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Background: Capsular group X N. meningitidis (MenX) has emerged as a cause of localized disease out-
breaks in sub-Saharan Africa, but the human immune response following exposure to MenX antigens
is poorly described. We therefore assessed the natural immunity against MenX in individuals who were
living in an area affected by a MenX outbreak during 2007 in Togo, West Africa. During 2009, 300 healthy
individuals (100 aged 3-5 years, 100 aged 13-19 years and 100 aged 20-25 years) were included in the
study, and serum responses were compared with sera from age-matched controls from the U.K. and
Burkina Faso.
Methods: MenX serum bactericidal antibody (SBA) was measured using rabbit complement, and antibod-
ies against MenX polysaccharide (XPS) and outer membrane vesicles (XOMVs) were quantified by ELISA.
Results: The proportion of Togolese individuals with an SBA titer of >8 against the MenX strain was 29%
(95% confidence interval (CI) 18-41) among those aged 3-5 years, 34% (95% CI 9-60) among those aged
13-19 years and 32% (95% CI 24-40) among those aged 20-25 years. These were significantly higher than
observed in the control populations from the U.K (range 13-16%) and Burkina Faso (range 2-6%).
Conclusion: In Togolese individuals, the concentration of serum IgG against XPS was higher among the
two older age groups as compared to the youngest age group. Antibody concentrations against MenX
PS correlated significantly with SBA titers. This supports further development of a MenX PS based conju-
gate vaccine. Further studies are needed to verify the ability of MenX PS to induce SBA in humans.
© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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1. Introduction peaks during the dry season, typically week 13 in the year, and

in addition there are inter-annual epidemics that may include sev-

Meningitis epidemics in Africa have mainly been caused by
Neisseria meningitidis of capsular group A, and most of the cases
have occurred in a geographical area termed the Meningitis Belt;
a region that stretches from Senegal in the West to Ethiopia in
the East [1,2]. Each year the incidence of meningococcal disease
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eral neighbouring countries and involve up to 250,000 cases [2,3].
Capsular group X N. meningitidis (MenX) isolates were first docu-
mented in the meningitis belt in 1970, but have recently emerged
as a cause of more substantial localized disease outbreaks in sub-
Saharan Africa in the last ten years, in both West and East Africa
[4,5]. MenX disease was not raised as a significant concern until
an outbreak in Niger in 2006 with over 800 cases and recognition
of an increased incidence of MenX disease in Niger, Uganda, Kenya
and Togo during 2006-08 [6]. In 2011, the World Health
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Organization (WHO) therefore decided to include MenX in the list
of meningococci that are able to cause epidemics [7]. Of particular
note is that MenX disease has shown a similar attack rate to capsu-
lar group A meningococci [4,8]. Since then, sporadic cases of MenX
disease have been reported from the meningitis belt, notably in the
Ivory Coast, Burkina Faso, Mali, Niger [9,10] and Ethiopia [11], with
carriage also observed in Chad [12].

Following the implementation of the safe and highly effective
capsular group A monovalent conjugate vaccine in 2010 in the
meningitis belt, the main target for research now will be to elimi-
nate disease caused by the other capsular groups prevailing in the
Meningitis Belt, namely capsular groups C, W and X. There is cur-
rently no polysaccharide based vaccine commercially available to
prevent MenX disease. Three polysaccharide-protein-conjugate
vaccine candidates [13-15] and three outer membrane protein-
based vaccine candidates [16-20,44| have been shown to induce
serum bactericidal antibodies (SBA) against MenX isolates from
the African meningitis belt in animal studies. When progressing
any of these into clinical immunogenicity trials, the functional
activity of antibodies following vaccination will be a key endpoint.

Several seroprevalence studies in the African meningitis belt
have described the relation between age-specific incidence of dis-
ease and the seroprevalence of SBA for capsular group A and W
meningococcal disease, as well as with antibodies against purified
polysaccharide [21-23], with substantial differences between cap-
sular groups in the prevalence of natural immunity. The develop-
ment of natural immunity against MenX and serological
correlates of protection against this group is poorly understood,
but is critical for assessment of vaccines.

To describe natural immunity among a population exposed to
MenX, and to identify characteristics of putatively protected indi-
viduals, we performed a seroepidemiological study among healthy
children and young adults living in Kara town, Togo, West Africa in
2009. This is an area affected by a MenX outbreak 2.5 years earlier,
during 2007 [8]. Based on molecular typing performed on CSFs, the
causative organism of the outbreak was a MenX strain of ST-181
expressing PorA P1.5 [8].

Togo is a West-African country with approximately 6.8 million
inhabitants, and only in the northern part of the country the epi-
demiology is typical of the African meningitis belt [2]. Specifically,
we compared seroprevalence data with the MenX age-specific
meningitis incidence data from this area, to be able to interpret
the data in light of possible cross-reactive immunity. We also com-
pared these data with seroprevalence against MenX in serum sam-
ples from controls belonging to the same age group in Burkina Faso
and the U.K.

2. Methods
2.1. Seroprevalence study in Kara town, Togo

A cross-sectional seroepidemiological study of the general pop-
ulation with one study visit per participant was performed in Kara
during October 2009. Volunteers were recruited from the general
population of Kara town, capital of Kozah district, the area experi-
encing the MenX outbreak during March 2007 [8]. Based on the
presumption that seroprevalence varied by age, the study included
healthy volunteers in three age strata: children aged 3-5 year
(aged at least 1 year old during the outbreak season of 2007), teen-
agers (13-19 years of age) and young adults (20-25 years of age).
In the absences of any pre-existing serological data on capsular
group X, a sample size of 100 participants per age group was cho-
sen for study feasibility. This samples size would provide preva-
lence estimates with 95%-confidence intervals allowing a
precision of +5 to +9.8%. Following a two-stage sampling design,

we randomly selected neighbourhoods of Kara town and thereafter
compounds. In each selected compound the individuals in the
three target age groups were listed and one participant chosen ran-
domly from each age group. Inclusion criteria were: healthy male
or female individual aged 3-5 years old or 13-25 years old, resi-
dents of Kara since at least 2006, without severe disease, and
who give informed consent. Exclusion criteria were: known bleed-
ing disorder, receipt of treatment with immunosuppressive drugs
and severe malnutrition. A venous blood sample (10-20 mL) was
collected, processed and stored frozen in the national reference
laboratory, Institut National d’Hygiéne (INH) in the capital Lomé
until shipment of aliquots to the U.K in November 2009. Data col-
lected from participants were age, seX, location of residence,
weight, height, meningococcal vaccination status, recent medical
history and social contact pattern. The primary endpoint is the pro-
portion of subjects with SBA titers of either greater or equal to 1:8
or 1:128.

2.2. Controls from Burkina Faso and the United Kingdom

Control sera were obtained from previous seroprevalence stud-
ies carried among healthy individuals aged 1-29 years in Bobo-
Dioulasso, Burkina Faso in 2003 [24] and 2006 [25], which used a
similar protocol for population sampling and data collection. A
subset of these, with similar age distribution as the Togolese sam-
ples, were randomly selected and served as African controls from
an area with limited or no MenX disease. Sera were primarily from
the 2006 study, and from the 2003 study if none age-matching sera
were available from the 2006 study. Burkina Faso, which is border-
ing Togo to the north, is entirely within the meningitis belt and had
never any MenX outbreak documented by the time of collection of
the serum samples in this study. However, a serogroup A outbreak
was ongoing during sample collection in 2006. Serum samples
from children and teenagers, with a similar age distribution and
living in the U.K,, served as controls from countries with only spo-
radic or no reported MenX disease cases. These were randomly
drawn from the collection of patient samples obtained by the Pub-
lic Health England (PHE) Seroepidemiology Unit in or prior to 2009
[26]. The collection contains anonymised and stored residual sera
derived from patients who provided a sample as part of medical
care in England and Wales, and approximate the general popula-
tion of England and Wales. Data available on each individual were
age, sex, date of collection and source laboratory. Control subjects
from U.K. and from Burkina Faso were selected by matching the
available Togo study sera (n =290) with the control serum banks
by age strata. Following matching, serum aliquots were shipped
to Oxford and Manchester for laboratory analysis.

2.3. Quantitation of serum IgG against capsular group X antigens

The assessment of IgG antibodies against XPS in human sera
was performed as previously described [27]. The concentrations
of IgG against MenX major outer membrane proteins in healthy
human volunteer sera were assessed by use of ELISA, as previously
described [28]. OMVs from MenX strain BF7/07 (ST-181, PorA P1.5-
1,10-1 and FetA F1-31) were extracted by a deoxycholate based
method, characterised by SDS-PAGE gel electrophoresis and elec-
tron microscopy as previously described [29]. Detergent extracted
OMVs were chosen as coating antigen to enable quantification of
the non-polysaccharide antibody responses, focussing on major
outer membrane protein (PorA, FetA) antibodies and less on LPS
and lipoproteins which are mainly removed during the detergent
extraction process.
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2.4. MenX SBA assay

An SBA assay for capsular group X meningococcal bacteria was
developed at the PHE’'s Vaccine Evaluation Unit in Manchester,
U.K., with baby rabbit complement (Pel-Freeze, U.S.), as previously
described [30], using a capsular group X sequence type (ST) 751
disease isolate from Burkina Faso in 1997 as the target strain
(BF2/97) (PorA P1.5-1,10-1) [27]. This target strain from Burkina
Faso was chosen due to its survival with complement sources
(strain BF7/07 was not suitable; data not shown), and the lack of
MenX outbreak strains from Togo suitable for SBA. The Togo out-
break strain (P1.5-1,10-1, no isolate available for sequence typing),
the SBA target strain (BF2/97, from Burkina Faso 1997, ST-181 and
PorA P1.5-1, 10-1, FetA F1-31) and the OMV strain (BF7/07, from
Burkina Faso 2007, ST-751, PorA P1.5-1,10-1) all expressed the
same PorA variant. These strains are likely different in other outer
membrane proteins. A subset of (n = 10) human sera from Togolese
individuals aged 13-19 years old and with rabbit complement SBA
of >1:128 titers were also tested in an SBA assay against MenX iso-
late BF2/97 at the NIPH, Oslo, Norway, using a human complement
source (“060”) from a single human donor in Norway with no
intrinsic bactericidal activity.

2.5. Bacterial meningitis surveillance data in Togo

Data on suspected meningitis surveillance in Kozah district,
2007-2008, were available from a hospital-based surveillance sys-
tem set up by the Togolese Ministry of Health and the Agence de
Médecine Préventive (AMP) [31], using PCR for confirmation of eti-
ology. To estimate age-specific serogroup X meningitis incidence
rates were estimated using demographic data from the 2010 Togo
national census 2010.

2.6. Ethical approval

Approvals for the study were obtained from the Oxford Tropical
Research Ethics Committee (OXTREC reference number 40-09) on
24.07.2009, and from the “Comité de bioéthique pour la recherche
en santé” (CBRS), Ministry of Health, Togo on 28.08.2009 (CBRS ref-
erence number reference number 1873/2009/MS/CAB/DGS/OPLET/
CBRS). National Research Ethics Service (NRES) approval for the
sero-epidemiological surveillance of the National Immunisation
programme of England and Wales (Research Ethics Committee
number 05/Q0505/45) was granted by the Joint University College
London/University College London Hospital (UCL/UCLH) Commit-
tees on the Ethics of Human Research.

2.7. Statistical analysis

The primary endpoint was the proportion of Togolese partici-
pants in the three age groups demonstrating MenX SBA geometric
mean titers (GMT) either >8 or >128. Secondary endpoints were
geometric mean concentrations (GMC) of IgG antibodies against
XPS or XOMV in sera from the three age groups from Togo, Burkina
Faso and the U.K. We defined malnutrition as weight for height
below the 3rd percentile among <6-year-old children, and as body
mass index below the 3rd percentile among individuals aged 13
years or older, using WHO growth standards [32]. Logistic and lin-
ear regression methods were used to compare seroprevalence and
GMT between age groups, respectively. Correlation between SBA
titers and IgG concentrations were analysed using Pearson correla-
tion test on log-transformed data. The association between sero-
prevalence (SBA titer > 128 and anti-XPS IgG > 500 AU/mL) and
potential risk factors was evaluated by univariate and multivariate
logistic regression models, with stepwise inclusion of variables
with a P-value < .2 in the univariate model.

3. Results

3.1. MenX SBA and antigen-specific antibody seroprevalences across
age groups in Togo

Among Togolese individuals, MenX SBA antibody levels were
similar across the three age groups 3-5 years, 13-19 years and
20-15 years of age, with the GMT of SBA ranging between 6.0
and 6.7 and the prevalence of titers >128 ranging between 21%
and 26% (Supplemental Table 1). The anti-XPS IgG concentrations
were however significantly lower among children 3-5 years of
age (74.2 AU/mL) compared with individuals aged 13-19 years
(234.1 AU/mL) or 20-25 years (293.9 AU/mL) (both p <.001), (Sup-
plemental Table 2). Likewise, the anti-XOMV IgG concentrations
(Supplemental Table 3) were lower among children 3-5 years of
age (67,124 AU/mL) compared with individuals aged 13-19 years
(123,327 AU/mL) or 20-25years (113,978 AU/mL) (p <.001 for
the latter). Risk factors reported among Togolese individuals are
reported in Supplemental Table 5. Of these, age group was signifi-
cantly associated with XPS IgG concentration >500 AU/mL (odds
ratio (OR) versus age group 3-5 yrs was 6.72 (95% CI 2.44-18.54)
for age group 13-19 years; and 7.84 (95% CI 2.90-21.17 for age
group 20-25 years)) but not with SBA titer >128.

3.2. MenX SBA GMT and seroprevalence country comparison

Comparing GMT of MenX SBA among Togolese participants
aged 3-5years with that in control participants, this was higher
among the Togolese participants (6.4, range 2.9-14.1) than among
those from the UK. (1.9, range 1.4-2.5) and Burkina Faso (1.1,
range 1.0-1.2) (Supplemental Table 1). The same mean titer pat-
tern was observed for the other age groups as well. Applying vari-
ous thresholds for MenX SBA revealed differences in country
comparisons, and with the most stringent threshold (>128) we
found higher proportions of Togolese participants demonstrating
MenX seroprevalence (26%) than for those from the U.K. (5%) and
Burkina Faso (0%). There were no differences in the SBA GMT
between the three age groups within each of the three countries
(Supplemental Table 1).

3.3. MenX antigen specific IgG seroprevalence country comparison

Country comparison of anti-XPS IgG yielded a similar pattern as
for rSBA, depending on the threshold applied for the comparison
(Supplemental Table 2). In the age groups 13-19 and 20-25 years,
the GMC among Togolese individuals was nearly double the GMC
among U.K. individuals. On the contrary, among individuals aged
3-5 years, the GMC of Burkina Faso participants was nearly twice
that observed among U.K. and Togolese participants. The lower
threshold (anti-XPS IgG > 100 AU/mL) indicated a high proportion
of participants exhibiting a presence of anti-XPS IgG in all coun-
tries and age groups (from 35 to 90%), possibly caused by cross-
reacting organisms. Applying a higher threshold (XPS IgG > 500 A
U/mL) (Supplemental Table 2) indicated that natural exposure to
MenX may induce higher IgG concentration in 30% of the adult
population (20-25 years of age in 2009; 18-23 years in 2007).

The levels of anti-OMV IgG were significantly lower among
Togolese children aged 3-5 years (GMC 67,124 AU/mL) compared
to controls from Burkina Faso from the same age group (GMC
107,040) (Supplemental Table 3). The same pattern was found
for the proportion of participants with a level of anti-XOMV IgG
> 10,000 AU/mL; 24% among Togolese versus 48% among controls
(Supplemental Table 3). Among adolescents and adults, no differ-
ences were found between individuals from the two countries in
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Fig. 1. Immunity against MenX in sera collected from Togolese participants in 2009,
two years after a localized MenX outbreak in the same area. Geometric mean
concentrations of SBA titers across age groups. Bars indicate 95% confidence
intervals.

GMC (~100,000 AU/mL) and proportion with anti-OMV IgG > 10,
000 AU/mL (~50%).

3.4. Relationship between MenX SBA seroprevalence and disease
incidence in Togo

The seroprevalence of putatively protective MenX SBA titers
(Fig. 1) and anti-XPS-IgG (Fig. 2) per age group in Kara in 2009
were compared graphically with historic incidence (cases per
10,000 persons) of MenX disease in the same age groups and area
observed during 2007 (Figs. 3 and 4). The highest disease incidence
was seen in children aged 3-5 years of age, and this co-incided
with a low level of antibodies against MenX PS and OMVs. The
disease incidence was lowest among adults aged 26-29 years,
and this group had the highest proportion of anti-XPS IgG. There
hence appeared to be an inverse relation between age-specific inci-
dence of disease and seroprevalence of anti-XPS IgG.

3.5. Correlation between SBA and IgG results

The specificity of the antibodies responsible for causing the
observed SBA could to some degree be explained by IgG against
MenX polysaccharide, as a significant and strong (r=0.63)
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Fig. 2. Total IgG against purified serogroup X N. meningitidis polysaccharide in sera
from Togolese, Burkina Faso and U.K. participants (geometric mean concentration
and 95% confidence intervals).

association was detected among sera from Togolese aged 13-19
years (Supplemental Table 4, Fig. 5). Moderate correlations
between SBA and XPS IgG were observed among Togolese aged
20-25 years of age and Burkina Faso participants aged 13-19 years
of age. Significant correlations (p <.001) between SBA and XPS IgG
were also observed for the older age groups 13-19 years (r = 0.521)
and 20-25years (r=0.416) when analysed across countries.
Similarly, significant correlations between individual SBA titers
and anti-OMV IgG concentrations were observed for Togolese
individuals aged 13-19 and 20-25 years (r = ~0.4).

4. Discussion

4.1. Proportion of participants with MenX SBA highest in adolescents
and adults

In this study evaluating the seroprevalence of antibodies
against MenX in a Togolese community that has experienced an
MenX meningitis outbreak 2.5 years prior to sampling, we found
a low seroprevalence of SBA against MenX, and that the SBA sero-
prevalence was significantly lower among children aged 3-5 years
than among and adolescents or adults. A high seroprevalence of 70
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Fig. 3. Age-related SBA seroprevalence against capsular group X in Togo in 2009, versus incidence of MenX disease per of the 3 age groups in Togo 2007.
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Fig. 5. Correlation between MenX SBA and IgG against MenX polysaccharide
concentrations (both log,-transformed) in sera from Togolese participants aged 13-
19 years of age (r=0.6288, n =90).

and 85% was however found for anti-XPS IgG > 100 AU/mL among
adolescents and adults, respectively. The Togolese children in this
study were sampled at 3-5 years of age (October 2009), but were
aged 0-2 years at the time of the serogroup X outbreak (March
2007). Despite the young age, the Togolese children still had a
higher percentage of subjects with SBA titers >1:8 than subjects
of the same age group in the control populations (Supplemental
Table 1). Pronounced differences in seroresponses between sera
from the three countries were only evident when applying higher
thresholds (either SBA > 128 or anti-XPS IgG > 500 AU/mL). The
Togolese population showed substantially higher prevalences than
the two control populations from Burkina Faso and the U.K, in par-
ticular adolescents and adults.

The seroprevalences against meningococcal capsular polysac-
charides are widely diverging, as e.g. in Saudi Arabia and Burkina
Faso where naturally occurring concentrations of antibodies
against capsular groups C, Y and W are much lower than those
observed against capsular group A [24,35]. Putatively protective
rabbit-complement SBA titers are commonly observed for approx-
imately 20% of African individuals >2 years of age against capsular
group W [23], and an age-dependent increase in immunity is seen
for capsular groups C and Y at least up to 4 years of age [24,35].
Pre-existing anti-capsular group A polysaccharide antibody con-
centrations are usually higher in Africans than in individuals from
Europe and North America [36], posing a challenge for interpreta-
tion of relative immunogenicity [37].

4.2. Specificity of bactericidal antibodies and origin of MenX specific
immunity

The in vitro SBA activity is mediated by antibodies directed
against multiple meningococcal antigens, in particular the polysac-
charide capsule, but may also be directed against outer membrane
proteins and lipooligosaccharide. Given the lack of a strong corre-
lation between XPS IgG and SBA in the study population as a whole
(with the exception of those aged 13-19 years), and uncertainties
on MenX PS assay specificity, inferences on causality between
these antibodies and disease susceptibility or protection is how-
ever uncertain. Correlation analyses to elucidate the specificity of
the observed rSBA titers showed that anti-XPS IgG could explain
a significant proportion of the SBA among sera from Togolese aged
13-19 years and 20-25 years, as well as among Burkina Faso par-
ticipants aged 13-19 years (Supplemental Table 4), supporting
vaccine development based on capsular group X polysaccharides,
with conjugate vaccines being the most promising option [13,14].
The apparent age-related increase in proportions of Togolese indi-
viduals with a high antibody titer against MenX PS or MenX OMV
did not correlate with the proportion with an SBA titer > 128;
which was relatively constant across age groups (21-26%). This
could be explained by the choice of baby rabbit serum as a comple-
ment source in the SBA assay; known to result in higher SBA titers
and non-specific activity as compared with human complement.
Future studies should however assess responses in human conva-
lescent sera from MenX patients and address the impact of the
SBA complement source. A preliminary exploration of the effect
of the complement source on SBA indicated no covariation
between SBA titers obtained with human and rabbit complement
(Supplemental Table 6). Our study found that there was back-
ground immunity against MenX antigens (XPS or XOMVs) in both
control populations (Burkina Faso and U.K.). This may be explained
by the induction of cross-reactive antibodies by non-MenX organ-
isms, as previously described for other meningococci [38-40]. In
the U.K., the presence of 5-9% of responders with an SBA titer of
>128 may be due to non-specific immunity from exposure to
non-MenX organisms, perhaps capsular groups C or B among the
20-25 yrs participants in UK. The sera from UK were collected in
2009, and the individual exposure to meningococcal carriage prior
to 2009 for these individuals is not known. However, isolated
MenX cases have been reported in the UK. in the period 1999-
2006 [33] and carriage studies among adolescents from U.K. in
the period 1999-2001 showed 0.21% MenX carriage (102 isolates
among 47 765 participants, ~1.1% of all meningococcal isolates)
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[34]. The assays chosen have limited ability to unambiguously dis-
sect the basis of antigen-specific immunity in Togo, and this pre-
vents a clear determination of anti-OMV bactericidal activityThe
anticapsular specificity of the assay and potential cross-reactivity
between MenX and MenA PS should be further explored, as we
cannot exclude a potential cross-reaction between MenX and
MenA PS.

4.3. Comparing serological status across volunteers from Togo, Burkina
Faso and the U.K

A similar pattern was observed in all three countries when
applying high thresholds for rSBA (titer > 128) and anti-XPS IgG
(concentration > 500 AU/mL), with a higher proportion of adoles-
cents or adults with immunity than children. However, for
XOMV-IgG (using a threshold of > 10,000 AU/mL) the lower pro-
portion with high levels of anti-XOMV-IgG in Togolese compared
with Burkina Faso children was unexpected. This may indicate
low MenX carriage among Togolese children in 2007 and possibly
long lasting cross-reactive antibody responses to outer membrane
antigens among Burkina Faso participants; where outbreaks have
been more frequent and widespread than in Togo.

The observation that there was a lack of MenX seroprevalence
in the youngest age group in 2009, 2 years after the 2007 outbreak
(Figs. 3 and 4), could either be a result of a lack of exposure in this
age group, a lack of immune response or a short duration of immu-
nity against MenX. For the older groups, there was an apparent
persistence of MenX seroprevalence 2 years after the 2007 out-
break. There were a high proportion of Burkina Faso participants
(from 2006) who had SBA titers >4 against MenX which may be
explained by non-specific immunity from MenA which showed a
high prevalence in Burkina in 2006 [25].

These data suggest that exposure to MenX, presumably through
nasopharyngeal colonisation, has occurred in Togo. This presum-
ably indicates transmission in the population, but could also be
due to cross-reactive antibodies. Despite the increase in overall
antibody concentration with age, the similarity in SBA titer in all
age strata suggests that this exposure may not guarantee the
induction of functional antibodies, assuming that rabbit comple-
ment SBA is a reflection of protection against MenX disease in
humans. This may not be the case, as indicated in a recent study
assessing human antibody responses for a serogroup A conjugate
vaccine [45], and future studies should assess SBA using both
human and rabbit complement. As a new area of serologic evalua-
tion, the study of immunity to serogroup X would be improved
with the inclusion of hSBA data. The lack of correlation between
MenX hSBA and rSBA titers observed in our limited subset of sera
assessed (Supplemental Table 6) parallels findings for e.g.
serogroup A [45]. The IgG data for Burkina Faso and UK, where ser-
ogroup X has been rare suggest that IgG alone is unlikely to predict
serogroup specific protective immunity.

The current study demonstrated that MenX PS is likely
immunogenic in humans and can induce bactericidal antibodies.
Further studies in individuals with individually verified exposure
to MenX antigens are needed, i.e. among individuals asymptomatic
MenX carriers, and patients surviving MenX disease. Since MenX
disease has so far only been responsible for sporadic disease in
Western countries and limited outbreaks in Africa, there has been
no commercial interest in vaccine development. Although predict-
ing future disease outbreaks is not possible, the advent of a MenX
strain of ST-7 causing an invasive disease case in China in 2013
[41] may serve as a warning signal - strains from the ST-5 clonal
complex are among the most succesful strains in causing pandemic
waves of meningococcal disease [42]. Development of a capsular
group X vaccine [27] is hence urgently needed to control or prevent
potential future outbreaks. A multivalent capsular group ACYWX

conjugate vaccine (i.e. tetanus toxoid for the Men A and X polysac-
charides and CRM197 for the Men C, Y and W polysaccharides) is
currently in development by the Serum Institute of India and the
Project for Appropriate Technology in Health (PATH), and was
recently reported to elicit high rSBA titers against MenX in a phase
I trial among U.S. adults [43]. This is an incredibly promising
development for meningococcal disease prevention in the African
Meningitis Belt.
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