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ABSTRACT

Invasive meningococcal disease (IMD) is a life-threatening disease caused by meningococcal serogroups
A, B, C, W, X, and Y, of which B and W are most common in Argentina. The 4-component meningococcal
serogroup B (4CMenB) vaccine contains three purified recombinant protein antigens (Neisseria adhesin
A [NadA], factor H binding protein [fHbp], and Neisserial Heparin Binding Antigen [NHBA]) and outer
membrane vesicles (OMV), which is derived from the New Zealand epidemic strain and contains Porin
A 1.4. These antigens are present and conserved in strains that belong to other serogroups. In this study,
we show that 10/11 (91%) meningococcal serogroup W (MenW) strains selected to be representative of
MenW isolates that caused IMD in Argentina during 2010-2011 were killed in bactericidal assays by the
sera of adolescents and infants who had been immunized with the 4CMenB vaccine. We also show that
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MenW strains that caused IMD in Argentina during 2018-2021 were genetically similar to the earlier
strains, indicating that the 4CMenB vaccine would likely still provide protection against current MenW
strains. These data highlight the potential of 4CMenB vaccination to protect adolescents and infants

against MenW strains that are endemic in Argentina.

Brief report

Invasive meningococcal disease (IMD), e.g. meningitis and septi-
cemia, is a life-threatening disease.! In Argentina, the incidence of
meningococcal disease increased from approximately 0.46 per
100,000 people in 2010 to 0.70/100,000 people in 2013, but then
declined to around 0.22 per 100,000 people in 2019.> The inci-
dence reduced further, to approximately 0.05 per 100,000 during
2020 and 2021, likely due to measures put in place to slow the
spread of coronavirus disease 2019 (COVID-19), as the incidence
of IMD has since increased to 0.12/100,000 people in 2022.>
Most IMD is caused by five of the 12 meningococcal ser-
ogroups, namely A (MenA), B (MenB), C (MenC), W (MenW),
and Y (MenY).” In Argentina in 2007, approximately 66% of
IMD isolates belonged to MenB, while around 13% belonged to
MenW.** From 2007 to 2012, the proportion of MenB decreased
while MenW increased,” reaching approximately 36% and 57%,
respectively, in 2012.> After 2012, the proportion of MenB
increased, while MenW decreased, with MenB becoming predo-
minant in 2015.% In 2022, MenB accounted for around 65%,
MenW had decreased to approximately 15%, and MenC and
MenY accounted for around 12% and 6%, respectively.”
Tetravalent MenA, MenC, MenW, MenY (MenACWY) vac-
cine (Menveo, GSK) was introduced into the Argentinian

National Immunization Program (NIP) in 2017 at ages 3, 5,
and 15 months and 11y.° Four-component MenB (4CMenB,
Bexsero, GSK) vaccine has been recommended since 2020 in
Argentina for people at increased risk of IMD, e.g. patients with
asplenia, complement deficiency, or receiving eculizumab.”

4CMenB vaccine contains Neisseria meningitidis group
B Neisserial Heparin Binding Antigen (NHBA), Neisseria adhesin
A (NadA), and factor H binding protein (fHbp); and outer mem-
brane vesicles derived from MenB strain NZ98/254 (OMV NZ),
the immunodominant component of which is porin A (PorA) 1.4.
As these antigens can be present and conserved in non-serogroup
B meningococci, the 4CMenB vaccine could potentially induce
protective antibodies against other meningococcal serogroups.® '

The objective of the current study was to evaluate the ability
of 4CMenB-induced antibodies to kill - in human serum
bactericidal assay (hSBA) - representative MenW strains
responsible for IMD in Argentina during the epidemiological
years from January 2010 to December 2011, with the ultimate
aim of understanding the impact that 4CMenB vaccination
could have on MenW disease. Strains were selected as repre-
sentative based on multi-locus sequence typing (MLST) and
4CMenB antigen repertoire.

Twenty-four epidemiologically representative (based on
date, geographical area, age group, sex, pathology, and clonal

CONTACT Alessia Biolchi @ alessia.x.biolchi@gsk.com @ GSK, Via Fiorentina, 1, Siena (SI) 53100, Italy.

*Present address: Imperial College, London, England.

Supplemental data for this article can be accessed on the publisher’'s website at https://doi.org/10.1080/21645515.2023.2288389.

© 2023 GSK. Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the
posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://orcid.org/0000-0003-2513-9597
http://orcid.org/0000-0001-5104-5522
http://orcid.org/0000-0003-0415-0674
http://orcid.org/0000-0002-5136-6876
http://orcid.org/0000-0003-1409-0441
http://orcid.org/0000-0002-5568-4804
http://orcid.org/0009-0007-6310-042X
http://orcid.org/0000-0003-4318-3604
http://orcid.org/0000-0001-9870-3908
http://orcid.org/0000-0003-3612-7735
http://orcid.org/0000-0002-7800-1404
https://doi.org/10.1080/21645515.2023.2288389
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2023.2288389&domain=pdf&date_stamp=2023-11-30

2 (&) A.EFRONETAL.

complex) MenW isolates were selected from a total of 137
isolates obtained from pediatric and adult patients with IMD,
of which 22 were viable. These isolates were obtained during
2010-2011 from the laboratories of hospitals and health cen-
ters from the Argentinian National Laboratory Network. Table
S1 details the sources of the 22 viable isolates (i.e. region, age,
sex, disease, etc.), which were all from different patients. These
were characterized by MLST by Sanger Technology in the
National Reference Laboratory (NRL) in 2011; and 19 that
were still viable in 2022 were sequenced with Illumina tech-
nology at ANLIS Malbran. The NRL participates annually in
the external quality assurance UK NEQAS (https://ukneqas.
org.uk) and was designated as a NRL by Resolution No. 70
(January 21, 2014) of the Ministry of Health. This laboratory
participates as a NRL of Argentina in the SIREVA network,
coordinated by the Pan American Health Organization.
FastQC was used to quality control the fastq files."' Short-
reads were assembled in contigs by Unicycler v0.4.8-beta."?
Genome sequences were analyzed with the PubMLST
Neisseria database'” and automatically characterized by the
BIGSdb platform at finetyping loci (porA, ferric enterochelin
receptor A [fetA]), MLST genes (putative ABC transporter
[abcZ], adenylate kinase [adk], shikimate dehydrogenase
[aroE], fumarate hydratase [fumC], glucose-6-phosphate
dehydrogenase [gdh], pyruvate dehydrogenase subunit
[pdhC], phosphoglucomutase [pgm]) and were molecularly
characterized for 4CMenB vaccine antigens.

Overall, 18 of 22 strains (81.8%) belonged to sequence type
(ST)-11, of which 17 strains carried PorA 5,2 and one carried
PorA 7,30 (neither of which matched the PorA 1.4 in 4CMenB
vaccine) (Table S2 and central bars of each part of Figure 1).
Three strains belonged to ST-22, all of which carried PorA 18-
1,3; one strain belonged to ST-1768 and carried PorA 21,4. All
22 strains harbored fHbp variant 2 (mismatched to fHbp
variant 1.1 in 4CMenB vaccine), of which 16 strains had
fHbp variant 2.22, three had 2.16, and fHbp variants 2.160,
2.346, and 2.869 were harbored by one isolate each. Fourteen
strains had NHBA peptide variant 29, two had variant 20, one
had variant 53 (none of which matched NHBA peptide 2 in
4CMenB vaccine), one had no NHBA peptide present, and for
four strains, this was not determined. Sixteen strains had NadA
peptide 6 (which corresponds to variant 2/3 of 4CMenB vac-
cine), three strains did not have NadA peptide, and for three
strains, this was not determined.

From the 22 samples, 11 MenW isolates that were consid-
ered representative (based on MLST and 4CMenB vaccine
antigen repertoire) of Argentinian samples from 2010-2011
were tested in standardized human serum bactericidal assays
(hSBA). Nine of the 11 strains belonged to ST-11 and had
PorA 5,2 and fHbp variant 2.22. Of these nine, eight had
NHBA peptide variant 29 and NadA peptide 6, while NHBA
and NadA information was not available for the other one
(Table S2 and top bars of each part of Figure 1). The two
remaining strains belong to ST-22 and had PorA 18-1,3, and
fHbp variant 2.16. One of the ST-22 strains had NHBA peptide
20 and no NadA, while NHBA and NadA were not determined
for the other. These 11 strains are summarized in Figure 2.

Three pairs of pooled sera derived from randomly selected
subjects were tested, derived from: (1) 10 adolescents (a)

before and (b) 1month after one dose of MenACWY
(Menveo; GSK, Belgium) (NCT00518180); (2) 12 adolescents
(a) before and (b) 1 month after the second of two doses (2
months apart) of 4CMenB vaccine (NCT00661713); and (3)
(a) 180 infants who had not received 4CMenB vaccine
(NCT00657709) and (b) 40 infants 1 month after the fourth
of four doses (at ages 2, 4, 6, and 12 months) of 4CMenB
vaccine (NCT00847145). To evaluate whether responses
against MenW were due to a specific 4CMenB vaccine effect,
further tests were performed on four isolates using sera that
had been incubated with a mixture of the three recombinant
antigens and OMYV (in the same proportions as in the 4CMenB
vaccine, but without alum) at a concentration of 500 pg/mL to
deplete 4CMenB vaccine antibodies. Informed consent forms
that included permission for potential reuse of biological sam-
ples were obtained from subjects or their parent/guardian in
the four clinical trials, which were conducted in accordance
with Good Clinical Practices and the Declaration of Helsinki,
with approval of the protocols by ethics committees of the
participating centers. For some participants in study
NCT00661713, the collected informed consent did not include
permission for reuse of the biological samples, some of which
were used in the current study. Upon discovery of this unin-
tended error, GSK informed the principal investigators, the
local ethics committee, and the Ministry of Health of the
concerned country and notified all impacted participants.
The sera samples used in this study were anonymous pools.

All strains were very efficiently killed by antibodies raised
by MenACWY, which was used as positive control for the
assay (Table 1). The pooled sera of adolescents who had been
immunized with two doses of 4CMenB vaccine showed high
bactericidal killing against 10 out of the 11 strains tested
(90.9%), with bactericidal titers 264 (Table 1). The same 10
strains were killed by infant sera at titers >64 (Table 1). As
expected, the two pre-immune and the one control sera pools
elicited titers at or below the minimum dilution tested for all
MenW isolates.

To show that the high bactericidal killing measured against
the MenW strains was mediated by the specific activity of
antibodies induced by immunization with the 4CMenB vac-
cine, pooled sera from 4CMenB-immunized adolescents and
infants were incubated with 4CMenB vaccine antigens to
deplete 4CMenB vaccine antibodies. The depleted sera were
tested in the hSBA assay. Serum pools that had been depleted
of anti-4CMenB vaccine antibodies were no longer able to kill
the target strains, with bactericidal titers reduced to baseline
levels (Table 2). These data demonstrate that the bactericidal
killing of the MenW strains is mediated by antibodies raised by
vaccination with 4CMenB.

Of the 10 MenW strains that were killed by the pooled sera,
eight had PorA 5,2 (different from the PorA of OMV NZ and
therefore not cross-reactive) and fHbp 2.22 (known not to be
cross-reactive with fHbp variant 1 present in 4CMenB
vaccine).'* Seven of these eight had NHBA variant 29 and
NadA antigen 6 (which corresponds to the variant 2/3 in
4CMenB vaccine),'>!® while NHBA and NadA were not deter-
mined for the other strain. Based on the mismatch with PorA
and fHbp to the variant present in the 4CMenB vaccine, we
can envisage that bactericidal killing may be mediated by
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Figure 1. Characteristics of the 11 hSBA-tested MenW strains from 2010-2011; all 22 strains from 2010-2011; and the 41 strains from 2018-2021. Abbreviations: 0, not
present; CC, clonal complex; fHbp, factor H binding protein; hSBA, human serum bactericidal assays; MenW, meningococcal serogroup W; n, number; NadA, Neisseria
adhesin A; ND, not determined; NHBA, Neisserial Heparin Binding Antigen; porA, porin A; ST, sequence type; VR, variable region.

NadA and NHBA antibodies. However, the only MenW strain
that was not killed also had the same NadA and NHBA
sequences, suggesting that resistance to killing may be due to
additional factors, such as expression levels or OMV antigenic
repertoire. We have previously demonstrated that cooperation
and synergy of antibodies directed against different antigens
play a key role in protection.'” For the strain missing NadA
(ARG-3064), killing could be mediated by antibodies targeting
one or more antigens acting alone or synergistically, as has

already been observed for MenW strains isolated in Europe
and Brazil >>'®

Also as previously observed,* '® our findings indicate that
the ability of the antibodies induced by 4CMenB antigens to
mediate bactericidal killing against meningococcal isolates,
including MenW strains, is linked to the presence, sequence
diversity, and level of expression of the respective antigens, and
is likely mediated by antibodies targeting multiple antigens.
This is consistent with the fact that the various tools that have
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= CC11, ST-11, PorA 5,2; fHbp 2.22; NHBA 29; NadA 6
= CC11, ST-11, PorA 5,2; fHbp 2.22; NHBA ND; NadA ND
CC22, ST-22, PorA 18-1,3; fHbp 2.16; NHBA 20; NadA 0

= CC22, ST-22, PorA 18-1,3; fHbp 2.16; NHBA ND; NadA ND

Figure 2. Characteristics of the 11 hSBA-tested MenW strains from 2010-2011. Abbreviations: 0, not present; CC, clonal complex; fHbp, factor H binding protein; hSBA,
human serum bactericidal assays; MenW, meningococcal serogroup W; NadA, Neisseria adhesin A; ND, not determined; NHBA, Neisserial Heparin Binding Antigen; porA,

porin A; ST, sequence type.

Table 1. Bactericidal titers by vaccination status.

MenACWY vaccine

4CMenB vaccine

Adolescents Adolescents Infants
MenW isolate Pre-immune Post-immune Pre-immune Post-2nd dose Control sera Post-4th dose
ARG-2991 <16 256 <4 <4 <2 <2
ARG-3006 <16 >512 <4 >128* <2 >64
ARG-3052 <16 256 <4 >128 2 >641
ARG-3064 <16 256 <4 >128 <2 >64
ARG-3158 <16 >512 <4 64* <2 >64
ARG-3200 <16 256 <4 >128 <2 >64
ARG-3216 <16 256 <4 >128 <2 >64%
ARG-3223 <16 256 4 >128 2 >64
ARG-3273 <16 >512 <4 >128* <2 >64*
ARG-3279 <16 >512 <4 64 <2 >64
ARG-3320 <16 >512 <4 >128* <2 >64

*Prozone effect: bacterial survival was observed at high antibody concentrations due to the prozone effect, which is often detected when there is

an excess of antibodies.
Bacteriostatic.

4CMenB, 4-component meningococcal serogroup B vaccine; ARG, Argentina; MenACWY, meningococcal serogroups A, C, W, and Y; MenW,

meningococcal serogroup W.

Table 2. Bactericidal titers using untreated and 4CMenB antibody-depleted sera.

4CMenB vaccine

Adolescents Infants
MenW isolate Untreated Depleted* Untreated Depleted*
ARG-3006 >128" <4 >64 <8
ARG-3064 >128" <4 >64 <8
ARG-3216 >128 <8 >128 <16
ARG-3273 >128" <8 >128 <16

*Preincubated with 500 ug/mL 4CMenB.

Prozone effect: bacterial survival was observed at high antibody concentrations due to the prozone effect,
which is often detected when there is an excess of antibodies.
4CMenB, 4-component meningococcal serogroup B vaccine; ARG, Argentina; MenW, meningococcal

serogroup W.

been developed to predict the coverage of 4CMenB against
different MenB strains (e.g. Meningococcal Antigen Typing
System [MATS]' and Meningococcal Deduced Vaccine
Antigen Reactivity [MenDeVAR] Index™ are not applicable
to non-MenB strains. This is probably because of their differ-
ent antigenic repertoire and the cooperative killing effect of
antibodies targeting different antigens that is not measured by
these assays.

To evaluate whether there were changes in epidemiology
over time, we have recently analyzed 41 out of a total of 48
community-acquired MenW strains from IMD from differ-
ent patients from hospitals across Argentina during 2018-

2021, the sources of which are shown in Table S3. Among
these, 40 were characterized as ST-11 and exhibited fHbp
peptide 2.22 and PorA 5,2, 39 had NHBA peptide variant
29, and 39 had NadA peptide 6 (Table S4 and bottom bars
of each part of Figure 1). One strain was characterized as
serotype 5770 (clonal complex ST-175) and exhibited PorA
18-7,9, fHbp 2.19, NHBA 9, and no NadA peptide. As
these strains generally had similar genetic profiles to the
earlier samples (Figure 1), it is likely that 4CMenB vacci-
nation would still be effective against the MenW strains
that were recently circulating in Argentina. Although our
results reinforce the evidence of 4CMenB-induced



immunity against MenW isolates, a direct extrapolation on
coverage of strains from other regions or periods carrying
a different combination of antigens would be difficult.
Nevertheless, previous observations,®”'>'® along with the
current data, indicate that it would be reasonable to expect
similar cross-reactivity against MenW isolates in other
regions. These data are of interest in view of the incidence
of MenW worldwide and the recent emergence and expan-
sion (in Europe) of MenW/ST-11 isolates that may have
come from the South American MenW ST-11 isolates.”!

In conclusion, 4CMenB vaccination has the potential to
protect against MenW disease. The current results show that
MenW isolates in Argentina are relatively stable over time, as
demonstrated by the clonal complex and 4CMenB vaccine anti-
genic repertoires. It is expected that 4CMenB vaccine cross-
protective ability will also be high against more recent strains.
Hence, 4CMenB vaccination could protect against MenW dis-
ease in Argentina. Of note, when we started this study,
MenACWY vaccine was not recommended in Argentina.
Although it has since been included in the Argentinian NIP,°
this program is dynamic and under regular review to take
changes in epidemiology and newly available vaccines into
account. The introduction of 4CMenB vaccine (instead of
MenACWY vaccine) in infants in Argentina is currently being
discussed, so our local data on cross protection could be very
useful for this decision-making process. Overall, our results
support the accumulating evidence®'*'® that 4CMenB vaccina-
tion has the potential to provide cross-protection against MenW
disease. Real-world evidence could provide further information
on the effectiveness of 4CMenB against non-MenB serogroup
disease. Together, this information could help authorities in
Argentina and other countries when considering strategies for
the prevention of IMD, including updating NIPs or introducing
meningococcal vaccines into NIPs.
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