
Vaccine xxx (2018) xxx–xxx
Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vacc ine
Review
Incidence and aetiology of bacterial meningitis among children aged
1–59 months in South Asia: systematic review and meta-analysis
https://doi.org/10.1016/j.vaccine.2018.07.037
0264-410X/� 2018 Elsevier Ltd. All rights reserved.

⇑ Corresponding author at: Hospital for Sick Children, Division of Infectious Diseases, 555 University Avenue, Toronto, ON M5G 1X8, Canada.
E-mail address: shaun.morris@sickkids.ca (S.K. Morris).

1 Equal contributors.

Please cite this article in press as: Ali M et al. Incidence and aetiology of bacterial meningitis among children aged 1–59 months in South Asia: sys
review and meta-analysis. Vaccine (2018), https://doi.org/10.1016/j.vaccine.2018.07.037
Mohsin Ali a,1, Brian A. Chang a,1, Kipp W. Johnson a,b, Shaun K. Morris c,d,e,⇑
aDepartment of Medical Education, Icahn School of Medicine at Mount Sinai, New York, USA
b Institute for Next Generation Healthcare, Icahn Institute for Genetics and Genomic Sciences, Icahn School of Medicine at Mount Sinai, New York, USA
cDivision of Infectious Diseases, Hospital for Sick Children, Toronto, Canada
dCentre for Global Child Health, Hospital for Sick Children Research Institute, Toronto, Canada
eDepartment of Paediatrics, University of Toronto, Toronto, Canada

a r t i c l e i n f o
Article history:
Received 5 April 2018
Received in revised form 22 June 2018
Accepted 15 July 2018
Available online xxxx

Keywords:
Bacterial meningitis
Streptococcus pneumoniae
Haemophilus influenzae type b
Neisseria meningitidis
Systematic review
Meta-analysis
Epidemiology
Incidence
Aetiology
South Asia
Bangladesh
Bhutan
India
Pakistan
Nepal
Sri Lanka
a b s t r a c t

Background: Bacterial meningitis is a significant cause of morbidity and mortality worldwide among chil-
dren aged 1–59 months. We aimed to describe its burden in South Asia, focusing on vaccine-preventable
aetiologies.
Methods: We searched five databases for studies published from January 1, 1990, to April 25, 2017. We
estimated incidence and aetiology-specific proportions using random-effects meta-analysis. In secondary
analyses, we described vaccine impact and pneumococcal meningitis serotypes.
Results: We included 48 articles cumulatively reporting 20,707 cases from 1987 to 2013. Mean annual
incidence was 105 (95% confidence interval [CI], 53–173) cases per 100,000 children. On average,
Haemophilus influenzae type b (Hib) accounted for 13% (95% CI, 8–19%) of cases, pneumococcus for 10%
(95% CI, 6–15%), and meningococcus for 1% (95% CI, 0–2%). These meta-analyses had substantial
between-study heterogeneity (I2 > 78%, P < 0.0001). Among studies reporting only confirmed cases, these
three bacteria caused a median of 78% cases (IQR, 50–87%). Hib meningitis incidence declined by 72–83%
at sentinel hospitals in Pakistan and Bangladesh, respectively, within two years of implementing nation-
wide vaccination. On average, PCV10 covered 49% (95% CI, 39–58%), PCV13 covered 51% (95% CI, 40–61%),
and PPSV23 covered 74% (95% CI, 67–80%) of pneumococcal meningitis serotypes. Lower PCV10 and
PCV13 serotype coverage in Bangladesh was associated with higher prevalence of serotype 2, compared
to India and Pakistan.
Conclusions: South Asia has relatively high incidence of bacterial meningitis among children aged
1–59 months, with vaccine-preventable bacteria causing a substantial proportion. These estimates are
likely underestimates due to multiple epidemiological and microbiological factors. Further research on
vaccine impact and distribution of pneumococcal serotypes will inform vaccine policymaking and
implementation.

� 2018 Elsevier Ltd. All rights reserved.
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Suspected Acute fever (>38.0 �C axillary or >38.5 �C rectal) and at least one
of:
� Neck stiffness
� Altered consciousness
� Other meningeal sign

Probable A suspected case with CSF exam showing at least one of:
� Turbid (‘‘cloudy”) appearance
� Leukocytosis (WBC count >100/mm3)
� Leukocytosis (WBC count �10/mm3) with either elevated
protein (>100 mg/dl) or decreased glucose (<40 mg/dl)

Confirmed Identification of pathogenic bacteria in CSF or blood by culture,
Gram staining, or antigen detection, in child with clinical
syndrome consistent with bacterial meningitis
1. Introduction

Bacterial meningitis a significant cause of death among children
aged 1–59 months, with an estimated 115,000 deaths worldwide
in 2015 [1]. Disease burden is high in South Asia, with over
21,000 deaths in 2015 in India alone [1]. Among survivors, up to
half have permanent neuropsychological sequelae such as hearing
loss or developmental delay [2].

Three bacteria account for most cases in infants and young
children: Haemophilus influenzae type b (Hib), Streptococcus
pneumoniae (pneumococcus), and Neisseria meningitidis (meningo-
coccus) [3,4]. Although safe and effective vaccines have existed
for years [5], vaccination rates remain suboptimal in South Asia
[6–10]. Yet the impact of vaccine implementation has been
substantial among low- and middle-income countries (LMICs) that
have achieved high levels of coverage [11–15].

South Asian countries have only recently incorporated conju-
gate Hib and pneumococcal vaccines into their immunisation pro-
grams. All countries have introduced the pentavalent conjugate
Hib vaccine, with routine nationwide vaccination first imple-
mented by Sri Lanka in 2008 [16], and most recently by India
(which completed its phased introduction in September 2016);
Bangladesh, Bhutan, Nepal and Pakistan implemented the pentava-
lent vaccine in the interim [17]. For pneumococcus, only three
countries in the region have implemented a protein-conjugate vac-
cine (PCV10)—Pakistan (2012), Nepal (2015), and Bangladesh
(2015) [17]; India began rolling out PCV13 in May 2017 [18]. No
country in the region has incorporated any meningococcal vaccine
into their routine immunisation programs [17,19].

Since robust nation- or region-wide routine surveillance sys-
tems for bacterial meningitis do not exist in South Asia, we aimed
to synthesise evidence within the published literature on the inci-
dence and aetiology of bacterial meningitis among children aged
1–59 months in the region. Synthesising data on disease burden
and vaccine impact may identify areas for future research and
guide vaccine policymaking and implementation in South Asia.

2. Methods

2.1. Search strategy and study selection

We searched five databases (Embase�, Global Health�, Med-
line�, Scopus�, and Web of Science�) without language restrictions
for studies published between January 1, 1990, and April 25, 2017,
that described the incidence or aetiology of bacterial meningitis
among children aged 1–59 months in South Asia, defined as Ban-
gladesh, Bhutan, India, Nepal, Pakistan, and Sri Lanka (see supple-
mentary appendix for search strategy). Two authors (MA and BC)
independently screened titles, abstracts, and full-text articles,
excluding duplicates and studies that did not report original data,
cite this article in press as: Ali M et al. Incidence and aetiology of bacteri
and meta-analysis. Vaccine (2018), https://doi.org/10.1016/j.vaccine.20
did not pertain to bacterial meningitis, did not include children
aged 1–59 months (or a subset of this age range), only included
neonates (<1 month), did not include cases diagnosed in South
Asia, or did not report data necessary to calculate incidence or
aetiology-specific proportions. Discrepancies were resolved by
consensus with the senior author (SKM). We identified additional
papers by reviewing bibliographies of included articles and corre-
sponding with study investigators, as per Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines. The study was pre-registered on PROSPERO international
register of systematic reviews (CRD42016029278).

2.2. Data extraction and study quality

Two authors (MA and BC) independently abstracted data
regarding study design, demographics, case definition, diagnostic
methods, and pertinent vaccine use. Data on total number of cases
per case definition, by aetiology, and incidence data were also
abstracted. If incidence was not reported, we abstracted data on
catchment population size as defined by the study. We contacted
study authors to request any supplemental data not reported in
the published papers.

Without standardised scales to evaluate quality of surveillance
studies, we appraised studies on three criteria—(1) prospective
design, (2) use of a pre-specified case definition, and (3) involved
community-based case ascertainment (versus exclusively
hospital-based).

2.3. Case definitions

We used the WHO case definitions for surveillance of bacterial
meningitis, which specifies three types of cases: suspected, proba-
ble, and confirmed (Box 1). Suspected cases are diagnosed using
clinical signs and symptoms. Probable cases are usually suspected
al meningitis among children aged 1–59 months in South Asia: systematic
18.07.037
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cases with biochemical evidence of bacterial meningitis, such as
cerebrospinal fluid (CSF) examination. Confirmed cases are those
in which pathogenic bacteria are detected [20].

For studies reporting multiple case definitions, we used the
probable case definition for estimation of incidence or aetiology-
specific proportions. The suspected case definition does not reli-
ably delineate bacterial meningitis from viral, mycobacterial, fun-
gal, and non-infectious causes of central nervous system
inflammation [20,21]. Conversely, the confirmed case definition
depends on the proportion of suspected cases with CSF samples
tested and the number of testing modalities with which bacteria
are detected (e.g., Grain stain/culture, antigen-based testing,
molecular methods). Thus, we argue that the probable case defini-
tion most closely approximates the true number of bacterial
meningitis cases because it combines the higher sensitivity of the
suspected case definition with reasonable specificity by incorpo-
rating laboratory evidence of bacterial infection.

However, we also included studies that did not report probable
cases and reported only suspected and/or confirmed cases. For
studies reporting both suspected and confirmed cases, we used
the case definition that provided the more conservative esti-
mate—confirmed cases to achieve a smaller numerator of cases
(i.e., when estimating incidence) and suspected cases to achieve
a larger denominator of cases (i.e., when estimating aetiology-
specific proportions).

2.4. Data analysis

Incidence and aetiology-specific proportions were calculated by
pooling study-specific estimates in random-effects meta-analyses.
We calculated exact 95% confidence intervals (CI) based on the
Poisson distribution for estimating incidence and binomial 95% CI
using the Clopper–Pearson method for estimating aetiology-
specific proportions [22]. For studies that included incidence and/
or aetiology-specific proportions before and after vaccine imple-
mentation, we analysed only pre-vaccine data; we analysed post-
vaccine data in a secondary analysis of vaccine impact (described
below).

If meta-analyses included studies where both study setting and
study period overlapped, we used the following approach to avoid
potential double-counting of cases. First, for every combination of
articles with potential for double-counting (based on study setting
and study period), we contacted the relevant articles’ correspond-
ing authors to clarify whether double-counting was possible. If no
study author responded within one month after two follow-up
emails, we used the following criteria to select studies for the main
analysis and ensure there were no overlapping study settings and
study periods remaining. In order of decreasing importance, the
criteria were: study included full age range (1–59 months); more
recent end of study period; study with multiple sites (preferably
urban and rural); probable case definition used; and used multiple
fluid samples and/or diagnostic testing modalities. The studies
excluded from the main meta-analysis due to potential double-
counting were incorporated in a sensitivity analysis (described
below).

Between-study heterogeneity was measured by v2 tests and the
I2 statistic. In meta-analyses with substantial between-study
heterogeneity (I2 � 75%), we investigated potential explanatory
variables using stratified meta-analyses, comparing estimates
between studies according to pre-specified study-level characteris-
tics (i.e., country, case definition, age range of patients, study per-
iod, antibiotic use prior to lumbar puncture [LP], study quality).

We conducted two sensitivity analyses per meta-analysis, as
applicable. The first excluded studies reporting a case definition
that could overestimate incidence (suspected cases) and
aetiology-specific proportions (confirmed cases). In the second
Please cite this article in press as: Ali M et al. Incidence and aetiology of bacteri
review and meta-analysis. Vaccine (2018), https://doi.org/10.1016/j.vaccine.20
sensitivity analysis, we included all studies to determine whether
removing studies with potential double-counting substantially
affected estimates.

We performed two secondary analyses. The first was restricted
to studies assessing vaccine impact, for which we summarised data
as reported by each study. The second analysis was restricted to
studies serotyping cases of pneumococcal meningitis, for which
we performed random-effects meta-analyses to describe the pro-
portion of pneumococcal meningitis cases with serotypes covered
by PCV10, PCV13, and the 23-valent pneumococcal polysaccharide
vaccine (PPSV23).

Analyses were performed using Stata MP version 14.1 (Stata-
Corp) and R version 3.4.0 (R Foundation for Statistical Computing).
All statistical tests were two-sided and P < 0.05 was considered
statistically significant.
3. Results

3.1. Study characteristics

Among 2569 records identified, 47 articles met eligibility crite-
ria (Fig. 1). After reviewing bibliographies of included articles, we
identified one additional study, totalling 48 articles cumulatively
reporting 20,707 meningitis cases.

There were 26 sentinel surveillance studies, 19 case series, four
population-based surveillance studies, and one randomised
controlled trial (Table 1) [23–70]. Thirteen studies took place in
Bangladesh, nineteen in India, seven in Nepal, seven in Pakistan,
and three in Sri Lanka; there were no studies from Bhutan. Study
period ranged from 1987 to 2013. Thirty-nine studies included
all children within the age range of interest (1–59 months),
whereas nine studies included only children from a subset of this
age range (e.g., 3–23 months).

Thirty studies reported the preferred probable case definition.
The sensitivities of studies’ case definitions varied considerably rel-
ative to WHO case definitions. Only 11 studies’ case definitions
were identical or similar to the corresponding WHO definition
[20]. Of the remaining studies, 14 had a definition with lower sen-
sitivity, five studies had a definition with higher sensitivity, and 17
studies had a definition of indeterminate sensitivity, compared to
the corresponding WHO definition.

Twenty-six of 40 studies reported CSF testing rates, which ran-
ged from 3 to 100% (median, 98%). In seven studies, less than 80%
of enrolled cases underwent CSF testing. Twenty-one studies
reported antibiotic use among cases prior to lumbar puncture
(LP), which ranged from 0 to 93% (median, 39%) one to three days
prior to presentation to the healthcare provider. In 11 studies more
than half of cases reported antibiotic use prior to LP.

In total, 40 studies tested for Hib, 47 tested for pneumococcus,
and 35 tested for meningococcus. For all three aetiologies, the
median number of types of samples tested was one (CSF) and the
median number of diagnostic testing modalities used was two
(almost always Gram stain/culture and antigen-based testing).

Four studies investigated the impact of the Hib conjugate vac-
cine [24,35,53,65]. Only one study, in Nepal, was conducted after
implementation of Hib conjugate vaccine. For pneumococcal vacci-
nation, all studies were done prior to national implementation of
PCV10 in Bangladesh, Nepal, or Pakistan.

In terms of study quality, only three studies met criteria of (1)
prospective, (2) use of a pre-specified case definition, and (3)
included community-based case ascertainment (versus exclusively
hospital-based) (Table S1). Thirty-two studies met two criteria
(usually, prospective study with standard case definition) and 11
studies met only one criterion. Three studies met none of the
criteria.
al meningitis among children aged 1–59 months in South Asia: systematic
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Fig. 1. Flow diagram for study selection process.
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3.2. Annual incidence

Among 14 studies cumulatively reporting 1720 cases, pooled
annual incidence across South Asia was 105 (95% CI, 53–173) cases
per 100,000 children, with high between-study heterogeneity
(I2 = 99%, P < 0.0001) (Fig. 2). In a sensitivity analysis excluding
three studies reporting only suspected cases, pooled annual inci-
dence was 77 (95% CI, 37–130) cases per 100,000 children, with
high between-study heterogeneity (I2 = 99%, P < 0.0001)
(Figure S1).

Stratified meta-analyses to investigate between-study hetero-
geneity revealed multiple potential explanatory variables (Fig. 3).
Annual incidence per 100,000 children varied by country
(P = 0.009), ranging from 24 (95% CI, 2–72) cases in Pakistan to
245 (95% CI, 0–855) cases in Sri Lanka. Annual incidence was also
higher in studies with less specific case definitions (Ptrend = 0.021),
studies conducted more recently (P = 0.014), studies not reporting
proportion of cases receiving antibiotics prior to LP (P = 0.004), and
Please cite this article in press as: Ali M et al. Incidence and aetiology of bacteri
review and meta-analysis. Vaccine (2018), https://doi.org/10.1016/j.vaccine.20
studies meeting fewer quality criteria (Ptrend = 0.034). There were
no associations by age (P = 0.82) or by extent of reported antibiotic
use prior to LP (P = 0.31).

3.3. Proportion of cases due to three vaccine-preventable bacteria

In random-effects meta-analyses, Hib accounted for 13% (95%
CI, 8–19%) of cases, pneumococcus for 10% (95% CI, 6–15%), and
meningococcus for 1% (95% CI, 0–2%) (Fig. 4), with high between-
study heterogeneity (all I2 > 84% and P < 0.0001). These proportions
were similar in both sensitivity analyses, which either excluded
studies reporting only confirmed cases (Figure S2) or included all
studies irrespective of potential double-counting (Figure S3).
Restricting to 22 studies reporting only confirmed cases, a median
of 78% cases (IQR, 50–87%) were attributed to either Hib, pneumo-
coccus, or meningococcus, as compared to other bacteria.

Estimates of aetiology-specific proportions varied by country
(Figure S4). The proportion of cases due to Hib ranged from 10%
al meningitis among children aged 1–59 months in South Asia: systematic
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Table 1
Characteristics of included studies, by country.

Abbreviations: abx, antibiotics; CSF, cerebrospinal fluid; Hib, Haemophilus influenzae type b; LP, lumbar puncture; NA, not applicable; Nm, Neisseria meningitidis; NR, not
reported; RCT, randomized controlled trial; Sp, Streptococcus pneumoniae; WHO, World Health Organization.
a Three articles are described in multiple rows because they report population-based and sentinel surveillance data and/or data from different geographical sites separately.
b Since WHO’s suspected case definition does not elaborate criterion of ‘‘other meningeal sign”, we designated some studies’ suspected case definition as ‘‘similar” (versus
‘‘identical”).
c NA (not applicable) indicates that collection of a CSF sample was an inclusion criterion of the study.
d ‘‘Samples types tested” refer to the types of body fluids analyzed, namely CSF, blood, or urine. If a study collected only one type of fluid, that fluid was always CSF. ‘‘Test
modalities” refer to the number of independent methods used to detect a particular bacterium, which could one or more tests of several modalities: Gram stain & culture,
latex agglutination, or molecular testing.
e With regard to vaccines for S. pneumoniae and N. meningitidis, none were administered by any study, and all studies were completed before any implementation of these
vaccines in national immunization programs in South Asia.
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Study, stratum

Bangladesh
Arifeen (2009)
Luby (2010)
Sultana (2013), pre-Hib vaccine
Brooks (2007)
Random effects model
Heterogeneity: I2 = 98.8%, τ2 = 0 , p < 0.01

India
Gupta (2010), Chandirgarh
Gupta (2010), Kolkata
Gupta (2010), Vellore
Minz (2008)
Shah (2009)
Random effects model
Heterogeneity: I2 = 99%, τ2 = 0 , p < 0.01

Nepal
Kelly (2011)
Shah (2009)
Williams (2009)
Random effects model
Heterogeneity: I2 = 91.5%, τ2 = < 0.0001, p < 0.01

Pakistan  
Zaidi (2010)
Zaidi (2009)
Random effects model
Heterogeneity: I2 = 99.1%, τ2 = < 0.0001, p < 0.01

Sri Lanka 
Batuwanthudawe (2010)
Kularatna (2015), population−based surveilance
Random effects model
Heterogeneity: I2 = 94.2%, τ2 = 0 , p < 0.01

Random effects model
Heterogeneity: I2 = 99.4%, τ2 = 0, p < 0.01

Case
definition

Confirmed
Suspected

Probable
Confirmed

Probable
Probable
Probable
Probable

Suspected

Probable
Probable
Probable

Probable
Probable

Probable
Suspected

years

3,731,386

 194,287

 278,674

 327,922

2,749,090

 181,413

  30,392
 118,973
  37,322
   7,600

   8,319
   2,878
   4,226

 112,306
 150,945

  43,925
 227,122
  56,875

2,526,235
 222,855

 179,103
   2,310

Person−
cases

1720

 371

 535

 302

 338

 174

   5
 161
 197
   8

   2
   0
   7
  42

 484

  73
 182
  47

 237
 101

 162
  12

No.
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Fig. 2. Meta-analysis of annual incidence, by country.
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(95% CI, 4–18%) in India to 22% (95% CI, 19–26%) in Sri Lanka
(between-country heterogeneity, P = 0.009). The proportion of
cases due to pneumococcus ranged from 7% (95% CI, 2–13%) in
Sri Lanka to 25% (95% CI, 12–42%) in Bangladesh (between-
country heterogeneity, P = 0.039). The proportion of cases due to
meningococcus ranged from 0% (95% CI, 0–1%) in India to 4%
(95% CI, 1–8%) in Bangladesh, though there was weaker evidence
of between-country heterogeneity (P = 0.058).

In stratified meta-analyses to investigate between-study
heterogeneity, aetiology-specific proportions were higher in stud-
ies that used a more specific case definition in the denominator
to calculate proportions (all Ptrend < 0.002; Figure S4. Age range of
patients studied and reported antibiotic use prior to LP were also
statistically significant for one or two, but not all three, aetiologies.

3.4. Impact of vaccination

Two studies described Hib conjugate vaccination effectiveness
prior to implementation in South Asia. In Dhaka, an incident
case–control study of a birth cohort of �68,000 infants systemati-
cally replaced the diphtheria–pertussis–tetanus (DPT) vaccine with
a combined DPT–HepB–Hib vaccine in selected study areas. Among
under-2 children who received at least two doses of the Hib
Please cite this article in press as: Ali M et al. Incidence and aetiology of bacteri
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vaccine, vaccine effectiveness was 89% (95% CI, 28–100%) and
93% (95% CI, 53–100%) when compared to community and hospital
controls, respectively [24]. The second study, in Vellore, India,
investigated the association between Hib conjugate vaccine distri-
bution in the private sector on Hib meningitis admissions among
under-5 children at a referral hospital. In the pre-vaccine period,
mean number of Hib meningitis cases was 10.7 annually, declining
to 3.8 cases in the post-transition period (rate ratio, 0.35; 95% CI,
0.3–0.5; P < 0.0001) [53].

Two additional studies compared incidence and/or aetiology-
specific proportions before and after national implementation of
the Hib conjugate vaccine [35,65]. In Bangladesh, at two sentinel
surveillance hospitals in Dhaka, annual incidence of Hib meningitis
per 100,000 children aged <1 year declined by 83% between the
pre-vaccine period (May 2008–April 2009) to the post-vaccine per-
iod (April 2009–May 2011). The proportion of cases attributable to
Hib also declined, from 6% (95% CI, 3–10%) to 1% (95% CI, 0–5%).
Notably, there was also a 30% decline in the annual incidence of
probable bacterial meningitis per 100,000 children [35]. Second,
in Pakistan, at two sentinel hospitals in Lahore and Karachi, the
proportion of cases due to Hib among confirmed meningitis cases
declined by 72% from the pre-vaccine period (14.2% in 2005–07)
to the post-vaccine period (4.0% in 2010) [65].
al meningitis among children aged 1–59 months in South Asia: systematic
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No studies have yet reported the impact of nationwide imple-
mentation of pneumococcal vaccination in Bangladesh, Nepal, or
Pakistan.

3.5. Pneumococcal serotype distribution and coverage

Nine studies cumulatively reported 1048 cases of pneumococ-
cal meningitis [31–34,45,56,67,71,72], including two studies
excluded from our main analyses because they reported neither
incidence nor aetiology-specific proportions [71,72]. A total of
882 (84%) cases were from Bangladesh; India (78; 8%), Pakistan
(75; 7%), and Nepal (13; 1%) comprised the remainder.

One Pakistani study only determined the serogroup (e.g., 6A/B/
C), not serotype (e.g., 6A), for some serotypes [72]. As per that
study’s methods, cases whose serogroup contained a serotype cov-
ered by a vaccine were included in the numerator to estimate
pneumococcal serotype coverage and called ‘‘vaccine-related
serotypes”. We included this study in our analyses since excluding
it did not substantially change the overall estimates presented
below, except that mean pneumococcal serotype coverage in Pak-
istan was incalculable (data not shown).

In random-effects meta-analyses excluding two studies due to
potential double-counting of cases, PCV10 covered 49% (95% CI,
39–58%) of reported serotypes on average, PCV13 covered 51%
(95% CI, 40–61%), and PPSV23 covered 74% (95% CI, 67–80%)
(Fig. 5); there was moderate to high between-study heterogeneity
(all I2 > 57% and P � 0.029). These proportions were similar in sen-
sitivity analyses including all studies irrespective of potential
double-counting (Figure S5).

Mean pneumococcal serotype coverage varied by country
(P < 0.0001). There was lower serotype coverage for PCV10 and
PCV13 in Bangladesh compared to India and Pakistan. For PCV10,
serotype coverage in Bangladesh was 44% (95% CI, 40–49%), com-
pared to 63% (95% CI, 51–74%) in India (P = 0.003) and 62% (95%
CI, 49–74%) in Pakistan (P = 0.009). For PCV13, serotype coverage
in Bangladesh was 46% (95% CI, 42–50%), compared to 63%
(95% CI, 68–78%) in India (P = 0.0002) and 63% (95% CI, 50–76%) in
Pakistan (P = 0.011). Lower PCV10 and PCV13 serotype coverage in
Bangladesh was associated with higher reported prevalence of sero-
type 2 (165/882; 19% cases), compared to both India (4/78; 5%;
P = 0.002) and Pakistan (0/75; 0%; P < 0.0001). Serotype coverage
for PPSV23 was not statistically significantly different in Bangladesh
when compared to India (P = 0.68) or Pakistan (P = 0.08).
Fig. 5. Meta-analyses of proportion of pneumococcal meningi
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4. Discussion

We synthesised data from 48 studies cumulatively reporting
20,707 cases of bacterial meningitis to describe its incidence and
aetiology among children aged 1–59 months in South Asia. These
cases occurred over a 27-year period (1987–2013) and were
reported in articles published from January 1, 1990, through April
25, 2017. To our knowledge, ours is the first systematic review and
meta-analysis of this topic. In random-effects meta-analysis, mean
annual incidence was 105 (95% CI, 53–173) cases per 100,000 chil-
dren. Three vaccine-preventable aetiologies—Hib, pneumococcus,
and meningococcus—cumulatively caused 24% of cases, on aver-
age; however, this is likely a substantial underestimate since these
three aetiologies accounted for a median 78% of cases among stud-
ies reporting only confirmed cases.

Our estimate of mean annual incidence is comparable to the
Global Burden of Disease (GBD) study’s median estimate of 104
cases per 100,000 children aged 1–59 months from 1990 to 2013
in South Asia, extracted using their online GBD Results Tool. This
estimate is derived from a systems modelling approach that uses
meta-regression to synthesize data from a systematic review of lit-
erature as well as surveillance notification data, stratifying esti-
mates by age, sex, country, and year [73]. While our sensitivity
analysis excluding studies that reported only suspected meningitis
cases revealed a lower point estimate (77 cases per 100,000
children), there was large uncertainty around this number (95%
CI, 37–130).

Our estimates of incidence and aetiology-specific proportions
are likely to be underestimates for several reasons. First, a substan-
tial proportion of cases received antibiotics prior to LP, with more
than half reporting antibiotic use 1–3 days prior to presentation in
11 studies. Over-the-counter access to antibiotics and concomitant
indiscriminate use in South Asia is well documented, with esti-
mates ranging from 9 to 86% in the general population in a system-
atic review [74]. Even small doses of oral antibiotics inhibits
bacterial growth, decreasing the yield of diagnostic tests, particu-
larly Gram stain and culture, for bacterial meningitis [75].

Second, many studies were of suboptimal quality. Quality was
considered ideal if the study was (1) prospective, (2) had a pre-
specified case definition, and (3) included community-based case
ascertainment (versus exclusively hospital-based). Only three
studies met all criteria. Studies that were retrospective, had
exclusively hospital-based case ascertainment, or did not use a
tis cases covered by three available vaccines, by country.

al meningitis among children aged 1–59 months in South Asia: systematic
18.07.037

https://doi.org/10.1016/j.vaccine.2018.07.037


M. Ali et al. / Vaccine xxx (2018) xxx–xxx 9
pre-specified case definition may have missed cases. Furthermore,
studies with exclusively hospital-based case ascertainment may be
prone to case ascertainment bias if patients who present to the
hospital are systematically different in terms of morbidity or aeti-
ology compared to those who remain in the community. In strati-
fied meta-analyses, we found inconsistent associations with higher
study quality—a positive association with proportion of cases due
to Hib, non-significant associations with proportions of cases due
to pneumococcus or meningococcus, and an inverse association
with incidence. This latter finding may be confounded by other
study-level characteristics associated with higher incidence (e.g.,
less specific case definition).

Third, case ascertainment is likely suboptimal regardless of
study setting. Included hospital-based studies probably underesti-
mated incidence because they tended to use local census data to
estimate the population of under-5 children at risk, some of
which may never present to hospitals. In one study of infant mor-
tality in urban slums in Delhi, only 41% of infants with a severe
disease, including meningitis, were referred to a hospital, among
which only about half were taken to the hospital [76]. While
some studies attempted to mathematically adjust for factors that
affect case ascertainment (e.g., suboptimal hospital utilisation
rates), it is difficult to account for all factors [35,50,53]. Even
community-based studies may miss cases since they tend to iden-
tify cases early in the course of their illness. For bacterial menin-
gitis, early detection and treatment could underestimate
complications (morbidity), secondary transmission (incidence),
and mortality.

Fourth, even among cases who presented to a hospital, detec-
tion was suboptimal. Ideally, almost every case would have CSF
tested using multiple modalities [28]. In seven studies less than
80% of enrolled cases underwent CSF testing; among cases whose
CSF was tested, the median number of testing modalities was
two (usually Gram stain/culture and antigen-based testing). While
these modalities usually have greater than 90% sensitivity for these
bacteria, it is markedly lower among patients pre-treated with
antibiotics, not uncommon in South Asia [74]. While molecular
testing may have identified some false-negative cases [77], even
studies using all aforementioned testing modalities can miss cases.
One included study comparing incidence estimates pre- and post-
Hib vaccine implementation in Dhaka found that Hib meningitis
declined by 76 cases per 100,000 child-years, probable meningitis
declined by 501 cases per 100,000 child-years, and pneumococcal
meningitis increased by 14 cases per 100,000 child-years. The lar-
ger decline among probable meningitis cases may reflect that some
Hib meningitis cases were undetected due to inadequate sensitiv-
ity of diagnostic testing [35].

Finally, we erred on the side of conservative estimates. Among
studies reporting only suspected and confirmed cases, we used
the case definition that provided the more conservative esti-
mate—confirmed cases to achieve a smaller numerator (e.g., for
incidence) and suspected cases to achieve a larger denominator
(e.g., for aetiology-specific proportions).

Two studies—in Bangladesh [35] and Pakistan [65]—observed a
72–83% decline in incidence of Hib meningitis at sentinel surveil-
lance hospitals within two years of national implementation of
the Hib conjugate vaccine. These findings are consistent with
recent research in other LMICs [11,12,78]. While these initial stud-
ies show promising impact, further research to demonstrate Hib
vaccine impact throughout South Asia is needed. Furthermore, no
studies have reported the impact of recent implementation of
PCV10 in Bangladesh, Nepal, or Pakistan, which would also inform
current and future vaccination efforts.

Impact of pneumococcal vaccination depends on multiple fac-
tors including uptake, type of vaccine used, and prevalent pneumo-
coccal serotypes. In terms of serotypes, we found similar point
Please cite this article in press as: Ali M et al. Incidence and aetiology of bacteri
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estimates (�50%) for mean pneumococcal serotype coverage
between PCV10 and PCV13. On average, serotype coverage was
higher in India and Pakistan (about three of five cases) compared
to Bangladesh (about two of five cases). The estimate from Pakistan
may be an overestimate since it largely derives from one study that
could only determine serogroups (e.g., 6A/B/C) and calculated ser-
otype coverage using cases where the serogroup contained a vac-
cine serotype [72]. However, PPSV23 serotype coverage was not
significantly different between these countries. These discordant
results may be related to higher prevalence of serotype 2 in Ban-
gladesh, which is only covered by PPSV23. About 20% of serotyped
cases were due to serotype 2 in Bangladesh, compared to <5% in
India and Pakistan. This serotype has high virulence, with 30-fold
greater odds of meningitis in one analysis, and was the leading
serotype-specific cause of meningitis in Bangladesh from 2001 to
2009 [33]. There is little published data on the serotype distribu-
tion among pneumococcal meningitis cases in Bhutan, Nepal, or
Sri Lanka, which remains another area of research needed to
inform vaccine policymaking and implementation.

In terms of meningococcal meningitis, our finding of relatively
fewer cases among under-5 children does not preclude the impor-
tance of nationwide immunisation programs since its incidence
follows a bimodal distribution, peaking in infancy as well as ado-
lescence and young adulthood [79]. Future studies should describe
the burden of meningococcal meningitis among older age groups
in this region [80].

Our review has several limitations. Our estimates of uncertainty
around incidence are likely to be overly precise. Most studies
reporting incidence estimates were hospital-based, which inferred
the population denominator of under-5 children at risk from local
census data. However, because it is unlikely that every under-5
child with meningitis presented to the sentinel hospital, these pop-
ulation denominators are likely overestimates. While this causes
our incidence estimates to be underestimates, we prioritised
including all available data and providing a conservative estimate,
rather than excluding this literature.

Our review primarily includes urban-based studies. Only two
studies were done in a rural setting where epidemiology may dif-
fer, and without robust surveillance systems, it would be difficult
to account for such cases. Specifically, in the analyses of
aetiology-specific proportions, the majority were hospital-based
case series that primarily relied on convenience sampling, limiting
their generalisability.

Although our estimates of incidence and aetiology-specific pro-
portions consistently varied by country and case definition used, a
substantial amount of between-study heterogeneity remained
unexplained. There was also wide variability in the representation
of countries in this review. None of the 48 included studies
reported data from Bhutan, whereas 19 studies reported data from
India. The age range of patients included in the studies also varied;
while most studies included all children within the age range of
interest (1–59 months), nine studies included only children from
a subset of this age range (e.g., 3–23 months). Another source of
between-study heterogeneity is the large range of years covered
in this review (1987–2013). Most studies reported cases prior to
introduction of the Hib vaccine in this region and hence the overall
and aetiology-specific epidemiology of meningitis among under-5
children in this region continues to change, requiring further
surveillance and research. These sources of high between-study
heterogeneity preclude more precise estimates of incidence and
aetiology-specific proportions in this review.

Finally, as with any review, there may be reporting bias. How-
ever, we believe its probability is low since we queried five major
international research databases without language restrictions,
with both indexed and key-word terms to maximise search
sensitivity.
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5. Conclusions

In summary, we synthesised data from 48 studies cumulatively
reporting 20,707 cases of bacterial meningitis over a 27-year per-
iod (1987–2013) among children aged 1–59 months in South Asia.
Mean annual incidence was 105 (95% CI, 53–173) cases per
100,000 children, the second-highest regional incidence in the
world during this time period [73]. On average, almost one-
quarter of cases were caused by two vaccine-preventable bacteria,
Hib and pneumococcus, though, among studies reporting only con-
firmed cases, these aetiologies accounted for about three-quarters
of cases. Both incidence and aetiology estimates are likely substan-
tially underestimated due to multiple epidemiological and micro-
biological factors. Despite some initial studies showing promising
impact of the Hib conjugate vaccine, further research on both
Hib and pneumococcal vaccine impact as well as serotype distribu-
tion of pneumococcal meningitis is needed to inform vaccine
policymaking and implementation.
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