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Invasive meningococcal disease (IMD) affects approximately 1.2 million people worldwide annually.
Prevention of IMD is mostly provided through vaccination; however, no licensed vaccine is currently
available to protect against meningococcal serogroup X associated infection. Limited data are available
on the natural immunity to Neisseria meningitidis serogroup X within the African sub-Saharan meningitis
belt.

The objective of the study was to provide an overview of natural immunity to serogroup X within a

A o community in the African meningitis belt prior to the introduction of a pentavalent conjugate vaccine
Neisseria meningitidis . .. . . . . .
serogroup X (NmCV-5). Pl‘lOl‘. to its mtroductlon,'a Vfalldated assay to assess vaccine efficacy was.also regm.red. This
Niger study therefore incorporated two objectives: a seroprevalence study to assess natural immunity in serum
samples (n = 377) collected from Niger, West Africa in 2012, and the validation of a serogroup X serum
bactericidal antibody (SBA) assay.

Seroprevalence data obtained found that natural immunity to N. meningitidis serogroup X were present
in 52.3% of study participants. The highest putative protective titres (>8) to serogroup X were seen in age
group 5-14 years-old (73.9%) and lowest in ages < 1 year old (0%). The SBA assay was successfully vali-
dated for selectivity/specificity, precision/reproducibility, linearity, and stability. This study demon-
strated the suitability of the serogroup X SBA assay in clinical trials for future meningococcal
conjugate vaccines containing serogroup X polysaccharides.

Crown Copyright © 2022 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

There are 1.2 million cases of invasive meningococcal disease
(IMD) annually worldwide, resulting in ~ 335,000 deaths [1]. The
most common causative serogroups of IMD are A, B, C, W, X and
Y [2]. Vaccination prevents IMD worldwide, however, high inci-
dence of IMD occurs within the African meningitis belt, a region
which experiences annual seasonal outbreaks and recurring epi-
demics [3]. IMD here has previously reached 1,000 cases per
100,000, equating to 1% of the population [4]. Although historically
serogroup A has been the predominant causative agent of IMD
within the meningitis belt, other serogroups such as C, W
and X have also been responsible for outbreaks. In 2018, serogroup
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C was responsible for 30.4% of cases, X: 19.1%, and W: 4.6% [5].
Cases of IMD caused by serogroup X continue to emerge in Africa,
and more recently, in Azerbaijan, Kazakhstan, Poland and Turkey
[2]. These cases are increasingly concerning as there is no currently
licensed polysaccharide-based conjugate vaccine to protect against
serogroup X.

Considering this, Serum Institute of India Pvt Ltd., in partner-
ship with PATH, developed a pentavalent conjugate vaccine
(NmCV-5) containing capsular polysaccharides of meningococcal
serogroups: A, C, W, X and Y, conjugated to a protein carrier, teta-
nus toxoid.

Research into natural immunity to N. meningitidis
serogroup X was investigated due to the paucity of previous sero-
prevalence studies. Using the serogroup X SBA assay, this study
therefore assessed the protective immunity of a population in
Niger, West Africa, part of the meningitis belt, to serogroup X prior
to the introduction of NmCV-5. A protective SBA titre to

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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serogroup X, based on previous literature relating to serogroup C, is
defined as >8, when performing an SBA assay using rabbit comple-
ment [6].

The NmCV-5 vaccine completed a phase 1 trial (ClinicalTri-
als.gov Identifier: NCT02810340) in 2017 which explored its safety
and efficacy [7], and a phase 2 trial (ClinicalTrials.gov Identifier:
NCT03295318) was completed in 2018 on 376 Malian toddlers
aged 12 to 16 months old [8]. The results obtained from the phase
2 trial were encouraging, with 99% of participants exhibiting a
seroprotective titre of >128 for serogroups A, C, W, Y and X [8].
A further phase 2 trial (ClinicalTrials.gov Identifier:
NCT03964012), involving 1800 participants aged 2-29 years, com-
pleted in 2021. Any phase 3 trials which aim to assess the
immunogenicity of conjugate polysaccharide vaccines containing
serogroup X will require a validated serogroup X SBA assay. This
study therefore optimised and validated an SBA assay for N. menin-
gitidis serogroup X. Following the assay validation, it may then be
used in clinical trials to evaluate vaccines containing
serogroup X polysaccharides, including the NmCV-5 vaccine.

2. Methods
2.1. Seroprevalence study sample selection

377 anonymised serum samples were selected from the previ-
ous MenAfriCar study (ClinicalTrials.gov Identifier:
NCT01119482), collected in Niamey and Say, Niger in March
2012. All samples with sufficient residual volume were included.
The age ranges for MenAfriCar participants were < 1, 1-4, 5-14,
15-29 and 30 + years old, specific ages were not available for each
participant.

2.2. SBA assay validation sample selection

A range of serum samples with positive SBA titres to
serogroup X (low, medium, high positive), and negative SBA titres
(<4) were selected from the following sources:

e A previous PATH NmCV-5 phase 1 trial (ClinicalTrials.gov Iden-
tifier: NCT02810340). Serum samples were collected at the Cen-
ter for Vaccine Development (CVD), University of Maryland,
Baltimore, USA.

e A previous Public Health England (PHE) (now UK Health Secu-
rity Agency - UKHSA), MenOccy phase 2 trial (ClinicalTrials.gov
Identifier: NCT00962624). Serum samples were collected at the
UKHSA laboratory, Manchester, UK.

e Non-pooled commercial sera (BiolVT — West Sussex, UK, TCS
Biosciences, Buckingham, UK).

Ethical approval for use of serum samples in this study was pro-
vided by the following ethics committees: Republic of Niger - Min-
istere de la Sante Publique, University of Maryland, Baltimore,
London School of Hygiene and Tropical Medicine, and the National
Research Ethics Service, Wandsworth.

2.3. Serum bactericidal antibody assay

The serogroup X SBA assay was performed at the Vaccine Eval-
uation Unit, UKHSA, Manchester, UK, using strain BF2/97 with
baby rabbit complement as previously published [9]. This method
was followed for all assays of the seroprevalence study and the
serogroup X SBA assay validation.
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2.4. Serogroup X SBA assay validation

The serogroup X SBA assay was validated through evaluation of
accuracy, selectivity/specificity, precision/reproducibility, linear-
ity/recovery, and sample stability. Validation procedures per-
formed followed the Food and Drug Administration’s
Bioanalytical Method Validation — Guidance for Industry [10]. Val-
idation acceptance was defined as > 85% of serum samples meet-
ing individual parameter criteria.

Selectivity/Specificity: Inhibition utilised homologous (X) and
heterologous (ACWY) antigens; N. meningitidis
serogroup X (Serum Institute of India Pvt. Ltd.- Maharashtra, India)
and A (13/262),C(07/318), W (01/428) and Y (01/426) polysaccha-
rides (NIBSC - Hertfordshire, UK) at a concentration of 200 pig/mL.
Serum samples were assayed neat, and 1:2, with a homologous and
heterologous inhibitor on the same run. Specificity was considered
acceptable if > 85% of samples undergoing homologous inhibition
resulted in a reduction of > 2 SBA titres. In addition, > 85% of sam-
ples undergoing heterologous inhibition should not result in a
reduction of > 2 SBA titres. Spiking was evaluated by spiking sam-
ples, known to be negative for N. meningitidis serogroup X antibody
but positive to other meningococcal antibodies (e.g., N. meningitidis
serogroup A, C, W or Y). A sample positive to serogroup X antibody
was selected and spiked into six negative samples in three ratios
(1:4,1:16, 1:32) to cover a range of the assay. Spiking was accepted
if > 85% of negative samples exhibited a negative result, and > 85%
of the spiked samples (x dilution factor) resulted in an SBA titre
within £ 1 SBA titre of the neat positive sample result.

Accuracy: There is currently no assigned international serum
panel with known SBA titres for serogroup X strain BF2/97, there-
fore, a replicate spiking assay was conducted to assess accuracy.
This was performed by spiking a positive sample in three ratios
(1:4, 1:8, 1:16) into five replicates of human serum minus IgA/
IgG/IgM (Sigma-Aldrich - Dorset, UK). Accuracy was accepted
if > 85% of negative samples exhibited a negative result,
and > 85% of the spiked samples (x dilution factor) resulted in
an SBA titre within + 1 SBA titre of the neat positive sample result.
Additionally, > 85% of spiked sample results should be within + 1
SBA titre of the median SBA titre for that spiking ratio.

Precision/Reproducibility: This parameter was evaluated
through intra-assay, inter-assay, inter-operator, and lower-end
investigations. Five replicates of each sample were prepared and
assayed until 5 results were obtained for each sample, except in
inter-operator precision/reproducibility, where 3 results were
obtained. Furthermore, as part of intra-assay investigations, micro-
titre plate location was investigated. All parameters were accepted
if > 85% of replicates were within 3 SBA titres.

Linearity/Recovery: Linearity and analyte recovery was evalu-
ated by diluting serum samples positive to serogroup X antibody,
1:4 in human serum minus IgA/IgG/IgM. Neat positive and diluted
samples were assayed at the appropriate starting dilution on the
same run. Linearity was considered acceptable if > 85% of diluted
samples (x dilution factor) were within + 1 SBA titre of the neat
positive sample.

Stability: This parameter was assessed through freeze and thaw
stability, short-term and long-term stability, and post-preparative
stability. In freeze and thaw stability, sample aliquots were frozen
for 12 to 24 h at —80 °C (-95 °C to —65 °C) and subjected to 1, 2, 3,
and 4 freeze/thaw cycles and assayed on one run. For short-term
stability, two sample aliquots of each sample were re-frozen for
12 to 24 h at —80 °C (-95 °C to —65 °C). One aliquot was then
removed from storage and maintained at room temperature for
12 to 24 h prior to SBA assay. The second aliquot was removed
from storage for a period of < 1 h. Both aliquots were then assayed
on the same run. Long-term stability investigated sample stability
over the duration of the study. All samples were assayed at the ref-
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erence point (day 0), then aliquoted into multiple sterile micro-
tubes. Aliquots were maintained at —80 °C (-95 °C to —65 °C)
and assayed at intervals of 1, 6 and 12 months. In post-
preparative stability, samples were prepared in the microtitre plate
and left at room temperature for 6 h and < 1 h, all samples were
then assayed on the same run. All stability investigations were
considered acceptable if > 85% of sample aliquots were within 3
SBA titres.

2.5. Statistical analysis

SBA titres for all samples (seroprevalence study and
serogroup X SBA assay validation) were determined at the dilution
at which > 50% bacterial killing was observed, when compared
with the colony forming units (CFUs) of the column 11 control well
(viable CFU). Titres of <4 were assigned a value of 2 for computa-
tional purposes. Samples were required to pass assay acceptance
criteria to be included in data analysis.

Statistical analysis was performed on results obtained for the
seroprevalence study. Data on whether participants had received
a meningitis vaccine in the last 6 months were collated from the
MenAfriCar master database. Although data on the type of vaccine
used was not recorded it is likely that participants received MenA-
friVac (Serum Institute of India Pvt. Ltd.) vaccine in Niger. Vaccina-
tion status was displayed as either vaccinated, or unvaccinated.
Stata (version 16.0) was used to perform logistic regression analy-
ses to predict the likelihood of protective serogroup X SBA titres in
unvaccinated participants versus previously vaccinated (with a
vaccine not containing serogroup X polysaccharides) participants.
Microsoft Excel (version number 2106) was used to perform
reverse cumulative distribution analysis to provide percentage
data in tables 1 and 2, and for illustration in Fig. 1.

3. Results
3.1. Seroprevalence study

Overall, 52.25% of participants (n = 377) possessed putative pro-
tective antibodies (SBA titre >8) to N. meningitidis serogroup X. The
significantly highest prevalence of protective antibodies to
serogroup X was 73.96%, observed in age group 5-14-years
(71/96 participants within age demographic). This was closely fol-
lowed by the 1-4- and 15-29-years age groups, possessing 52.94%
(36/68 participants within age demographic) and 55.56% (55/99
participants within age demographic), respectively.

The lowest prevalence of putative protective antibodies to N.
meningitidis serogroup X was seen in age group < 1 year, with 0%
of participants exhibiting a SBA titre >8. Overall, 47.75%

Table 1
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(180/377 participants across all age demographics) lacked any
putative protective antibodies, exhibiting a SBA titre <8, to N.
meningitidis serogroup X. Excluding the 1-4 and 5-14-year age
group, a SBA titre to serogroup X of <4 was shown to be the most
prevalent in each of the age groups, as displayed in Fig. 1. The SBA
titres of all participants, in all age groups, excluding < 1 year, pri-
marily fall into two categories: an SBA titre of <4, demonstrating
the absence of protective antibodies, or an SBA titre >128, demon-
strating a high level of putative protection against N. meningitidis
serogroup X.

As displayed in table 2, an SBA titre >8 to serogroup X was
observed to be more prevalent in participants who had received
previous meningococcal vaccination, OR = 3.45 (p <.001, CI:
2.141, 5.565). Of 377 participants, 273 had received a previous
meningococcal vaccine, whilst 104 had received no vaccination,
or did not know their vaccination history. Of the 273 participants
vaccinated, 166 (60.80%) possessed an SBA titre >8 to serogroup
X. Of those participants not vaccinated (104), 31 (29.81%) partici-
pants possessed an SBA titre >8 to serogroup X. A notable cofoun-
der is the higher prevalence of putative protective antibodies still
observed in age groups 1-4, 5-14 and 15-29-years, 58.7%,
75.28% and 60%, respectively.

3.2. Serogroup X Serum bactericidal antibody assay validation

For selectivity/specificity, heterologous inhibition of samples
with polysaccharide A (95%), C (100%), Y (100%) and W (100%)
demonstrated a < 2 SBA titre reduction when compared to the neat
sample. In addition, 100% of homologous inhibited samples
with X polysaccharide demonstrated a > 2 SBA titre reduction
when compared to the neat sample. For spiking, 94.44% of spiked
aliquots (x dilution factor) were within = 1 SBA titre of the neat
positive sample. In accuracy, 88.88% of replicates (x dilution factor)
were within + 1 SBA titre of the neat positive sample. For precision/
reproducibility, 100% of sample (n = 20) replicates in intra-assay
reproducibility were within 3 SBA titres. In inter-assay repro-
ducibility, 95% of sample (n = 20) replicates were within 3 SBA
titres, and for inter-operator reproducibility, 90% of sample
(n = 20) replicates were within 3 SBA titres. For lower-end preci-
sion/reproducibility, 87.5% of sample (n = 9) replicates were within
3 SBA titres. For linearity/recovery, 100% (n = 20) of 1:4 diluted
samples (x dilution factor) obtained results within + 1 SBA titre
of the neat sample. For stability, 94.4% of sample (n = 20) aliquots
in freeze and thaw stability were within 3 SBA titres. For short-
term and long-term stability, 100% and 88.89% of sample (n = 20)
replicates, respectively, were within 3 SBA titres. In post-
preparative stability, 100% of sample (n = 20) aliquots were within
3 SBA titres of one another. Validation acceptance criteria for all

Percentage of participants by SBA titre to N. meningitidis serogroup X, by age group. Number of participants tested, and in each category is highlighted in bold and italic.

Age Group No. Tested No. and percentage of participants with SBA titre
(<4 to >128)

<4 4 8 16 32 64 >128
<1 year 100.0% 0% 0% 0% 0% 0% 0%
17 17 0 0 0 0 0 0

1-4 years 45.6% 1.5% 0% 2.9% 0% 0% 50.0%
68 31 1 0 2 0 0 34

5-14 years 20.8% 5.2% 0% 4.2% 1.0% 1.0% 67.7%
96 20 5 0 4 1 1 65

15-29 years 42.4% 2.0% 5.0% 1.0% 7.1% 1.0% 41.4%
99 42 2 5 1 7 1 41

30 + years 55.7% 8.2% 8.2% 3.1% 3.1% 1.0% 20.6%
97 54 8 8 3 3 1 20

Total participants: 43.5% 4.2% 3.4% 2.7% 2.9% 0.8% 42.4%

377 164 16 13 10 11 3 160
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Table 2
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Number of participants by vaccination history status and SBA titre to N. meningitidis serogroup X, by age group. Percentages shown represent those in each category: vaccinated or

unvaccinated, with an SBA titre >8.

Age group No. Tested No. Vaccinated No. vaccinated, with SBA titre >8 No. Unvaccinated No. unvaccinated, with SBA titre >8
<1 year 17 0 0 17 0
0% 0%
1-4 years 68 46 27 22 9
58.7% 40.9%
5-14 years 96 89 67 7 4
75.3% 57.1%
15-29 years 99 80 48 19 7
60% 36.8%
30 + years 97 58 24 39 11
41.4% 28.2%
Total: 377 273 166 104 31
60.8% 29.8%
1.00
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Fig. 1. Seroprevalence Study results - data displayed shows the proportion of participants in each age group, stratified by SBA titre (see key under chart) to N. meningitidis
serogroup X. <1y = Under 1 year old, 1-4y = 1 to 4 years old, 5-14y = 5 to 14 years old, 15-29y = 15 to 29 years old and 30+y = over 30 years old (n = 377). Titres of <4 were

assigned a value of 2 for computational purposes.

parameters were within the required > 85% pass criteria, therefore,
serogroup X SBA assay validation was successfully obtained for all
parameters of the serogroup X SBA assay validation.

4. Discussion

Data showed that 52.25% of study participants within the com-
munities of Niamey and Say, Niger possessed putative protective
antibodies to N. meningitidis serogroup X, with a SBA titre >8.
There are numerous reasons why over half of subjects demon-
strated protective antibodies. One such explanation may be
through natural immunity induced by asymptomatic carriage of
N. meningitidis serogroup X within the nasopharynx. Specifically,
a review conducted in 2019 exploring sixty-five studies with vary-
ing methodologies (swabbing of the posterior pharynx, orophar-
ynx, pharynx and nasopharynx of participants) found that
carriage of serogroup X within the meningitis belt was the highest

in 5-17-year-olds, alongside serogroups W and Y [11]. The review
findings support this study, as higher protective SBA titres were
most prevalent in 5-14-year-olds. However, specific carriage in
Africa in the review was generally low overall (usually < 0.5%), in
comparison to a high incidence of IMD within the meningitis belt
[11]. Nevertheless, carriage is known to be highly variable depend-
ing on individual strain characteristics. Carriage prevalence of N.
meningitidis in Northern Ghana between 1988 and 2005 was
reported as 7.3% (110/1497) and 6.1% (305/4999), of which 64%
and 53%, respectively, were identified as specifically carrying N.
meningitidis serogroup X [12].

Further data relating to serogroup X were gathered during an
outbreak in Niger in January-June 2006, in which 51% of 1139 cases
of IMD were caused by serogroup X [13]. Serogroup X related IMD
were primarily seen in age groups 1-4 years (62.8 cases per
100,000) and 5-9 years (74.6 cases per 100,000), with the mean
age of disease being 7.9 years [13]. As previously stated, sera for
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this seroprevalence study were collected in Niger in 2012, approx-
imately 6 years following the 2006 outbreak. This may account for
the SBA titres >8 to serogroup X demonstrated here in participants
aged 5-14 and 15-27. These are the groups which may have been
most affected by the previous outbreak of serogroup X related IMD
and would therefore demonstrate the highest putative SBA titres.
This could indicate asymptomatic, or symptomatic, transmission
of N. meningitidis serogroup X continuing within the community
prior to and potentially after 2012.

Another study from 2003 explored further outbreaks of
serogroup X related IMD between 1995 and 2000 in Niamey, Niger
[14]. Serogroup X IMD was found to be non-existent in < 1-year
olds, with cases increasing from > 1 year old [ 14]. This is surprising,
as no protective titres to serogroup X were observed in the < 1-
year-old age group in this seroprevalence study, making this age
group potentially vulnerable to IMD. A study by Goldschneider
et al. demonstrated that seroprotective titres against N. meningitidis
are generally seen in < 3 months-old due to the presence of mater-
nal immunoglobulins (IgG) against IMD [15]. What we may there-
fore be observing is the interim period, between the waning of
maternal antibodies and the occurrence of serogroup X related
IMD [11]. However, these assumptions are limited by a small sam-
ple size (17/377 participants < 1-year-old). Secondly, it was not
possible to identify specific ages within the demographic.

A relationship between previous vaccination and SBA titre >8 to
serogroup X was identified through logistic regression, OR = 3.45
(p <.001, CI: 2.141, 5.565). It is unknown from participant data
available which vaccine had been administered, though it is
believed to have been MenAfriVac. This association is unexpected,
as any vaccine administered would not have contained polysaccha-
rides for N. meningitidis serogroup X, and specifically, MenAfriVac
contains only serogroup A. Any other vaccines given during ser-
ogroup C and W related IMD outbreaks would also not have con-
tained polysaccharides for serogroup X. Interestingly, a genetic
correlation between serogroup X and A has previously been iden-
tified [16]. The gene cluster, xcbABC, codes for the xcbA gene which
is responsible for the synthesis of the capsular polysaccharide of
serogroup X. The xchA gene is 52% homologous to the sacB gene
[16], which encodes the capsular polysaccharide of serogroup A
[17]. It is therefore suspected that serogroup X may share capsular
similarities to serogroup A, both being composed of homopolymers
of amino sugars, a-p-ManNAc and a-p-GlcNAc [18]. This is inter-
esting due to the previous prevalence of serogroup A related
IMD, and consequent success of the MenAfriVac vaccine [18],
within the meningitis belt. Significant protective SBA titres to ser-
ogroup A would therefore be seen within these communities, and
with potential capsular similarities between serogroup A
and X, this could explain SBA titres >8 to serogroup X in some
study participants, even though they have not been vaccinated
with serogroup X polysaccharides.

Similar findings were seen in a serogroup C seroprevalence
study completed by Trotter et al. in 2003. The study discussed
the theory of meningococcal antigens, as well as other non-
pathogenic Neisseria species such as N. lactamica, which may elicit
an antibody response, and provide protection across other ser-
ogroups of N. meningitidis [19]. Surface antigens such as outer
membrane proteins (OMPs) have shown to be immunogenic.
Specifically, subcapsular surface proteins, PorA, fHbp, NadA and
NHBA, found in various meningococcal serogroups, have been
shown to illicit an increase in SBA titre. Bexsero, a meningococcal
group B vaccine, was licensed containing the above proteins [20],
and cross-reactivity has been observed between all serogroups,
including X [21]. It is therefore not unexpected that natural expo-
sure to these subcapsular proteins, i.e., through asymptomatic or
symptomatic exposure to other meningococcal serogroups, could
result in an increase of SBA titre to serogroup X.

Vaccine xxx (Xxxx) XXx

The introduction of glycoconjugate vaccines has been proven to
disrupt and reduce the acquisition of carriage of N. meningitidis
[22], therefore, the implementation of NmCV-5 would be crucial
in preventing transmission and future outbreaks of
serogroup X associated IMD. Put into context with a previous
pre-vaccination seroprevalence study in the UK, which determined
that 25-32% of adults over 25 years possessed an SBA titre >8 to
serogroup C [19], 52.25% of participants in this study exhibiting
protective titres to serogroup X is considered significant. This
research however is limited in that sera were only available from
Niger, with a sample size of 377. An area for further study could
be to explore seroprevalence to serogroup X in a higher population,
and in other communities within the meningitis belt with varying
incidence of previous serogroup X IMD.

The serogroup X SBA was successfully validated for the follow-
ing parameters: accuracy, selectivity and specificity, precision/re-
producibility, linearity, and stability. All  parameters
achieved > 85% pass criteria.

Selectivity and specificity were successfully validated through
inhibition, spiking, and accuracy. Results obtained for precision/re-
producibility parameters overall demonstrate the capability of the
serogroup X SBA assay to quantify a range of SBA titres accurately
and consistently in human sera, across multiple assays, completed
by multiple operators. During intra-assay precision/reproducibil-
ity, there was also no observed difference in SBA titre when serum
samples were placed in a different position on the microtitre plate.

Linearity investigations utilised human serum minus IgA/IgG/
IgM as the diluent for recovery. This parameter exceeded valida-
tion acceptance criteria with 100% of SBA titres within range, when
multiplied by their dilution factor (1:4). In sample stability, all
parameters obtained > 85% of the required acceptance criteria for
validation. This confirms that the performance of the
serogroup X SBA assay is not affected by any potential degradation
that may arise in sera when samples are subjected to differing stor-
age conditions.

5. Conclusion

In conclusion, seroprevalence data obtained shows that immu-
nity to N. meningitidis serogroup X may be prevalent within Niger,
West Africa, part of the sub-Saharan meningitis belt. Other com-
munities within the meningitis belt may also demonstrate similar
findings, though this could be an area for future research. The data
collected by this study provides a naturally occurring baseline of
bactericidal antibody to serogroup X. Conversely, this study also
revealed that 47.7% of participants (n = 377) lacked any immunity
to N. meningitidis serogroup X. Due to the potential presence of
serogroup X within the Niger community, and almost half of study
participants lacking any protective serum bactericidal antibodies
to serogroup X, these data support the requirement of a licensed
conjugate vaccine, NmCV-5.

Validation of the serogroup X SBA assay was successful for all
parameters, and data obtained demonstrates suitability for use in
future human clinical trials. Specifically, the validated assay will
be used in upcoming phase 3 trials, providing data required to
license the implementation of conjugate polysaccharide vaccines
containing serogroup X into communities within the meningitis
belt.

Declaration of Competing Interest

Authors S. Katz, K. Townsend-Payne, ]. Louth and R. Borrow per-
form contract research on behalf of the UK Health Security Agency
(UKHSA) for GSK plc, PATH, Pfizer and Sanofi Pasteur.



S. Katz, K. Townsend-Payne, J. Louth et al.

References

[1] Peterson ME, Li Y, Bita A, Moureau A, Nair H, Kyaw MH, et al. Meningococcal
serogroups and surveillance: a systematic review and survey. ] Glob Health.
2019;9:010409.

[2] Bai X, Borrow R, Bukovski S, Caugant DA, Culic D, Delic S, et al. Prevention and
control of meningococcal disease: Updates from the Global Meningococcal
Initiative in Eastern Europe. ] Infect 2019;79(6):528-41.

[3] Greenwood B. Sustaining Protection Against Epidemic Meningitis in Africa
After Vaccination. Clin Infect Dis 2019;68:444-5.

[4] Harrison LH, Trotter CL, Ramsay ME. Global epidemiology of meningococcal
disease. Vaccine 2009;27(Suppl 2):B51-63.

[5] WHO. Meningitis Weekly Bulletin. World Health. Organization 2018.

[6] Burns DL, Borrow R, Andrews N, Goldblatt D, Miller E. Serological basis for use
of meningococcal serogroup C conjugate vaccines in the United Kingdom:
reevaluation of correlates of protection. Infect Immun 2001;69(3):1568-73.

[7] Chen WH, Neuzil KM, Boyce CR, Pasetti MF, Reymann MK, Martellet L, et al.
Safety and immunogenicity of a pentavalent meningococcal conjugate vaccine
containing serogroups A, C, Y, W, and X in healthy adults: a phase 1, single-
centre, double-blind, randomised, controlled study. Lancet Infect Dis 2018;18
(10):1088-96.

[8] Tapia MD, Sow SO, Naficy A, Diallo F, Haidara FC, Chaudhari A, et al.
Meningococcal Serogroup ACWYX Conjugate Vaccine in Malian Toddlers. N
Engl ] Med 2021;384(22):2115-23.

[9] Lucidarme ], Louth ], Townsend-Payne K, Borrow R. Meningococcal Serogroup
A, B, C, W, X, and Y Serum Bactericidal Antibody Assays. Methods Mol Biol
2019;1969:169-79.

[10] Fda. Bioanalytical Method Validation -. Guidance for Industry 2018.

[11] Peterson ME, Li Y, Shanks H, Mile R, Nair H, Kyaw MH, et al. Serogroup-specific
meningococcal carriage by age group: a systematic review and meta-analysis.
BM]J Open. 2019;9:e024343.

[12] Trotter CL, Greenwood BM. Meningococcal carriage in the African meningitis
belt. Lancet Infect Dis 2007;7(12):797-803.

Vaccine xxx (XXxx) Xxx

[13] Boisier P, Nicolas P, Djibo S, Taha M-K, Jeanne I, Mainassara HB, et al.
Meningococcal meningitis: unprecedented incidence of serogroup X-related
cases in 2006 in Niger. Clin Infect Dis 2007;44(5):657-63.

[14] Djibo S, Nicolas P, Alonso J-M, Djibo A, Couret D, Riou J-Y, et al. Outbreaks of
serogroup X meningococcal meningitis in Niger 1995-2000. Trop Med Int
Health 2003;8(12):1118-23.

[15] Goldschneider I, Gotschlich EC, Artenstein MS. Human immunity to the
meningococcus. II. Development of natural immunity. ] Exp Med
1969;129:1327-48.

[16] Tzeng YL, Noble C, Stephens DS. Genetic basis for biosynthesis of the (alpha 1-
>4)-linked N-acetyl-D-glucosamine 1-phosphate capsule of Neisseria
meningitidis serogroup X. Infect Immun 2003;71:6712-20.

[17] Muindi KM, McCarthy PC, Wang T, Vionnet ], Battistel M, Jankowska E, et al.
Characterization of the meningococcal serogroup X capsule N-
acetylglucosamine-1-phosphotransferase. Glycobiology. 2014;24:139-49.

[18] Hlozek ], Kuttel MM, Ravenscroft N. Conformations of Neisseria meningitidis
serogroup A and X polysaccharides: The effects of chain length and O-
acetylation. Carbohydr Res 2018;465:44-51.

[19] Trotter C, Borrow R, Andrews N, Miller E. Seroprevalence of meningococcal
serogroup C bactericidal antibody in England and Wales in the pre-vaccination
era. Vaccine 2003;21(11-12):1094-8.

[20] Lucidarme J, Comanducci M, Findlow ], Gray SJ, Kaczmarski EB, Guiver M, et al.
Characterization of fHbp, nhba (gna2132), nadA, porA, and sequence type in
group B meningococcal case isolates collected in England and Wales during
January 2008 and potential coverage of an investigational group B
meningococcal vaccine. Clin Vaccine Immunol 2010;17(6):919-29.

[21] Harris SL, Tan C, Andrew L, Hao Li, Liberator PA, Absalon ], et al. The bivalent
factor H binding protein meningococcal serogroup B vaccine elicits
bactericidal  antibodies  against representative  non-serogroup B
meningococci. Vaccine 2018;36(45):6867-74.

[22] Maiden MC, Ibarz-Pavon AB, Urwin R, Gray SJ, Andrews NJ, Clarke SC, et al.
Impact of meningococcal serogroup C conjugate vaccines on carriage and herd
immunity. ] Infect Dis. 2008;197:737-43.


http://refhub.elsevier.com/S0264-410X(22)00977-X/h0010
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0010
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0010
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0015
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0015
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0020
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0020
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0025
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0030
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0030
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0030
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0035
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0035
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0035
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0035
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0035
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0040
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0040
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0040
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0045
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0045
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0045
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0050
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0060
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0060
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0065
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0065
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0065
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0070
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0070
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0070
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0075
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0075
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0075
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0080
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0080
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0080
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0090
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0090
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0090
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0095
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0095
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0095
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0100
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0100
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0100
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0100
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0100
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0105
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0105
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0105
http://refhub.elsevier.com/S0264-410X(22)00977-X/h0105

	Validation and use of a serum bactericidal antibody assay for Neisseria meningitidis serogroup X€in a seroprevalence study in Niger, West Africa
	1 Introduction
	2 Methods
	2.1 Seroprevalence study sample selection
	2.2 SBA assay validation sample selection
	2.3 Serum bactericidal antibody assay
	2.4 Serogroup€X€SBA assay validation
	2.5 Statistical analysis

	3 Results
	3.1 Seroprevalence study
	3.2 Serogroup€X€Serum bactericidal antibody assay validation

	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	References


