) were not consistently reported across the included 
studies, which could limit our ability to fully assess dosing effects or 
interpret outcome definitions, and may affect the generalizability of our 
findings.

Our study exhibits several strengths. A notable advantage is that it 
represents the most up-to-date meta-analysis to quantitatively synthe
size vaccine effectiveness of OMV-based MenB vaccines against 
N. gonorrhoeae infections. Furthermore, a significant portion of the 
included studies used chlamydia cases as controls, thereby minimizing 
confounding factors such as differences in sexual behaviors and access to 
healthcare. This approach is justified as gonorrhea and chlamydia share 
similar risk factors and are commonly screened for together in both 
jurisdictions. Our study also benefits from transforming odds ratios into 
relative risks, which helps mitigate the potential exaggeration of effects 
inherent in odds ratios—a method not previously implemented in past 
meta-analyses. This is a timely topic with significant public health 
impact and currently RCTs are being conducted in the field; two in 
Australia [39,40], one in USA [41], and one in China [42].

In an era marked by rising N. gonorrhoeae infections, the develop
ment of effective prevention strategies is of great importance. A 
modeling study has shown that even a N. gonorrhoeae vaccine with a 
non-waning effectiveness of 20 %, namely substantially lower than that 
observed in our study, could still lead to a significant reduction in 
N. gonorrhoeae infections [43]. Another model indicated that vacci
nating high-risk groups, such as men who have sex with men, with a 
vaccine of effectiveness of 31 % for 2–4 years (similar to that observed in 
our meta-analysis) could lead to a significant decrease in N. gonorrhoeae 
infections from 45 to 75 % until 2030 within this demographic [44]. A 
recent cost-effectiveness study demonstrated that vaccinating MSM in 
England with the 4CMenB meningococcal vaccine, using one or two 
primary doses, saves costs and improves health outcomes, particularly 
when targeting strategies align with N. gonorrhoeae risk and diagnosis 
[45], that can be compromised by the associated social stigma, anxiety 
and perception of discrimination in getting tested. Finally, as the 
4CMenB vaccine effectiveness was found to be 30 % and as there are 
genetic similarities of 80–90 % homology in the primary genetic Ta
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sequences between N. gonorrhoeae and N. meningitidis [25,46], there is a 
need of further robust, multidisciplinary research towards the devel
opment of an effective vaccine in order to enhance the sexual health 
outcomes of individuals globally.
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Fig. 1. Forest plot describing the association between OMV-based MenB vaccination and N. gonorrhoeae infection diagnoses. 
Subgroup analyses by intervention (type of OMV-based MenB vaccine and number of doses administered) are presented. 
CI: Confidence Interval; ES: Effect Size; RR: Relative Risk.
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