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Epidemic forecast and preparedness for explosive-
cerebrospinal meningitis outbreak in Nigeria
using the preventive vaccination strategy
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Background: Within the African meningitis belt, yearly outbreaks of cerebrospinal meningitis
(CSM), with incidence rates of 10-100 cases per 100 000 population, are typically punctuated
by explosive epidemics occurring every 8-12 years, with incidence rates that can exceed
1000 cases per 100000 population. From 1928 to 2018, Nigeria recorded the highest number
(21%) of cases in the region. The reactive vaccination strategy, a protocol with major drawbacks,
has been the vaccination method utilised in Nigeria.

Aim: This review highlights the need for governments within the African meningitis belt to
start preparations against the next explosive CSM epidemic expected to occur between 2024
and 2028 using the preventive vaccination strategy.

Methods: We performed a literature search on the Google Scholar search engine using relevant
search strings and included studies and reports between 1905 and 2022 that met set criteria.

Results: Neisseria meningitidis serogroups A, B, C, W135, X, and Y; Haemophilus influenzae
serotypes a, b, ¢, e, and f; and Streptococcus pneumoniae serotypes 1, 4, 5, 6, 9, 19, 19F, and 20
were implicated as aetiologies. However, the reactive vaccination strategy was only used
against N. meningitidis A or C, H. influenzae b, and pneumococcal conjugate vaccine. Between
2011 and 2017, a polysaccharide vaccine (ACW or ACYW) active against serogroups A, C, W
and Y was used within the African meningitis belt for the first time. Varying genotypes of
N. meningitidis, H. influenzae and S. pneumoniae were identified.

Conclusion: Our results revealed a very high success rate for the preventive vaccination
strategy.

What this study adds: In order to ensure reductions in the morbidity and mortality associated
with invasive CSM, the Federal Ministry of Health, Nigeria, should leverage existing
knowledge of the circulating serogroups, serotypes, and genotypes of the primary bacterial
aetiologies and commence the implementation of the preventive vaccination strategy.

Keywords: meningitis epidemic forecast; explosive-cerebrospinal meningitis outbreak;
reactive vaccination strategy; preventive vaccination strategy; African meningitis belt; Nigeria.

Introduction

Hospital, Abuja, Federal The occurrence of large epidemics of meningococcal meningitis in Africa for a century led to the

Capital Territory, Nigeria delineation of the African meningitis belt,' comprising 26 countries: Benin, Burkina Faso, Burundi,
Cameroon, Central African Republic, Chad, Céte d'Ivoire, Democratic Republic of the Congo,
Eritrea, Ethiopia, The Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, Mali, Mauritania, Niger
Republic, Nigeria, Rwanda, Senegal, South Sudan, Sudan, Tanzania, Togo and Uganda (Figure 1).2

Since 1905, when the first meningitis outbreak was reported to have occurred in Zungeru,

SNursing Services
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Yenagoa, Bayelsa State,
Nigeria northern Nigeria, meningitis outbreaks have become an annual occurrence and a household
menace in Nigeria.> Of the 36 states and the Federal Capital Territory in Nigeria, 25 states,
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including the Federal Capital Territory, are now within the meningitis belt (Figure 2).*
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Every year, a meningitis outbreak occurs in the dry season within the African meningitis belt.
The outbreak typically occurs between December and June,’ with incidence rates of 10-100 cases
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Source: Centers for Disease Control and Prevention. The African Meningitis Belt: Control of epidemic meningococcal disease, WHO practical guidelines, World Health Organization, 1998. WHO/
EMC/BAC/98.3. In Centers for Disease Control and Prevention: Laboratory methods for the diagnosis of meningitis caused by Neisseria meningitidis, Streptococcus pneumoniae, and Haemophilus

influenzae. 2nd ed., 2011; p. 4
FIGURE 1: The African meningitis belt, 1998.

per 100 000 population. These annual outbreaks are
usually punctuated by explosive epidemics occurring every
8-12 years, with incidence rates that can exceed 1000 cases
per 100000 population.®” The 1996 cerebrospinal meningitis
(CSM) outbreak was the most serious epidemic ever recorded
in Nigeria, with 109580 cases and 11717 deaths, giving a case
fatality rate (CFR) of 10.7%.% From 1928 to 2018, Nigeria
recorded the highest number of CSM cases (552821 cases;
21% of the total) within the African meningitis belt.’

Historically, a few bacterial aetiologies have been
implicated in the major epidemics recorded in Nigeria.
Before the introduction of the meningococcal A conjugate
vaccine, Nigeria encountered three major epidemics, all
caused by Neisseria meningitidis serogroup A. These
epidemics occurred in 1977 (1257 cases; CFR = 8.3%),'° 1996
(109580 cases; CFR = 10.7%),* and 2009 (55626 cases;
CFR = 4.1%)."! However, after the introduction of the
meningococcal A conjugate vaccine, the aetiologic
serogroup changed. Two epidemics in 2015 (6394 cases;
CFR = 5.0%)'* and 2017 (5595 cases; CFR = 10.9%)'® were
caused by N. meningitidis serogroup C. Vaccination efforts
against these yearly meningitis outbreaks have been
based on the ‘reactive vaccination strategy’, a methodology
with identified major drawbacks such as delays in
confirming outbreaks and deploying vaccines, difficulty in
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assessing some remote communities, limited capacity of
health workers in the collection of cerebrospinal fluid (CSF)
specimens, certainty of deaths during epidemics, as well as
confirmed cases of survivors of CSM with sequelae, among
others. With the looming spectre of a global explosive CSM
epidemic, improving infectious disease (e.g., meningitis)
forecasting continues to be a major priority of global health
preparedness.'*1516

Serotyping is vital in the development of vaccination
strategies,'” as well as for the identification, containment
and subsequent prevention of outbreaks. It also guides
the determination of appropriate public health responses
such as the administration of chemoprophylaxis for
contacts of Haemophilus influenzae type b (Hib) cases or the
administration of meningococcal conjugate versus serogroup
B meningococcal (MenB) vaccine during outbreaks of
N. meningitidis.'**** Knowledge of the circulating bacterial
genotypes are meant to establish if a disease outbreak
is short term (local epidemiology) or long term (global
epidemiology).”!

This review aimed to highlight the major drawbacks of the
reactive vaccination strategy, the benefits of the preventive
vaccination strategy and the importance of serotyping as
Nigerian as well as other governments and health authorities
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Source: Nigeria Centre for Disease Control (NCDC). Overview of cerebrospinal meningitis. In FMoH, NCDC, editors. Preparedness and response to Cerebrospinal Meningitis outbreaks. A guide for

health workers and authorities in Nigeria. FMoH, NCDC, 2017; p. 13-16
FIGURE 2: States within the meningitis belt in Nigeria, 2017.

within the African meningitis belt prepare for the next
explosive CSM epidemic expected to occur between 2024
and 2028.

Methods

We performed a literature search on the Google Scholar
search engine (https://scholar.google.com/) using the
following search terms: ‘laboratory examination of
cerebrospinal fluid (CSF)’; ‘laboratory diagnosis of
meningitis’; ‘control of meningitis outbreak in the African
meningitis belt’; ‘epidemic meningitis in sub-Saharan Africa’;
‘clinical features in adults with bacterial meningitis’;
‘N. meningitidis serogroups found in Nigeria’; ‘meningitis
caused by H. influenzae serotypes in Nigeria’; ‘meningitis
caused by Streptococcus pneumoniae serotypes in Nigeria’;
‘N. meningitidis conjugate vaccines’; ‘H. influenzae type
b routine childhood vaccination’; ‘S. pneumoniae vaccination
plan’; ‘immunisation programmes against N. meningitidis’;
‘immunisation programmes against meningococcal
meningitis’; ‘immunisation programmes against meningitis
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caused by H. influenzae’; ‘immunisation programmes against
pneumococcal meningitis’; “vaccination against meningitis
outbreak’; ‘impact of vaccination during meningitis
outbreak’; ‘N. meningitidis genotypes in Nigeria’; ‘H. influenzae
genotypes in Nigeria’; S. pneumoniae genotypes in Nigeria’.
The search was done from 2015-2022 with three active
reviewers and four passive reviewers. The epidemic forecast
was performed prospectively.

Inclusion criteria

We included articles that reported results of laboratory
examination of CSF and laboratory diagnosis of CSM, as well
as articles that used a definite vaccination protocol either
during or after a meningitis outbreak between 1905 and 2022.
All articles that discussed the laboratory diagnosis of
meningitis with results of the serogroups or serotypes of
bacterial aetiologies of CSM within Nigeria were included.
We also included articles that reported the circulating
genotypes of the three major bacterial aetiologies
(N. meningitidis, H. influenzae, and S. pneumoniae) in Nigeria.
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Finally, we included all the articles that reported the use of
any of the vaccination strategies (reactive or preventive)
globally.

Exclusion criteria

We excluded articles that did not report on the serogroups,
serotypes, or circulating genotypes of the bacterial aetiologies
of meningitis within the meningitis belt of Nigeria. We also
excluded articles that did not report on vaccination strategies.

Forecast methodology

The epidemic forecast was performed prospectively
based on credible information that explosive meningitis
epidemics occur every 8-12 years with incidence rates that
can exceed 1000 cases per 100000 population.®” Since the
last explosive epidemic was in 2017, by simple extrapolation,
the next epidemic is expected to occur between 2024
and 2028.

Forecast accuracy evaluation

The forecast accuracy evaluation method used relied on the
documented evidence from Moore in 1992° and the Centre
for Disease Control and Prevention’ that explosive CSM
epidemics occur every 8-12 years,*” with the last occurrence
being in 2017 as recorded by Nigeria Centre for Disease
Control.”® The Centre for Disease Control and Nigeria
Centre for Disease Control are authorities responsible for the
management of CSM globally and locally, hence the method
we used for this forecast is justified.

Results

Results generated from the Google Scholar search engine
returned 68 articles that met the set criteria and were
included in the final analysis. However, the results were
grouped into four categories. The first category comprised
studies that reported the laboratory diagnostic protocols
used in the identification of bacterial aetiologies of CSM in
the African meningitis belt. In low-resource countries
like Nigeria, the laboratory diagnostic methods used are
presumptive identification of aetiologies made on the basis
of cytological examination of the CSF, specific colony
morphology on blood and or chocolate agar, staining
properties on Gram stain or by detection of specific antigens
in the CSF by latex agglutination test or a rapid diagnostic
test? and the metagenomic protocol for use with molecular
methods.? There were 10 articles that fell within this
category with prevalence rates ranging from 1.7% to
20.4%.24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,4[],41,42,43,44 TWO studies alSO
utilised the molecular approach in the identification of
bacterial aetiologies.”*

The second category of studies included those that reported
the varying serogroups of N. meningitidis, as well as the
serotypes of H. influenzae and S. pneumoniae associated with
meningitis in Nigeria. Between 2008 and 2021, 13 studies
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reported N. meningitidis serogroups A, B, C, W135, X, and Y as
responsible for CSM infections in northern Nigeria. Seven of
these studies'>»*%%3% reported N. meningitidis serogroup C
as the only pathogen, while one study® implicated
N. meningitidis serogroup A. Two studies** implicated both
N. meningitidis serogroups A and C. One study conducted in
2016 reported N. meningitidis serogroups A, C, and W135,*
while another study* reported four serogroups (N. meningitidis
serogroups A, B, C, and W135) as the circulating serogroups in
Jigawa State, northern Nigeria. The last study® reported all six
serogroups of N. meningitidis, including serogroups A (sacB), B
(synD), C (synE), W135 (synG), X (xcbB), and Y (synF), as well
as the not-typeable (non-groupable or serogroup-negative)
strains during the 2017 and 2018 meningitis seasons.

For H. influenzae, Nnadi and colleagues* reported
H. influenzae type b as the only serotype implicated in their
study, while another study® reported encountering five
serotypes of H. influenzae, including serotypes a (acsB),
b (besB) ¢ (cesD), e (ecsH), and f (bexD).

For S. pneumoniae, one study® implicated S. pneumoniae
serotypes 1, 5, and 19F, while another study* reported
S. pneumoniae serotypes 6, 19, and 20. The last study™® reported
S. pneumoniae serotypes 1 (Wzyl), 4 (Wzy4), 5 (Wzyb), and
9 (Wzy9). From these three studies,®** the S. pneumoniae
serotypes circulating in northern Nigeria are serotypes
1 (Wzyl), 4 (Wzy4), 5 (Wzy5), 6 (WciP), 9 (Wzy9), 19 (Wzy19),
19F (Wzy19F), and 20 (Wzy20).

In Nigeria, therefore, the circulating N. meningitidis
serogroups are N. meningitidis A (sacB), B (synD), C (synE),
W135 (synG), X (xcbB), and Y (synF);!%253233343536373859 H,
influenzae serotypes a (acsB), b (besB), ¢ (ccsD), e (ecsH), and f
(bexD);*3 and S. pneumoniae serotypes 1 (Wzyl), 4 (Wzy4),
5 (Wzy5), 6 (WciP), 9 (Wzy9), 19 (Wzy19), 19F (Wzy19F), and
20 (Wzy20).25334

The third category of articles were those that reported the
circulating invasive genotypes of N. meningitidis, H. influenzae,
and S. pneumoniae implicated in meningitis outbreaks in
northern Nigeria. There were three studies in this category.
N. meningitidis genotypes abcZ, adk, aroE, fumC, pdhC, and
pgm;* H. influenzae genotypes adk, fucK, and mdh;* and
S. pneumoniae genotypes aroE and gki** have been reported
to be circulating among CSM patients in parts of northern
Nigeria.

The final category comprises articles that reported vaccination
during meningitis outbreaks (reactive vaccination strategy)
and those that reported vaccination before any meningitis
outbreak (preventive vaccination strategy). Thirteen articles
discussed the reactive vaccination strategy, whereas
21 studies discussed the preventive vaccination strategy.

The reactive vaccination strategy has been faulted by some
authorities owing to several identified major drawbacks.
(1) There are response delays due to challenges with
confirming the outbreak, rapidly deploying the vaccines, and
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organising the vaccination campaigns.”” (2) There are also
gaps associated with laboratory confirmation during
outbreaks.” (3) Limited and late laboratory confirmation is a
bottleneck in the submission of International Coordinating
Group (ICG) vaccine requests and decision-making on vaccine
release.® (4) Another identified drawback of the reactive
vaccination strategy is that delays in vaccine deployment and
campaign planning hamper response.” (5) In 2012¥ and
2015, limited emergency stockpiles undermined the
timeliness and effectiveness of outbreak response. (6) There
was also the difficulty in accessing some of the more rural and
remote communities experiencing the outbreak, which
hampered early outbreak response activities.*' (7) Healthcare
workers’ limited capacity for CSF specimen collection is
another drawback.*! (8) There is also the certainty of between
8% and 15% deaths during epidemics even when the disease
is diagnosed early and adequate treatment is started.” (9) At
the end of every meningitis season, 21% — 40% deaths are
being recorded.®® (10) Another major drawback is the
unlikely reduction of the number of epidemic cases by more
than half with the commencement of mass vaccination after
an outbreak.>* (11) About 10% — 30% of survivors of CSM
have sequelae, such as hearing loss, neurological disability,
impaired cognitive function, or loss of a limb.>'*55

The preventive vaccination strategy is exemplified in the
routine Hib childhood vaccination programmes implemented
in England and Wales, following which Hib is no longer a
major cause of acute bacterial meningitis in children.>>*
Following the introduction of the different Hib immunisation
strategies over the past decades globally, cases in toddlers,
older children, and adults have continued to decline rapidly
and have now become extremely rare." Generally, the Hib
conjugate vaccine remains highly effective in preventing
invasive disease in young children.®*®* The experiences
gained over the years from the Hib conjugate vaccination
programme — the first conjugate vaccine to be introduced in
the United Kingdom - and the success of the vaccine in
controlling what was once a devastating infection in
young children have already contributed to the successful
implementation of other conjugate vaccination programmes
such as those against invasive meningococcal capsular group
C and pneumococcal disease.**

Effective vaccines are available for N. meningitidis serogroups
A, C, W, and Y% and vaccines for serogroup B have been
approved for usage since 2015.° In the United States,
the quadrivalent ACWY vaccine (meningococcal conjugate
effective against serogroups A, C, W, and Y) was recommended
for use in persons within the 11-12 years age bracket.” A 2011
update from the Advisory Committee on Immunization
Practices (ACIP) recommended administration of a booster
dose at age 16.® The Joint Committee on Vaccination and
Immunization of Public Health England recommended that
individuals aged 14-18 years should be vaccinated with the
quadrivalent conjugate ACWY vaccine with the goal of
generating herd immunity in the overall population against
serogroup W disease.”
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Following an outbreak of invasive meningococcal disease at
a Korean military training centre in 2011, the Korean health
authorities recommended that beginning in 2012, new
military recruits should receive the quadrivalent ACWY
conjugate vaccine before reporting at the training centre.”
This is a clear demonstration of using the preventive
vaccination strategy against outbreak of meningococcal
disease. In the United States, the incidence of invasive
meningococcal disease associated with serogroups C, W, and
Y among the 11-19-year-old population has been declining
since the introduction of the quadrivalent vaccine.”

In the United Kingdom, administration of the serogroup C
conjugate vaccine was reported to have led to the reduction in
serogroup C carriage in university students for up to two
years after vaccine administration.”> In Burkina Faso, carriage
studies two years after widespread use of the serogroup A
conjugate vaccine showed that carriage of serogroup A had
been nearly eliminated.” The introduction and widespread
use of meningococcal vaccines for serogroup C in Europe and
for serogroups A, C, W, and Y led to reductions in invasive
meningococcal disease associated with these serogroups.™

Discussion

Immunisation programmes against the major CSM bacterial
aetiologies (N. meningitidis, H. influenzae, and S. pneumoniae)
have been successfully implemented in Africa, the Americas,
Asia, Australia, and Europe.”>”*”” Two types of vaccination
programmes are being implemented globally: the reactive
vaccination strategy or programme and the preventive
vaccination strategy or programme. In Nigeria, it is the
reactive vaccination strategy that is been practised against
N. meningitidis outbreak.”

The reactive vaccination strategies currently used globally,
especially in the African meningitis belt, rely on the detection
and timely reporting of suspected meningitis cases beyond
a set threshold.” The process involved in identifying
and confirming the outbreak, a requirement for requesting
vaccine from the ICG, inevitably leads to delays in the
overall public health response.**®! Even when the disease is
diagnosed early and adequate treatment is started, about 8%
- 15% of patients die, often within 24 h — 48 h after the onset
of symptoms, or development of sequelae such as brain
damage, hearing loss, neurological disability, or impaired
cognitive function may occur in 10% —30% of survivors.>*365
Between 2011 and 2017, during all outbreaks that occurred
within the African meningitis belt (Burkina Faso, Cameroon,
Ethiopia, Ghana, Niger, Nigeria, and Togo) where reactive
vaccination was conducted for the first time with the use of a
polysaccharide vaccine that was effective against serogroups
A, C, Wor A, C, Y, W for 4.7 million people. To ensure
maximum potential impact (e.g., herd immunity or
protection) and for monitoring purposes, conjugate vaccines
were used under specific defined conditions: vaccination of
whole districts, distribution of vaccination cards, coverage
survey, and strengthened monitoring.*
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As the term ‘preventive vaccination” implies, this strategy
intends to prevent a meningitis outbreak using vaccination.
Preventive medicine and public health share common
goals, such as promoting general health, preventing
specific diseases, and applying epidemiologic concepts
and biostatistical techniques toward these goals. However,
preventive medicine seeks to enhance the lives of individuals
by helping them improve their own health, whereas public
health attempts to promote health in populations through
the application of organised community efforts.?? The major
goal of primary prevention by specific protection involves
prevention of specific diseases by using vaccines.®

Vaccination againsta limited range of serogroups or serotypes
of a pathogen can lead to the selection of ‘escape variants’,
thus leading to epidemics. For example, the mass vaccination
against N. meningitidis using a polyvalent polysaccharide
vaccine contributed to the selection of non-serogroup C
meningococci, leading to outbreaks. Thus, knowledge of
genetic diversity is an important prerequisite for the
development of successful vaccines.® Epidemiological
surveillance is important as it provides the data on which
national and regional health authorities can base their
vaccination policies. Therefore, to enhance further reductions
in the morbidity and mortality associated with invasive
CSM, the introduction of serogroup- or serotype-appropriate
vaccines should be informed by epidemiologic data.™

It should be noted that the commencement of mass
vaccination after an outbreak is unlikely to reduce the
number of epidemic cases by more than half.>** This
information underscores the need for a paradigm shift from
a reactive vaccination strategy to a preventive vaccination
strategy on mass vaccination to prevent further CSM
epidemics in Africa. Therefore, to ensure successful control of
epidemics in the continent, a proper coordination among all
the countries within the African meningitis belt is necessary.

Itis expected that African countries may incur a high financial
burden in rolling out a preventive vaccination programme
against meningitis. However, mass vaccination need not be
undertaken yearly since several trials have shown that
these vaccines may induce adequate antibody responses®#
that may remain high for up to four years in persons aged
> 5 years.* Booster vaccination has been recommended for
persons who remain at increased risk of meningococcal
disease. For individuals whose most recent dose was received
at younger than 7 years, a booster dose should be given after
three years. However, if the most recent dose was received at
age 7 years or older, a booster dose should be administrated
after 5 years and every 5 years thereafter as long as the person
remains at increased risk for meningococcal disease.’” It
should be noted that a surveillance and outbreak response
system is more effective when the capacity to prevent, detect,
and appropriately respond to outbreaks is readily available.®

The last explosive CSM epidemic occurred during the 2017
meningitis season. Relying on the documented evidence
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from Moore in 1992° and the Centers for Disease Control
and Prevention in 2011,7 and the fact that the yearly
meningitis outbreak is punctuated by explosive epidemics
occurring every 8-12 years with incidence rates that can
exceed 1000 cases per 100000 population, we forecast the
next explosive epidemic in the African meningitis belt to
occur between 2024 and 2028.

In order to prevent experiencing the devastations usually
associated with CSM outbreaks, and with the identified
major drawbacks of the reactive vaccination strategy, we
recommend the following: countries within the African
meningitis belt should as a matter of responsibility secure
appropriate budgetary provisions in their 2023 budget cycle
for the procurement of vaccines, medical devices and
provision of logistics support to kick-start the preventive
vaccination strategy. Donor agencies engaged in the fight
against meningitis should key into this preventive vaccination
strategy by making funds available for the procurement
and the actual administration of relevant and appropriate
vaccines before outbreaks. Adequate planning and
preparedness against the next explosive CSM epidemic
expected to occur, likely from 2024, should commence
early in 2023. There should be updated training of medical
officers in the process of collection of CSF samples through
lumbar puncture from suspected meningitis patients before
commencement of antibiotic therapy. The establishment and
use of molecular laboratories in the molecular diagnosis
(polymerase chain reaction assays) of bacterial and other
aetiologies of meningitis is also recommended. There should
be regular training and re-training of medical laboratory
scientists (biomedical scientists) in the techniques of
analysing CSF samples by way of both the phenotypic and
molecular methods.

Individual countries within the African meningitis belt
should endeavour to utilise the available research results of
the circulating serogroups of N. meningitidis and serotypes of
H. influenzae and S. pneumoniae within their countries for
commencement of the preventive vaccination strategy before
the start of the 2024 meningitis season, which normally will
commence in December 2023. Effective vaccination is based
on the knowledge of the circulating serogroups or serotypes
as the case may be. There should be public health education
(enlightenment) by relevant authorities to the general local
populace on the importance of the preventive vaccination
strategy against meningitis. This will enhance general
acceptability of the meningitis vaccination programmes.
Finally, our recommendations in this review article are
relevant for tackling both annual and explosive meningitis
outbreaks.

Acknowledgements

We acknowledge the Federal Ministry of Health, Nigeria, for
their support by way of introducing the corresponding
author to the various states’ health authorities. Also
acknowledged are the ethics committee members of National



http://www.ajlmonline.org

Hospital, Abuja, Nigeria; Kebbi State Ministry of Health,
Nigeria; Plateau State Ministry of Health, Nigeria; Sokoto
State Ministry of Health, Nigeria; and Zamfara State Ministry
of Health for their support and approval to carry out the
original research in their various states. All staff of the
various laboratories where the original research samples
were received and phenotypically processed are
appreciated (Peletiri et al. 2021a; 2021b).?* Also, we wish to
appreciate the Managing Director and Chief Executive
Officer of Safety Molecular Pathology Laboratory, Enugu,
Enugu State, Nigeria, Dr Emmanuel Nna (Doctor of
Philosophy), for training the principal investigator in the
practical application of metagenomic protocol and general
orientation in molecular diagnostic techniques in the
polymerase chain reaction laboratory of his institute. Also
appreciated are all staff of Safety Molecular Pathology
Laboratory, Enugu, Enugu State, Nigeria, for the various
roles they played in the course of running of all samples
for preparation of metagenomic deoxyribonucleic acid
template and actual molecular diagnostic procedures. The
outcome of the main original research already published
(Peletiri et al. 2021a; 2021b; 2022a; 2022b; 2022¢)?3444546 Jed
to this review article. Finally, we appreciate Pollett and
colleagues® for use of their guidelines and their guidance in
reporting items for epidemic forecasting.

Competing interests

The authors declare that they have no financial or personal
relationships that may have inappropriately influenced them
in writing this article.

Authors’ contributions

L.C.P. conceptualised the research project with inputs from
E.IL, and G.M.A. I.C.P., R.C.N.,, GM.A., and E.II. were
responsible for the methodologies cited. I.C.P., R.C.N,,
D.C.P.,, E.QO., CT.T., ILLI, GM.A., and E.ILI were
responsible for formal analysis of all data. I.C.P., D.C.P.,
E.Q.O., and E.I.L. co-wrote the article. I.C.P.,, R.C.N., D.C.P.,
E.QO., CTT, LLL, GM.A, and E.LL participated in the
validation and interpretation of data. .C.P.,, RCN., D.C.P,,
E.QO., CT.T, LLL, GM.A,, and E.LL critically revised
specific aspects of the articles and approved the final article.

Ethical considerations

This article followed all ethical standards for research without
direct contact with human or animal subjects.

Sources of support

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Data availability

Accession codes, unique identifiers, or web links are provided
for publicly available data sets and can be requested from the
corresponding author, I.C.P.

Page 7 of 9 . Review Article

http://www.ajlmonline.org . Open Access

Disclaimer

The views and opinions expressed in this article are those of
the authors and do not necessarily reflect the official policy or
position of any affiliated agency of the authors.

References

1. Lapeyssonie L. Cerebrospinal meningitis in Africa. Bull World Health Organ. 1963;
28:1-114.

2. Centers for Disease Control and Prevention. The African Meningitis Belt: Control
of epidemic meningococcal disease, WHO practical guidelines, World Health
Organization, 1998. WHO/EMC/BAC/98.3. In Centers for Disease Control and
Prevention: Laboratory methods for the diagnosis of meningitis caused by
Neisseria meningitidis, Streptococcus pneumoniae, and Haemophilus influenzae.
2nd ed., 2011; p. 4.

3. McGahey K. Report on an outbreak of epidemic cerebrospinal meningitis in
Zungeru during February and March 1905. Journal of Tropical Medicine. 1905;
8:210-216.

4. Nigeria Centre for Disease Control (NCDC). Overview of cerebrospinal meningitis.
In FMoH, NCDC, editors. Preparedness and response to Cerebrospinal Meningitis
outbreaks. A guide for health workers and authorities in Nigeria. FMoH, NCDC,
2017; p. 13-16.

5. Greenwood B. Manson Lecture — Meningococcal meningitis in Africa. Trans R Soc Trop
Med Hyg. 1999;93(4):341-353. https://doi.org/10.1016/50035-9203(99)90106-2

6. Moore PS. Meningococcal meningitis in sub-Saharan Africa: A model for the
epidemic process. Clin Infect Dis. 1992;14:515-525. https://doi.org/10.1093/
clinids/14.2.515

7. Centers for Disease Control and Prevention. Epidemiology of meningitis caused by
Neisseria meningitidis, Streptococcus pneumoniae and Haemophilus influenzae
[homepage on the Internet]. In CDC laboratory methods for the diagnosis of
meningitis, Chapter 2. 2nd ed., 2011[cited 2014 Oct 10; p. 3-9. Available from:
http://www.cdc.gov/meningitis/lab-manual/index.html. cdcinfor@cdc.gov.

8. Mohammed |, Nasidi A, Alkali AS, et al. A severe epidemic of meningococcal
meningitis in Nigeria. Trans R Soc Trop Med Hyg. 2000;94(3):265-270. https://doi.
0rg/10.1016/50035-9203(00)90316-X

9. Mazamay S, Guégan JF, Diallo N, et al. An overview of bacterial meningitis
epidemics in Africa from 1928 to 2018 with a focus on epidemics ‘outside-the-
belt’. BMC Infect Dis. 2021;21:1027. https://doi.org/10.1186/s12879-021-06724-1

10. Greenwood BM, Bradley AK, Cleland PG, et al. An epidemic of meningococcal
infection at Zaria, Northern Nigeria. 1. General epidemiological features. Trans R Soc
Trop Med Hyg. 1979;73(5):557-562. https://doi.org/10.1016/0035-9203(79)90052-x

11. World Health Organization. Meningitis in Chad, Niger and Nigeria: 2009 epidemic
season. Wkly Epidemiol Rec. 2010;85(8):57-68.

12. Chow J, Uadiale K, Bestman A, et al. Invasive meningococcal meningitis serogroup
C outbreak in Northwest Nigeria, 2015 — Third consecutive outbreak of a new
strain. PLoS Currents. 2016;8. https://doi.org/10.1371/currents.outbreaks.06d10
b6b4e690917d8b0a04268906143

13. Nigeria Centre for Disease Control (NCDC). Cerebrospinal meningitis outbreak in
Nigeria situation report. 2017. Available from: http://ncdc.gov.ng/themes/
common/files/sitreps/952660fd24d06373e6d1d28f51938632.pdf

14. Chretien JP, Swedlow D, Eckstrand |, et al. Advancing epidemic prediction and
forecasting: A new US government initiative. Online Journal of Public Health
Informatics. 2015;7(1):e13. https://doi.org/10.5210/0jphi.v7i1.5677

15. Myers MF, Rogers DJ, Cox J, Flahault A, Hay SI. Forecasting disease risk for
increased epidemic preparedness in public health. Advances in Parasitology.
2000;47:309-330. https://doi.org/10.1016/50065-308x(00)47013-2

16. World Health Organization. Anticipating emerging infectious disease epidemics
[document on the Internet]. Geneva: World Health Organization, Informal
Consultation Meeting Report; 2016. Available from: http://apps.who.int/iris/
bitstream/handle/10665/252646/WHO-OHE-PED-2016.2-eng.pdf

17. Manchanda V, Gupta S, Bhalla P. Meningococcal disease: History, epidemiology,
pathogenesis, clinical manifestations, diagnosis, antimicrobial susceptibility and
prevention. Indian J Med Microbiol. 2006;24:7-19. https://doi.org/10.1016/
S0255-0857(21)02464-6

18. Centers for Disease Control and Prevention. Prevention and control of
meningococcal disease: Recommendations of the Advisory Committee on
Immunization Practices (ACIP) [homepage on the Internet]. MMWR, 62(RR02),
2013; p. 1-22. Available from: http://www.cdc.gov/mmwr/preview/mmwrhtml/
rr6202al.html

19. Centers for Disease Control and Prevention. Prevention and control of
Haemophilus influenzae type b disease: Recommendations of the Advisory
Committee on Immunization Practices (ACIP) [homepage on the Internet].
MMWR, 63(RRO1), 2013; p. 1-14. Available from: http://www.cdc.gov/mmwr/
preview/mmwrhtml/rr6301al.html

20. Centers for Disease Control and Prevention. Guidance for the evaluation and
public health management of suspected outbreaks of meningococcal disease
[homepage on the Internet]. Version 2.0; 2019. Available from: http://www.cdc.
gov/meningococcal/downloads/meningococcal-outbreaks-guidance.pdf

21. Maiden MCJ, Bygraves JA, Feil E, et al. Multilocus sequence typing: A portable
approach to the identification of clones within populations of pathogenic
microorganisms. Proc Natl Acad Sci U S A. 1998;95(6):3140-3145. https://doi.
org/10.1073/pnas.95.6.3140



http://www.ajlmonline.org
https://doi.org/10.1016/S0035-9203(99)90106-2
https://doi.org/10.1093/clinids/14.2.515
https://doi.org/10.1093/clinids/14.2.515
http://www.cdc.gov/meningitis/lab-manual/index.html
mailto:cdcinfor@cdc.gov
https://doi.org/10.1016/S0035-9203(00)90316-X
https://doi.org/10.1016/S0035-9203(00)90316-X
https://doi.org/10.1186/s12879-021-06724-1
https://doi.org/10.1016/0035-9203(79)90052-x
https://doi.org/10.1371/currents.outbreaks.06d10b6b4e690917d8b0a04268906143
https://doi.org/10.1371/currents.outbreaks.06d10b6b4e690917d8b0a04268906143
http://ncdc.gov.ng/themes/common/files/sitreps/952660fd24d06373e6d1d28f51938632.pdf
http://ncdc.gov.ng/themes/common/files/sitreps/952660fd24d06373e6d1d28f51938632.pdf
https://doi.org/10.5210/ojphi.v7i1.5677
https://doi.org/10.1016/s0065-308x(00)47013-2
http://apps.who.int/iris/bitstream/handle/10665/252646/WHO-OHE-PED-2016.2-eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/252646/WHO-OHE-PED-2016.2-eng.pdf
https://doi.org/10.1016/S0255-0857(21)02464-6
https://doi.org/10.1016/S0255-0857(21)02464-6
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr6202a1.html
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr6202a1.html
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr6301a1.html
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr6301a1.html
http://www.cdc.gov/meningococcal/downloads/meningococcal-outbreaks-guidance.pdf
http://www.cdc.gov/meningococcal/downloads/meningococcal-outbreaks-guidance.pdf
https://doi.org/10.1073/pnas.95.6.3140
https://doi.org/10.1073/pnas.95.6.3140

22.

23,

24.

25.

26.

27.

28.

29.

30.

31.

32.

33,

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Centers for Disease Control and Prevention. PCR for detection and characterization
of bacterial meningitis pathogens: Neisseria meningitidis, Haemophilus influenzae,
and Streptococcus pneumoniae [homepage on the Internet]. In: CDC Laboratory
methods for the diagnosis of meningitis, Chapter 10. 2nd ed., 2011; p. 105-156.

Peletiri IC, Ikeh El, Nna E, et al. Quality of metagenomic DNA extracted for
molecular identification of microorganisms from CSF samples of patients with
suspected cerebrospinal meningitis in northern Nigeria. African J Clin Exp
Microbio. 2021a;22(2):146-156. https://doi.org/10.4314/ajcem.v22i2.6

Iregbu KC, Abdullahi N. Profiles of acute bacterial meningitis isolates in children in
National Hospital, Abuja. Niger J Med. 2015;56(4):297-300. https://doi.org/10.
4103/0300-1652.169749

Kwambana-Adams BA, Amaza RC, Okoi C, et al. Meningococcus serogroup C clonal
complex ST-10217 outbreak in Zamfara State, Northern Nigeria. Sci Rep.
2018;8(1):14194. https://doi.org/10.1038/s41598-018-32475-2

Nigeria Centre for Disease Control (NCDC) (2012-2018). Weekly epidemiological
reports of Nigeria Centre for Disease Control from 2012-2018. Available from:
https://ncdc.gov.ng

Odedina EA, Emumwen EG. Bacterial meningitis among children in Federal
Medical Centre. African J Clin Exp Microbiol. 2008;9(3):152—156. https://doi.
org/10.4314/ajcem.v9i3.7498

Oluwajenyo AA, Eberechukwu YIL. Pattern of cerebrospinal fluid analysis in
children above the neonatal age as seen at the University of Port Harcourt
Teaching Hospital. Port Harcourt Med J. 2016;10(3):86-90. https://doi.org/10.
4103/0795-3038.197755

Sanya E, Taiwo S, Azeez O, Oluyombo R. Bacterial meningitis: Problems of
empirical treatment in a teaching hospital in the Tropics. Int J Infect Dis. 2006;6:1.

Ojide CK, Lofor PVO, Ozumba UC. Childhood acute bacterial in Benin City, Nigeria.
Nig Hos Pract. 2012;10:1-2.

Tagbo BN, Bancroft RE, Fajolu I, et al. Pediatric bacterial meningitis surveilance in
Nigeria from 2010 to 2016, prior to and during the phased introduction of the
10-valent pneumococcal conjugate vaccine. Clin Infect Dis. 2019;69(2):581-588.
https://doi.org/10.1093/cid/ciz474

Bassey EB, Vaz RG, Gasasira AN, et al. Pattern of the meningococcal meningitis
outbreak in Northern Nigeria, 2009. Int J Infect Dis. 2016;43:62—67. https://doi.
org/10.1016/j.ijid.2015.12.016

Peletiri IC, Ikeh El, Ayanbimpe GM, Nna E. Molecular detection and characterization
of bacteria from CSF samples of patients with suspected cerebrospinal meningitis
in parts of northern Nigeria using metagenomic DNA extracts. African J Clin Exp
Microbiol. 2021b;22(3):365-376. https://doi.org/10.4314/ajcem.v22i3.8

Funk A, Uadiale K, Kamau C, Caugant DA, Ango U, Greig J. Sequential outbreaks
due to a new strain of Neisseria meningitidis serogroup C in northern Nigeria,
2013-14. PLoS Curr. 2014;6:ecurrents.outbreaks.b50c2aaf1032b3ccadeOfcaOb6
3ee518. https://doi.org/10.1371/currents.outbreaks.b50c2aaf1032b3ccadeOfca
0b63ee518

Gana GJ, Badung S, Bunza AU, Gidado S, Nguku P. Outbreak of cerebrospinal
meningitis in Kebbi State, Nigeria. Ann Ib Postgrad Med. 2017;15(1):23-28.

Hassan A, Mustapha GU, Lawal BB, et al. Time delays in the response to the
Neisseria meningitidis serogroup C outbreak in Nigeria — 2017. PLoS One.
2018;13(6):e0199257. https://doi.org/10.1371/journal.pone.0199257

Shrivastava SR, Shrivastava PS, Ramasamy J. Meningitis outbreak in Nigeria: Public
health alert. Biol Med. 2015;7:€120. https://doi.org/10.4172/0974-8369.1000e120

Uadiale K, Bestman A, Kamau C, Caugant DA, Greig J. Evaluation of Pastorex
meningitis kit performance for the rapid identification of Neisseria meningitidis
serogroup C in Nigeria. Trans RSoc Trop Med Hyg. 2016;110(7):381-385. https://
doi.org/10.1093/trstmh/trw046

Mado SM, Abubakar U, Onazi SO, Adeoye GO. Epidemic cerebrospinal meningitis
in children at Federal Medical Centre, Gusau, Zamfara State. Niger J Paediatr.
2013;40(2):169-171. https://doi.org/10.4314/njp.v40i2.12

Federal Ministry of Health. Cerebrospinal meningitis (CSM) outbreak in Nigeria: A
public advisory from the Federal Ministry of Health. Report from the Government
of Nigeria. 2017; p. 1-5. Available from: https://reliefweb.int/report/nigeria/
cerebrospinal-meningitis-CSM-outbreak-nigeria-public-advisory-federal-ministry-
of-health-abuja

Nnadi C, Oladejo J, Yennan S, et al. Large outbreak of Neisseria meningitidis
Serogroup C - Nigeria, December 2016-June 2017. Morb Mortal Wkly Rep.
2017;66(49):1352-1356. https://doi.org/10.15585/mmwr.mm6649a3

Uwah A, lwalokun B, Badaru O. & Gbadegesin Y. Sero-epidemiological evaluation
of clonal diversity and antimicrobial susceptibility patterns among Neisseria
meningitidis isolates from epidemic cases in Jigawa State, Nigeria. African J Clin
Exp Microbiol. 2008;9(1):2-18. https://doi.org/10.4314/ajcem.v9il.7477

Suleiman MR, Ejembi J, Giwa FJ, Jimoh O, Suleiman AO, Olayinka AT. Serotype
distribution pattern of Streptococcus pneumoniae isolates from invasive infections
at a University Teaching Hospital in northern Nigeria. Ann Trop Pathol. 2018;
9:145-149. https://doi.org/10.4103/atp.atp_33_18

Peletiri IC, Ayanbimpe GM, lkeh El. Genetic diversity of circulating genotypes of
PCR confirmed Neisseria meningitidis serogroups amongst cerebrospinal
meningitis patients in parts of Northern Nigeria. Int J Microbiol Biotechnol.
2022a;7(2):51-57.

Peletiri IC, Ikeh El, Ayanbimpe GM. Invasive genotypes of Haemophilus influenzae
strains implicated with cerebrospinal meningitis outbreak in parts of Northern
Nigeria. Glob J Med Res: C Microbiol Pathol. 2022b;22(2):15-21.

Peletiri IC, Ayanbimpe GM, lkeh El. Pneumococcal meningitis outbreak tracked to
PCR confirmed genotypes of Streptococcus pneumoniae in parts of Northern
Nigeria. Glob J Med Res: C Microbiol Pathol. 2022c;22(2):1-6.

Page 8 of 9 . Review Article

47.
48.

49.

50.

51.
52.

53.
54.

55.
56.
57.
58.
59.
60.
61.
62.
63.

64.
65.
66.
67.

68.

69.

70.

71.

http://www.ajlmonline.org . Open Access

Fernandez K, Lingani C, Aderinola OM, et al. Meningococcal meningitis outbreaks
in the African meningitis belt after meningococcal Serogroup A conjugate vaccine
introduction, 2011-2017. J Infect Dis. 2019;220(suppl 4):5225-5232. https://doi.
org/10.1093/infdis/jiz355

Ronveaux O. Timeliness of the vaccine response during epidemics — Identifying
the bottlenecks and way forward. In: World Health Organization 14th Annual
meeting on surveillance, preparedness, and response to meningitis outbreaks in
Africa, Ouagadougou, Burkina Faso, 12—-15 September 2017.

World Health Organization. Meningococcal disease in countries of the African
meningitis belt, 2012 — emerging needs and perspectives. Wkly Epidemiol Rec.
2013;88:129-136.

World Health Organization. Meningitis control in countries of the African
meningitis belt, 2015. Wkly Epidemiol Rec. 2016;91:209-216.

World Health Organization. Managing epidemics: Key facts about major deadly
diseases [homepage on the Internet]. World Health Organization; 2018. Available
from: https://apps.who.int/iris/handle/10665/272442.

Van de Beek D, De Gan J, Spanjaard L, Weisfelt M, Reitswma JB, Vermeulen M.
Clinical features and prognostic factors in adults with bacterial meningitis. N Engl
J Med. 2004;351:1849-1859. https://doi.org/10.1056/NEJM0a040845.

Tessier JM, Scheld WM. Bacterial infections of the central nervous system:
Pathogenesis, pathophysiology and clinical aspects. In: Tang Y, Sussman M, Liu D,
Poxton |, Schwartzman J, editors. Molecular medical microbiology. 2nd ed. San
Diego, USA:Elsevier Ltd. Academic Press, 2015; p. 1693-1707.

Haelterman E, Boelaert M, Suetens C, Blok L, Henkens M, Toole MJ. Impact of a
mass vaccination campaign against a meningitis epidemic in a refugee camp. Trop
Med Int Health: TM & IH. 1996;1(3):385-392. https://doi.org/10.1046/j.1365-
3156.1996.d01-49.x

Varaine F, Caugant DA, Riou JY, et al. Meningitis outbreaks and vaccination
strategy. Trans R Soc Trop Med Hyg. 1997;91(1):3-7. https://doi.org/10.1016/
s0035-9203(97)90371-0

Kirsch EA, Barton RP, Kitchen L, Giroir BP. Pathophysiology, treatment and
outcome of meningococcemia: A review and recent experience. Pediatr Infect Dis
J.1996;15(11):967-979. https://doi.org/10.1097/00006454-199611000-00009

Goldschneider |, Gotschlich EC, Artenstein MS. Human immunity to the
meningococcus. |. The role of humoral antibodies. J Exp Med. 1969;
129(6):1307-1326. https://doi.org/10.1084/jem.129.6.1307

Jackson ML, Rose CE, Cohn A, et al. Modeling insights into Haemophilus influenzae
type b disease, transmission, and vaccine programs. Emerg Infect Dis. 2012;
18(1):13-20. https://doi.org/10.3201/eid1801.110336

Ladhani S, Slack MP, Heath PT, et al. Invasive Haemophilus influenzae disease,
Europe, 1996-2006. Emerg Infect Dis. 2010;16(3):455-463. https://doi.org/10.
3201/eid1603.090290

Morris SK, Moss WJ, Halsey N. Haemophilus influenzae type b conjugate vaccine
use and effectiveness. Lancet Infect Dis. 2008;8(7):435-443. https://doi.org/10.
1016/S1473-3099(08)70152-X

Gkentzi D, Slack MP, Ladhani SN. The burden of nonencapsulated Haemophilus
influenzae in children and potential for prevention. Curr Opin Infect Dis.
2012;25(3):266-272. https://doi.org/10.1097/QC0.0b013e32835310a4

Ladhani S, Oeser C, Sheldon J, Ramsay M, Booy R, Heath PT. Immunoglobulin
deficiency in children with Hib vaccine failure. Vaccine. 2011;29(49):9137-9140.
https://doi.org/10.1016/j.vaccine.2011.09.107

Heath PT, Booy R, Griffiths H, et al. Clinical and immunological risk factors
associated with Haemophilus influenzae type b conjugate vaccine failure in
childhood. Clin Infect Dis. 2000;31(4):973-980. https://doi.org/10.1086/318132

Collins S, Ramsay M, Campbell H, Slack MP, Ladhani SN. Invasive Haemophilus
influenzae type b disease in England and Wales: Who is at risk after 2 decades of
routine childhood vaccination? Clin Infect Dis. 2013;57(12):1715-1721. https://
doi.org/10.1093/cid/cit579

American Academy of Pediatrics Committee on Infectious Diseases. Updated
recommendations on the use of meningococcal vaccines. Pediatrics.
2014;134(2):400-403. https://doi.org/10.1542/peds.2014-1383

MacNeil JR, Rubin L, Folaranmi T, Ortega-Sanchez IR, Patel M, Martin SW. Use of
Serogroup B meningococcal vaccines in persons aged 210 years at increased risk
for Serogroup B meningococcal disease: Recommendations of the Advisory
Committee on Immunization Practices, 2015. Morb Mortal Wkly Rep.
2015;64(22):608-612. https://doi.org/10.15585/mmwr.mm6441a3

Bilukha OO, Rosenstein N, National Center for Infectious Diseases, Centers for
Disease Control and Prevention. Prevention and control of meningococcal
disease. Recommendations of the Advisory Committee on Immunization Practices
(ACIP). MMWR Recomm Rep. 2005;54(RR-7):1-21.

Centers for Disease Control and Prevention (CDC). Updated recommendations for
use of meningococcal conjugate vaccines — Advisory Committee on Immunization
Practices (ACIP), 2010. MMWR. Morb Mortal Wkly Rep. 2011;60(3):72-76.

Public Health England. Meningococcal group W (MenW) immunization advised
for 14 to 18 year-olds [homepage on the Internet]. 2015 [cited 2022 Aug 22].
Available from: https://www.gov.uk/government/news/meningococcal-group-w-
menw-immunization-advised-for-14-to-18-year-olds

Lee SO. Commencement of the meningococcal vaccination for the republic of
Korea army. Infect Chemother. 2013;45(1):113-115. https://doi.org/10.3947/
ic.2013.45.1.113

MacNeil J. Considerations for use of serogroup B meningococcal (MenB) vaccines
in adolescents. Presented to the Advisory Committee on Immunization Practices.
June 24, 2015 [homepage on the Internet]. 2015 [cited 2022 Aug 22]. Available
from: http://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2015-06/
mening-03-macneil.pdf.



http://www.ajlmonline.org
https://doi.org/10.4314/ajcem.v22i2.6
https://doi.org/10.4103/0300-1652.169749
https://doi.org/10.4103/0300-1652.169749
https://doi.org/10.1038/s41598-018-32475-2
https://ncdc.gov.ng
https://doi.org/10.4314/ajcem.v9i3.7498
https://doi.org/10.4314/ajcem.v9i3.7498
https://doi.org/10.4103/0795-3038.197755
https://doi.org/10.4103/0795-3038.197755
https://doi.org/10.1093/cid/ciz474
https://doi.org/10.1016/j.ijid.2015.12.016
https://doi.org/10.1016/j.ijid.2015.12.016
https://doi.org/10.4314/ajcem.v22i3.8
https://doi.org/10.1371/currents.outbreaks.b50c2aaf1032b3ccade0fca0b63ee518
https://doi.org/10.1371/currents.outbreaks.b50c2aaf1032b3ccade0fca0b63ee518
https://doi.org/10.1371/journal.pone.0199257
https://doi.org/10.4172/0974-8369.1000e120
https://doi.org/10.1093/trstmh/trw046
https://doi.org/10.1093/trstmh/trw046
https://doi.org/10.4314/njp.v40i2.12
https://reliefweb.int/report/nigeria/cerebrospinal-meningitis-CSM-outbreak-nigeria-public-advisory-federal-ministry-of-health-abuja
https://reliefweb.int/report/nigeria/cerebrospinal-meningitis-CSM-outbreak-nigeria-public-advisory-federal-ministry-of-health-abuja
https://reliefweb.int/report/nigeria/cerebrospinal-meningitis-CSM-outbreak-nigeria-public-advisory-federal-ministry-of-health-abuja
https://doi.org/10.15585/mmwr.mm6649a3
https://doi.org/10.4314/ajcem.v9i1.7477
https://doi.org/10.4103/atp.atp_33_18
https://doi.org/10.1093/infdis/jiz355
https://doi.org/10.1093/infdis/jiz355
https://apps.who.int/iris/handle/10665/272442
https://doi.org/10.1056/NEJMoa040845
https://doi.org/10.1046/j.1365-3156.1996.d01-49.x
https://doi.org/10.1046/j.1365-3156.1996.d01-49.x
https://doi.org/10.1016/s0035-9203(97)90371-0
https://doi.org/10.1016/s0035-9203(97)90371-0
https://doi.org/10.1097/00006454-199611000-00009
https://doi.org/10.1084/jem.129.6.1307
https://doi.org/10.3201/eid1801.110336
https://doi.org/10.3201/eid1603.090290
https://doi.org/10.3201/eid1603.090290
https://doi.org/10.1016/S1473-3099(08)70152-X
https://doi.org/10.1016/S1473-3099(08)70152-X
https://doi.org/10.1097/QCO.0b013e32835310a4
https://doi.org/10.1016/j.vaccine.2011.09.107
https://doi.org/10.1086/318132
https://doi.org/10.1093/cid/cit579
https://doi.org/10.1093/cid/cit579
https://doi.org/10.1542/peds.2014-1383
https://doi.org/10.15585/mmwr.mm6441a3
https://www.gov.uk/government/news/meningococcal-group-w-menw-immunization-advised-for-14-to-18-year-olds
https://www.gov.uk/government/news/meningococcal-group-w-menw-immunization-advised-for-14-to-18-year-olds
https://doi.org/10.3947/ic.2013.45.1.113
https://doi.org/10.3947/ic.2013.45.1.113
http://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2015-06/mening-03-macneil.pdf
http://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2015-06/mening-03-macneil.pdf

72.

73.

74.

75.

76.

77.

78.

79.

80.

Maiden MCJ, Ibarz-Pavon AB, Urwin R, et al. Impact of Meningococcal Serogroup
C conjugate vaccines on carriage and herd immunity. J Infect Dis. 2008;197(5):
737-743. https://doi.org/10.1086/527401

Ala’aldeen DA, Oldfield NJ, Bidmos FA, et al. Carriage of meningococci by university
students, United Kingdom. Emerg Infect Dis. 2011;17(9):1762—1763. https://doi.
org/10.3201/eid1709.101762

Pelton SI. The global evolution of Meningococcal epidemiology following the
introduction of Meningococcal vaccines. J Adolesc Health. 2016;59(suppl 2):
S3-S11. https://doi.org/10.1016/j.jadohealth.2016.04.012

Conklin L, Loo JD, Kirk J, et al. Systematic review of the effect of pneumococcal
conjugate vaccine dosing schedules on vaccine-type invasive pneumococcal
disease among young children. Pediatr Infect Dis J. 2014;33(suppl 2):5109-S118.
https://doi.org/10.1097/INF.0000000000000078

Hajjeh R, Mulholland K, Schuchat A, Santosham M. Progress towards
demonstrating the impact of Haemophilus influenzae type b conjugate vaccines
globally.J Pediatr. 2013;163(1):S1-S3. https://doi.org/10.1016/j.jpeds.2013.03.022

Trotter CL, Lingani C, Fernandez K, et al. Impact of MenAfriVac in nine countries of
the African meningitis belt, 2010-15: An analysis of surveillance data. Lancet
Infect Dis. 2017;17(8):867—872. https://doi.org/10.1016/5S1473-3099(17)30301-8

Nigeria Centre for Disease Control (NCDC). Vaccination: Preventing Meningitis
outbreaks. In FMoH, NCDC, editors. Preparedness and response to Cerebrospinal
Meningitis outbreaks. A guide for health workers and authorities in Nigeria,
FMoH, NCDC, 2017; p. 19-20.

Trotter CL, Cibrelus L, Fernandez K, Lingani C, Ronveaux O, Stuart JM. Response
thresholds for epidemic meningitis in sub-Saharan Africa following the
introduction of MenAfriVac®. Vaccine. 2015;33(46):6212-6217. https://doi.org/
10.1016/j.vaccine.2015.09.107

Maurice J. Vaccine shortage threatens spread of meningitis in Niger. Lancet.
2015;385:2241. https://doi.org/10.1016/50140-6736(15)61050-9

Page 9 of 9 . Review Article

81.

82.
83.

84.

85.

86.
87.

88.

89.

Obaro SK, Habib AG. Control of meningitis outbreaks in the African meningitis
belt. Lancet Infect Dis. 2016;16:400-402. https://doi.org/10.1016/5S1473-3099
(16)00121-3

Katz DL, EImore JG, Wild DMG, Lucan SC. Introduction to preventive medicine. In:
Katz DL, Elmore JG, Wild DMG, Lucan SC, editors. Jekel’s epidemiology,
biostatistics, preventive medicine, and public health, Chapter 14. 4th ed., Elsevier
Saunders, 2014; p. 173-180.

Katz DL, Elmore JG., Wild DMG, Lucan SC. Methods of primary prevention: Health
promotion. In: Katz DL, Elmore JG, Wild DMG, Lucan SC, editors. Jekel’s
epidemiology, biostatistics, preventive medicine, and public health, Chapter 15.
4th ed., Elsevier Saunders, 2014; p. 181-195.

Virdi JS, Sachdeva P. Genetic diversity of pathogenic microorganisms: Basic insights,
public health implications and the Indian initiatives. Curr Sci. 2005;89(1):113-123.

Greenwood BM, Whittle HC, Bradley AK, Fayet MT, Gilles HM. The duration of the
antibody response to meningococcal vaccination in an African village. Trans R Soc Trop
Med Hyg. 1980;74(6):756—760. https://doi.org/10.1016/0035-9203(80)90195-9

Mohammed I, Onyemelukwe GC, Obineche EN, Gupta N, Oyeyinka GO. Control of
epidemic meningococcal meningitis by mass vaccination. Il. Persistence of
antibody four years after vaccination. J Infect. 1984;9(2):197-202. https://doi.
0rg/10.1016/s0163-4453(84)91468-3

Mbaeyi S, Duffy J, McNamara LA. Meningococcal disease. In Hall E., Wodi AP,
Hamborsky J, et al., editors. Epidemiology and prevention of vaccine-preventable
diseases. Centers for Disease Control and Prevention. 14th ed. Washington, D.C.
Public Health Foundation, 2021. p. 207-224.

Lo TQ, Marston BJ, Dahl BA, De Cock KM. Ebola: Anatomy of an Epidemic. Annu
RevMed. 2017;68:359-370. https://doi.org/10.1146/annurev-med-052915-015604

Pollett S, Johansson MA, Reich NG, et al. Recommended reporting items for
epidemic forecasting and prediction research: The EPIFORGE 2020 guidelines.
PLoS Med. 2021;18(10):e1003793. https://doi.org/10.1371/journal.pmed.1003793

http://www.ajlmonline.org . Open Access



http://www.ajlmonline.org
https://doi.org/10.1086/527401
https://doi.org/10.3201/eid1709.101762
https://doi.org/10.3201/eid1709.101762
https://doi.org/10.1016/j.jadohealth.2016.04.012
https://doi.org/10.1097/INF.0000000000000078
https://doi.org/10.1016/j.jpeds.2013.03.022
https://doi.org/10.1016/S1473-3099(17)30301-8
https://doi.org/10.1016/j.vaccine.2015.09.107
https://doi.org/10.1016/j.vaccine.2015.09.107
https://doi.org/10.1016/S0140-6736(15)61050-9
https://doi.org/10.1016/S1473-3099(16)00121-3
https://doi.org/10.1016/S1473-3099(16)00121-3
https://doi.org/10.1016/0035-9203(80)90195-9
https://doi.org/10.1016/s0163-4453(84)91468-3
https://doi.org/10.1016/s0163-4453(84)91468-3
https://doi.org/10.1146/annurev-med-052915-015604
https://doi.org/10.1371/journal.pmed.1003793

	Epidemic forecast and preparedness for explosive-cerebrospinal meningitis outbreak in Nigeria using the preventive vaccination strategy
	Introduction
	Methods
	Inclusion criteria
	Exclusion criteria
	Forecast methodology
	Forecast accuracy evaluation

	Results
	Discussion
	Acknowledgements
	Competing interests
	Authors’ contributions
	Ethical considerations 
	Sources of support
	Data availability
	Disclaimer

	References
	Figures
	FIGURE 1: The African meningitis belt, 1998.
	FIGURE 2: States within the Meningitis belt in Nigeria, 2017.



