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SUMMARY

Objectives: In 2015 the UK became the first country to implement the meningococcal B (MenB) vac-
cine, 4CMenB, into the national infant program. 4CMenB is expected to cover meningococci expressing
sufficient levels of cross-reactive proteins. This study presents clonal complex, 4CMenB antigen genotyp-
ing, and 4CMenB coverage data for all English invasive MenB isolates from 2014/15 (1 year pre-vaccine)
through 2017/18 and compares data from vaccinated and unvaccinated <3 year olds.

Methods: Vaccine coverage of all invasive MenB isolates from 2014/15 to 2017/18 (n = 784) was analysed
using the Meningococcal Antigen Typing System. Genotyping utilised the Meningococcus Genome Library.
Results: Among <3 year olds, proportionally fewer cases in vaccinees (1, 2 or 3 doses) were associated
with well-covered strains e.g. cc41/44 (20.5% versus 36.4%; P<0.01) and antigens e.g. PorA P1.4 (7.2% ver-
sus 17.3%; P = 0.02) or fHbp variant 1 peptides (44.6% vs 69.1%; P<0.01). Conversely, proportionally more
cases in vaccinees were associated with poorly-covered strains e.g. cc213 (22.9% versus 9.6%; P<0.01) and
antigens e.g. variant 2 or 3 fHbp peptides (54.2% versus 30.9%; P<0.01).

Conclusions: 4CMenB reduces disease due to strains with cross-reactive antigen variants. No increase in

absolute numbers of cases due to poorly covered strains was observed in the study period.
Crown Copyright © 2021 Published by Elsevier Ltd on behalf of The British Infection Association.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Neisseria meningitidis (the meningococcus) is a major global
cause of meningitis and/or septicaemia. Six serogroups (A, B, C,
W, X and Y) cause the majority of invasive meningococcal dis-
ease (IMD). In western countries serogroup B (MenB) disease pre-
dominates' peaking among infants and young children with a
smaller peak in young adults.! Polysaccharide-conjugate vaccines
exist against serogroups A, C, W and Y but not MenB, owing
to poor immunogenicity of the capsular polysaccharide.!:? Outer
membrane vesicle (OMV) based MenB vaccines have mostly been
used against strain-specific outbreaks owing to the high diversity
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and poor immunological cross-reactivity of the immunodominant
porin A (PorA) antigen.> Two MenB vaccines containing recombi-
nant proteins (4CMenB [Bexsero] and MenB-fHBP [Trumenba]) are
licensed in multiple countries/regions.*>

In September 2015, the UK became the first country to imple-
ment 4CMenB into the national infant immunization program at
a reduced 8 week, 16 week and 1 year schedule.’ After 3 years,
MenB cases declined by 75% in fully-eligible cohorts, with an esti-
mated vaccine effectiveness (2 doses plus booster) of 71.2% against
strains predicted to be covered.’

4CMenB includes three recombinant antigens, factor H-binding
protein (fHbp; variant 1, peptide 1), neisserial heparin-binding
antigen (NHBA; peptide 2) and Neisseria adhesin A (NadA; pep-
tide 8), and OMVs from a New Zealand outbreak strain possessing
PorA subtype P1.4.* fHbp, NHBA and PorA are widely distributed
among meningococci while only certain strains possess a nadA
gene. Unlike PorA, the three recombinant antigens each exhibit im-
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munological cross-reactivity between closely-related variants. Thus,
the fHbp component may afford protection against meningococci
expressing variant group 1, but not variant group 2 or 3 pep-
tide variants.* The NadA component may afford protection against
meningococci possessing variant group NadA-2/3 or NadA-1 pep-
tides, but not NadA-4/5 or NadA-6 peptides, or isolates lacking the
gene. NHBA is also diverse but cross-reactivity is not restricted to
discreet phylogenetic groups.*

A meningococcus must sufficiently express a cross-reactive pep-
tide on its surface to trigger antibody-mediated killing. The serum
bactericidal antibody (SBA) assay is the gold-standard for establish-
ing antibody titres against a standard isolate but is impractical for
routine use against large panels of IMD isolates.® The Meningo-
coccal Antigen Typing System (MATS) was, therefore, developed
to determine vaccine coverage among such panels.? An isolate is
considered covered by the vaccine (MATS-positive) if it possesses
PorA P1.4 and/or at least one of the other antigens has a relative
potency (RP; as determined by enzyme-linked immunosorbent as-
say), versus a reference strain, that exceeds the so-called positive
bactericidal threshold (PBT). MATS can only be performed on vi-
able cultures which are obtained in approximately 50% of cases in
the UK. These are, nonetheless, considered broadly representative
of prevailing IMD.'?-"! Genotypic analysis of 4CMenB antigens sup-
plements MATS by characterizing antigenic diversity.'2

Here we present strain (clonal complex and 4CMenB antigen
genotyping) and MATS data for all English invasive MenB isolates
from one year pre- through three years post-4CMenB introduction
in England, and compare the data from vaccinated and unvacci-
nated <3 year olds.

Materials and methods
Surveillance

The Public Health England Meningococcal Reference Unit (MRU)
and immunization and Countermeasures Division conduct IMD
enhanced surveillance in England. The MRU receives cultures
for >90% of culture-confirmed cases from microbiology labora-
tories in England for species confirmation and characterization.!?
Laboratory-confirmed cases are routinely followed up for vaccina-
tion status, disease presentation, and outcome.' In the present
study an individual was counted as having had a specific dose of
vaccine if disease occurred >14 days thereafter.

Isolates

The study included one isolate each for all English MenB IMD
cases (n = 784) that were culture confirmed by the MRU during
the 2014/15 (n = 220), 2015/16 (n = 195), 2016/17 (n = 189) and
2017/18 (n = 180) academic years (1st September to 31st August)
(table S1).

Genotypic analyses

Genotypic data (vaccine antigen genotypes and multilocus se-
quence typing) were obtained from the Meningitis Research Foun-
dation Meningococcus Genome Library (MGL; https://pubmlst.org/
bigsdb?db=pubmlst_neisseria_mrfgenomes&page=projects) which
contains fully annotated draft genome sequences for all English
IMD isolates received by the MRU dating back to July 2010,
inclusive.!

MATS analysis

Genotypic PorA data were obtained from the MGL as described
above. Phenotypic PorA data were routinely obtained using a dot-
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blot ELISA as previously described.'® The MATS ELISA was per-
formed as previously described® using the following PBTs: fhbp
0.012, NHBA 0.294 and NadA 0.009."”

Human serum bactericidal antibody assays

Serum bactericidal antibody (SBA) assays utilizing an exogenous
source of human complement were performed as previously de-
scribed against target strains NZ98/254 (covered for PorA), 44/76-
SL (covered for fHbp) and 5/99 (covered for NadA). A titre of 4 or
above was considered protective.®

Statistics

Comparisons were made using Chi squared or Fisher’s exact
tests with Bonferroni correction.

Results
MenB epidemiology

The age group distribution of culture-confirmed MenB IMD
cases (n = 784) was: <3 years (n = 355, 45.3%), 4 to 9 years
(n = 88, 11.2%), 10 to 14 years (n = 17, 2.2%), 15 to 19 years (n = 74,
9.4%), 20 to 24 years (n = 40, 5.1%), 25 to 44 years (n = 36, 4.6%),
45 to 64 years (n = 66, 8.4%) and >65 years (n = 108, 13.8%).

The clonal complex distribution varied with age group
(Fig. 1a). Overall, the most common clonal complex was cc41/44
(n = 272|784, 34.7%) followed by cc269 (n = 167/784, 21.3%), cc213
(n = 92/784, 11.7%), cc32 (n = 76/784, 9.7%), cc461 (n = 25/784,
3.2%), cc162 (n = 23/784, 2.9%), cc35 (n 16/784, 2.0%), cc60
(n = 10/784, 1.3%) and ten other ccs each representing <10 iso-
lates. The greatest diversity in terms of the number of clonal com-
plexes was observed among younger children and older adults.

Overall MenB mats coverage

MATS coverage was relatively low among <3 year olds (67.0%),
increasing to 94.1% among 10 to 14 year olds and then de-
creasing to 66.7% among >65 year olds (Fig. 1b). Overall, 72.7%
(n = 570/784) of isolates were predicted to be covered by 4CMenB;
341% (n = 267/784) by a single antigen, 28.4% (n = 223/784)
by two antigens, and 10.2% (n 80/784) by three antigens.
The predominant combinations of MATS-positive antigens varied
with age group (Fig. 1c). The most common combinations over-
all were fHbp alone (24.0%, n = 188/784), fHbp;NHBA (20.7%,
n = 162/784), fHbp;NHBA;PorA (9.9%, n = 78/784), NHBA alone
(8.8%, n = 69/784) and fHbp;PorA (4.5%, n = 35/784).

MATS coverage by clonal complex and peptide variant

Among the predominant clonal complexes, the majority of iso-
lates belonging to cc41/44 (93.0%, n = 253/272), cc32 (93.4%,
n = 71/76) and cc162 (91.3%, n = 21/23) were MATS covered. This
figure was lower for cc269 (64.1%, n = 107/167). A minority of
isolates belonging to cc213 (29.3%, n = 27/92) and cc461 (28.0%,
n = 7/25) were covered (Fig. 2a).

None of the n = 232/784 (29.6%) isolates possessing fHbp
variant 2 or 3 alleles were MATS-positive for fHbp. Among the
n = 550/784 (70.2%) isolates with fHbp variant 1 alleles, 86.3%
(n 475/550) were MATS-positive for fHbp including most or
all isolates with alleles for peptides 1.4 (99.5%, n = 195/196), 1.1
(100.0%, n = 57/57), 1.14 (95.5%, n = 42/44), 1.510 (100%, n = 8/8),
1110 (100%, n = 5/5), 1.483 (100%, n 5/5) and 1.69 (100%,
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Fig. 1. Distribution of clonal complex (a), MATS positivity by number of antigens (b), and MATS positivity by antigen combination (c) versus age group for invasive MenB
isolates from culture confirmed cases in England, 2014/15 to 2017/18, inclusive.
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Fig. 2. MATS positivity by clonal complex (a), fHbp peptide (b) and NHBA peptide (c) among invasive MenB isolates from culture confirmed cases in England, 2014/15 to

2017/18, inclusive.
NB. All fHbp variant 2 peptides were MATS negative.
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Table 1
Clonal complex distribution versus number of 4CMenB doses among <3 year olds in England (2014/15 to 2017/18).
3 doses 2 doses 1 dose 1, 2 or 3 doses 0 doses Rate ratio 1, 2 or 3 P
Clonal complex (n=12) (n =30) (n=41) (n = 83) (n =272) All (n = 355) doses versus 0 doses value?
n % n % n % n % n % n %
cc103 1 0.4 1 0.3 n/a n/a
ccll 1 0.4 1 0.3 n/a n/a
cc1157 1 8.3 1 1.2 3 1.1 4 1.1 1.09 n/a
cc1572 2 0.7 2 0.6 n/a n/a
cc162 1 33 1 24 2 24 7 2.6 9 2.5 0.94 n/a
cc18 1 0.4 1 0.3 n/a n/a
cc213 2 16.7 9 30.0 8 19.5 19 229 26 9.6 45 12.7 2.39 0.0014
cc22 3 1.1 3 0.8 n/a n/a
cc269 5 41.7 6 20.0 9 22.0 20 24.1 47 17.3 67 18.9 1.39 0.1647
cc282 1 24 1 1.2 1 0.3 n/a n/a
cc32 3 10.0 2 4.9 5 6.0 24 8.8 29 8.2 0.68 0.4150
cc35 1 24 1 1.2 12 4.4 13 3.7 0.27 n/a
cc364 1 0.4 1 0.3 n/a n/a
cc41/44 2 16.7 5 16.7 10 24.4 17 20.5 99 36.4 116 32.7 0.56 0.0068
cc461 1 83 2 6.7 4 9.8 8.4 8 2.9 15 4.2 2.87 0.0295
cc60 1 33 1 1.2 6 2.2 7 2.0 0.55 n/a
cc865 1 0.4 1 0.3 n/a n/a
UA 1 83 3 10.0 5 12.2 9 10.8 30 11.0 39 11.0 0.98 n/a

Blank boxes = 0. 2P values taken for five most prevalent clonal complexes. Bold type = significant (<0.01).

n = 5/5) (Fig. 2b). This proportion was lower for isolates with pep-
tides 1.15 (81.5%, n = 44/54) and 1.13 (56.7%, n = 59/104). All iso-
lates with peptide 1.86 (100%, n = 5/5) were MATS-negative for
fHbp. Among the minor variant 1 peptides (representing <5 iso-
lates each) most isolates (82.1%, n = 55/67) were MATS-positive
for fHbp.

Most isolates possessing alleles for NHBA peptide 2 (94.9%,
n = 187/197) were MATS-positive for NHBA (Fig. 2c). This dropped
to between 58.6% and 75.0% for peptides 21 (69.0%, n = 58/84),
3 (62.5%, n = 20/32), 20 (58.6%, n = 17/29), 1175 (75.0%, n = 6/8)
and 10 (66.7%, n = 4/6), and then dropped further to between 5.6%
and 15.4% for peptides 17 (10.3%, n = 11/107), 118 (8.7%, n = 2/23),
24 (5.6%, n = 1/18), and 187 (15.4%, n = 2/13). No isolates with
peptides 18 (n = 76), 29 (n = 30), 120 (n = 22), 31 (n = 16), 47
(Tl = 8), 112 (Tl = 6), 114 (Tl = 6), 122 (n = 5), 25 (Tl = 5), 6 (Tl = 5)
or 7 (n = 5) were MATS-positive for NHBA. Among the isolates
with minor NHBA peptides (<5 isolates per peptide) 22.9% were
MATS-positive.

Among the isolates possessing alleles for potentially covered
NadA peptides, 16/70 (22.9%) were MATS-positive for NadA includ-
ing 20.6% (n = 13/63) with peptide 1 (NadA-1), 1/1 with peptide
3 (NadA-2/3), 1/1 with peptide 6 (NadA-2/3), and 1/1 with pep-
tide 146 (NadA-2/3). No isolates with alleles for potentially covered
peptides 118 (NadA-1; n = 2), 8 (NadA-2/3; n = 1), or 127 (NadA-
2/3; n = 1) were MATS-positive.

Differences between MenB isolates from vaccinated (1, 2 or 3 doses)
and unvaccinated <3 year olds

4CMenB vaccine status among the <3 year olds was as fol-
lows: n = 272/355 unvaccinated (including those not eligible),
n = 41/355 one dose, n = 30/355 two doses and n = 12/355 three
doses. Owing to small numbers of cases, in this section, ‘vaccinees’
refers to individuals that have had one, two or three doses.

Table 1 shows the clonal complex distribution versus num-
ber of doses among <3 year olds. Among the five most prevalent
clonal complexes, cc41/44 (relatively well-covered) accounted for
a significantly lower proportion (20.5% versus 36.4%; P = 0.0068),
and cc213 (relatively poorly-covered) accounted for a significantly
higher proportion (22.9% versus 9.6%; P = 0.0014), of cases among
vaccinees versus unvaccinated individuals. cc32 (relatively well
covered) accounted for a lower (not significant) proportion of cases
among vaccinees (6.0% versus 8.0%; P = 0.415). cc461 (relatively
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poorly covered) accounted for a higher (not significant) proportion
of cases among vaccinees (8.4% versus 2.9%; P = 0.0295). cc269,
despite being relatively well-covered, accounted for a higher (not
significant) proportion of cases among vaccinees (24.1% vs 17.3;
P = 0.165).

Table 2 shows MATS-coverage by number of antigens versus
number of doses among <3 year olds. MATS-covered isolates (one,
two or three antigens, collectively) accounted for a lower (not sig-
nificant) proportion of cases among vaccinees (61.4% versus 68.8%;
P = 0.215). Collectively, non-covered isolates and isolates covered
by a single antigen accounted for a significantly higher propor-
tion of cases among vaccinees (80.7% versus 60.7%; P = 0.00077),
and isolates covered for two or three antigens accounted for a sig-
nificantly lower proportion (19.3% versus 39.3%; P=<0.00001), of
cases among vaccinees.

Table 3 shows the relatively common fHbp peptides (represent-
ing >30 isolates each, overall) versus number of doses for <3 year
olds. Among these, isolates with peptide 1.4, or isolates with any
fHbp variant 1 peptide, accounted for a significantly lower propor-
tion of cases among vaccinees (10.8% versus 26.1%; P = 0.0036 and
44.6% versus 69.1%; P = 0.000049, respectively). Isolates with fHbp
1.1 also accounted for a lower (not significant) proportion of cases
among vaccinees (0% versus 6.3%, P = 0.0161). Isolates with variant
2 or 3 peptides accounted for a significantly higher proportion of
cases among vaccinees (54.2% versus 30.9%, P = 0.0001).

Table 4 shows the relatively common NHBA peptides (repre-
senting >30 isolates each, overall) versus number of doses for <3
year olds. Among these, several relatively well-covered peptides
accounted for a non-significantly lower proportion of cases among
vaccinees including peptides 2 (15.7% versus 29.0%; P = 0.015) and
3 (1.2% versus 4.4%; P = 0.173). Several relatively poorly covered
peptides accounted for a higher proportion of cases among vac-
cinees including peptides 18 (14.5% versus 9.2%; P = 0.169) and
29 (9.6% versus 2.9%; P = 0.010). Peptide 21 accounted for a non-
significantly higher proportion of vaccinees despite being relatively
well-covered (3.3% versus 9.2%; P = 0.283).

Table 5 shows the distribution of PorA P1.4 versus number of
doses for <3 year olds. Isolates with PorA P1.4 accounted for a sig-
nificantly lower proportion of cases among vaccinees (7.2% versus
17.3%; P = 0.02). Table 6 shows the distribution of NadA variants
versus number of doses for <3 year olds. Isolates with potentially-
covered NadA peptides accounted for a similar proportion of cases
among vaccinees (6.0% versus 7.0%; P = 0.760).
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Table 2
Number of MATS positive antigens versus number of 4CMenB doses among <3 year olds in England (2014/15 to 2017/18).
Number of
MATS-positive 3 doses 2 doses 1 dose 1, 2 or 3 doses 0 doses Rate ratio 1, 2 or 3 P
antigens (n=12) (n = 30) (n=41) (n = 83) (n =272) All (n = 355) doses versus 0 doses value?
n % n % n % n % n % n %
0 5 41.7 11 36.7 16 39.0 32 38.6 85 313 117 33.0 1.23 0.22
1 4 333 14 46.7 17 41.5 35 42.2 80 294 115 324 1.43 0.03
2 3 25.0 2 6.7 7 171 12 14.5 77 28.3 89 25.1 0.51 0.01
3 0 0 3 10.0 1 24 4 4.8 30 11.0 34 9.6 0.44 0.09
Oor1 9 75.0 25 83.3 33 80.5 67 80.7 165 60.7 232 65.4 1.33 0.0008
20r3 3 0.25 5 16.7 8 19.5 16 19.3 107 39.3 123 34.6 0.49
<0.00001
1,20r3 7 58.3 19 63.3 25 61.0 51 61.4 187 68.8 238 67.0 0.89 0.215
Bold type = significant (<0.007).
Table 3
fHbp peptide distribution versus number of 4CMenB doses among <3 year olds in England (2014/15 to 2017/18).
3 doses 2 doses 1 dose 1, 2 or 3 doses 0 doses Rate ratio 1, 2 or 3
fHbp peptide? (n=12) (n =30) (n=41) (n = 83) (n =272) All (n = 355) doses versus 0 doses P value
n % n % n % n % n % n %
1.4 1 8.3 2 6.7 6 14.6 9 10.8 71 26.1 80 22.5 0.42 0.0036
1.13 2 16.7 6 20.0 6 14.6 14 16.9 40 14.7 54 15.2 1.15 0.6312
1.1 17 6.3 17 48 n/a 0.0161
1.15 1 8.3 1 33 1 24 3 3.6 15 5.5 18 5.1 0.66 0.7748
1.14 2 6.7 2 4.9 4 4.8 14 5.1 18 5.1 0.94 1
2.19 2 6.7 4 9.8 6 7.2 19 7.0 25 7.0 1.03
0.939294
3.45 1 8.3 2 6.7 3 7.3 6 7.2 12 4.4 18 5.1 1.64
0.305830
1.any 5 41.7 16 53.3 16 39.0 37 44.6 188 69.1 225 63.4 0.64
0.000049
2/3.any 7 58.3 13 433 25 61.0 45 54.2 84 309 129 36.3 1.76 0.0001
fhbp~ 1 33 1 1.2 1 0.3 n/a ND
Blank boxes = 0. ND = not done. *Translated genotype. Bold type = significant (<0.006).
Table 4
NHBA peptide distribution versus number of 4CMenB doses among <3 year olds in England (2014/15 to 2017/18).
3 doses 2 doses 1 dose 1, 2 or 3 doses 0 doses Rate ratio 1, 2 or 3
NHBA peptide? (n=12) (n =30) (n=41) (n = 83) (n =272) All (n = 355) doses versus 0 doses P value
n % n % n % n % n % n %
2 1 8.3 3 10.0 9 22.0 13 15.7 79 29.0 92 25.9 0.54 0.015
17 1 8.3 5 16.7 4 9.8 10 12.0 39 14.3 49 13.8 0.84 0.597
21 4 333 3 10.0 4 9.8 11 133 25 9.2 36 10.1 1.44 0.283
18 2 16.7 5 16.7 5 12.2 12 14.5 25 9.2 37 10.4 1.57 0.169
3 1 24 1 1.2 12 4.4 13 3.7 0.27 0.173
29 4 133 4 9.8 8 9.6 8 2.9 16 4.5 3.28 0.010
other 4 333 10 333 14 34.1 28 33.7 84 30.9 112 31.5 1.09 ND
Blank boxes = 0. ND = not done. *Translated genotype.
Table 5
PorA distribution versus number of 4CMenB doses among <3 year olds in England (2014/15 to 2017/18).
3 doses 2 doses 1 dose 1, 2 or 3 doses 0 doses Rate ratio 1, 2 or 3
PorA VR2 (n=12) (n =30) (n=41) (n = 83) (n =272) All (n = 355) doses versus 0 doses P value
n % n % n % n % n % n %
Other 12 100.0 26 86.7 39 95.1 77 92.8 225 82.7 302 85.1 1.12 0.02
P1.4 0 0.0 4 13.3 2 4.9 6 7.2 47 17.3 53 14.9 0.42 0.02

Bold type = significant (<0.05).

Isolates from three-dose vaccinees

None of the 12 three-dose case isolates had alleles for PorA
P1.4 or full-length cross-protective NadA peptides. Five were MATS-
negative, four were MATS-positive for NHBA only, and three were
MATS-positive for both fHbp and NHBA (table S2).

All four patients with isolates that were MATS positive for
NHBA were vaccinated per schedule (i.e. within 7 days) for dose
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one, three were vaccinated per schedule for dose two (one was
vaccinated at ~19 weeks), and all received their booster at be-
tween 53 and 61 weeks of age.

The three patients with isolates that were MATS positive for
fHbp and NHBA were each vaccinated slightly off schedule. One
(isolate MATS-positive for fhbp 1.69 and nhba 21) was vaccinated
at ~10, 34 and 57 weeks of age and exhibited non-protective hSBA
antibody titres to fHbp, PorA, and NadA in convalescent serum (>3
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Table 6
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NadA distribution versus number of 4CMenB doses among <3 year olds in England (2014/15 to 2017/18).

NadA Peptide 3 doses 2 doses 1 dose 1, 2 or 3 doses 0 doses Rate ratio 1, 2 or 3
variant? (n=12) (n =30) (n=41) (n = 83) (n =272) All (n = 355) doses versus 0 doses P value
n % n % n % n % n % n %

None/not 12 100.0 28 93.3 38 92.7 78 94.0 253 93.0 331 93.2 1.01 0.760
covered
NadA-1 0 0.0 2 6.7 2 49 4 4.8 17 6.3 21 5.9 0.77 0.629
NadA-2/3 0 0.0 0] 0.0 1 24 1 1.2 2 0.7 3 0.8 1.64 0.683
Any potentially 0 0.0 2 6.7 3 7.3 5 6.0 19 7.0 24 6.8 0.86 0.760
covered
2 Translated genotype.

months following disease). Another (isolate MATS-positive for fHbp Discussion

1.15 and NHBA 21) was vaccinated at ~10, 22 and 54 weeks of age
(no available SBA titres). The other (isolate MATS-positive for fHbp
1.4 and NHBA 2) appeared to have been given a 16 weeks + 12
month regimen (as per the catch up campaign) with a second
booster ~21 weeks later. In convalescent serum (>1 month follow-
ing disease) this patient exhibited protective hSBA titres for fHbp
(titre = 16), PorA (titre = 64) and NadA (titre = 16).

Notably, MATS-positive NHBA peptide 21 occurred four times
among isolates from the three dose vaccinees, three of which had
RPs well above the PBT (0.452, 0.575, 0.508 vs PBT of 0.294).

Isolates from two-dose vaccinees

Among the isolates from the two-dose cases, 12/30 were MATS-
negative, 14/30 were MATS-positive for a single antigen (NHBA
n = 5; fHbp n = 9), 2/30 were MATS-positive for two antigens
(fHbp;PorA n = 1; fHbp;NHBA n = 1) and 3/30 were MATS-positive
for three antigens (all fHbp;NHBA;PorA). The latter three all be-
longed to cc41/44 and had alleles for fHbp peptide 1.4 (n = 2, RPs
0.024 and 0.046) or 1.14 (RP 0.016). All three had high NHBA RPs
(0.740 to 0.808 for peptide 2 and 0.808 for peptide 805). MATS-
positive antigens observed multiple times among the two-dose
cases included fHbp peptides 1.13 (n = 5, RP 0.013 to 0.018) and
114 (n = 2, RP 0.016 to 0.021), and NHBA peptides 2 (n = 2, RP
0.765 to 0.808) and 21 (n = 3, RP 0.376 to 0.793) (table S3). There
were three cc32 isolates among the two-dose cases none of which
had fHbp peptide 1.1, while two had alleles for full-length poten-
tially covered NadA peptides.

Isolates from one-dose vaccinees

Among the isolates from the one-dose cases, 16/41 were MATS-
negative, 17/41 were MATS-positive for a single antigen (n = 9
NHBA, n = 7 fHbp, n = 1 PorA), 7/41 were MATS-positive for two
antigens (n = 6 fHbp;NHBA, n = 1 NHBA;NadA), and 1/41 was
MATS-positive for three antigens (fHbp;NHBA;PorA). There were
eight MATS-positive cc269 isolates, seven of which had fHbp pep-
tide 1.13 (n = 4 RP 0.013 to 0.019) or variant 2/3 peptides. There
were nine MATS-positive cc41/44 isolates, only one of which pos-
sessed PorA P14. Six of these possessed fHbp peptide 1.4 (RPs
0.031 to 0.056) and seven possessed NHBA peptide 2 (RPs 0.410
to 1.167). MATS-positive antigens observed multiple times among
the one-dose cases included fHbp peptides 1.13 (n = 5, RP 0.013
to 0.019) and 1.4 (n = 6, RP 0.031 to 0.056), and NHBA peptides 2
(n = 8, RP 0.410 to 1.167) and 21 (n = 4, RP 0.350 to 0.778) (table
S4). There were two cc32 isolates among the one-dose cases, nei-
ther of which had fHbp peptide 1.1. Both had alleles for full-length
potentially covered NadA peptides albeit with RPs<PBT.
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We have presented strain (clonal complex and 4CMenB geno-
typing) and MATS data for all English invasive MenB isolates, and
compared the data from vaccinated (1, 2 or 3 doses) and unvac-
cinated <3 year olds in a period spanning 1 year pre- and three
years post-4CMenB introduction.

As previously observed!®, the predominant clonal complexes
were distributed, in varying proportions, throughout all age groups.
The greater diversity observed at the higher and lower age ex-
tremes includes strains rarely seen in disease in other age groups,
perhaps reflecting the naivety of the infant immune system and
waning of the elderly immune system as previously proposed.'®

As expected, the best covered clonal complexes/antigens and
the isolates with relatively more (two or three) MATS-positive anti-
gens accounted for a lower proportion of cases among vaccinees.
The less well-covered clonal complexes/antigens, and the isolates
with one or no MATS-positive antigens, conversely, accounted for a
higher proportion. The differences were not always significant, but
this likely reflects the low numbers, especially when focussing on
subsets of isolates. One exception was NHBA peptide 21 which was
well covered according to MATS but accounted for a higher propor-
tion of cases among vaccinees. More data and further analysis are
needed to understand if this is a genuine trend and, if so, why. In-
deed, the role of anti-NHBA antibodies in SBA activity is complex
and not well understood raising questions over the suitability of
MATS for predicting NHBA mediated coverage.!?-20

Similar observations were made at the sub-strain level. For ex-
ample, none of the five cc32 isolates among vaccinees possessed
fHbp peptide 1 as compared with 64.4% (n = 49/76) of cc32
isolates overall. Interestingly, 80% (n = 4/5) of two-dose cc41/44
case isolates possessed PorA P1.4. This compared with only 10%
(n = 1/10) of one-dose cases, 0% of three dose cases, and 41.2%
(n = 112/272) of cc41/44 cases overall. As these cases occurred be-
tween 188 and 248 days after the second dose, this likely reflects
waning of anti-PorA immunity in the period post-dose 2 as previ-
ously observed.?!

There was no increase in absolute numbers of cases due to
poorly covered CCs among <3 year olds. For example, there were
11 or 12 cc213 cases, and 4, 5, 2 and 4 cc461 cases, in <3 year
olds over the four years studied. This is expected, however, since
(i) there is no evidence of a vaccine impact on MenB carriage?2-23,
and (ii) the main reservoir of carriage is in late-teenagers/young
adults in any case.>* Nonetheless, the increase of cc213 among in-
vasive MenB in Spain from 3.6% in 2007 to 33% in 2018 demon-
strates the need for ongoing vigilance regarding natural fluctua-
tions in meningococcal epidemiology.?”> Following the study pe-
riod, IMD cases have decreased to unprecedentedly low levels since
early 2020 when COVID-19 containment measures were first in-
troduced.?® If, when, and how much IMD case numbers will in-
crease following relaxation of these measures, and the distribu-
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tion/potential vaccine coverage of the prevailing strains, all remain
to be seen.

None of the three-dose case isolates possessed alleles for pro-
tective NadA peptides. This compared with 7.4% (n = 3/41) and
6.5% (n = 2/31) among one and two-dose cases, respectively. This
is consistent with an earlier phase II trial assessing the immuno-
genicity of a 2, 4, 6 and 12 month schedule in infants whereby
only 12% of primary course and 75% of post-booster vaccinees ex-
hibited protective titres against a moderately expressing NadA-2/3
isolate, one month post-vaccine.?’ This suggests that a booster may
be important for NadA-mediated protection. Accordingly, the col-
lective proportion of one and two dose cases with potentially cov-
ered NadA peptides (6.0%) was similar to that observed among the
unvaccinated <3 year olds (7.0%).

Submission of additional serum for hSBA assessment of vaccine
responses (currently for PorA, fHbp and NadA) among vaccinated
cases is encouraged in England.'* hSBA data were available for 4/12
three-dose cases, one of whom had sub-protective titres against
all three antigens, and another of whom had a sub-protective titre
against fHbp. In the former case, the isolate was MATS-positive for
fHbp and NHBA indicating that at least some vaccine-failure cases
are due to poor antibody responses by the individual. One vaccine-
breakthrough case exhibited a protective titre against fHbp which
was strongly MATS-positive in the corresponding isolate. This does
not rule out a complement deficiency as the hSBA assay uses ex-
ogenous complement. At present, however, PHE does not recom-
mend immune testing in these patients. It is noteworthy that none
of the three-dose cases with isolates that were MATS positive for
>1 antigen were vaccinated in strict accordance with the 8, 16
weeks and one year schedule.

Other possible reasons for IMD due to MATS-positive isolates
occurring in 3-dose vaccinees include (i) that MATS-positivity is
only indicative of >80% and 96% probability of being killed by
post-vaccine sera for one or two-plus antigens, respectively?, (ii)
that MATS was developed based on a 3 + 1 dose schedule while
the UK employs 2 + 1 dose schedule, and (iii) pooled sera were
used during development of MATS and so individual responses
may be, in some cases, overlooked. It should be stated, however,
that pooled sera have been shown to accurately predict seropro-
tection rates in infants.2® Furthermore, MATS is considered conser-
vative since it does not account for synergistic effects of target-
ing multiple antigens. Nonetheless, overestimation of coverage by
MATS e.g. due to a 2 + 1 schedule, may have occurred where, in
several cases, MATS-positive RPs were very close to the PBT. Any
such overestimations may be peptide specificc NHBA peptide 21,
for example, occurred multiple times among three-dose vaccinees
often with relatively high RPs. Incidentally, MATS coverage due to
NHBA peptide 21 in England was already reduced in 2014/15 (63%)
versus 2007/08 (86%), possibly reflecting strain-related changes in
expression.'? This highlights the need for ongoing surveillance.

Vaccine breakthrough cases were small in number. In time, and
with an improved understanding of individual vaccine responses,
the reasons these occur may become clearer. Work is also ongoing
to compare sequelae among vaccinees and age-matched unvacci-
nated individuals. The data presented here are encouraging as they
show the vaccine is working as expected with regard to strain cov-
erage. MATS coverage was highest among teenagers, however, rou-
tine vaccination in this age group is not cost-effective due to the
lack of an effect on MenB carriage and the low case numbers.2? In-
terestingly, recent evidence points to an impact of meningococcal
OMV-containing vaccines against gonococcal disease which may
significantly increase cost effectiveness of vaccinating teenagers
who may therefore benefit from an IMD perspective if such a vac-
cine were introduced to also combat gonococcal disease.2?-30 As
previously observed, predicted strain coverage was lowest among
<3 year olds as a whole.'? This is likely to improve as next gen-
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eration vaccines incorporating relatively poorly-covered antigenic
variants are introduced.
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