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Abstract

Background.—In 2010, Niger and other meningitis belt countries introduced a meningococcal
serogroup A conjugate vaccine (MACV). We describe the epidemiology of bacterial meningitis in
Niger from 2010 to 2018.

Methods.—Suspected and confirmed meningitis cases from January 1, 2010 to July 15, 2018
were obtained from national aggregate and laboratory surveillance. Cerebrospinal fluid specimens
were analyzed by culture and/or polymerase chain reaction. Annual incidence was calculated as
cases per 100 000 population. Selected isolates obtained during 2016—-2017 were characterized by
whole-genome sequencing.
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Results.—Of the 21 142 suspected cases of meningitis, 5590 were confirmed: Neisseria
meningitidis (INm] 85%), Streptococcus pneumoniae ([Sp] 13%), and Haemaophilus influenzae
([Hi] 2%). No NmA cases occurred after 2011. Annual incidence per 100 000 population was
more dynamic for Nm (0.06-7.71) than for Sp (0.18-0.70) and Hi (0.01-0.23). The predominant
Nm serogroups varied over time (NmW in 2010-2011, NmC in 2015-2018, and both NmC and
NmX in 2017-2018). Meningococcal meningitis incidence was highest in the regions of Niamey,
Tillabery, Dosso, Tahoua, and Maradi. The NmW isolates were clonal complex (CC)11, NmX
were CC181, and NmC were CC10217.

Conclusions.—After MACV introduction, we observed an absence of NmA, the emergence and
continuing burden of NmC, and an increase in NmX. Niger’s dynamic Nm serogroup distribution
highlights the need for strong surveillance programs to inform vaccine policy.
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Niger is located within the meningitis belt of sub-Saharan Africa, which stretches from
Senegal to Ethiopia, and has a high burden of meningococcal disease [1, 2]. Meningitis
outbreaks typically occur in March, April, or May and are associated with high temperatures
and high concentrations of airborne dust [3]. In this region, large-scale outbreaks have
historically been due to Nefsseria meningitidrs serogroup A (NmA), leading to the
introduction of a meningococcal serogroup A conjugate vaccine (MACYV) in 21 countries to-
date [4]. Niger was among the first countries to introduce the vaccine, implementing mass
campaigns among 1- to 29-year-olds in 2010-2011 (>90% vaccination coverage in the target
group); routine vaccination of 9-month-olds started in October 2017 [4, 5].

In addition to NmA, outbreaks caused by N meningitidis serogroup W (NmW), X (NmX),
and C (NmC) have also been reported in Niger [6-11]. Although previously rare in sub-
Saharan Africa, Niger experienced a large-scale NmC outbreak in 2015 in which over 9000
cases were reported. It has been postulated that introduction of a novel, virulent strain into
an immunologically naive population, rather than the replacement of hon-A serogroups into
the ecologic niche left after MACV vaccination, contributed to this outbreak [12]. However,
the factors associated with this outbreak, the first major meningitis outbreak in Niger after
MACYV introduction, are not well understood, underscoring the importance of careful
monitoring of the epidemiology of bacterial meningitis in the post-NmA era.

In this report, we describe the epidemiology of bacterial meningitis in Niger during the 9
years since MACYV introduction (2010-2018) to assess the incidence of both NmA and non-
A serogroups, characterize the dynamics of bacterial meningitis epidemiology, and inform
meningococcal vaccine policy in Niger. We also report the results of molecular
characterization of meningococcal isolates collected in 2016—-2017 to monitor the potential
emergence of additional novel strains.
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MATERIALS AND METHODS

Surveillance Systems and Data Collection

Data and cerebrospinal fluid (CSF) specimens were collected through routine national
surveillance. Thus, Institutional Review Board review was not required by any participating
institutions.

Nationwide, population-based meningitis surveillance is conducted through weekly
aggregate reporting of suspected meningitis cases and deaths by district. Case-level data on
suspected meningitis cases are collected through overlapping surveillance systems:
nationwide laboratory surveillance and, since 2014, case-based surveillance in select
districts. Laboratory surveillance, in which basic epidemiologic information is also
collected, is conducted on all suspected meningitis cases where a CSF specimen available.
Case-based meningitis surveillance, in which detailed epidemiologic and laboratory data are
collected on each suspected case, has been progressively implemented in 32 of the 72
districts (representing 47% of Niger’s population by 2018) and supported by MenAfriNet,
an international consortium that aims to strengthen case-based meningitis surveillance,
assess changes in meningitis epidemiology and vaccine impact, and inform vaccine policy
and development in sub-Saharan Africa [13]. To ensure the surveillance was comparable
across all years of this analysis, the laboratory surveillance data were used, which included
nationwide information including case age, date of collection, district, region, and laboratory
results. In both laboratory and case-based surveillance systems, microbiologic testing of
CSF specimens is conducted by the national meningitis reference laboratory at the Centre de
Recherche Médicale et Sanitaire (CERMES). Thus, all suspected meningitis cases with CSF
specimens are captured in the laboratory surveillance database, and all suspected meningitis
cases with CSF specimens from districts participating in case-based surveillance are
recorded in both the case-based surveillance and laboratory databases.

The CERMES has performed conventional (gel-based) polymerase chain reaction (PCR) to
detect the 3 common bacterial meningitis pathogens (N meningitidis, Streptococcus
pneumoniae, and Haemophilus influenzae) and identify the 5 N meningitidis serogroups (A,
B, C, W, and Y) since 2002 and implemented an assay to detect serogroup X in 2004 [10].
Subsequently, real-time (rt)-PCR assays for species and serogroup detection were introduced
in 2011 and direct rt-PCR assays, which are carried out directly on the primary CSF
specimen [14] since 2014-2015. Thus, species and serogroup identification by CERMES
was completed using conventional PCR, rt-PCR, or slide agglutination methods throughout
the 9-year period of analysis [15, 16]. Any isolate determined to be negative for all 6
serogroups was categorized as non-groupable (NmMNG). Haemaophilus influenzae serotyping
was conducted but not available for all years and thus excluded from the analysis.

Data Analysis

For this analysis, the number of suspected meningitis cases in Niger was identified from
aggregate surveillance and confirmed cases from nationwide laboratory surveillance. Cases
reported from January 1, 2010 to July 15, 2018 were included in the analysis and defined
using World Health Organization (WHO) guidelines [17]. A suspected case was defined by
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the sudden onset of fever with headache and at least 1 of the following symptoms (stiff neck,
altered consciousness, or signs of meningeal irritation). A confirmed case was defined as
identification of N meningitidis, H influenzae, or S pneumoniae by culture, latex test, or
PCR in a patient with suspected meningitis.

Crude annual incidence was calculated as the number of suspected or confirmed cases per
100 000 population using district-specific population figures obtained from the Niger
Ministry of Health (total population = 21 466 864 persons in 2018). The epidemic threshold
was calculated in accordance with WHO guidelines (10 or more suspected cases per 100 000
population per week) [18], and an outbreak is defined as described previously [19]. The case
fatality ratios were calculated as the proportion of known deaths among suspected cases
reported through the aggregate meningitis surveillance system. For the temporal analysis, the
full meningitis season spans epidemiologic weeks 1-24, but the peak meningitis season was
defined as epidemiologic weeks 10-20 for this analysis. For the geographical analysis, map
shape files for Niger were downloaded from The Humanitarian Data Exchange (https://
data.humdata.org/), loaded into R (version 3.5.0), and converted to a spatial vector object
using the package rgdal v1.3-6. The spatial vector object was plotted using ggplot2 v3.1.0,
and pie charts were overlaid using scatterpie v0.1.2. We investigated the distribution of
confirmed cases across 8 age strata (<1, 1-4, 5-9, 10-14, 15-19, 20-24, 25-44, and 45+
years). Two hundred forty-four confirmed cases were missing patient age (H influenzaen =
6, S pneumoniaen = 40, NmA n =9, NmC n =122, NmW n =39, NmX n =24, NmNG n =
4) and excluded from the analysis. The X2 tests of independence for association between age
and pathogen or N meningitidis serogroup were calculated using SAS version 9.4. The Xz
tests of independence (a = .05) for age versus pathogen and age versus N meningitidis
serogroup were calculated using SAS version 9.4.

Molecular Characterization of Meningococcal Isolates

All available isolates from the 2016 meningitis season (1 NmX, 101 NmC, and 22 NmW)
and a subset of isolates from the 2017 season (8 NmX, 30 NmC, and 2 NmW) underwent
molecular characterization. For 2017, all available NmX and NmW isolates and at least 2
NmC isolates per district were selected, when available. Isolates were sent to the US Centers
for Disease Control and Prevention (CDC) Bacterial Meningitis Laboratory, a WHO
Collaborating Centre for Meningitis, for whole-genome sequencing analysis.

Deoxyribonucleic acid (DNA) extractions were conducted using the Gentra Puregene yeast/
bacteria DNA extraction kit (QIAGEN) or with a chemagic Prepito instrument
(PerkinElmer) using the Cyto Pure Kit. The NEBNext Ultra DNA Library preparation kit
was used according to manufacturer specifications to generate genomic libraries.
Sequencing was completed at CDC using 250-base pair paired-end reads on a HiSeq 2500 or
a MiSeq (Illumina). Raw reads were trimmed to remove adapters and low quality bases
before de novo genomic assembly by SPAdes, version 3.7.0 [20]. To identify the sequence
type (ST), clonal complex (CC), and PorA and FetA types, sequences for the MLST genes
and the fine typing genes (porA and fetA) were identified by a BLAST search using the
PubMLST allele collection (www.pubmist.org/Neisseria) [21].
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From January 1, 2010 through July 15, 2018, 21 142 suspected meningitis cases were
reported, with 1842 deaths and an overall case fatality ratio of 8.7% (Table 1). The
CERMES tested 15 884 CSF specimens during this period; 5590 CSF specimens (35.2%)
were positive for 1 of the 3 bacterial meningitis pathogens. Neisseria meningitidis was
responsible for the highest disease burden, with 4741 (84.8%) confirmed cases, compared
with 721 S pneumoniae (12.9%) and 129 H influenzae cases (2.3%) (Table 1). Neisseria
meningitidis serogroups A, C, W, X, and NG were detected during the analysis period, but
no cases of serogroup Y or B were identified. Annual variation in the number of //
meningitidis cases was observed, with 2010 (n = 1033), 2015 (n = 1562), and 2017 (n =
1268) accounting for the highest number of confirmed cases. In addition, there were 3 years
(2012-2014) of a historically low disease burden, with fewer than 350 suspected cases and
82 confirmed cases per year.

We observed large annual shifts in the burden of N meningitidis compared with S
pneumoniae and H influenzae, which each remained relatively stable (Table 2). Niger had an
annual incidence (reported as cases per 100 000 population) ranging between 0.18 and 0.70
for S pneumoniae and 0.01 and 0.23 for H influenzae during each of the years assessed. In
contrast, more than a 100-fold difference in annual incidence was observed for N/
meningitidis (range: 0.06—7.71). Each N meningitidis serogroup also exhibited large annual
variations in incidence (range: NmA 0.00 to 1.57, NmC 0.00 to 6.37, NmW 0.01 to 4.32,
and NmX 0.00 to 1.08).

Temporal Analysis

Highly dynamic patterns of N meningitidis serogroups were observed during the 9 years
analyzed (Figure 1). The years 2010-2011 exhibited a high burden of NmW meningitis
(incidence of 4.32 in 2010 and 2.54 in 2011) and detection of 5 NmA cases during 2011, the
second year of MACV mass vaccination campaigns. From 2012 to 2018, no confirmed cases
of NmA were identified in Niger. In 2012-2014, fewer than 1000 suspected cases and 200
confirmed cases were identified in all 3 years combined, and the most common pathogens
were S pneumoniae and NmW (Table 2). Even though S pneumoniae was the most common
pathogen, the incidence was low (0.18-0.28 in 2012—-2014 compared to 0.39-0.70 in 2010—
2011 and 2015-2018). Neisseria meningitidis serogroup C was detected for the first time
during the analysis period in 2014 (n = 9), followed by a high burden of NmC in subsequent
years (annual incidence: 1.11-6.37 in 2015-2018). The 2015 meningitis season was
associated with an outbreak that included approximately 9000 suspected cases and 1181
confirmed NmC cases (Table 1). In both 2015 and 2016, NmC (82.7%-88.2% of N/
meningitidis cases) and NmW (14.3%—6.8%) were the most common serogroups detected.
In 2017-2018, NmC remained the main cause of meningitis (incidence: 4.11 in 2017 and
1.11 in 2018), but an increase in NmX cases was also observed (incidence: 0.96-1.08 in
2017-2018 compared with <0.09 in previous years), with comparable incidences of both
NmC and NmX in 2018.

The 3 main bacterial meningitis pathogens exhibited varied degrees of seasonality.
Haemophilus influenzae exhibited no distinct seasonality. Streptococcus pneumoniae cases
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were moderately seasonal (44.9% of cases during epidemiologic weeks 10-20 and 70.0% of
cases when epidemiologic weeks 5-20 were assessed) along with consistent detection
throughout the year (Supplemental Figure 1). In contrast, each N meningitidis serogroup
exhibited a typical seasonal pattern, with the majority (78.6%) of N meningitidis cases
occurring between epidemiologic weeks 10-20 (Supplemental Figure 1). In a subset of
years, and most prominently in 2017, a small increase in meningococcal meningitis was also
observed in epidemiologic weeks 49-53. One interesting feature of the 2015 NmC outbreak
was the late onset within the meningitis season (NmC cases peaked in epidemiologic week
19); this contrasted the previous years of high disease burden such as 2010, when NmA and
NmW cases peaked during epidemiologic weeks 13 or 16 (Supplemental Figure 1).
However, NmC meningitis in subsequent years exhibited an earlier peak in epidemiologic
weeks 11 (2016), 14 (2017), and 15 (2018).

Geographic Association

We examined the confirmed cases detected in each district throughout the analysis period
(Figure 2A-D). The majority of cases clustered in the southern and western regions of Niger,
which are centrally located within the meningitis belt region and have the highest population
density (Figure 3A). Very few districts exhibited a pathogen distribution that was distinct
from neighboring areas. One exception was the district-level clusters of both NmC (2014)
and NmX (2016) cases detected before the first year of widespread disease by each
serogroup. All of the 2014 NmC cases were localized in the Dogon-Doutchi district (Figure
2B, denoted by the arrowhead), and the 2015 outbreak spread throughout the southern
regions of Dosso, Niamey, and Tillabery. In 20186, the first cluster of NmX cases (n = 10)
was detected in Gaya (Figure 2C, denoted by the arrowhead) in addition to 5 cases detected
across 4 other districts. By 2017 and 2018, NmX cases were detected throughout most
southern and western districts (Figure 2D).

We calculated the annual incidence of meningococcal meningitis (all serogroups) at both the
regional and district levels (Figure 3). Five regions (Dosso, Maradi, Niamey, Tahoua, and
Tillabery) consistently had a high disease burden and exhibited an annual incidence >1.0
cases per 100 000 during at least 5 of the 9 years assessed (Figure 3A and B). In contrast to
the regional trends, the incidence at the district level was quite dynamic, with a large amount
of annual variation observed (Figure 3C). In 2010-2011, when NmW was the dominant
serogroup nationwide, only the Tillabery region exhibited a meningococcal meningitis
incidence >5.0 for both years, with the most affected districts within Tillabery region
including Ouallam (13.64 in 2010) and Say (18.51 in 2011) (Figure 3B and C). During the
low burden years of 2012-2014, no regions and only a few districts exhibited an incidence
>1.0 (Nguigmi, Loga, and Dogon-Doutchi) (Figure 3C). When NmC was the predominant
pathogen in 2015 and 2016, the regions of Niamey (incidence 54.54) and Dosso (incidence
21.07) were most affected (Figure 3B). It is interesting that 2017 and 2018, which were both
associated with high incidence of NmX and NmC, exhibited distinct geographic
distributions. A high disease burden in the regions of Dosso, Niamey, and Tillabery was
detected in 2017 (similar to the 2015 and 2016 seasons) but absent in 2018 (Figure 3B).
However, an incidence of ~4.5 was noted in the Maradi region in both 2017 and 2018, along
with an increased burden in Tahoua (2017 incidence = 5.57) and Zinder (2018 incidence =
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2.32). The regional variation between 2017 and 2018 was also readily apparent when the
incidence of NmX and NmC were calculated separately (Supplemental Figure 2).

Age Distribution

We detected a significant association between distribution of age at onset and causative
pathogen (P < .001) (Figure 4A and B). Patient age was reported for 95.6% of confirmed
cases. Haemophilus influenzae predominantly affected the very young (median age 1 year,
interquartile range [IQR], 0-7 years), with 45.1% of cases occurring in those aged <1 year
and 83.2% of cases occurring in those aged <9 years. In contrast, N meningitidis cases in
those aged <1 year were uncommon (4.2% of N meningitidis cases); the majority of cases
(75.8%) were detected in persons aged 1-14 years (median age of all cases = 9 years; IQR,
5-13 years). Streptococcus pneumoniae cases were detected more evenly across all age
groups (6.9%-22.0% of cases per age group), with only 49.0% of cases occurring in those
aged 1-14 years (median age of all cases = 9 years; IQR, 1-16 years).

Age of onset was similar across the different N meningitidis serogroups (Figure 4A and B).
The age distribution of NmA and NmC cases was comparable (median 9 years for NmA and
10 years for NmC; IQR = 6-8 years for both). Neisseria meningitidis serogroup W had the
lowest median age of onset (median 6 years; IQR, 3-12 years). Neisseria meningitidis
serogroup X (median 8 years; IQR, 5-11 years) was seldom detected in those aged >14
years old (8% compared with 15%—-24% for other serogroups).

Molecular Characterization

To monitor the potential emergence of new strains within recent years, the molecular profile
(ST) and CC was determined for all isolates collected in 2016 and select isolates from 2017
(Table 3). All 8 NmX isolates were CC181, 131 NmC isolates were CC10217, and 24 NmW
isolates were CC11/ST-11. All but one of the NmX isolates were ST-181 (the single isolate
of ST-14014 differed by only 1 allele from ST-181). Among NmC isolates, only 1 ST was
detected in 2016 (ST-10217), but 3 STs were detected in 2017 (ST-10217, ST-14016, and
ST-9367), with each ST only diverging from ST-10217 by a single allele (adk for ST-14016
and fumC for ST-9367). More specifically, 21 (70%) of the NmC isolates were ST-10217, 8
(27%) were ST-14016, and 1 (3%) was ST-9367.

DISCUSSION

After MACYV introduction in 2010-2011, the epidemiology of bacterial meningitis in Niger
was marked by an initial reduction in the incidence of suspected meningitis cases to a
historically low level, followed by an emergence of large-scale NmC outbreaks and

increases in NmX incidence. Notably, no NmA cases were detected after 2011, the year that
mass MACYV vaccinations concluded, contrasting previous years (NmA comprised 45.7%—
98.6% of N meningitidis cases per year from 2003 to 2009 [22]), and highlighting the
continued, long-term success of this public health intervention. However, serogroups Nmw,
NmC, and NmX were associated with a high disease burden during this period, indicating
that meningococcal meningitis remains an important public health problem and that an
affordable, multivalent meningococcal conjugate vaccine may be necessary for the control of
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meningococcal disease in Niger. High-quality surveillance systems with strong laboratory
confirmation will be critical to monitor this dynamic disease and develop future public
health intervention strategies.

Within the analysis period, we detected small district-level clusters of specific
meningococcal serogroups in the year before widespread disease (NmC in Dogon-Doutchi
and NmX in Gaya), demonstrating that strong surveillance systems are capable of detecting
small shifts in serogroup distribution that could have important implications for public
health strategies during the following season. Other recent studies have reported the bacterial
meningitis cases in Niger at the resolution of the healthcare catchment area [23, 24], but sub-
district information was not available for all cases included in this analysis. Because case-
based surveillance data were not available for all years, this analysis was limited to the
epidemiologic information present within the laboratory surveillance database (which lacked
patient outcome and did not have complete sub-district geographic information). However,
this limitation can be overcome in the future because case-based surveillance is being
progressively implemented throughout Niger, with the support of initiatives like the
MenAfriNet Consortium.

The continued absence of NmA cases in Niger 7 years after the mass vaccination campaigns
highlights the profound impact of the MACV vaccine [6, 7]. However, a few NmA
meningitis cases have been reported in the region since 2011 [25, 26]. Burkina Faso, which
neighbors Niger to the West, detected 6 NmA cases in persons aged 5-19 years between
2011 and 2015; 5 cases occurred in persons who were unvaccinated, and 1 case was a 9-
year-old girl who had received MACV 5 years earlier [25]. Thus, continued support of
MACYV as part of routine childhood vaccination programs, like the one in Niger that began
in 2017, in addition to catch-up campaigns, when appropriate, will be critical to sustain the
historically low levels of NmA meningitis [4]. Strong surveillance programs are also
essential to supporting these efforts, ensuring identification of any new NmA cases and
effective investigation of potential vaccine failures.

The 2015 NmC outbreak, followed by years of sustained high NmC incidence, demonstrates
that Niger is still at high risk for meningococcal meningitis, even in the absence of NmA.
The NmC ST-10217 strain that caused the outbreak in Niger also caused large outbreaks in
Nigeria and smaller outbreaks in Mali and Liberia and was shown to have evolved from a
carriage strain ([7, 27-31]), highlighting the potential for emergence of novel, outbreak-
prone strains of regional importance. Our molecular characterization demonstrated that
isolates from Niger in 2016-2017 all had genetic lineages consistent with those observed
elsewhere within the meningitis belt region [32]. Three separate STs were detected in the
NmC isolates collected in 2017 (ST-10217, ST-14016, and ST-9367), indicative of increased
genetic variation within the outbreak-prone CC10217 compared with prior years (Table 3
and [33]). Our identification of a new ST in multiple NmC cases underscores the continued
need for molecular surveillance to detect the emergence of highly invasive strains in the
region.

Our analysis also demonstrated that Niger’s bacterial meningitis and pathogen distribution
remained complex in the post- MACYV era, highlighting the importance of strong laboratory
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programs. We observed large annual variations in the distribution of N meningitidis
serogroups and the continued detection of S pneumoniae and H influenzae. Neisseria
meningitidis serogroup C, NmW, and NmX each exhibited years of high incidence, and all 3
serogroups have caused prior outbreaks in Niger or surrounding countries, indicating that the
outbreak risk remains [7, 9, 10, 27, 28, 34-36]. During each year assessed, more than half of
the CSFs tested were negative for all 3 of the main bacterial pathogens, which is consistent
with a previous report [6]; multiple factors likely contribute to the low confirmation rate,
including but not limited to the broad case definition and challenges in specimen transport
leading to decreased specimen quality [37]. Thus, the capacity for rapid and accurate
laboratory confirmation remains critical to identifying the causative pathogen and initiating
effective and targeted outbreak and vaccination responses.

Although reactive vaccination campaigns remain the primary approach for responding to
outbreaks caused by NmW and NmC, global shortages in polysaccharide meningococcal
vaccines and the high cost of conjugate vaccines make implementation of effective vaccine
campaigns challenging. In addition, there are currently no licensed vaccines available that
target serogroup X, which is concerning in light of the increased incidence of NmX in Niger
in 2017 and 2018. An affordable, multivalent meningococcal conjugate vaccine
(MenACWXY) under development for use in the region is expected to be licensed as early
as 2021 [38, 39]. Effective case-based surveillance programs, like the one supported by the
MenAfriNet Consortium, and additional evaluations will be important in evaluating the
impact of multivalent vaccines on both meningococcal disease and carriage in the region.
Data from this analysis will be useful to help inform the need and strategy for
implementation of multivalent meningococcal conjugate vaccines in Niger and the
surrounding region.

CONCLUSIONS

In summary, the results of our analysis of 9 years of high-quality meningitis surveillance
data in Niger, a hyperendemic country of the meningitis belt, demonstrates the remarkable
elimination of NmA cases after MACV introduction and the dynamic epidemiology of N/
meningitidis. Altogether, our findings highlight the value of strong surveillance systems and
laboratory capacity for accurately assessing the ever-changing epidemiology of meningitis
and provides evidence to support development and introduction of the next generation of
meningococcal vaccines in sub-Saharan Africa.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure2.
Confirmed meningitis cases by district, pathogen, and years. The number of confirmed cases

detected in each district during 2010-2011 (a), 2012-2014 (B), 2015-2016 (C), and 2017—
2018 (D) are depicted as a proportional pie chart. Each pathogen or Neisseria meningitidis
serogroup is represented by a different color, and the pie chart size reflects the number of
cases. The majority of confirmed cases are detected in the southern and western regions of
Niger, and this has been consistent over time. The predominant serogroup and causative
pathogen has varied widely across multiple years, with nationwide transitions between
serogroups observed every few years. The arrowheads denote the cluster of NmC cases
detected in the Dogon-Doutchi district in 2014 (B) and the NmX cluster in the Gaya district
in 2016 (C). Both NmC and NmX were detected in the majority of districts during the years
following these initial clusters.
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Annual incidence of meningococcal meningitis by region and district. (A) The regional map
of Niger. The 2018 population (represented in millions and rounded to the nearest 100 000)
is denoted in parentheses for each region. By region (B) and district (C), the annual
incidence of Neisseria meningitidis cases (all serogroups) in cases per 100 000 are depicted
as heat maps. The data for 2018 only includes cases from epidemiologic weeks 1-28. *, The
high disease burden in the region of Niamey during the 2015 outbreak made district

identification of laboratory-confirmed cases challenging, so district-level incidences during

this year may not reflect true geographic association.
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Figure 4.

Distribution for the age of onset for each meningitis pathogen and NeJsseria meningitidis
(Nm) serogroup, Niger 2010-2018. (A) Boxplot depicting the median age of onset in years
for each pathogen and Nm serogroup. The Xz tests of independence determined that the age
of onset and the causative pathogen were significantly associated (P < .001). (B) Bargraph
depicting the percentage of cases for each pathogen (or N meningitis serogroup) that
occurred in 8 different age groups (<1, 1-4, 5-9, 10-14, 15-19, 20-24, 25-44, or 45+ years
at age of onset).
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