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ABSTRACT

Introduction: Streptococcus pneumoniae is the
leading cause of meningitis, with a case fatality
of up to about 50%. Children younger than 5
years are at greater risk for pneumococcal
meningitis compared with other populations. It
is of significant importance to provide a com-
prehensive understanding of the burden of
pneumococcal meningitis among under-fives in

the low pneumococcal conjugate vaccine (PCV)
coverage period in China.
Methods: A systematic review was conducted.
We searched both English (PubMed, Ovid-
EMBASE, Biosis, Web of Science, and Cochrane)
and Chinese (CNKI, Wanfang, and ViP) data-
bases for studies on bacterial meningitis in
China published between January 1980 and July
2022. Ineligible studies were excluded based on
study design and data integrity. Heterogeneity
was assessed with I2 and estimates of bacterial
meningitis morbidity and mortality were
pooled using random-effects models. Subgroup
analysis was conducted to trace the source of
the heterogeneity and summarize average
estimates.
Results: A total of 13,082 studies were identi-
fied in the literature, and 56 studies were finally
included for data analysis. The estimated inci-
dence of pneumococcal meningitis was 2.10
cases per 100,000 children younger than 5 years
each year (95% CI: 0.59–7.46), with a pooled
case fatality rate of 24.59% (95%CI:
19.35–30.28%) in China. It was estimated that
1617.16 (95% CI: 454.35–5744.78) pneumo-
coccal meningitis cases and 548.86 (95% CI:
474.80–627.62) deaths occurred among under-
fives in China in 2020. Streptococcus pneumoniae
played an important role in the etiology of
confirmed bacterial meningitis cases, with a
pooled proportion of 22.05% (95% CI:
17.83–26.27%). The most prevalent serotypes
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were 6B, 14, 19F, 19A, and 23F, which were
preventable with a vaccine.
Conclusions: Pneumococcal meningitis
remains one of the most important health
problems among children younger than 5 years
in China. Immunization programs should be
promoted to avoid preventable cases and
deaths.

Keywords: Meningitis; Streptococcus pneumoniae;
Child; Immunization; China

Key Summary Points

This is the first meta-analysis of the
pneumococcal meningitis burden among
under-fives in the post-PCV13 era in
China.

Pneumococcal meningitis remains a
noteworthy health issue among under-
fives in China.

Streptococcus pneumoniae plays a dominant
role in bacterial meningitis infections.

Most prevalent serotypes were
preventable with a vaccine, supporting
future decision-making.

INTRODUCTION

Bacterial meningitis is a devastating infectious
disease with a high case fatality and significant
long-term sequelae in survivors [1, 2]. As one of
the most prevalent pathogens causing bacterial
meningitis, Streptococcus pneumoniae (S. pneu-
moniae) was responsible for over 300,000
meningitis cases and 40,000 deaths globally in
2017 [3–5]. Especially for under-fives, pneumo-
coccal meningitis (PM) is a significant health
problem as it is associated with 17 cases and 10
deaths per 100,000 children annually [6].
Understanding the burden of PM is also crucial
to improving the under-five mortality rate,
which reflects overall social and economic
development. However, very few studies have

focused on the incidence and mortality of PM in
China, let alone that in children under 5 years
old.

Thanks to the development and worldwide
usage of pneumococcal conjugate vaccines
(PCVs), the morbidity and mortality of PM in
children have decreased [7, 8]. The 7- and
13-valent PCVs were introduced to China in
2008 and 2016, respectively, and cover
approximately 60% and 80% of the common S.
pneumoniae serotypes [9]. However, PCV cover-
age is relatively low in China, partly because
PCVs are not included in the national immu-
nization program (NIP) [10]. Detailed analysis of
the PM disease burden in children in the early
post-PCV period could provide important
information for the further management and
promotion of PCVs.

Despite the high case fatality rate (CFR) and
disease burden of PM among under-fives, a lack
of effective surveillance systems for meningitis
and evidence of the disease burden related to S.
pneumoniae among children in China hinders
the work of expanding the availability of PCVs
to children, including its potential inclusion in
the NIP. Therefore, we performed a systematic
review to summarize the morbidity and mor-
tality of meningitis associated with S. pneumo-
niae among under-fives in China based on
literature published between 1980 and 2022.
The estimates potentially help to reinforce and
complement existing prevention and control
strategies.

METHODS

Search Strategy

This systematic review was conducted in
accordance with the Cochrane Collaboration
and Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) (Table S1)
[11]. The literature search was restricted to
articles published between January 1980 and
August 2022. Studies on bacterial meningitis
were identified using standard search algo-
rithms in both English (PubMed, Ovid-EMBASE,
Biosis, Web of Science and Cochrane) and Chi-
nese (CNKI, Wanfang and ViP) databases, which
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were constructed based on the MeSH term
Meningitis and the keywords China, child, mor-
tality, death, incidence, prevalence, morbidity, and
distribution. Detailed search algorithms for each
database are listed in Appendix S1 in the Sup-
plementary Material. The reference lists of the
retrieved articles were reviewed to identify pos-
sibly relevant studies.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Inclusion and Exclusion Criteria

Included articles had to meet the following
criteria: (1) the article contained epidemiologic
or etiologic information on meningitis; (2)
surveillance continued for 12 months or longer;
(3) children aged between 1 month and 5 years
were included. Articles were excluded if they
were (1) narrative reviews, guidelines, or articles
without accessible data; (2) articles focusing
only on specific groups of patients or reporting
meningitis as one of the complications; (3) case
reports with less than 50 cases; (4) studies that
only reported data on a specific pathogen other
than S. pneumoniae.

Data Extraction and Definition

Based on the recommended case definition
from the World Health Organization (WHO),
patients were labeled as suspected bacterial
meningitis (SBM) cases if they presented a sud-
den onset of fever and meningeal signs includ-
ing neck stiffness and altered consciousness
[12]. Patients with cerebrospinal fluid (CSF)
abnormalities meeting at least one of the fol-
lowing standards were classified as probable
bacterial meningitis (PBM) cases: CSF with a
turbid appearance; leukocytosis ([100 cells/
mm3); leukocytosis (10–100 cells/mm3 with an
increased protein concentration of higher than
100 mg/dL or a decreased glucose concentration
of lower than 40 mg/dL) [12]. Confirmed PM
cases were those with CSF specimens positive
for S. pneumoniae. Data from each article were
extracted using a structured data collection

form that included authors, publication year,
province, study site, study design, etc. Adjusted
incidence or mortality rates were recorded
rather than raw rates if provided. Studies
reporting the pathogen distribution were all
based on CSF or blood specimens. For PBM
cases, if either the blood culture or the CSF
culture tested positive, the case was considered
to be positive for the specific pathogen. It is
important to note that the diagnosis of con-
firmed bacterial meningitis (CBM) relied not
only on the results of pathogen detection but
also considered the clinical symptoms mani-
fested by the patient. Reference management
and data extraction were conducted by EndNote
X9.1 (Tomson, Inc., Philadelphia, USA).

Quality Assessment

The validity of the studies reporting on epi-
demiologic and etiologic characteristics of bac-
terial meningitis cases was independently
assessed by two reviewers in terms of study
design, length of surveillance period, reliability
of diagnosis methods, and the possibility of
leaving out potential cases. Based on these cri-
teria, included studies were labeled as one of the
three categories representing article quality: ‘‘A’’
papers, in which both reviewers judged that
both criteria were met; ‘‘B’’ papers, in which
only one reviewer judged that each criterion
was met; ‘‘C’’ papers, in which both reviewers
judged that either criterion was not met or that
insufficient data were available to make a
judgment. Prior to inclusion in the final dataset,
a third quality assessment was performed on
studies classified as ‘‘C’’ and all included studies.
Studies remaining ‘‘C’’ in quality after the third
assessment were discarded.

Data Analysis

Pooled incidence rates along with 95% confi-
dence intervals (CIs) were calculated for differ-
ent types of meningitis. The test for
heterogeneity was performed by calculating I2,
which showed the proportion of variation
across studies. An I2 of less than 50% implied
that a fixed-effects model could be used;
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otherwise, a random effects model was
employed. When estimating pooled CFRs, the
double-arcsine method with a correction factor
of 0.5 was used to handle zero events. Subgroup
analyses were conducted to identify the source
of heterogeneity and summarize point esti-
mates. Poisson regression was performed to
assess between-group differences in the distri-
butions of outcomes. A P value of \0.05 was
considered significant. All analyses were con-
ducted using R (v4.2.1, R Foundation for Sta-
tistical Computing, Vienna, Austria).

PM cases and deaths of under-fives in China
were estimated by a multiplication model based
on pooled results of meta-analysis and the 2020
China census data (Figure S1). Assuming that
most but not all of the meningitis cases were
hospitalized, the proportion of patients with
acute meningitis or encephalitis (AME) who
received in-hospital treatment was applied as
the ratio of admitted cases of bacterial menin-
gitis [13]. Along with the adjusted hospitaliza-
tion rate assuming no vaccine use, we
calculated the pooled incidence rate of PM
using random-effects models. Combined with
the 2020 China census data on 77,883,888
under-fives, we derived the total number of PM
cases prior to the vaccines [14]. Because repor-
ted CFR values only reflect mortality in children
who sought care at a health facility, we adjusted
them to account for the higher CFR assumed for
those not accessing care. The adjusted CFR of
pathogen-specific meningitis was multiplied by
the vaccine-adjusted PM cases to calculate the
number of PM deaths. There is no measure of
health-care seeking for children with meningitis
in standardized surveys from China. Therefore,
we used the proportion of children seeking care
for minor illnesses (such as stomachache or
diarrhea) from the China Health and Nutrition
Survey (CHNS) as a proxy [15]. We applied dif-
ferent indicators based on the CHNS database as
proxies for access to care and conducted sensi-
tivity analysis to compare the estimated disease
burdens. In order to adjust for the effect of
vaccine use in China, the effective PCV7 cov-
erage obtained by Lai et al. was applied to cal-
culate PM incidences prior to vaccines [16]. It is
worth noting that the hospitalization rate in
Hong Kong reported by Pak et al. was ruled out

because Hong Kong introduced PCV7 into the
childhood immunization program in Septem-
ber 2009 [17, 18].

RESULTS

A total of 13,082 citations were initially identi-
fied through the literature search, and 5828
citations were removed due to duplication
(5524 references from Chinese databases, 283
references from English databases, and 21 cross-
language duplicates) (Fig. 1). After reviewing
the titles and abstracts of the remaining articles
based on inclusion and exclusion criteria, 955
potentially relevant studies were identified.
Further examination of the obtained full text
yielded 56 studies with evaluable extracted
outcomes for consideration in the analysis
(Table S2). After quality assessment, 98.21%
(55/56) studies were labeled as being of ‘‘A’’
quality. Of the 56 studies considered, most were
conducted in eastern China (16/56, 28.57%),
followed by southern China (14/56, 25.00%)
and southwest China (7/56, 12.50%). There
were six studies (6/56, 10.71%) each from the
Guangxi and Guangdong provinces (Fig. S2).

Epidemiological Overview of Meningitis

Six studies regarding the meningitis incidence
rate were included, along with four studies on
mortality rate (Tables S3 and S4). Pooled esti-
mates of different meningitis types were calcu-
lated. The pooled annual incidence rates of
PBM, CBM, and PM in China were 12.25 (95%
CI: 5.48–19.02), 11.17 (95% CI: 1.34–20.99),
and 2.10 (95% CI: 0.59–7.46) cases per 100,000
children, respectively (Table 1 and Fig. S6). It
was estimated that 20.69 deaths per 100,000
children each year (95% CI: 12.10–29.29/
100,000/year) were associated with all-cause
meningitis (Fig. S6D).

The majority of the records on CFR from
bacterial meningitis were published after the
year 2008, when PCV7 and PPSV23 were intro-
duced to China (Fig. S3). The pooled CFR from
bacterial meningitis across studies was 3.85%
(95%CI: 0.98–8.12%) in children aged between
1 month and 5 years in China (Fig. S7A). Similar
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age distribution patterns were observed in bac-
terial and PM, with the highest CFR occurring
in children aged between 3 and 5 years, fol-
lowed by those aged between 1 and 12 months
and between 1 and 3 years (Fig. 2). Subgroup
analysis by study year showed a significant
decrease in estimated CFR from 1980–2005
(13.47%, 95% CI: 7.11–21.36%) to 2006–2015
(0.79%, 95% CI: 0.00–2.98%) (P\ 0.001). Dis-
parity was observed across geographic regions,
and bacterial meningitis in northeast China
yielded the highest CFR (5.65%, 95% CI:
0.00–22.89%), while the lowest estimate
(0.23%, 95% CI: 0.00–9.09%) was from two
studies conducted in southwest China. Unlike
bacterial meningitis, studies on PM were all
performed during the period 2006–2015 and
the overall CFR was 24.59% (95% CI:
19.25–30.28%). The highest estimated CFR
from PM was found in northern China (33.95%,
95% CI: 24.19–44.40%), and the lowest was

found in eastern China (0.00%, 95% CI:
0.00–60.24%).

Etiologic Distribution of Bacterial
Meningitis

Culture or plus PCR was employed for the
detection of pathogens in the included studies.
Based on studies reporting the etiologic distri-
bution of SBM, the weighted mean positive rate
across pathogens was 0.17% (95% CI:
0.11–0.28%). Positive detection of S. pneumoniae
was observed in all included studies on SBM,
and 32 out of 8114 biological specimens were
identified as S. pneumoniae positive (0.63%, 95%
CI: 0.11–3.68%), ranking second in positive rate
(Fig. 3 and Fig. S8A). In addition, S. pneumoniae
accounted for 15.91% (95% CI: 7.15–31.74%) of
all positive cases (Fig. S8B).

Thirteen studies on PBM cases yielded a
pooled positive rate of 2.41% (95% CI:

Fig. 1 Flow chart of the literature review
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1.95–2.98%). With a positive rate of 5.01%
(95% CI: 3.09–8.04%), S. pneumoniae ranked
second among the 31 identified pathogens
(Fig. S9A). This dominant distribution pattern
remained after stratifying the available records
into four age groups (\ 3 months,\1 year,
\3 years, and\ 5 years), except for the
\3 months group, as none of the studies of this
group reported S. pneumoniae detection (Fig. 4).
The estimation of pathogen-specific propor-
tions in CBM cases, including laboratory-posi-
tive cases of PBM, was conducted. Similarly,
subgroup analysis of the proportions of CBM
cases in which pathogens were positively
detected showed that S. pneumoniae ranked the
first in the \3 years group and second in the
\1 year and\5 years groups (29.86%, 95% CI:
23.87%–36.64%; 21.68%, 95% CI:
16.14%–28.48%; 21.07%, 95% CI:
12.77%–32.74%) (Fig. S4).

The pooled proportion of PM among con-
firmed bacterial meningitis cases was 22.05%
(95% CI: 17.83–26.27%) (Fig. S9B). Subgroup
analysis by age revealed variation in the pro-
portion of PM among CBM cases and in the
positive rate of S. pneumoniae among PBM cases.
The proportion of PM was the highest in the
\3 years group (P\ 0.001), while the positive
rate was the highest in the \1 year group
(Fig. 5). Most of the studies were conducted
between 2008 and 2017, namely the period
between the introduction of PCV7 and PCV13
(Fig. S5). The positive rate and the proportion of
S. pneumoniae displayed different distribution
patterns across different periods, and the pro-
portion reached its highest pooled estimates in
the period 2006–2015 (P\0.05) (Fig. 5). The
estimated proportion of PM in CBM cases was
highest in eastern China, while the positive rate
was highest in multi-center sites.

Antibiotic Resistance Profile of S.
pneumoniae

There were seven studies containing data on the
antimicrobial resistance of S. pneumoniae
(Table S5). A total of 104 S. pneumoniae isolates
were tested and 27 antibiotics were involved.
Among them, S. pneumoniae displayed more

T
ab
le

1
Po

ol
ed

in
ci
de
nc
e
an
d
m
or
ta
lit
y
ra
te

of
m
en
in
gi
ti
s

In
ci
de
nc
e
ra
te

M
or
ta
lit
y
ra
te

M
en
in
gi
ti
s
ty
pe

St
ud

ie
s

M
en
in
gi
ti
s

ca
se
s

D
en
om

in
at
or

(c
hi
ld
-y
ea
rs
)

P
oo

le
d
in
ci
de
nc
e

ra
te

pe
r
10
0,
00
0

(9
5%

C
I)

St
ud

ie
s

D
ea
th
s

D
en
om

in
at
or

(c
hi
ld
-y
ea
rs
)

P
oo

le
d
m
or
ta
lit
y

ra
te

pe
r
10
0,
00
0

(9
5%

C
I)

A
ll-
ca
us
e
m
en
in
gi
ti
s

–
–

–
–

2
67
7

2,
79
9,
81
7

20
.6
9
(1
2.
10
–2

9.
29
)

Pr
ob
ab
le
ba
ct
er
ia
l
m
en
in
gi
ti
s

1
11
64

9,
89
7,
69
9

12
.2
5
(5
.4
8–

19
.0
2)

–
–

–
–

C
on
fir
m
ed

ba
ct
er
ia
l
m
en
in
gi
ti
s

3
98

1,
12
4,
73
4

11
.1
7
(1
.3
4–

20
.9
9)

1
7

30
6,
94
7

2.
28

Pn
eu
m
oc
oc
ca
l
m
en
in
gi
ti
s

3
40

a
1,
33
6,
73
9

2.
10
(0
.5
9–

7.
46
)b

1
1

30
7,
69
2

0.
32
5

a
O
ri
gi
na
l
ca
se

nu
m
be
rs
de
ri
ve
d
fr
om

st
ud
ie
s

b
T
he

ho
sp
it
al
iz
at
io
n-
ad
ju
st
ed

in
ci
de
nc
e
ra
te

w
as

ta
ke
n
in
to

co
ns
id
er
at
io
n

2572 Infect Dis Ther (2023) 12:2567–2580



than 90% resistance towards ampicillin, clin-
damycin, and tetracycline separately (Fig. 6).
None of the S. pneumoniae isolates were resistant
to vancomycin. Also, S. pneumoniae was sus-
ceptible to nine antibiotics, including moxi-
floxacin and linezolid.

Serotype Distribution of S. pneumoniae

Only two studies provided information about
the serotype distribution of S. pneumoniae. Sixty-
four isolates of S. pneumoniae were successfully
serotyped, and serotypes 6B, 14, 19F, 19A, 23F,
and 15B/C were found in both studies. The
pooled serotype coverages of pneumococcal
polysaccharide vaccines were 78.95% (95% CI:
69.03–88.87%) for PCV7, 91.10% (95% CI:
80.05–100.00%) for PCV13, and 100.00% (95%
CI: 97.12–100.00%) for PPSV23 (Table S5).

Estimates of the Burden of PM

Based on the 2020 China census data and the
pooled PM incidence rate, we calculated that
1635.56 (95% CI: 459.51–5810.14) S. pneumo-
niae-associated meningitis cases occurred in
under-fives without considering the impact of
PCV in China in 2020. After adjusting the PCV
impact for the PCV coverage reported by Lai
et al. and a vaccine effectiveness of 73.5%, we
estimated that there were 1617.16 (95% CI:
454.35–5744.78) PM cases [16, 19]. Multiplied
by the adjusted CFR, we estimated that there
were 548.86 (95% CI: 474.80–627.62) deaths
related to PM among children younger than 5
years in China in 2020.

Fig. 2 Subgroup analysis of the CFR from bacterial
meningitis and pneumococcal meningitis by age, study
year, and region. CFR case fatality rate. The dots in the

background represent the CFRs in each study. Error bars
represent 95% CIs. ** P\ 0.01. *** P\ 0.001
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DISCUSSION

Since the introduction of pneumococcal
polysaccharide vaccines in the twentieth cen-
tury, a number of studies have been conducted
to assess its disease burden after the licensing of
PCVs in various regions around the world.
However, among the limited studies reporting
on the pneumococcal burden in China, most
were based on WHO or Maternal and Child
Epidemiology Estimation Collaboration coun-
try-specific estimates or focused on residents in
local areas. To the best of our knowledge, this is
the first systematic review and meta-analysis to
estimate the burden of bacterial and PM among
under-fives in China in the post-PCV13 period.
The present study serves as an important com-
plement to the limited data on PM and

indicates that PM remains a significant health
problem for children in China. We found that
the annual incidence rates for PBM, CBM, and
PM in China were 12.12, 11.17, and 2.10 cases
per 100,000 children younger than 5 years,
respectively. Generally, SBM patients were rec-
ognized from the typical clinical syndromes
they manifested, and bacterial meningitis cases
should be confirmed by lumbar punctures and
pathogen detection [20]. The ratio of PM inci-
dence rate to that of confirmed bacterial
meningitis reflected the contribution of S.
pneumoniae. In our study, over 20% of the CBM
cases were caused by S. pneumoniae, indicating
that S. pneumoniae may be a major contributor
to the disease burden in under-fives. This dis-
tribution pattern could potentially provide sig-
nificant guidance for expediting diagnosis and

Fig. 3 Pooled positive rate and proportion per pathogen in suspected bacterial meningitis. SBM suspected bacterial
meningitis
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implementing precise therapeutic
interventions.

Compared with the estimated incidence rate
of PM of 2.10 cases per 100,000 children in the
present study, Chen et al. reported that 1.33
cases occurred among 100,000 children younger
than 5 years in the year 2010 [21]. Though
incidence rates for PM were calculated based on
the all-cause incidence rate of meningitis and
the etiological proportion of S. pneumoniae in
the aforementioned study, and we obtained
pneumococcal incidence rates directly from the
included studies, the consistency between our
results strengthens the overall validity of the
present study. Apart from that, we also report a
pooled mortality rate for all-cause meningitis of
20.69 deaths per 100,000 children younger than
5 years, which was in accordance with the trend
shown by the GBD study [22]. Despite using
different methods and data sources to estimate
the mortality rate, the GBD study produced
similar results, suggesting the robustness of our
findings. Nevertheless, a lack of abundant
records hampered the analysis of the mortality
rate in CBM and PM cases. It was estimated that

there were 1617.16 (95% CI: 454.35–5744.78)
PM cases and 548.86 (95% CI: 474.80–627.62)
deaths among children younger than 5 years in
China in 2020, which may seem relatively small
compared with the number of cases (8686, 95%
CI: 5213–11,980) and deaths (1114, 95% CI:
669–1537) in 2015 obtained by Wahl et al. [23].
These differences may be attributed to the
designed models and the sources of data used.
Wahl et al. used mortality data from GBD-
sourced modeled estimates combined with the
pathogen-specific CFR to generate pneumococ-
cal cases, while we utilized the pooled incidence
rate to estimate the number of pneumococcal
deaths. Similarly, both of the studies considered
PCV use and hypothesized a higher CFR for
patients without access to care.

There were certain discrepancies between
our estimated CFR for PM and GBD-sourced
results (24.59% versus 4.84%). The estimates
from the GBD databases were generated using
more complex models with global surveillance
data, only a few of which were from China. In
the present study, most of the CFR records from
PM cases were based on hospital-based case

Fig. 4 Distribution of detected pathogens in cases of confirmed bacterial meningitis. Pooled positive rates of different
pathogens in various age strata. Deeper colors indicate higher pooled positive rates
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reports; only one out of the six (16.67%) studies
were based on community-based surveillance
data. Usually, hospital-based studies tend to
report cases manifesting more typical clinical
symptoms, and physicians are likely to pay
attention to severe cases [24]. It is possible that
the hospital-based case reports were those with
higher CFRs, which may have led to our over-
estimated CFR for PM. In addition, Lai et al.
applied a literature-based CFR of PM when
modeling the disease burden caused by S.
pneumoniae, which was also extracted from
mostly hospital-based studies, and the CFR of
12.85% further reinforced the validity of our
findings [10].

Similar age distribution patterns of the CFR
were observed for bacterial meningitis and PM.
A steep decrease in the bacterial meningitis CFR
from the period 1980–2005 to 2006–2015

indicates that improved accessibility to health
care and the introduction of vaccines over time
may help to prevent avoidable deaths. Regard-
ing disease severity across geographic regions, a
lower CFR of PM was found in eastern China,
which may be attributed to a better healthcare
capacity and higher PCV coverage. PCVs were
one of the most inequitably distributed vaccines
among non-NIP vaccines in China, due pri-
marily to wealth disparity [25]. The eastern
China region is more developed and the higher
income levels there lead to better access of the
residents to healthcare and possible immuniza-
tion. However, it was observed that the pooled
CFR of bacterial meningitis cases in eastern
China was relatively high. This may be attrib-
uted to the inclusion of mostly rural cases in
selected PM studies.

Fig. 5 Subgroup analysis of the positive rate of Strepto-
coccus pneumoniae in probable bacterial meningitis cases
and the proportion of pneumococcal meningitis in
confirmed bacterial meningitis cases by age, study year,

and region. Sp Streptococcus pneumoniae, PM pneumococ-
cal meningitis, CBM confirmed bacterial meningitis, PBM
probable bacterial meningitis. * P\ 0.05. ** P\ 0.01. ***
P\ 0.001
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Our analysis of positively detected pathogens
demonstrated that S. pneumoniae is one of the
most significant pathogens of bacterial menin-
gitis. Its dominant role in the etiologic distri-
bution remained stable across different age
groups, which was in accordance with previous
studies [26]. Compared with the 1980–2006
period, the drastic decrease in both the pooled
detection rate of and the proportion of cases
with S. pneumoniae implies that PCVs helped
prevent bacterial meningitis cases associated
with S. pneumoniae. However, it is difficult to
estimate the contribution of S. pneumoniae to
bacterial meningitis accurately since antimi-
crobial treatment can distort pathogen detec-
tion and pre-diagnostic antibiotic usage was not
available in most studies.

Timely antimicrobial therapies are crucial for
improving survival and preventing adverse
sequelae [27], but it is worth noting that inap-
propriate usage of antibiotics has led to world-
wide resistance to penicillin and other

antibiotics, threatening the traditional treat-
ment of PM [28]. In the present study, S. pneu-
moniae displayed pooled resistance rates of
71.50% and 29.56% towards penicillin and
cefotaxime, respectively, whereas all of the S.
pneumoniae strains were reported to be sensitive
to vancomycin, which is recommended by van
de Beek et al. as an advanced treatment of PM
[29]. Given that culture remains the gold stan-
dard for detecting S. pneumoniae, we only
included studies that used cultured specimens
for analysis, which eliminated the potential bias
introduced by the use of different specimen
collection methods.

Data extracted from two studies identified
6B, 14, 19A, 19F, and 23F as the serotypes of S.
pneumoniae most commonly detected in bacte-
rial meningitis, which is consistent with previ-
ous studies [21]. The majority of the reported
serotypes were covered by PCV7 (78.95%) and
PCV13 (91.10%), while PPSV23 showed full
coverage. The high serotype coverage of PCVs

Fig. 6 Antibiotic resistance profile of Streptococcus pneumoniae in bacterial meningitis cases. The dots in the background
represent the antibiotic resistance in each study
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provides useful information for the further
management and promotion of PCVs in China,
encouraging the potential inclusion of PCVs in
the NIP.

There are certain limitations of our study.
First, due to inadequate data, subgroup analysis
with covariates including age, study year, and
gender was not feasible. The insufficiency of
available information underscores the need for
further investigation. Second, estimates of
incidence rates and case numbers may suffer
from an inherent problem of underestimation,
which is mainly attributable to the overuse of
antibiotics in the early stage of the disease and
the incomplete ascertainment of cases when
children do not reach a health facility for
diagnosis [30]. Thirdly, since China has not
integrated PCVs into the NIP, caution should be
exercised when attempting to generalize the
estimates to other countries or regions with
different PCV strategies. While our study pro-
vides valuable insights into the burden of PM in
China, further studies using surveillance data
are necessary to help develop targeted policies,
particularly for disease mortality. Authorized
local surveillance systems should be established
to monitor the prevalence, antimicrobial resis-
tance, and serotypes of pneumococcal strains
that cause meningitis, which could provide
valuable insights into the prevention of PM. In
addition, comprehensive immunization pro-
grams targeting children at risk will help reduce
the incidence of PM with great efficiency.

CONCLUSION

In the present study, we confirmed that
meningitis associated with S. pneumoniae
remains one of the most important health
dilemmas among under-fives in China, and
PCVs display a high coverage of prevalent ser-
otypes. Given the increasing resistance of S.
pneumoniae to commonly used antibiotics, pri-
ority should be given to advanced treatment
and immunization programs by policy-makers.

Author Contributions. Tao Zhang and Biy-
ing Wang were responsible for the idea of the

topic. Biying Wang and Wanjing Lin did the
literature research, article screening, and data
extraction for meningitis. Biying Wang, Chen
Qian, and Youyi Zhang did the meta-analyses
for incidence and mortality rates for different
types of meningitis. Biying Wang and Wanjing
Lin established the disease burden model for
pneumococcal meningitis. BW wrote the first
draft of the manuscript and Tao Zhang helped
revise the manuscript. Tao Zhang, Weibing
Wang and Genming Zhao had a supervisory
role on the project.

Funding. Shanghai Municipal Science and
Technology Major Project (ZD2021CY001) and
the National Natural Science Foundation of
China (81102166). The rapid service fee was
funded by the authors.

Data Availability. The data that support
the findings of this study are available from the
authors upon reasonable request.

Declarations

Conflicts of Interest. Biying Wang, Wan-
jing Lin, Chen Qian, Youyi Zhang, Genming
Zhao, Weibing Wang, and Tao Zhang declare no
conflicts of interest.

Ethical Approval. This article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and

2578 Infect Dis Ther (2023) 12:2567–2580



your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Zainel A, Mitchell H, Sadarangani M. Bacterial
meningitis in children: neurological complications,
associated risk factors, and prevention. Microor-
ganisms. 2021;9(3):535.

2. Namani SA, Koci BM, Milenkovic Z, et al. Early
neurologic complications and long-term sequelae
of childhood bacterial meningitis in a limited-re-
source country (Kosovo). Childs Nerv Syst.
2013;29(2):275–80.

3. GBD 2017 Causes of Death Collaborators. Global,
regional, and national age-sex-specific mortality for
282 causes of death in 195 countries and territories,
1980–2017: a systematic analysis for the Global
Burden of Disease Study 2017. Lancet.
2018;392(10159):1736–88.

4. GBD 2017 Disease and Injury Incidence and
Prevalence Collaborators. Global, regional, and
national incidence, prevalence, and years lived with
disability for 354 diseases and injuries for 195
countries and territories, 1990–2017: a systematic
analysis for the Global Burden of Disease Study
2017. Lancet. 2018;392(10159):1789–858.

5. Castelblanco RL, Lee M, Hasbun R. Epidemiology of
bacterial meningitis in the USA from 1997 to 2010:
a population-based observational study. Lancet
Infect Dis. 2014;14(9):813–9.

6. O’Brien KL, Wolfson LJ, Watt JP, et al. Burden of
disease caused by Streptococcus pneumoniae in chil-
dren younger than 5 years: global estimates. Lancet.
2009;374(9693):893–902.

7. Iwata S, Takata M, Morozumi M, et al. Drastic
reduction in pneumococcal meningitis in children
owing to the introduction of pneumococcal con-
jugate vaccines: Longitudinal analysis from 2002 to
2016 in Japan. J Infect Chemother. 2021;27(4):
604–12.

8. Schuck-Paim C, Taylor RJ, Alonso WJ, Weinberger
DM, Simonsen L. Effect of pneumococcal conjugate
vaccine introduction on childhood pneumonia
mortality in Brazil: a retrospective observational
study. Lancet Glob Health. 2019;7(2):e249–56.

9. Vaccine and Immunology Branch of the Chinese
Preventive Medicine Association. Expert consensus
on immunoprophylaxis of pneumococcal disease
(2020 version). Zhonghua Yu Fang Yi Xue Za Zhi.
2020;54(12):1315–63.

10. Lai X, Wahl B, Yu W, et al. National, regional, and
provincial disease burden attributed to Streptococcus
pneumoniae and Haemophilus influenzae type b in
children in China: Modelled estimates for 2010–17.
Lancet Reg Health West Pac. 2022;22: 100430.

11. Page MJ, McKenzie JE, Bossuyt PM, et al. The
PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ. 2021;372: n71.

12. WHO. WHO-recommended standards for surveil-
lance of selected vaccine-preventable diseases
(document WHO/V&B/03.01). Geneva: WHO;
2003.

13. Wang LP, Yuan Y, Liu YL, et al. Etiological and
epidemiological features of acute meningitis or
encephalitis in China: a nationwide active surveil-
lance study. Lancet Reg Health West Pac. 2022;20:
100361.

14. National Bureau of Statistics of China. China pop-
ulation census yearbook 2020. 2021. http://www.
stats.gov.cn/sj/pcsj/rkpc/7rp/indexch.htm (ac-
cessed March 16 2023).

15. Yu D, Zhao L, Zhang J, et al. China nutrition and
health surveys (1982–2017). China CDC Wkly.
2021;3(9):193–5.

16. Lai X, Garcia C, Wu D, et al. Estimating national,
regional and provincial cost-effectiveness of intro-
ducing childhood 13-valent pneumococcal conju-
gate vaccination in China: a modelling analysis.
Lancet Reg Health West Pac. 2022;32: 100666.

17. Ho PL, Chiu SS, Cheung CH, Lee R, Tsai TF, Lau YL.
Invasive pneumococcal disease burden in Hong
Kong children. Pediatr Infect Dis J. 2006;25(5):
454–5.

18. Yu Q, Li X, Fan M, et al. The impact of childhood
pneumococcal conjugate vaccine immunisation on
all-cause pneumonia admissions in Hong Kong: A
14-year population-based interrupted time series
analysis. Vaccine. 2021;39(19):2628–35.

19. Moore MR, Link-Gelles R, Schaffner W, et al.
Effectiveness of 13-valent pneumococcal conjugate
vaccine for prevention of invasive pneumococcal
disease in children in the USA: a matched case-
control study. Lancet Respir Med. 2016;4(5):
399–406.

Infect Dis Ther (2023) 12:2567–2580 2579

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://www.stats.gov.cn/sj/pcsj/rkpc/7rp/indexch.htm
http://www.stats.gov.cn/sj/pcsj/rkpc/7rp/indexch.htm


20. Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice
guidelines for the management of bacterial
meningitis. Clin Infect Dis. 2004;39(9):1267–84.

21. Chen Y, Deng W, Wang SM, et al. Burden of
pneumonia and meningitis caused by Streptococcus
pneumoniae in China among children under 5 years
of age: a systematic literature review. PLoS ONE.
2011;6(11): e27333.

22. Lozano R, Naghavi M, Foreman K, et al. Global and
regional mortality from 235 causes of death for 20
age groups in 1990 and 2010: a systematic analysis
for the Global Burden of Disease Study 2010. Lan-
cet. 2012;380(9859):2095–128.

23. Wahl B, O’Brien KL, Greenbaum A, et al. Burden of
Streptococcus pneumoniae and Haemophilus influenzae
type b disease in children in the era of conjugate
vaccines: global, regional, and national estimates
for 2000–15. Lancet Glob Health. 2018;6(7):
e744–57.

24. Lipsitch M, Donnelly CA, Fraser C, et al. Potential
biases in estimating absolute and relative case-fa-
tality risks during outbreaks. PLoS Negl Trop Dis.
2015;9(7): e0003846.

25. Zhang H, Lai X, Mak J, et al. Coverage and equity of
childhood vaccines in China. JAMA Netw Open.
2022;5(12): e2246005.

26. Ali M, Chang BA, Johnson KW, Morris SK. Inci-
dence and aetiology of bacterial meningitis among
children aged 1–59 months in South Asia: system-
atic review and meta-analysis. Vaccine.
2018;36(39):5846–57.

27. Auburtin M, Wolff M, Charpentier J, et al. Detri-
mental role of delayed antibiotic administration
and penicillin-nonsusceptible strains in adult
intensive care unit patients with pneumococcal
meningitis: the PNEUMOREA prospective multi-
center study. Crit Care Med. 2006;34(11):2758–65.

28. Neu HC. The crisis in antibiotic resistance. Science.
1992;257(5073):1064–73.

29. van de Beek D, Brouwer MC, Thwaites GE, Tunkel
AR. Advances in treatment of bacterial meningitis.
Lancet. 2012;380(9854):1693–702.

30. Jiang H, Huai Y, Chen H, et al. Invasive Streptococcus
pneumoniae infection among hospitalized patients
in Jingzhou city, China, 2010–2012. PLoS ONE.
2018;13(8): e0201312.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional
affiliations.

2580 Infect Dis Ther (2023) 12:2567–2580


	Disease Burden of Meningitis Caused by Streptococcus pneumoniae Among Under-Fives in China: A Systematic Review and Meta-analysis
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Search Strategy
	Inclusion and Exclusion Criteria
	Data Extraction and Definition
	Quality Assessment
	Data Analysis

	Results
	Epidemiological Overview of Meningitis
	Etiologic Distribution of Bacterial Meningitis
	Antibiotic Resistance Profile of S. pneumoniae
	Serotype Distribution of S. pneumoniae
	Estimates of the Burden of PM

	Discussion
	Conclusion
	Author Contributions
	Open Access
	References




