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ABSTRACT
Invasive meningococcal disease (IMD) is associated with significant global morbidity and mortality and is addressed by 
conjugated polysaccharide and subcapsular vaccines. In Spain, data on 4CMenB vaccine strain coverage and 
antimicrobial susceptibility are limited. This study aimed to describe the genomic epidemiology, predict 4CMenB 
vaccine strain coverage, and assess antimicrobial susceptibility of 323 Neisseria meningitidis isolates causing IMD, 
collected from 57 Clinical Microbiology Laboratories in Spain over 12 years (2011/12–2022/23). Whole genome 
sequencing was performed to identify serogroup, clonal complex (cc), and antimicrobial resistance determinants. 
Vaccine strain coverage for serogroup B (MenB) isolates was predicted using the genetic Meningococcal Antigen 
Typing System approach. The most prevalent serogroups were B (57.9%), W (21.4%), C (10.4%), and Y (8.4%). MenB 
predominated throughout most seasons, except during the 2019/20 season when serogroup W peaked. Post-COVID- 
19 pandemic, MenB remained the most frequent (70.2%). Thirteen cc were identified among MenB isolates, with 
cc213 being the most prevalent (40.1%). Only 28.9% of MenB isolates were predicted to be covered by 4CMenB, with 
cc213 showing an exceptionally low coverage rate (5.3%) due to antigenic variants poorly targeted by the vaccine. 
Notably, cc213 was responsible for twice the proportion of MenB cases in 4CMenB-vaccinated versus unvaccinated. 
All isolates were susceptible to third generation cephalosporins, and 13.5% showed penicillin resistance. This study 
highlights the alarming prevalence of cc213 among MenB IMD cases in Spain and the limited 4CMenB coverage 
against this cc. The disproportionate representation of cc213 in vaccinated individuals underscores its potential to 
compromise vaccine effectiveness.
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Introduction

Neisseria meningitidis is responsible for invasive 
meningococcal disease (IMD), which is associated 
with high morbidity and mortality. In the European 
Economic Area (EEA), the case fatality rate is approxi
mately 8–15%, depending on age [1]. The highest IMD 
incidence occurs in infants and children under five, 
especially those under one year of age, although 
older adults and individuals with some primary and 
secondary immunodeficiencies are also at risk [1–4]. 
Standard antibiotic treatment for IMD involves β-lac
tams, with third-generation cephalosporins (3GC) 
preferred empirically, and rifampicin or ciprofloxacin 
for prophylaxis in close contacts [5]. Resistance to 
penicillin is an emerging concern, with resistance 
rates in Europe ranging from 0.7% to 15.9% [6–8], 
involving mutations in the penicillin-binding protein 
(PBP2), encoded by the penA gene. Recently, 
N. meningitidis carrying the ROB-1 β-lactamase con
ferring penicillin resistance has been reported [9,10]. 
Resistance to rifampicin and ciprofloxacin is rare in 
Europe [6–8], while Japan and China show higher 
rates of ciprofloxacin resistance (7.9% and 67.7%, 
respectively), usually linked to mutations in the gyrA 
and parC genes [11,12].

Globally, serogroups A, B, C, W, X, and Y account 
for most IMD cases [13]. In the EEA, serogroup B is 
the leading cause of IMD, accounting for 51% of 
cases in 2018 [2]. However, an increase of more than 
500% and 130% in the incidence of serogroups W 
and Y, respectively, was observed in Europe from 
2008 to 2017, mainly affecting older age groups [14]. 
In Spain, the incidence of IMD rose by 100% from 
2013/14 to 2018/19 (0.42–0.84 cases per 100,000 
inhabitants, respectively) coinciding with an increase 
of serogroup C cases in adults (25–65 years old) and 
serogroups W and Y in all age groups, but especially 
in elderly individuals. The incidence of IMD fell by 
83.3% during the COVID-19 pandemic, reaching a 
historic nadir of 0.14 cases per 100,000 in the 2020/ 
21 season (July 2020–June 2021) [15]. Since then, 
the incidence has rebounded, with 0.47 cases per 
100,000 reported in 2022/23 and 0.53 cases per 
100,000 described the 2023/24 [16,17].

Polysaccharide-conjugate vaccines targeting ser
ogroups A, C, W, and Y have been developed to pre
vent IMD. Developing a vaccine against serogroup B 
has been challenging due to structural mimicry 
between its polysaccharide capsule and human neur
onal glycoproteins, resulting in low immunogenicity 
[18]. Protein-based vaccines using subcapsular anti
gens, including the 4CMenB (Bexsero, GSK) and 
MenB-FHbp (Trumenba, rLP2086, Pfizer) vaccines, 
were developed to target serogroup B. The 4CMenB 
vaccine, licensed in the EEA in 2013 for use in infants 
over two months old, contains Neisserial heparin- 

binding antigen (NHBA), factor H binding protein 
(fHbp), Neisseria adhesin A (NadA), and outer mem
brane vesicles (OMV) from the MeNZB vaccine, pre
dominantly with PorA encoding the variable region 2 
(PorA_VR2) variant 4. The MenB-FHbp vaccine, 
licensed in the EEA in 2017 for use in individuals 
over 10 years of age, includes two lipidated recombi
nant fHbp from two different subfamilies [18,19]. 
4CMenB was introduced in Spain in October 2015, 
and several regions, including Canarias, Castilla y 
León, Andalucía, Cataluña and Galicia, incorporated 
it into their immunization schedules starting in 2019 
[20,21]. In January 2023, the 4CMenB vaccine was 
included in the National Funded Vaccination Sche
dule (NFVS) in Spain for infants at 2, 4, and 12 
months of age [21].

Assessing vaccine efficacy for low-incidence dis
eases, such as IMD in clinical trials, is impractical 
due to the large sample size of individuals required. 
Instead, the licensure of MenB vaccines relies on 
immunogenicity results generated by the serum bac
tericidal antibody (SBA) assay using an exogenous 
source of human complement (hSBA) tested against 
a small number of vaccine antigen-specific indicator 
strains or primary strains [22,23]. The hSBA assay is 
limited by the number of isolates that can be evalu
ated, especially in studies using infant serum, as only 
small volumes can be collected. To address this 
issue, other methods to complement the hSBA assay 
were developed, such as the Meningococcal Antigen 
Typing System (MATS) and genetic MATS 
(gMATS), which provide large-scale, rapid, accessible, 
and reproducible prediction of 4CMenB protection 
across a broader range of strains [19]. MATS com
bines PorA_VR2 genotyping with an enzyme-linked 
immunosorbent assay to evaluate antigenic cross- 
reactivity and surface expression levels of fHbp, 
NHBA, and NadA [24]. However, due to its complex
ity, only a few laboratories can perform MATS. The 
gMATS approach evaluates strain coverage by sequen
cing the four antigens of the 4CMenB vaccine [25]. 
Additionally, the Meningococcal Deduced Vaccine 
Antigen Reactivity Index, which was developed inde
pendently of vaccine manufacturers, uses genomic 
and experimental data from published sources and is 
publicly available on the Neisseria spp. PubMLST web
site [26].

In Spain, very few studies have estimated 4CMenB 
vaccine strain coverage. Two studies, including a col
lection of 300 serogroup B Spanish isolates from 2008 
to 2010, reported strain coverage estimates of 69% 
with MATS [27] and 58% with gMATS [25]. These 
values were lower than those in other European 
countries, likely due to Spain-specific genomic vari
ations in circulating strains [28]. However, these 
studies were conducted before the introduction of 
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4CMenB in 2015, highlighting the need for updated 
assessments in the post-implementation period.

This study aimed to describe the genomic epide
miology of N. meningitidis isolates collected across 
57 Clinical Microbiology Laboratories in Spain over 
a 12-year period (2011/12–2022/23), including isolates 
obtained before and after the introduction of the 
4CMenB vaccine, as well as after the COVID-19 pan
demic. We evaluated 4CMenB vaccine strain coverage 
of serogroup B isolates using genomic data and 
explored associations with the vaccination status of 
the patients. Additionally, antimicrobial susceptibility 
testing along with identification of antimicrobial 
resistance determinants was performed to evaluate 
susceptibility profiles.

Materials and methods

Isolates and data collection

N. meningitidis isolates obtained from blood, cere
brospinal fluid, and joint fluid in patients diagnosed 
with IMD were included in this study. Isolates were 
collected from 57 Clinical Microbiology Laboratories 
across 12 Spanish regions (Supplementary Figure 1) 
over a 12-year period from the 2011/12 to the 2022/ 
23 seasons. Each season was defined as July of one 
year to June of the following year.

Patient medical records were reviewed to collect the 
sociodemographic characteristics including sex, age, 
date of IMD diagnosis, vaccination status, and any 
predisposing risk factors for IMD. Completion of the 
vaccination schedule was defined according to the 
manufacturer’s guidelines [29].

Whole genome sequencing (WGS) and 
bioinformatic analysis

Short-read sequencing was performed for all isolates. 
DNA was extracted using the DNeasy UltraClean 
Microbial Kit (QIAGEN, Hilden, Germany). Libraries 
were prepared using the Nextera DNA Flex Kit and 
sequenced using the MiSeq device (Illumina, USA) 
according to the manufacturer’s instructions. Trimmo
matic (v0.39), Unicycler (v0.4.8) and SPAdes (v3.14.1) 
were used for raw-read trimming and de novo genome 
assembly. Assemblies were uploaded to the Neisseria 
spp. PubMLST database (https://pubmlst.org/ 
neisseria) [30]. Genomic data were further analyzed 
using the “Dataset” analysis tool to determine the cap
sular genogroup, sequence type (ST), clonal complex 
(cc), porA and fetA types. The capsular serogroup was 
inferred from the capsular genogroup; however, we 
acknowledge that in rare cases, capsular expression 
may be absent, potentially leading to discrepancies 
between genogroup and serogroup. Genomes were 
compared with the “Genome Comparator” analysis 

tool using N. meningitidis core genome multilocus 
sequence typing (N. meningitidis cgMLST) v3.0 that 
includes 1329 core loci. The resulting distance matrix 
was evaluated with SplitsTree version 4.19.0 [31].

Genotyping of 4CMenB vaccine antigens and 
prediction of 4CMenB vaccine strain coverage

Genotyping of fHbp, NHBA, NadA and PorA_VR2 
was conducted using the Neisseria spp. PubMLST 
database. The prediction of 4CMenB vaccine coverage 
for serogroup B isolates was performed using the 
gMATS approach. We defined a strain as gMATS 
“covered”, “not-covered”, or “unpredictable” based 
on the list of peptides generated by Muzzi et al. [25], 
with all NadA variants considered as not covered, as 
described previously.

Antimicrobial susceptibility testing

Genotyping of gyrA (ciprofloxacin), penA (β-lactams), 
parC (ciprofloxacin), and rpoB (rifampicin) was con
ducted using the Neisseria spp. PubMLST database. 
Antimicrobial susceptibility testing for penicillin G, 
ceftriaxone, cefotaxime, meropenem, ciprofloxacin, 
and rifampicin was performed using the gradient diffu
sion method (Etest™, bioMérieux). Isolates were incu
bated for 18–24 h at 37°C in a 5% CO2 atmosphere on 
Mueller-Hinton agar with 5% sheep blood (BD, USA). 
Minimum inhibitory concentrations (MICs) were 
interpreted according to the EUCAST 2023 clinical 
breakpoints values (https://eucast.org/).

Statistical analysis

Categorical variables were compared using the chi- 
squared test (χ2 test) or Fisher’s exact test, as appropri
ate. Two-tailed p-values <0.05 were considered stat
istically significant.

Results

Serogroup, age, and temporal distribution

A total of 323 N. meningitidis isolates obtained from 
322 patients with IMD were collected over 12 consecu
tive seasons, spanning the 2011/12 to the 2022/23 sea
sons. Serogroup B (MenB) accounted for 57.9% of the 
isolates (187/323); serogroup W (MenW) 21.4% (69/ 
323); serogroup C (MenC) 10.4% (34/323); serogroup 
Y (MenY) 8.4% (27/323); and other serogroups 1.9% 
(6/323). Other serogroups included two isolates 
belonging to serogroup Z (MenZ), two isolates with 
a “capsule null locus” structure (cnl), one isolate 
from serogroup E (MenE) and one from serogroup 
X (MenX).
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Regarding age distribution, 23.2% (75/323) of the 
isolates were obtained from patients over 65 years of 
age, 16.7% (54/323) from patients under 1 years old, 
and 13.9% (45/323) from patients between 1 and 4 
years old (Figure 1A). MenB predominated among 
patients less than 1 year of age (81%; 44/54), 1–4 
years (84%; 38/45), 5–9 years (79%; 23/29), and 10– 
14 years (62%; 8/13). In contrast, MenC was more 
prevalent among patients 25–44 years old (44.8%; 
13/29). MenW and MenY were identified across all 
age groups but predominated among the oldest age 
groups. Among patients 45–64 years of age and 
those over 65 years, MenW accounted for 31.6% (12/ 
38) and 38.7% (29/75), respectively, while MenY 
accounted for 10.5% (4/38) and 14.7% (11/75), 
respectively.

MenB predominated throughout most seasons of 
the study, except during the 2018/19 and 2019/20 sea
sons (Figure 1B). Regarding MenW and MenY, 
both serogroups were present in only small numbers 
during the first five seasons. However, a notable 
increase in MenW was observed in the 2016/17 season, 
peaking during the 2018/19 and 2019/20 seasons. A 
concurrent peak in MenY cases was also recorded 
during the same seasons. Following 2019/20, an overall 
decrease in cases was observed, likely attributable to 
public health measures implemented during the 
COVID-19 pandemic that reduced the transmission 
of N. meningitidis. In the seasons following the 
COVID-19 pandemic, only MenB, MenW, and MenY 
isolates were identified.

Population structure and genetic diversity

A total of 106 different STs were identified among the 
323 isolates included in this study, which were 

distributed across 22 cc. The most prevalent cc was 
cc11 (28.5%; 92/323), followed by cc213 (23.2%; 75/ 
323), cc269 (7.7%; 25/323), cc32 (6.8%; 22/323) and 
cc461 (6.5%; 21/323). Eleven isolates (3.4%), distribu
ted among eight STs, were not assigned to any cc 
(Figure 2A). Interestingly, four isolates belonging to 
ST-10603, ST-15630, ST-15962, and ST-17035, were 
not assigned to any cc by the PubMLST database. 
However, after cgMLST analysis, these isolates clus
tered with cc269 isolates (Figure 2B). Therefore, we 
assumed that they were closely related to this cc and 
conducted all subsequent analysis accordingly (Sup
plementary Table 1).

A broad genetic diversity was observed among the 
187 MenB isolates, with 71 STs that clustered into 13 
different cc identified. The most prevalent were 
cc213 (40.1%; 75/187), followed by cc269 (12.8%; 24/ 
187), cc32 (11.2%; 21/187), cc461 (11.2%; 21/187), 
and to a lesser extent, cc41/44 (5.4%; 10/187), and 
cc162 (4.3%; 8/187). The predominant subtypes were 
P1.22,14 (40.1%; 75/187) and P1.22,9 (11.8%; 22/ 
187), highly related to cc213 and cc269, respectively. 
Interestingly, no changes were observed in the circu
lating cc before and after the COVID-19 pandemic, 
with cc213 remaining the most prevalent (Supplemen
tary Figure 2).

Regarding the MenC isolates, most belonged to 
cc11 (82.4%; 28/34) and subtype P1.5-1,10-8 (50%; 
17/34), or to a lesser extent, P1.5,2 (26.5%; 9/34). 
The remaining six each belonged to a distinct cc, 
including cc35, cc103, cc162, cc174, cc1572 and one 
ST-11429 isolate not assigned to any cc. The majority 
of MenW isolates belonged to cc11 (89.9%; 62/69) and 
subtype P1.5,2 (91.3%; 63/69), demonstrating a high 
degree of clonality within MenW. The remaining 
seven belonged to cc22 (7.3%; 5/69), one cc865, and 

Figure 1. Distribution of 323 invasive N. meningitidis isolates collected in this study by (A) age and (B) season. Colors indicate the 
capsular serogroup (cnl: capsule null locus). Black arrows indicate the month and year when the 4CMenB vaccine was introduced 
in Spain, as well as the implementation and subsequent lifting of COVID-19 social restrictions in the country.
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one cc9316. Within MenY, cc23 predominated 
(70.4%; 19/27) and the subtypes identified were 
P1.5-1,10-1 (33.3%; 9/27), P1.5-2,10-1 (25.9%; 7/27), 
and P1.5-2,10-28 (11.1%; 3/27), all of which were 
highly related to cc23. The remaining eight belonged 
to cc103 (3/27), one cc92, one cc167, and one cc175, 
and two isolates (ST-1768 and ST-5436) not assigned 
to any cc.

Prediction of 4CMenB vaccine strain coverage 
of serogroup B isolates by gMATS

Prediction of the coverage of the 4CMenB vaccine 
against the 187 MenB isolates included in the study 
was assessed using gMATS. This method determined 
that 28.9% of the isolates were predicted to be covered 
by 4CMenB, while 42.8% were predicted to not be cov
ered, and the coverage was unpredictable in the 

Figure 2. Population description of 323 invasive Neisseria meningitidis isolates collected in this study. (A) Distribution of ser
ogroups per clonal complex (ccND: clonal complex not defined; cnl: capsule null locus), colors indicate capsular serogroup. (B) 
Genomes were compared using the N. meningitidis cgMLST v3.0 scheme. The resulting distance matrices were assessed with Split
sTree4 version 4.19.0 using the NeighborNet algorithm to construct the tree. Each dot represents one genome, the color of the dot 
indicates the capsular serogroup of the isolate. The 10 major clonal complexes are highlighted with a black circle. The black arrows 
indicate the four isolates closely related to cc269 that were not assigned to that clonal complex.
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remaining 28.3%. No significant differences were 
observed in the proportion of covered or not covered 
isolates across the seasons of the study period (Sup
plementary Figure 3).

A total of 34 (18.2%) isolates showed NHBA pep
tides defined as covered by gMATS, 28 (15%) isolates 
exhibited fHbp peptides defined as covered, and only 4 
(2.1%) exhibited PorA_VR2-4. The most common 
combination was NHBA+fHbp, with no isolate cov
ered by all three antigens simultaneously (Table 1).

The predicted coverage by gMATS among the 
different cc varied greatly (Figure 3). The cc with the 
highest proportion of covered isolates were cc162, 
cc32 and cc41/44, with 100%, 95.2%, and 70% of iso
lates covered, respectively. The lowest proportion of 
covered isolates was observed among cc213 and 
cc269, with 5.3% and 20.8% of isolates being covered, 
respectively. Conversely, gMATS determined that 84% 
of cc213 isolates and 50% of cc269 isolates were not 
covered by 4CMenB. Interestingly, vaccine coverage 
was unpredictable for all the cc461 isolates.

Characteristics of 4CMenB antigens among 
serogroup B isolates

Antigenic studies revealed 68 distinct fHbp peptides, 
of which 47 were identified in single isolates, and 20 

were identified as new peptides not previously 
described (Figure 4A). Variant 3 peptides were the 
most prevalent among MenB isolates (92/187; 
49.2%), followed by variant 1 peptides (61/187, 
32.6%) and variant 2 peptides (34/187, 18.2%). The 
most frequent peptide was fHbp-3.45 (37/187; 
19.8%), primarily associated with cc213 and 
classified as not covered by gMATS. This was fol
lowed by fHbp-1.1 (15/187; 8%), which is the pep
tide included in the 4CMenB vaccine, and 
predominantly linked to cc32.

For NHBA, 28 distinct peptides were identified, 
with 12 occurring in single isolates, and 4 were ident
ified as new peptides not previously described 
(Figure 4B). The most common peptide was NHBA- 
18 (69/187; 36.9%), strongly associated with cc213 
and classified as not covered, followed by NHBA-118 
(21/187; 11.2%), an unpredictable peptide linked to 
cc461. Peptide NHBA-2, included in the 4CMenB vac
cine, was detected in only five isolates (2.7%) from 
cc41/44.

Regarding PorA_VR2, 36 variants were identified, 
with 22 found in single isolates, and 1 was identified 
as a new variant not previously described 
(Figure 4C). The most frequent variants were Por
A_VR2-14 (84/187; 44.9%) and PorA_VR2-9 (23/ 
187; 12.3%), both classified as not covered, and predo
minantly associated with cc213 and cc269, respect
ively. PorA_VR2-4, included in the 4CMenB 
vaccine, was identified in only four isolates (2.1%), 
one belonging to cc41/44 and three to cc162.

4CMenB vaccination status and clonal complex 
patterns in individuals with serogroup B IMD

Information on 4CMenB vaccination status was avail
able for 82.4% (154/187) of patients with MenB IMD. 
Among these, 15.6% (24/154) had received at least 

Table 1. Combinations of antigens for 4CMenB vaccine strain 
coverage in serogroup B isolates as determined by gMATS.

n %

3 antigens
fHbp+NHBA+PorA_VR2 0 N/A

2 antigens
fHbp+NHBA 8 14.8%
fHbp+PorA_VR2 1 1.8%
NHBA+PorA_VR2 3 5.6%

1 antigen
fHbp 19 35.2%
NHBA 23 42.6%
PorA_VR2 0 N/A

Figure 3. Prediction of 4CMenB vaccine strain coverage with the gMATS approach of serogroup B isolates per clonal complex 
(ccND: clonal complex not defined).
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one dose of 4CMenB, but only 50% (12/24) had com
pleted the full vaccination schedule (Table 2). 
Regarding the 4CMenB strain coverage of the 
MenB isolates causing IMD in fully or partially vacci
nated patients, 12.5% (3/24) were predicted to be cov
ered by gMATS, including two cc32 and one cc1572 

isolate, 66.7% (16/24) were predicted to not be cov
ered, all belonging to cc213, and the remaining 
20.8% (5/24) were unpredictable, comprising two 
cc461 isolates, one cc60 isolate, one cc213 isolate, 
and one ST-11429 isolate with no assigned cc. A simi
lar proportion of cc213 cases was observed in fully 

Figure 4. Bar chart representation of (A) fHbp peptides, (B) NHBA peptides, and (C) PorA_VR2 variants identified among serogroup 
B isolates. Peptides are grouped based on their classification as covered, unpredictable or not covered by the gMATS approach. 
Colors indicate the clonal complexes of the isolates carrying each peptide (ccOthers: clonal complexes identified only once or 
twice in this study; ccND: clonal complex not defined). 4CMenB antigen peptides identified only once in this study are grouped 
under category “Others”, while category “Others*” refers specifically to variant 1 fHbp peptides.
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versus partially vaccinated patients (75% vs 66.7%, 
respectively: p = 0.99, RR: 1.13, 95% CI: 0.64-2.03). 
However, a significantly higher proportion of cc213 
cases was observed in vaccinated compared to non- 
vaccinated patients (70.8% vs 35.4%; p = 0.003, RR: 
2, 95% CI: 1.35-2.76). No other significant trends in 
cc distribution relative to vaccination status were 
identified (Table 3).

A single IMD case caused by a predicted covered 
isolate was identified in a fully vaccinated patient 
(V12) with complement deficiency. This patient 
had experienced a first IMD episode in 2007 during 
infancy (isolate not available). A second episode 
occurred in July 2021, caused by a MenB:cc41/44 
strain, while unvaccinated. Despite receiving two 
doses of 4CMenB, a third episode caused by a 

covered MenB:cc1572 strain was presented. 
Additionally, two IMD cases involving predicted 
covered isolates occurred in partially vaccinated 
individuals (V20 and V23). Both patients were 
under one year of age, had received a single dose 
of 4CMenB before IMD, and had no relevant medi
cal history.

Antimicrobial susceptibility

Antimicrobial susceptibility testing was performed in 
304 isolates (94.1%) showing that 13.5% (41/304) of 
the isolates exhibited resistance to penicillin G 
(PENR), 0.3% (1/304) to ciprofloxacin (CIPR), 0.3% 
(1/304) to rifampicin (RIFR), and no isolates showed 
resistance to cefotaxime, ceftriaxone, or meropenem. 

Table 2. Demographic and vaccination history of 4CMenB-vaccinated patients with serogroup B IMD episodes, including genomic 
and prediction of 4CMenB vaccine strain coverage for their corresponding isolates.

ID
Sex/ 
Age

Vaccination 
schedule

4CMenB doses 
received

Date last 4CMenB dose 
received

Diagnosis 
date

Serogroup/Clonal 
complex

gMATS 
prediction

V1 F/9 Complete 2 2015 Apr 2016 Jan B:ccND Unpredictable
V2 M/2 Complete 2 2016 Jun 2016 Aug B:cc213 Not covered
V3 M/12 Complete 2 2016 Sep 2017 Feb B:cc213 Not covered
V4 M/4 Complete 2 2017 May 2018 Feb B:cc213 Not covered
V5 M/8m Complete 2 2018 Oct 2019 Jan B:cc213 Not covered
V6 F/4 Complete 2 2016 Dec 2019 Feb B:cc213 Not covered
V7 M/3 Complete 4 UNK 2019 Apr B:cc213 Not covered
V8 M/4 Complete 2 2017 Sep 2019 May B:cc461 Unpredictable
V9 M/3 Complete 4 2017 May 2019 Dec B:cc213 Not covered
V10 F/4 Complete 3 2019 Oct 2021 Nov B:cc213 Not covered
V11 M/9m Complete 2 2021 Dec 2022 May B:cc213 Not covered
V12 F/20 Complete 2 2021 Oct 2023 May B:cc1572 Covered
V13 M/7m Uncomplete 1 2016 Nov 2016 Dec B:cc213 Not covered
V14 F/8m Uncomplete 1 UNK 2018 May B:cc213 Unpredictable
V15 M/1 Uncomplete 1 2017 Apr 2018 Jul B:cc213 Not covered
V16 F/2 Uncomplete 2 2018 Feb 2019 Jul B:cc213 Not covered
V17 M/4m Uncomplete 1 2019 Oct 2019 Nov B:cc461 Unpredictable
V18 M/4 Uncomplete 1 2019 May 2019 Nov B:cc213 Not covered
V19 M/5 Uncomplete 2 2016 Oct 2020 May B:cc213 Not covered
V20 F/6m Uncomplete 1 2021 Nov 2022 Jan B:cc32 Covered
V21 M/3 Uncomplete 2 2019 Sep 2022 Apr B:cc60 Unpredictable
V22 F/3m Uncomplete 1 2022 Sep 2022 Dec B:cc213 Not covered
V23 F/5m Uncomplete 1 2022 Dec 2023 Jan B:cc32 Covered
V24 M/1 Uncomplete 2 2022 Mar 2023 Feb B:cc213 Not covered

UNK: unknown; ccND: clonal complex not defined.

Table 3. Clonal complex distribution of serogroup B isolates versus vaccination status of patients at the time of the IMD episode.

Clonal complex

Complete 
vaccination 
status (n =  

12)

Incomplete 
vaccination 
status (n =  

12)
Vaccinateda 

(n = 24)

Non- 
vaccinated 
(n = 130) All (n = 154)

RR vaccinated versus 
non-vaccinated 

(95% CI) P valuebn % n % n % n % n %

CC103 3 2.3 3 1.9 n/a
CC11 2 1.5 2 1.3 n/a
CC1572 1 8.3 1 4.2 6 4.6 7 4.5 0.90 (0.14–5.21) 0.999
CC162 7 5.4 7 4.5 n/a
CC213 9 75 8 66.7 17 70.8 46 35.4 63 40.9 2 (1.35–2.76) 0.003
CC269 19 14.6 19 12.3 n/a
CC32 2 16.7 2 8.3 19 14.6 21 13.6 0.57 (0.15–1.92) 0.532
CC41/44 9 6.9 9 5.8 n/a
CC461 1 8.3 1 8.3 2 8.3 11 8.5 13 8.4 0.98 (0.25–3.52) 0.999
CC4821 1 0.8 1 0.6 n/a
CC60 1 8.3 1 4.2 1 0.6 n/a
CC865 3 2.3 3 1.9 n/a
ccND 1 8.3 1 4.2 4 3.1 5 3.2 1.35 (0.21–8.35) 0.577

RR: Risk Ratio; Blank boxes correspond to 0; ccND: clonal complex not defined. 
aVaccinated group includes those with complete and incomplete vaccination status. 
bBold type = significant (<0.05)
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No association was observed between antimicrobial 
susceptibility profiles and serogroups (Supplementary 
Table 2).

In relation to PENR, 82.9% (34/40) of resistant iso
lates displayed various penA alleles that simul
taneously encoded the five characteristic 
substitutions F504L, A510V, I515V, H541N, and 
I566V in PBP2, associated with resistance in 
N. meningitidis [32]. The remaining PENR isolates 
harbored either the penA327 allele with only the first 
four substitutions (7.3%; 3/41) or expressed penA 
alleles without any mutations (9.8%; 4/41), such as 
the wild-type alleles penA1 and penA22 [33]. In gen
eral, isolates containing mutations in PBP2 presented 
a higher MIC than those with wild-type alleles 
(Figure 5). No β-lactamase encoding gene was 
detected in any isolate of this study.

Although no resistance to 3GC was observed, five 
isolates exhibited a cefotaxime MIC near the clinical 
breakpoint (two isolates with MIC = 0.125 µg/mL 
and three with MIC = 0.094 µg/mL). All five belonged 
to MenC:cc11, one carried the penA1 allele, while the 
remaining four carried the penA327 allele, which 
includes the G545S substitution in PBP2.

The RIFR isolate (MIC = 0.5 µg/mL) belonged to 
MenW:cc22 and exhibited the rpoB4 allele. No pre
viously reported mutations associated with rifampicin 
resistance in the rpoB gene were detected [34,35]. 
Additional analysis of the rpoB gene did not reveal 
any novel mutation linked to rifampicin resistance.

The CIPR isolate (MIC = 0.023 µg/mL) belonged to 
MenB:cc213 and carried the gyrA403 allele, a newly 
described allele in the PubMLST database, which 
encodes an A92P substitution not previously reported. 
Another MenB:cc213 isolate in this study carried the 

same allele and presented a MIC close to the clinical 
breakpoint value (MIC = 0.016 µg/mL). No previously 
reported mutations associated with ciprofloxacin 
resistance in the gyrA or parC were detected 
[9,11,12,36,37].

Discussion

This study provides an in-depth molecular character
ization of genetic diversity and predicted 4CMenB 
vaccine coverage in a collection of 323 
N. meningitidis isolates responsible for IMD in Spain 
during the 2011/12 and 2022/23 seasons. By integrat
ing WGS with antimicrobial susceptibility testing, the 
study also assessed the relationship between antimi
crobial resistance markers and the susceptibility 
profiles of the isolates.

MenB was identified as the predominant serogroup 
(57.9%) in our study, with a higher prevalence among 
paediatric and young adult populations up to the age 
of 25, followed by MenW (21.4%), MenC (10.4%), 
and MenY (8.4%). These results are consistent with 
previous European surveillance reports [1,2]. Begin
ning in the 2016/17 season, an increase in MenW 
and MenY cases was observed in Spain, with the lar
gest proportion of cases associated with older adults. 
Since 2009, the emergence of MenW cases associated 
with cc11 in England and MenY cases in Northern 
European countries (Finland, Norway, and Sweden) 
has been reported [38,39], and our results are consist
ent with these findings. To address this situation, the 
MenACWY vaccine was implemented in the United 
Kingdom and the Netherlands, where it successfully 
controlled the spread of MenW [40]. Similarly, Spain 
incorporated the MenACWY vaccine into its NFVS 

Figure 5. Bar chart representation of the penA alleles identified among 304 N. meningitidis isolates, along with the corresponding 
MIC values. The alleles are grouped based on the number of PBP2 mutations encoded, and the color represents the MIC of isolates 
carrying each penA allele. An asterisk indicates alleles encoding the following PBP2 mutations: F504L, A510V, I515V, and H541N.
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in 2020, replacing the monovalent MenC vaccine for 
12 year olds [20]. This highlights the importance of 
adapting vaccination programs in response to the 
evolving epidemiology of IMD.

As has been demonstrated in other infections 
caused by airborne-transmitted pathogens, including 
Streptococcus pneumoniae and Haemophilus influen
zae [41], cases of IMD significantly decreased after 
the 2019/20 season, primarily due to the social restric
tions imposed during the COVID-19 pandemic. Fol
lowing the relaxation of these restrictions the present 
study observed a subsequent rise in IMD cases, with 
MenB re-emerging as the most prevalent serogroup, 
circulating close to pre-pandemic levels and account
ing for 70.2% of all isolates collected between the 
2021/22 and 2022/23 seasons. This trend was also 
observed across the EEA, where MenB accounted for 
62% of IMD cases in 2022 [1]. Interestingly, no 
changes were detected in the circulating cc before 
and after the pandemic. As for MenW and MenY, 
both serogroups re-emerged during the last two sea
sons of the study, accounting for 17% and 12.8%, 
respectively, although neither has reached pre-pan
demic levels [17]. A rebound of MenY cases was 
reported across the EEA in 2022, making it the second 
most common serogroup, responsible for 16% of IMD 
cases that year [1]. However, no such rebound was 
observed in our study. This could have been 
influenced by the introduction of the MenACWY vac
cine into the Spanish NFVS in 2020, as well as the 
reduced transmission of N. meningitidis during the 
pandemic. Nevertheless, continued surveillance in 
upcoming seasons will be necessary to identify any 
potential “delayed” resurgence of these serogroups, 
as has occurred in the past. In the United States, 
MenY also experienced an abrupt resurgence, repre
senting 35% of IMD cases in 2023, mainly associated 
with the ST-1466 and cc174 [42]. However, in the pre
sent study, MenY cases were mainly associated with 
cc23, consistent with previous data from France [43]. 
Finally, while MenC cases remained stable during 
the study period prior to the pandemic, no MenC iso
lates have been identified among our isolates since the 
2019/20 season. These findings underscore the rapidly 
evolving epidemiology of IMD and highlight the criti
cal importance of continued surveillance to assess the 
effectiveness of control measures and guide future 
public health strategies.

The genomic analysis of the isolates revealed 
greater genetic diversity among MenB compared to 
other serogroups. The main cc identified among 
MenB isolates in this study were cc213 (40.1%) fol
lowed by cc269 (12.8%). Similar to our results, pre
vious findings noted that some STs related to cc269 
do not meet the MLST-based definition for assign
ment to this complex [44]. As a result, such STs may 
often be overlooked in MLST-based studies. Genomic 

approaches, such as cgMLST, provide a more compre
hensive view of strain relationships. Indeed, a broader 
lineage (Lineage 2) was described based on whole-gen
ome sequencing data, which includes cc269 and its 
related unassigned STs [45]. Our findings further sup
port the inclusion of these STs within the cc269- 
related lineage. Notably, previous studies have docu
mented the increasing prevalence of cc213 in Spain, 
where it accounted for 17.7% of MenB isolates in 
2009–2010 [28] rising to 32.8% in 2015–2018 [46]. 
This trend has not been observed in neighboring 
countries, where cc41/44 and/or cc32 were the most 
detected cc. Thus, in a study conducted in Portugal 
with isolates collected from 2012 to 2020, cc41/44 
was the most frequently detected (26.3%), followed 
by cc213 (16.3%) [6]. In contrast, cc32 (32%) prevailed 
in France in 2018-2019, followed by cc41/44 (13.3%) 
and cc213 (11.9%) [47]. Similar trends were observed 
in other European countries, such as England, Swit
zerland, and the Netherlands [48–50]. Notably, in 
our study, cc32 and cc41/44 were a minority among 
MenB isolates (11.2% and 5.4%, respectively). While 
none of these countries reported a prevalence of 
cc213 as high as that observed in the present study, 
the prevalence rates of this cc are, nonetheless, notable 
and have been increasing over time. These results 
highlight the unique genomic epidemiology of the 
MenB isolates responsible for IMD in Spain, charac
terized by the exceptional prevalence of cc213.

Regarding the study of vaccine coverage using the 
gMATS approach, our study revealed that only 
28.9% of the MenB isolates were covered by the 
4CMenB vaccine. This coverage increased to 43% 
using the estimate defined by Muzzi et al., as it con
siders the proportion of covered strains plus half the 
proportion of unpredictable strains. This estimate is 
considerably lower in comparison to the 58% ident
ified for MenB isolates collected in Spain between 
2009 and 2010 [25]. Coverage estimates from strains 
collected during similar periods in other European 
countries are usually higher: 84% in Finland (2010/ 
11–2016/17) [51], 70.7% in France (2018–2019) [47], 
86.6% in Poland (2010–2016) [52], and 73% in the 
Netherlands (2017–2019) [48]. Several factors may 
explain these geographical variations. Firstly, the 
prevalence of fHbp variant 3 peptides, which are pre
dicted as not being covered by gMATS, has increased 
over the past decade in association with the rise of iso
lates belonging to cc213. In our study, 49.2% of MenB 
isolates carried variant 3 peptides, compared to only 
21.7% of Spanish MenB isolates from 2009 to 2010 
and 36.6% of Spanish MenB isolates from 2015 to 
2018 that carried this variant [28,46]. In contrast, 
other European countries report an even lower preva
lence of variant 3 peptides. For instance, only 29.6% of 
MenB isolates in England from 2014/15 to 2017/18 
harbored variant 2 or 3 peptides [50], compared to 
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26% of Finnish MenB isolates from 2010/11 to 2016/ 
17 [51] and 36.3% of French MenB isolates during 
2018–2019 [47]. Additionally, fHbp-1.1 (included in 
the 4CMenB vaccine) was found in only 8% of our 
MenB isolates, whereas it was identified in 19.33% of 
Spanish MenB isolates from 2009–2010 [28]. Sec
ondly, NHBA-2 and PorA_VR2-4 variants (both 
included in the 4CMenB vaccine) were present in 
only 2.7% and 2.1% of our MenB isolates, respectively. 
Classically, these have been associated with cc41/44 
[47], which as mentioned before, was rarely identified 
among MenB isolates in the present study (5.4%). 
Thirdly, the most prevalent variants for each antigen 
in our MenB isolates were fHbp-3.45 (19.8%), 
NHBA-18 (36.9%), and PorA_VR2-14 (44.9%). All 
three classified as not covered by gMATS and strongly 
associated with cc213, which, as demonstrated in this 
study, remains the principal cc in Spain. Additionally, 
the fact that the proportion of MenB cases caused by 
cc213 is twice as high in vaccinated patients compared 
to non-vaccinated patients (70.8% vs 35.4%; p = 0.003) 
highlights the growing threat posed by the expansion 
of cc213 to both vaccinated and unvaccinated individ
uals. Similar to our study, proportionally more cases in 
vaccinees were associated with cc213 strains compared 
to non-vaccinees (22.9% vs 9.6%; p < 0.01) in England 
[50]. This underscores the critical need for continued 
monitoring of vaccine coverage at both genomic and 
phenotypic levels, particularly given the inclusion of 
the 4CMenB vaccine in the Spanish NFVS for infants 
since 2023. Additionally, although the MenB-FHbp 
vaccine is not currently in use for children under 10 
years old, further studies evaluating its strain coverage 
would be valuable.

Regarding the antimicrobial susceptibility, all the 
isolates tested were susceptible to ceftriaxone and 
cefotaxime, the first-line empirical treatments for 
IMD, as has been commonly reported by other Euro
pean countries [53]. However, five isolates exhibited 
cefotaxime MIC values close to the clinical breakpoint; 
with four harboring the penA327 allele, encoding the 
G545S substitution in PBP2, a mutation previously 
associated with increased MIC values to cefotaxime 
in N. meningitidis [7,54–56]. Additionally, 13.5% of 
the isolates were PENR, a rate comparable to Portugal 
(15.9% from 2012 to 2020) but higher than the United 
Kingdom (2.7% from 2010/11 to 2018/19) [6,8]. Gen
etic analysis revealed that PENR was primarily con
ferred by mutations in the penA gene, with no 
evidence of β-lactamase production. Nevertheless, 
some resistant strains lacked known mutations in 
PBP2, suggesting alternative mechanisms or novel 
mutations contributing to resistance. RIFR is rare 
and typically linked to mutations in the rpoB gene 
encoding the β subunit of RNA polymerase 
[7,57,58]. The only RIFR isolate identified in this 
study exhibited low-level resistance without detectable 

rpoB mutations. This finding implies that resistance 
may result from other mechanisms, such as alterations 
in membrane permeability or efflux pump activity 
[59]. Regarding CIPR, a novel gyrA403 allele encoding 
an A92P substitution was identified in two MenB: 
cc213 isolates (MIC = 0.023 and 0.016 µg/mL). This 
mutation has previously been reported in quinolone- 
resistant N. gonorrhoeae but not in N. meningitidis 
[60,61]. Circulating N. meningitidis strains causing 
IMD in Spain remain largely susceptible to standard 
treatments, but emerging resistance to rifampicin, 
ciprofloxacin, and cefotaxime [8,54] underscores the 
need for ongoing antimicrobial susceptibility surveil
lance at national and international levels to ensure 
treatment efficacy and maintain effective IMD control.

The limitations of this study include potential 
sampling bias, as only recovered strains were 
studied, which may not represent all IMD cases 
across Spain. National guidelines recommend 
obtaining a sample for microscopy, culturing and 
PCR [5,62]. However, not all strains causing IMD 
can always be recovered. Our collection of 
N. meningitis causing IMD in Spain represent 
10.8% of all IMD cases confirmed in the country, 
spanning the same time periods. Additionally, iso
lates were voluntarily contributed by microbiology 
laboratories across Spain, and due to geographical 
proximity, a higher number of isolates in this study 
were collected in Catalonia, which may be more rep
resented than other regions. IMD epidemiology may 
vary among regions in Spain; for instance, Melilla 
reported no MenACWY cases in 2023, possibly 
due to its early adoption of MenACWY vaccination 
for adolescents in 2017, while other regions intro
duced it later, from 2019 to 2020. Despite these 
biases, our collection seems to be a true represen
tation of the Spanish epidemiology, as we have 
been able to detect minority serogroups and clonal 
complexes among our collection, and, moreover, 
the most prevalent serogroups and clonal complexes 
were detected in different regions of Spain in differ
ent seasons. Our study is also limited by the use of 
genotyping-based approaches. gMATS is considered 
a conservative method, as it does not account for the 
contribution of the NadA antigen, minor OMV con
stituents, low-frequency or novel antigen variants, 
and cooperative effects among antigens, as well as 
the in vivo role of the human complement system. 
As a result, the actual vaccine coverage of our 
MenB panel may differ from the predictions pro
vided in this study. To overcome this limitation, 
further research employing phenotypic method
ologies, such as MATS and hSBA, is necessary to 
accurately evaluate vaccine strain coverage, particu
larly since 28.3% of MenB isolates remain unpredict
able by gMATS, with a significant proportion 
belonging to cc461 (39.6%).
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Conclusions

In summary, a high prevalence of MenB isolates 
(57.9%) was registered among N. meningitidis isolates 
causing IMD in Spain, especially after the COVID-19 
pandemic (70.2%). A high diversity of cc was found 
among MenB isolates, with cc213 being the most 
prevalent (40.1%) and presenting the highest rate of 
isolates not covered (84%) by gMATS. This cc was 
also found to be significantly more prevalent among 
the 4CMenB-vaccinated individuals presenting IMD 
than among the non-vaccinated individuals, which 
may pose a growing threat for IMD prevention. 
Regarding antimicrobial susceptibility, no resistance 
to 3GC was detected, and resistance to rifampicin 
and ciprofloxacin was rare. Further studies addressing 
epidemiological surveillance, vaccine reactivity pre
diction, and antimicrobial susceptibility testing are 
essential for assessing potential health threats and 
ensuring effective prevention, prophylaxis, and treat
ment of IMD.

Acknowledgements

We are especially indebted and thankful for the help and 
work of the researchers who contributed to the collection 
of isolates in this study, including members of the GE- 
EMIE (Grupo de Estudio de la Enfermedad Meningocócica 
Invasiva en España) study group: Aina Aguiló (Hospital 
Universitari Vall d’Hebron, Barcelona, Spain), Carmen 
Ardanuy (Hospital Universitari de Bellvitge, L’Hospitalet 
de Llobregat, Spain), Laura Batlle (Hospital Universitari 
Vall d’Hebron, Barcelona, Spain), Jorge Calvo (Hospital 
Universitario Marqués de Valdecilla, Santander, Spain), 
Magda Campins (Hospital Universitari Vall d’Hebron, Bar
celona, Spain), Emilio Cendejas (Hospital Universitario La 
Paz, Madrid, Spain), Pilar Ciruela (Agència de Salut Pública 
de Catalunya), Xavier Clivillé (Hospital Sant Pau i Santa 
Tecla, Tarragona, Spain), Roger Colobran (Hospital Univer
sitari Vall d’Hebron, Barcelona, Spain), Thais Cornejo 
(Hospital Universitari Vall d’Hebron, Barcelona, Spain), 
José Javier Costa Alcalde (Complejo Hospitalario Universi
tario de Santiago, Santiago de Compostela, Spain), Paula 
Andrea Espinal Marín (Facultat de Medicina i Ciències de 
la Salut, Universitat de Barcelona, Barcelona, Spain), Clara 
Franco Jarava (Hospital Universitari Joan XXIII, Tarragona, 
Spain), M. Ángeles Galán Ladero (Hospital Universitario 
Reina Sofía, Córdoba, Spain), Diego García Martínez de 
Artola (Hospital Universitario Nuestra Señora de Cande
laria, Santa Cruz de Tenerife, Spain), Anna Gatell (Equip 
de Pediatria Territorial del Garraf, Vilanova i la Geltrú, 
Spain), Sabina González (Hospital Sant Joan Despí Moisès 
Broggi, Sant Joan Despí, Spain), Frederic Gómez (Hospital 
Universitari Joan XXIII, Tarragona, Spain), Manuel Her
nández (Hospital Universitari Vall d’Hebron, Barcelona, 
Spain), Montserrat Giménez (Hospital Universitari Ger
mans Trias i Pujol, Badalona, Spain), Maria Mar Olga 
Pérez Moreno (Hospital de Tortosa Verge de la Cinta, Tor
tosa, Spain), Carmina Martí (Hospital General de Granol
lers, Granollers, Spain), Ana Martínez (Agència de Salut 
Pública de Catalunya) Xavier Martínez (Hospital Universi
tari Vall d’Hebron, Barcelona, Spain), Montserrat Motjé 

(Hospital Universitari de Girona Doctor Josep Trueta, Gir
ona, Spain), Antonio Oliver (Hospital Universitario Son 
Espases, Palma de Mallorca, Spain), Montserrat Olsina 
(Hospital General de Catalunya, Sant Cugat del Vallès, 
Spain), Raúl Recio (Hospital Universitario 12 de Octubre, 
Madrid, Spain), José Ángel Rodrigo Pendás (Hospital Uni
versitari Vall d’Hebron, Barcelona, Spain), Carlos Rodrigo 
(Hospital Universitari Germans Trias i Pujol, Badalona, 
Spain), María Pilar Romero Gómez (Hospital Universitario 
La Paz, Madrid), Paula Salmerón (Hospital Universitari Vall 
d’Hebron, Barcelona, Spain), Goretti Sauca (Corporació de 
Salut del Maresme i la Selva, Blanes, Spain), Pere Soler (Hos
pital Universitari Vall d’Hebron, Barcelona, Spain), Alexan
der Tristancho (Hospital Universitario Miguel Servet, 
Zaragoza, Spain), Gloria Trujillo (Fundació Althaia, Xarxa 
Assistencial Universitària Manresa, Manresa, Spain), Cinta 
Valldeperez (Equip de Pediatria Territorial del Garraf, Vila
nova i la Geltrú, Spain), Ana Vilamala (Consorci Hospitalari 
de Vic, Vic, Spain).

This publication utilized the PubMLST Neisseria spp. 
database (https://pubmlst.org/organisms/neisseria-spp/), 
sited at the University of Oxford (Jolley et al. 2018 Well
come Open Res 3:124), a public domain resource. The 
authors wish to express their gratitude to all individuals 
who have contributed to development, management, and 
curation of this database.

Author contribution

Isolates and clinical data were collected by CMA, ML, 
ABB, JC, EC, MAGL, AMN, DNC, MAO, BP, APA, 
MDQ, AR, AR, ERG, CS, AS, BV and NL. Whole gen
ome sequencing and antimicrobial susceptibility test
ing was performed by JRG and AMC. Data and 
genomic analysis by JRG, AMC, AMM and GP. The 
manuscript was written by JRG and JJGL, and sup
ported, commented and edited by all the other co- 
authors.

Ethical approval

The study was approved by the Ethics Committee of 
Vall d’Hebron Hospital, reference number 
PR(AG)17/2022. The study was conducted in accord
ance with the principles laid out in the Declaration of 
Helsinki and in accordance with the principles of 
Good Clinical Practice.

Disclosure statement

No potential conflict of interest was reported by the 
author(s).

Funding

This work was supported by the “Instituto de Salud Carlos 
III” and cofinanced by the European Regional Development 
Fund (ERDF) grant number FIS PI21/00132, and by the 
“Centro de Investigación Biomédica en Red” (CIBER de 
Enfermedades Infecciosas) grant number CB21/13/00054.

12 J. ROCA-GRANDE ET AL.

https://pubmlst.org/organisms/neisseria-spp/


Data availability statement

The genome assembly sequences used in this study were 
deposited in the PubMLST Neisseria spp. database. The 
identification numbers for all isolates are provided in Sup
plementary Table 1.

ORCID

Josep Roca-Grande http://orcid.org/0000-0002-7177-1684
Alba Mir-Cros http://orcid.org/0000-0003-4827-9824
Carmen Muñoz-Almagro http://orcid.org/0000-0001- 
5586-404X
Mayli Lung http://orcid.org/0000-0002-2692-4370
Alba Bellés-Bellés http://orcid.org/0000-0001-6277-1239
Jordi Càmara http://orcid.org/0000-0002-0817-0931
Emilia Cercenado http://orcid.org/0000-0002-5279-3773
Andrea Martín-Nalda http://orcid.org/0000-0002-1715- 
153X
Albert Moreno-Mingorance http://orcid.org/0000-0002- 
3073-5046
Daniel Navarro de la Cruz http://orcid.org/0000-0002- 
7556-5861
Guillem Puigsech-Boixeda http://orcid.org/0009-0001- 
6036-5429
M. Dolores Quesada http://orcid.org/0000-0001-8360- 
3787
Alba Rivera http://orcid.org/0000-0002-9709-6162
Enrique Ruiz de Gopegui http://orcid.org/0000-0002- 
8752-6894
Aleix Soler-Garcia http://orcid.org/0000-0001-7190-0653
Belén Viñado http://orcid.org/0000-0001-6212-5886
Nieves Larrosa http://orcid.org/0000-0001-8808-0233
Juan José González-López http://orcid.org/0000-0003- 
2419-5909

References

[1] ECDC, European Centre for Disease Prevention and 
Control. Invasive meningococcal disease - Annual epi
demiological report for 2022 [Internet]. Stockholm: 
European Centre for Disease Prevention and 
Control. 2024 [cited 2024 Dec 3]. Available from: 
https://www.ecdc.europa.eu/sites/default/files/ 
documents/invasive-meningococcal-disease-annual- 
epidmeiological-report-2022.pdf.

[2] ECDC, European Centre for Disease Prevention and 
Control. Invasive meningococcal disease - Annual epi
demiological report for 2018 [Internet]. Stockholm: 
European Centre for Disease Prevention and 
Control. 2022 [cited 2023 Oct 5]. Available from: 
https://www.ecdc.europa.eu/en/publications-data/ 
invasive-meningococcal-disease-annual- 
epidemiological-report-2018.

[3] Dubey H, Oster P, Fazeli MS, et al. Risk factors for 
contracting invasive meningococcal disease and 
related mortality: a systematic literature review and 
meta-analysis. Int J Infect Dis. 2022;119:1–9.

[4] Lewis LA, Ram S. Meningococcal disease and the 
complement system. Virulence. 2014;5(1):98–126. 
doi:10.4161/viru.26515

[5] GT-GPCMEMI, Grupo de trabajo de la Guía de Práctica 
Clínica sobre el Manejo de la Enfermedad 
Meningocócica Invasiva. Guía de Práctica Clínica sobre 
el Manejo de la Enfermedad Meningocócica Invasiva 

[Internet]. Ministerio de Sanidad, Servicios Sociales e 
Igualdad. Instituto Aragonés de Ciencias de la Salud. 
2013 [cited 2025 Mar 4]. Available from: https://www. 
sopeba.org/uploaded_files/links/sp_462.pdf.

[6] Bettencourt C, Nunes A, Nogueira P, et al. 
Epidemiology and genetic diversity of invasive 
Neisseria meningitidis strains circulating in Portugal 
from 2003 to 2020. Int Microbiol. 2023;27(4):1125– 
1136. [cited 2023 Dec 12]; doi:10.1007/s10123-023- 
00463-w

[7] Vacca P, Fazio C, Neri A, et al. Neisseria meningitidis 
antimicrobial resistance in Italy, 2006–2016. 
Antimicrob Agents Chemother. 2018;62(9):e00207– 
18. doi:10.1128/AAC.00207-18

[8] Willerton L, Lucidarme J, Walker A, et al. Antibiotic 
resistance among invasive Neisseria meningitidis iso
lates in England, Wales and Northern Ireland (2010/ 
11 to 2018/19). PLoS One. 2021;16(11):e0260677. 
doi:10.1371/journal.pone.0260677

[9] Potts CC, Retchless AC, McNamara LA, et al. 
Acquisition of ciprofloxacin resistance among an 
expanding clade of β-lactamase–positive, serogroup 
Y Neisseria meningitidis in the United States. Clin 
Infect Dis. 2021;73(7):1185–1193. doi:10.1093/cid/ 
ciab358

[10] Taormina G, Campos J, Sweitzer J, et al. β-lactamase- 
producing, ciprofloxacin-resistant Neisseria meningiti
dis isolated from a 5-month-old Boy in the United 
States. J Pediatr Infect Dis Soc. 2021;10(3):379–381. 
doi:10.1093/jpids/piaa085

[11] Chen M, Zhang C, Zhang X, et al. Meningococcal qui
nolone resistance originated from several commensal 
Neisseria species. Antimicrob Agents Chemother. 
2020;64(2):e0149419. doi:10.1128/aac.01494-19

[12] Takahashi H, Morita M, Kamiya H, et al. Emergence 
of ciprofloxacin- and penicillin-resistant Neisseria 
meningitidis isolates in Japan between 2003 and 2020 
and its genetic features. Antimicrob Agents 
Chemother. 2023;67(11):e0074423. doi:10.1128/aac. 
00744-23

[13] Harrison OB, Claus H, Jiang Y, et al. Description and 
nomenclature of Neisseria meningitidis capsule locus. 
Emerg Infect Dis. 2013;19(4):566–573. doi:10.3201/ 
eid1904.111799

[14] Nuttens C, Findlow J, Balmer P, et al. Evolution of 
invasive meningococcal disease epidemiology in 
Europe, 2008–2017. Eurosurveillance. 
2022;27(3):2002075. doi:10.2807/1560-7917.ES.2022. 
27.3.2002075

[15] Soler-Soneira M, Amillategui-Dos-Santos R, 
González-Viadero M, et al. Enfermedad 
meningocócica invasiva. Temporada 2021–2022. Bol 
Epidemiológico Sem. 2023;31(2):71–82. doi:10.4321/ 
s2173-92772023000200001

[16] ISCIII-CNE, Instituto de Salud Carlos III, Centro 
Nacional de Epidemiología. Boletín Epidemiológico 
Semanal en Red. No 42. Año 2023. [Internet]. 2023 
[cited 2024 Sep 16]. Available from: https://cne.isciii. 
es/documents/d/cne/is_n-42-20231017_web-pdf.

[17] ISCIII-CNE, Instituto de Salud Carlos III, Centro 
Nacional de Epidemiología. Boletín Epidemiológico 
Semanal en Red. No 51. Año 2024. [Internet]. 2024 
[cited 2024 Dec 22]. Available from: https://cne.isciii. 
es/documents/d/cne/is_n-39-20240924_web.

[18] Deghmane A-E, Taha M-K. Product review on the 
IMD serogroup B vaccine Bexsero®. Hum Vaccines 

EMERGING MICROBES & INFECTIONS 13

http://orcid.org/0000-0002-7177-1684
http://orcid.org/0000-0003-4827-9824
http://orcid.org/0000-0001-5586-404X
http://orcid.org/0000-0001-5586-404X
http://orcid.org/0000-0002-2692-4370
http://orcid.org/0000-0001-6277-1239
http://orcid.org/0000-0002-0817-0931
http://orcid.org/0000-0002-5279-3773
http://orcid.org/0000-0002-1715-153X
http://orcid.org/0000-0002-1715-153X
http://orcid.org/0000-0002-3073-5046
http://orcid.org/0000-0002-3073-5046
http://orcid.org/0000-0002-7556-5861
http://orcid.org/0000-0002-7556-5861
http://orcid.org/0009-0001-6036-5429
http://orcid.org/0009-0001-6036-5429
http://orcid.org/0000-0001-8360-3787
http://orcid.org/0000-0001-8360-3787
http://orcid.org/0000-0002-9709-6162
http://orcid.org/0000-0002-8752-6894
http://orcid.org/0000-0002-8752-6894
http://orcid.org/0000-0001-7190-0653
http://orcid.org/0000-0001-6212-5886
http://orcid.org/0000-0001-8808-0233
http://orcid.org/0000-0003-2419-5909
http://orcid.org/0000-0003-2419-5909
https://www.ecdc.europa.eu/sites/default/files/documents/invasive-meningococcal-disease-annual-epidmeiological-report-2022.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/invasive-meningococcal-disease-annual-epidmeiological-report-2022.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/invasive-meningococcal-disease-annual-epidmeiological-report-2022.pdf
https://www.ecdc.europa.eu/en/publications-data/invasive-meningococcal-disease-annual-epidemiological-report-2018
https://www.ecdc.europa.eu/en/publications-data/invasive-meningococcal-disease-annual-epidemiological-report-2018
https://www.ecdc.europa.eu/en/publications-data/invasive-meningococcal-disease-annual-epidemiological-report-2018
https://doi.org/10.4161/viru.26515
https://www.sopeba.org/uploaded_files/links/sp_462.pdf
https://www.sopeba.org/uploaded_files/links/sp_462.pdf
https://doi.org/10.1007/s10123-023-00463-w
https://doi.org/10.1007/s10123-023-00463-w
https://doi.org/10.1128/AAC.00207-18
https://doi.org/10.1371/journal.pone.0260677
https://doi.org/10.1093/cid/ciab358
https://doi.org/10.1093/cid/ciab358
https://doi.org/10.1093/jpids/piaa085
https://doi.org/10.1128/aac.01494-19
https://doi.org/10.1128/aac.00744-23
https://doi.org/10.1128/aac.00744-23
https://doi.org/10.3201/eid1904.111799
https://doi.org/10.3201/eid1904.111799
https://doi.org/10.2807/1560-7917.ES.2022.27.3.2002075
https://doi.org/10.2807/1560-7917.ES.2022.27.3.2002075
https://doi.org/10.4321/s2173-92772023000200001
https://doi.org/10.4321/s2173-92772023000200001
https://cne.isciii.es/documents/d/cne/is_n-42-20231017_web-pdf
https://cne.isciii.es/documents/d/cne/is_n-42-20231017_web-pdf
https://cne.isciii.es/documents/d/cne/is_n-39-20240924_web
https://cne.isciii.es/documents/d/cne/is_n-39-20240924_web


Immunother. 2022;18(1):e2020043. doi:10.1080/ 
21645515.2021.2020043

[19] Pizza M, Bekkat-Berkani R, Rappuoli R. Vaccines 
against meningococcal diseases. Microorganisms. 
2020;8(10):1521. doi:10.3390/microorganisms8101521

[20] GT-EMI, Grupo de trabajo vacunación frente a la 
Enfermedad Meningocócica Invasiva. 
Recomendaciones de vacunación frente a la enferme
dad meningocócica invasiva [Internet]. Spain: 
Comisión de Salud Pública del Consejo 
Interterritorial del Sistema Nacional de Salud. 
Ministerio de Sanidad, Consumo y Bienestar Social; 
2019. Available from: https://www.sanidad.gob.es/ 
areas/promocionPrevencion/vacunaciones/docs/ 
Recomendaciones_Vacunacion_Meningococo.pdf.

[21] GT-MenB. (2022). Grupo de trabajo para evaluar el 
programa de vacunación frente a la Enfermedad 
Meningocócica Invasiva por serogrupo 
B. Recomendaciones de vacunación frente a la enfer
medad meningocócica invasiva por serogrupo B 
[Internet]. Spain: Comisión de Salud Pública del 
Consejo Interterritorial del Sistema Nacional de 
Salud. Ministerio de Sanidad; 2022. Available from: 
https://www.sanidad.gob.es/areas/promocionPrevenc 
ion/vacunaciones/comoTrabajamos/docs/MenB_2022 
.pdf.

[22] Borrow R, Carlone GM, Rosenstein N, et al. Neisseria 
meningitidis group B correlates of protection and assay 
standardization—international meeting report emory 
university, Atlanta, Georgia, United States, 16–17 
March 2005. Vaccine. 2006;24(24):5093–5107. doi:10. 
1016/j.vaccine.2006.03.091

[23] Borrow R, Martinón-Torres F, Abitbol V, et al. Use of 
expanded Neisseria meningitidis serogroup B panels 
with the serum bactericidal antibody assay for the 
evaluation of meningococcal B vaccine effectiveness. 
Expert Rev Vaccines. 2023;22(1):738–748. doi:10. 
1080/14760584.2023.2244596

[24] Boccadifuoco G, Brunelli B, Mori E, et al. 
Meningococcal antigen typing system (MATS): a 
tool to estimate global coverage for 4CMenB, a multi
component meningococcal B vaccine. In: Seib KL, 
Peak IR, editor. Neisseria meningitidis [internet]. 
New York, NY: Springer New York; 2019. p. 205– 
215. [cited 2022 Feb 9]. Available from: http://link. 
springer.com/10.1007978-1-4939-9202-7_14.

[25] Muzzi A, Brozzi A, Serino L, et al. Genetic meningo
coccal antigen typing system (gMATS): A genotyping 
tool that predicts 4CMenB strain coverage worldwide. 
Vaccine. 2019;37(7):991–1000. doi:10.1016/j.vaccine. 
2018.12.061

[26] Rodrigues CMC, Jolley KA, Smith A, et al. 
Meningococcal deduced vaccine antigen reactivity 
(MenDeVAR) index: a rapid and accessible tool that 
exploits genomic data in public health and clinical 
microbiology applications. J Clin Microbiol. 
2020;59(1):e02161–20.

[27] Vogel U, Taha M-K, Vazquez JA, et al. Predicted strain 
coverage of a meningococcal multicomponent vaccine 
(4CMenB) in Europe: a qualitative and quantitative 
assessment. Lancet Infect Dis. 2013;13(5):416–425. 
doi:10.1016/S1473-3099(13)70006-9

[28] Abad R, Medina V, Stella M, et al. Predicted strain 
coverage of a new meningococcal multicomponent 
vaccine (4CMenB) in Spain: analysis of the differences 
with other European countries. PLoS One. 2016;11(3): 
e0150721. doi:10.1371/journal.pone.0150721

[29] Bexsero suspension for injection in pre-filled syringe. 
Product information. [Internet]. GSK Vaccines Srl. 
2024 [cited 2024 Sep 3]. Available from: https:// 
www.ema.europa.eu/en/documents/product- 
information/bexsero-epar-product-information_en. 
pdf.

[30] Jolley KA, Bray JE, Maiden MCJ. Open-access bac
terial population genomics: BIGSdb software, the 
PubMLST.org website and their applications. 
Wellcome Open Res. 2018;3:124. doi:10.12688/ 
wellcomeopenres.14826.1

[31] Huson DH. Splitstree: analyzing and visualizing evol
utionary data. Bioinformatics. 1998;14(1):68–73. 
doi:10.1093/bioinformatics/14.1.68

[32] Zapun A, Morlot C, Taha M-K. Resistance to β-lac
tams in Neisseria ssp due to chromosomally encoded 
penicillin-binding proteins. Antibiot Basel Switz. 
2016;5(4):35.

[33] Taha M-K, Vázquez JA, Hong E, et al. Target gene 
sequencing to characterize the penicillin G suscepti
bility of Neisseria meningitidis. Antimicrob Agents 
Chemother. 2007;51(8):2784–2792. doi:10.1128/AAC. 
00412-07

[34] Skoczynska A, Ruckly C, Hong E, et al. Molecular 
characterization of resistance to rifampicin in clinical 
isolates of Neisseria meningitidis. Clin Microbiol 
Infect. 2009;15(12):1178–1181. doi:10.1111/j.1469- 
0691.2009.02783.x

[35] Stefanelli P, Fazio C, La Rosa G, et al. Rifampicin- 
resistant meningococci causing invasive disease: 
detection of point mutations in the rpoB gene and 
molecular characterization of the strains. J 
Antimicrob Chemother. 2001;47(2):219–222. doi:10. 
1093/jac/47.2.219

[36] Castanheira M, Deshpande LM, Jones RN, et al. 
Evaluation of quinolone resistance-determining 
region mutations and efflux pump expression in 
Neisseria meningitidis resistant to fluoroquinolones. 
Diagn Microbiol Infect Dis. 2012;72(3):263–266. 
doi:10.1016/j.diagmicrobio.2011.12.001

[37] Shultz TR, White PA, Tapsall JW. In vitro assessment 
of the further potential for development of fluoroqui
nolone resistance in Neisseria meningitidis. 
Antimicrob Agents Chemother. 2005;49(5):1753– 
1760. doi:10.1128/AAC.49.5.1753-1760.2005

[38] Bröker M, Emonet S, Fazio C, et al. Meningococcal 
serogroup Y disease in Europe: continuation of high 
importance in some European regions in 2013. Hum 
Vaccines Immunother. 2015;11(9):2281–2286. doi:10. 
1080/21645515.2015.1051276

[39] Krone M, Gray S, Abad R, et al. Increase of invasive 
meningococcal serogroup W disease in Europe, 
2013–2017. Eurosurveillance. 2019;24(14):1800245. 
doi:10.2807/1560-7917.ES.2019.24.14.1800245

[40] Ohm M, Hahné SJM, van der Ende A, et al. Vaccine 
impact and effectiveness of meningococcal serogroup 
ACWY conjugate vaccine implementation in The 
Netherlands: a nationwide surveillance study. Clin 
Infect Dis. 2022;74(12):2173–2180. p. 205–215. 
doi:10.1093/cid/ciab791

[41] Brueggemann AB, Jansen van Rensburg MJ, Shaw D, 
et al. Changes in the incidence of invasive disease 
due to Streptococcus pneumoniae, Haemophilus 
influenzae, and Neisseria meningitidis during the 
COVID-19 pandemic in 26 countries and territories 
in the invasive respiratory infection surveillance 
initiative: a prospective analysis of surveillance data. 

14 J. ROCA-GRANDE ET AL.

https://doi.org/10.1080/21645515.2021.2020043
https://doi.org/10.1080/21645515.2021.2020043
https://doi.org/10.3390/microorganisms8101521
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/docs/Recomendaciones_Vacunacion_Meningococo.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/docs/Recomendaciones_Vacunacion_Meningococo.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/docs/Recomendaciones_Vacunacion_Meningococo.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/comoTrabajamos/docs/MenB_2022.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/comoTrabajamos/docs/MenB_2022.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/comoTrabajamos/docs/MenB_2022.pdf
https://doi.org/10.1016/j.vaccine.2006.03.091
https://doi.org/10.1016/j.vaccine.2006.03.091
https://doi.org/10.1080/14760584.2023.2244596
https://doi.org/10.1080/14760584.2023.2244596
http://link.springer.com/10.1007/978-1-4939-9202-7_14
http://link.springer.com/10.1007/978-1-4939-9202-7_14
https://doi.org/10.1016/j.vaccine.2018.12.061
https://doi.org/10.1016/j.vaccine.2018.12.061
https://doi.org/10.1016/S1473-3099(13)70006-9
https://doi.org/10.1371/journal.pone.0150721
https://www.ema.europa.eu/en/documents/product-information/bexsero-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/bexsero-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/bexsero-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/bexsero-epar-product-information_en.pdf
https://doi.org/10.12688/wellcomeopenres.14826.1
https://doi.org/10.12688/wellcomeopenres.14826.1
https://doi.org/10.1093/bioinformatics/14.1.68
https://doi.org/10.1128/AAC.00412-07
https://doi.org/10.1128/AAC.00412-07
https://doi.org/10.1111/j.1469-0691.2009.02783.x
https://doi.org/10.1111/j.1469-0691.2009.02783.x
https://doi.org/10.1093/jac/47.2.219
https://doi.org/10.1093/jac/47.2.219
https://doi.org/10.1016/j.diagmicrobio.2011.12.001
https://doi.org/10.1128/AAC.49.5.1753-1760.2005
https://doi.org/10.1080/21645515.2015.1051276
https://doi.org/10.1080/21645515.2015.1051276
https://doi.org/10.2807/1560-7917.ES.2019.24.14.1800245
https://doi.org/10.1093/cid/ciab791


Lancet Digit Health. 2021;3(6):e360–e370. doi:10. 
1016/S2589-7500(21)00077-7

[42] CDC Health Alert Network. Increase in invasive ser
ogroup Y meningococcal disease in the United States 
[Internet]. 2024 [cited 2024 Dec 3]. Available from: 
https://emergency.cdc.gov/han/2024/han00505.asp.

[43] Taha S, Hong E, Denizon M, et al. The rapid rebound 
of invasive meningococcal disease in France at the end 
of 2022. J Infect Public Health. 2023;16(12):1954– 
1960. doi:10.1016/j.jiph.2023.10.001

[44] Lucidarme J, Comanducci M, Findlow J, et al. 
Characterization of fHbp, nhba (gna2132), nadA, 
porA, sequence type (ST), and genomic presence of 
IS1301 in group B meningococcal ST269 clonal complex 
isolates from England and Wales. J Clin Microbiol. 
2009;47(11):3577–3585. doi:10.1128/JCM.00936-09

[45] Hill DMC, Lucidarme J, Gray SJ, et al. Genomic epide
miology of age-associated meningococcal lineages in 
national surveillance: an observational cohort study. 
Lancet Infect Dis. 2015;15(12):1420–1428. doi:10. 
1016/S1473-3099(15)00267-4

[46] Abad R, García-Amil C, Navarro C, et al. Molecular 
characterization of invasive serogroup B Neisseria 
meningitidis isolates from Spain during 2015–2018: 
evolution of the vaccine antigen factor H binding 
protein (FHbp). J Infect. 2021;82(4):37–44. doi:10. 
1016/j.jinf.2021.01.030

[47] Hong E, Terrade A, Muzzi A, et al. Evolution of strain 
coverage by the multicomponent meningococcal ser
ogroup B vaccine (4CMenB) in France. Hum 
Vaccines Immunother. 2021;17(12):5614–5622. 
doi:10.1080/21645515.2021.2004055

[48] Freudenburg-de Graaf W, Knol MJ, van der Ende A. 
Predicted coverage by 4CMenB vaccine against inva
sive meningococcal disease cases in The Netherlands. 
Vaccine. 2020;38(49):7850–7857. doi:10.1016/j. 
vaccine.2020.10.008

[49] Leo S, Lazarevic V, Girard M, et al. Strain coverage of 
Bexsero vaccine assessed by whole-genome sequen
cing over a cohort of invasive meningococci of ser
ogroups B and W isolated in Switzerland. Vaccine. 
2020;38(33):5324–5331. doi:10.1016/j.vaccine.2020. 
05.071

[50] Lucidarme J, Bai X, Lekshmi A, et al. Invasive serogroup 
B meningococci in England following three years of 
4CMenB vaccination - first real-world data. J Infect. 
2022;84(2):136–144. doi:10.1016/j.jinf.2021.11.015

[51] Bodini M, Brozzi A, Giuliani M, et al. Genomic 
characterization of invasive meningococcal serogroup 
B isolates and estimation of 4CMenB vaccine coverage 
in Finland. mSphere. 2020;5(5):e00376–20. doi:10. 
1128/mSphere.00376-20

[52] Waśko I, Gołębiewska A, Kiedrowska M, et al. Genetic 
variability of Polish serogroup B meningococci (2010– 
2016) including the 4CMenB vaccine component 
genes. Vaccine. 2020;38(8):1943–1952. doi:10.1016/j. 
vaccine.2020.01.021

[53] Borrow R, Campbell H, Caugant DA, et al. Global 
meningococcal initiative: insights on antibiotic resist
ance, control strategies and advocacy efforts in 
Western Europe. J Infect. 2024;89(6):106335. doi:10. 
1016/j.jinf.2024.106335

[54] Chen M, Shao Y, Luo J, et al. Penicillin and cefotaxime 
resistance of quinolone-resistant Neisseria meningiti
dis clonal complex 4821, Shanghai, China, 1965– 
2020. Emerg Infect Dis. 2023;29(2):341–350. doi:10. 
3201/eid2902.221066

[55] Deghmane A-E, Hong E, Taha M-K. Recent evolution 
of susceptibility to beta-lactams in Neisseria meningiti
dis. Antibiot Basel Switz. 2023;12(6):992.

[56] Deghmane A-E, Hong E, Taha M-K. Emergence of 
meningococci with reduced susceptibility to third- 
generation cephalosporins. J Antimicrob Chemother. 
2017;72(1):95–98. doi:10.1093/jac/dkw400

[57] Rainbow J, Cebelinski E, Bartkus J, et al. Rifampin- 
resistant meningococcal disease. Emerg Infect Dis. 
2005;11(6):977–979. doi:10.3201/eid1106.050143

[58] Taha M-K, Zarantonelli ML, Ruckly C, et al. 
Rifampin-resistant Neisseria meningitidis. Emerg 
Infect Dis. 2006;12(5):859–860. doi:10.3201/eid1205. 
051296

[59] Abadi FJ, Carter PE, Cash P, et al. Rifampin resistance 
in Neisseria meningitidis due to alterations in mem
brane permeability. Antimicrob Agents Chemother. 
1996;40(3):646–651. doi:10.1128/AAC.40.3.646

[60] Kam KM, Kam SSY, Cheung DTL, et al. Molecular 
characterization of quinolone-resistant Neisseria 
gonorrhoeae in Hong Kong. Antimicrob Agents 
Chemother. 2003;47(1):436–439. doi:10.1128/AAC. 
47.1.436-439.2003

[61] Zhang T, Zhou X, Chen Y, et al. Fluoroquinolone 
resistance and mutation patterns in gyrA and parC 
genes in Neisseria gonorrhoeae isolates from 
Shanghai, China. J Huazhong Univ Sci Technolog 
Med Sci. 2009;29(1):29–34. doi:10.1007/s11596-009- 
0106-4

[62] Codina G, De Cueto M, Echevarría JE, et al. 
Procedimientos en Microbiología Clínica: 
Recomendaciones de la Sociedad Española de 
Enfermedades Infecciosas y Microbiología Clínica 
[Internet]. 2010 [cited 2025 Mar 6]. Available from: 
https://seimc.org/ficheros/documentoscientificos/ 
procedimientosmicrobiologia/seimc-procedimientom 
icrobiologia36.pdf/1114-1114.

EMERGING MICROBES & INFECTIONS 15

https://doi.org/10.1016/S2589-7500(21)00077-7
https://doi.org/10.1016/S2589-7500(21)00077-7
https://emergency.cdc.gov/han/2024/han00505.asp
https://doi.org/10.1016/j.jiph.2023.10.001
https://doi.org/10.1128/JCM.00936-09
https://doi.org/10.1016/S1473-3099(15)00267-4
https://doi.org/10.1016/S1473-3099(15)00267-4
https://doi.org/10.1016/j.jinf.2021.01.030
https://doi.org/10.1016/j.jinf.2021.01.030
https://doi.org/10.1080/21645515.2021.2004055
https://doi.org/10.1016/j.vaccine.2020.10.008
https://doi.org/10.1016/j.vaccine.2020.10.008
https://doi.org/10.1016/j.vaccine.2020.05.071
https://doi.org/10.1016/j.vaccine.2020.05.071
https://doi.org/10.1016/j.jinf.2021.11.015
https://doi.org/10.1128/mSphere.00376-20
https://doi.org/10.1128/mSphere.00376-20
https://doi.org/10.1016/j.vaccine.2020.01.021
https://doi.org/10.1016/j.vaccine.2020.01.021
https://doi.org/10.1016/j.jinf.2024.106335
https://doi.org/10.1016/j.jinf.2024.106335
https://doi.org/10.3201/eid2902.221066
https://doi.org/10.3201/eid2902.221066
https://doi.org/10.1093/jac/dkw400
https://doi.org/10.3201/eid1106.050143
https://doi.org/10.3201/eid1205.051296
https://doi.org/10.3201/eid1205.051296
https://doi.org/10.1128/AAC.40.3.646
https://doi.org/10.1128/AAC.47.1.436-439.2003
https://doi.org/10.1128/AAC.47.1.436-439.2003
https://doi.org/10.1007/s11596-009-0106-4
https://doi.org/10.1007/s11596-009-0106-4
https://seimc.org/ficheros/documentoscientificos/procedimientosmicrobiologia/seimc-procedimientomicrobiologia36.pdf/1114-1114
https://seimc.org/ficheros/documentoscientificos/procedimientosmicrobiologia/seimc-procedimientomicrobiologia36.pdf/1114-1114
https://seimc.org/ficheros/documentoscientificos/procedimientosmicrobiologia/seimc-procedimientomicrobiologia36.pdf/1114-1114

	Abstract
	Introduction
	Materials and methods
	Isolates and data collection
	Whole genome sequencing (WGS) and bioinformatic analysis
	Genotyping of 4CMenB vaccine antigens and prediction of 4CMenB vaccine strain coverage
	Antimicrobial susceptibility testing
	Statistical analysis

	Results
	Serogroup, age, and temporal distribution
	Population structure and genetic diversity
	Prediction of 4CMenB vaccine strain coverage of serogroup B isolates by gMATS
	Characteristics of 4CMenB antigens among serogroup B isolates
	4CMenB vaccination status and clonal complex patterns in individuals with serogroup B IMD
	Antimicrobial susceptibility

	Discussion
	Conclusions
	Acknowledgements
	Author contribution
	Ethical approval
	Disclosure statement
	Data availability statement
	ORCID
	References

