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Genomic characterization of invasive Neisseria meningitidis in Spain (2011/12-
2022/23): expansion of clonal complex 213 and the potential threat to 4CMenB
vaccine strain coverage
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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 B-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 B-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
Le6n, Andalucia, Cataluiia 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



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
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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 (B-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% CO, 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 (y” 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
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distributed across 22 cc. The most prevalent cc was
ccll (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
ccl62 (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
ccll (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, ccl174, 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
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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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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.

one c¢c9316. Within MenY, c¢c23 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 ccl67, and one ccl75,
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
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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

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 ccl62,
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
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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
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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
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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.

Sex/ Vaccination 4CMenB doses Date last 4CMenB dose Diagnosis Serogroup/Clonal gMATS
ID Age schedule received received date complex prediction
Vi F/9 Complete 2 2015 Apr 2016 Jan B:ccND Unpredictable
V2 M2 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
Vo 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
Vi5 M1 Uncomplete 1 2017 Apr 2018 Jul B:cc213 Not covered
Vie 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 M1 Uncomplete 2 2022 Mar 2023 Feb B:cc213 Not covered
UNK: unknown; ccND: clonal complex not defined.
versus partially vaccinated patients (75% vs 66.7%,  covered MenB:cc1572 strain was  presented.

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

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
(PEN®), 0.3% (1/304) to ciprofloxacin (CIP®), 0.3%
(1/304) to rifampicin (RIFY), and no isolates showed
resistance to cefotaxime, ceftriaxone, or meropenem.

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

Complete Incomplete

vaccination vaccination Non-

status (n= status (n= Vaccinated® vaccinated RR vaccinated versus

12) 12) (n=24) (n=130) All (n=154) non-vaccinated

Clonal complex n % n % n % n % n % (95% CI) P value®
CC103 3 23 3 1.9 n/a
ccn 2 1.5 2 13 n/a
CC1572 1 8.3 1 42 6 4.6 7 4.5 0.90 (0.14-5.21) 0.999
cc162 7 54 7 4.5 n/a
cC213 9 75 8 66.7 17 70.8 46 354 63 409 2 (1.35-2.76) 0.003
CC269 19 14.6 19 12.3 n/a
Cc32 2 16.7 2 83 19 14.6 21 13.6 0.57 (0.15-1.92) 0.532
CC41/44 9 6.9 9 58 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 42 1 0.6 n/a
CC865 3 23 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)



No association was observed between antimicrobial
susceptibility profiles and serogroups (Supplementary
Table 2).

In relation to PEN®, 82.9% (34/40) of resistant iso-
lates displayed various penA alleles that simul-
taneously  encoded the five  characteristic
substitutions F504L, A510V, I515V, H54IN, and
I566V in PBP2, associated with resistance in
N. meningitidis [32]. The remaining PEN" 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 penAl and penA22 [33]. In gen-
eral, isolates containing mutations in PBP2 presented
a higher MIC than those with wild-type alleles
(Figure 5). No [-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 pg/mL
and three with MIC = 0.094 pg/mL). All five belonged
to MenC:ccl1, one carried the penAl allele, while the
remaining four carried the penA327 allele, which
includes the G545S substitution in PBP2.

The RIF® isolate (MIC = 0.5 pg/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 CIP® isolate (MIC = 0.023 ug/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
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same allele and presented a MIC close to the clinical
breakpoint value (MIC = 0.016 ug/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 ccll 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

MIC to penicillin G
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@ 0.38-0.5

@ 0.19-0.25

O 0.094-0.125
@ 0.023-0.064
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penA alleles

F504L, A510V, 1515V, H541N, 1566V

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, 1515V, 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 ST's [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



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 PENY, 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 PEN® was primarily con-
ferred by mutations in the penA gene, with no
evidence of P-lactamase production. Nevertheless,
some resistant strains lacked known mutations in
PBP2, suggesting alternative mechanisms or novel
mutations contributing to resistance. RIF® is rare
and typically linked to mutations in the rpoB gene
encoding the { subunit of RNA polymerase
[7,57,58]. The only RIF? isolate identified in this
study exhibited low-level resistance without detectable
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rpoB mutations. This finding implies that resistance
may result from other mechanisms, such as alterations
in membrane permeability or efflux pump activity
[59]. Regarding CIP, a novel gyrA403 allele encoding
an A92P substitution was identified in two MenB:
cc213 isolates (MIC =0.023 and 0.016 pg/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.
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