
Pneumococcal Meningitis in Children: Epidemiology,
Serotypes, and Outcomes From 1997–2010 in Utah

WHAT’S KNOWN ON THIS SUBJECT: The incidence of pediatric
pneumococcal meningitis has declined after introduction of the
7-valent pneumococcal conjugate vaccine (PCV7). It is unknown
whether the frequency of severe neurologic sequelae and adverse
outcomes has changed in the era of widespread PCV7 use.

WHAT THIS STUDY ADDS: Pneumococcal meningitis continues to
be associated with substantial mortality and long-term morbidity.
Sixty-three percent of survivors had neurologic sequelae. More
than one-half of the children who were eligible for PCV7 were
unimmunized at the time that they developed pneumococcal
meningitis.

abstract
BACKGROUND: After licensure of the 7-valent pneumococcal conjugate
vaccine (PCV7) in the United States in 2000, the incidence of pediatric
pneumococcal meningitis decreased significantly. However, cases con-
tinue to occur. It is unknown whether meningitis due to PCV7 and non-
PCV7 serotypes causes similar morbidity and mortality.

METHODS: We performed a retrospective cohort study of laboratory-
confirmed pneumococcal meningitis among Utah children from 1997 to
2010. We reviewed medical records and obtained clinical data during
the acute illness and follow-up data on neurologic sequelae.

RESULTS: Sixty-eight cases of meningitis were identified. PCV7
serotypes caused 64% of cases before and 25% of cases after
licensure of PCV7 (P , .01). The age range was similar before and
after PCV7 licensure (P = .5). The overall case fatality rate was 13%
and was similar among cases caused by PCV7 and non-PCV7
serotypes (P = .7). Children with PCV7 serotypes were more likely
to require mechanical ventilation (68% vs 34%; P , .01). Of all
survivors, 63% had neurologic sequelae, and the proportion was
similar after infection with PCV7 or non-PCV7 serotypes (P = .1).
More than one-half (54%) of all children who developed
pneumococcal meningitis in the PCV7 period were eligible for PCV7
and had not been immunized.

CONCLUSIONS: Pneumococcal meningitis continues to be associated
with high mortality and morbidity; death and neurologic sequelae
are common with both PCV7 and non-PCV7 serotype meningitis. The
substantial burden of this disease and continued cases among
unimmunized children reinforce the need for more effective
immunization strategies and continued surveillance in the era of
PCV13. Pediatrics 2013;132:421–428
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Bacterial meningitis in children is as-
sociated with significant morbidity and
mortality worldwide. In countries in
which the Haemophilus influenzae type
B vaccine is widely used, Streptococcus
pneumoniae is the most common
cause of bacterial meningitis in young
children.1–5

The epidemiology of invasive pneumo-
coccal disease in the United States
changed after licensure of the 7-valent
pneumococcal conjugate vaccine in
2000 (PCV7; Wyeth Lederle Vaccines/
Pfizer; Philadelphia, PA).6 National
guidelines recommend that children
receive 4 doses of PCV7 at 2, 4, 6, and 12
to 15 months of age.7 Increasing im-
munization rates have been associated
with marked reductions in the in-
cidence of pneumococcal meningitis.8

The Centers for Disease Control and
Prevention’s Active Bacterial Core
surveillance sites reported a 62% de-
crease in the incidence of pneumo-
coccal meningitis among children aged
,2 years in 2006 and 2007 compared
with 1998 and 1999.5 In Utah, the in-
cidence of pneumococcal meningitis
in this age group decreased by 52%
between 1996–2000 and 2006–2009.9

The decrease in pneumococcal menin-
gitis was primarily due to a decrease
in PCV7 serotype disease. Before the
introduction of PCV7, 64% of pneu-
mococcal meningitis was attributable
to PCV7 serotypes in Utah. However,
from 2001 to 2010, PCV7 serotypes
caused 22% of pneumococcal menin-
gitis.10

Pneumococcal meningitis is frequently
associated with poor neurologic out-
comesasa consequenceof cortical and
subcortical injury. In 2 studies of bac-
terialmeningitis before thewidespread
use of PCV7, neurologic sequelae as-
sociated with S pneumoniae were
reported in 20% to 40% of children at
the time of hospital discharge.11,12 It
is unknown whether the frequency
of severe neurologic sequelae and

adverse outcomes has changed in the
era of widespread PCV7 use as a con-
sequence of the change in infecting
serotypes. Our objective in the current
study was to describe the epidemiol-
ogy, serotypes, clinical outcomes, and
sequelae of culture-confirmed pediat-
ric pneumococcal meningitis before
and after PCV7 licensure in Utah. These
data have the potential to inform our
understanding of how pneumococcal
meningitis may evolve in the years af-
ter licensure of the 13-valent pneumo-
coccal conjugate vaccine (PCV13) and
aid in identifying targets for future
pneumococcal vaccine research.

METHODS

Human Subjects Protection

This study was approved and granted
a waiver of informed consent by the
institutional review boards of the Uni-
versity of Utah and Primary Children’s
Medical Center (PCMC).

Setting

This study was performed at PCMC in
Salt Lake City, Utah. PCMC is a children’s
hospital that has grown from 207 beds
in 1997 to 289 beds in 2010. PCMC
serves as the community hospital for
northern Utah and as a referral center
for southern Utah, Idaho, Wyoming,
Nevada, and Montana. Over the study
period, 75% to 85% of all pediatric
admissions in Utah were to PCMC; the
proportion was higher for severe dis-
ease (J. Bradshaw, MPA, personal
communication, 2012).

Identification of Children With
Pneumococcal Meningitis

The study was divided into 2 periods:
before licensure of PCV7 (pre-PCV7
period; January 1997–December 2000)
and after licensure of PCV7 (PCV7 pe-
riod; January 2001–December 2010).
Pneumococcal meningitis cases were
defined as isolation of S pneumoniae

from a cerebrospinal fluid culture or
the presence of cerebrospinal fluid
pleocytosis (.10 cells/mL) in conjunc-
tion with isolation of S pneumoniae
from blood in a child aged,18 years.13

PCMC has archived all pneumococcal
isolates from children with invasive
pneumococcal disease since 1996.
Pneumococcal serotyping was per-
formed (by Dr Mason) with the use of
previously described capsular swelling
methods.14

Medical Record Review

We reviewed the paper and electronic
medical records of children with
culture-confirmed pneumococcal men-
ingitis cared for at PCMC. Measures of
severity were collected; these included
symptom duration, admission to the
PICU, mechanical ventilation, total hos-
pital length of stay, and death. The Utah
Statewide Immunization Information
System (https://apps.usiis.org/) was
used to document PCV7 vaccination
status at the time of hospitalization
for pneumococcal meningitis. Children
were considered to be fully immunized
if they had received an age-appropriate
number of doses, based on recom-
mendations from the Advisory Com-
mittee on Immunization Practices,
before their hospitalization.7

Neurologic outcomes of survivors were
determined by manual review of the
medical records for data associated
with discharge, consultation with the
neurology service, and any subse-
quent encounters in the Intermountain
Healthcare system. All consulting pe-
diatric neurologists involved in the
care of these patients use this medi-
cal record system. To be consistent
with previous literature,15 neurologic
sequelae were defined as new evi-
dence of cortical blindness, hydroceph-
alus, institutionalization, microcephaly,
quadriplegia, severe developmental
delay, seizures at 1 year postinfection,
ataxia, sensorineural hearing loss,
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hemiparesis, hyperactivity, cranial nerve
palsy, or cochlear implantation. The
assessment of neurologic sequelae
was performed by a pediatric neurol-
ogist (Dr Filloux) who was blinded to
the results of pneumococcal serotype
testing. For children with pre-existing
neurologic conditions (n = 7), clinical
judgment was used to determine
whether abnormal neurologic findings
noted at discharge or follow-up
reflected sequelae of pneumococcal
meningitis or previous impairment.

Statistical Analyses

We compared children with pneu-
mococcal meningitis due to PCV7
serotypes versus children with pneu-
mococcal meningitis caused by non-
PCV7 serotypes. We also compared
children who developed pneumococcal
meningitis during the pre-PCV7 period
of 1997–2000 versus those who de-
veloped meningitis during the PCV7
2001–2010 period. Lastly, during the
PCV7 period, we compared children
who were immunized with PCV7 versus
those who were unimmunized. Cate-
gorical data were compared by means
of the x2 test or Fisher’s exact test, as
appropriate. Continuous variables are
reported as the median and inter-
quartile range (IQR) and were com-
pared by using the Wilcoxon rank-sum
test. The age-specific incidence of
pneumococcal meningitis was calcu-
lated by using data from Utah resident
children with meningitis and pop-
ulation estimates from the Utah Pop-
ulation Estimates Committee and the
Governor’s Office of Planning and Bud-
get.16 Exact 95% confidence intervals
(CIs) were calculated from a Poisson
distribution for point estimates of the
incidence of pneumococcal meningitis
before and after PCV7 licensure. Sta-
tistical significance was set at P = .05,
and all reported comparisons are
2-tailed. Analyses were performed by
using Stata 11.2 (Stata Corp, College
Station, TX).

RESULTS

Incidence of Pneumococcal
Meningitis and Vaccine Coverage

During the study period, 68 children
with culture-confirmed pneumococcal
meningitis were cared for at PCMC (22
before PCV7 licensureand 46 after). The
incidence of pneumococcal meningitis
decreased 26% from 0.78 case per
100 000 children (95% CI: 0.49–1.17)
before PCV7 licensure to 0.57 case per
100 000 (95% CI: 0.42–0.77) after; how-
ever, this finding was not statistically
significant (P = .3). Among children
aged 0 to 23 months, the incidence
decreased 29% from 6.26 cases per
100 000 children (95% CI: 3.92–9.48) to
4.47 per 100 000 (95% CI: 3.27–5.96).
The decrease in pneumococcal menin-
gitis was driven by a 72% decrease in
meningitis due to PCV7 serotypes (0.49
per 100 000 [95% CI: 0.27–0.83] to 0.14
per 100 000 [95% CI: 0.07–0.25]). The
incidence of meningitis due to non-
PCV7 serotypes increased by 46% from
0.28 per 100 000 (95% CI: 0.12–0.56)
to 0.41 per 100 000 (95% CI: 0.28–0.58).

The median age at diagnosis was 9
months (range: 6 days–16 years). The

median age was 11 months before
PCV7 licensure and 9 months after (P =
.5). A comparison of demographic
characteristics and PCV7 vaccination
status according to PCV7 serotypes
and non-PCV7 serotypes are presented
in Table 1.

Of 46 children with pneumococcal
meningitis during the PCV7 period, 28
(61%) were eligible for PCV7 according
to the American Academy of Pediatrics’
recommendations.7,17 The remainder
were either too young to receive vaccine
or were too old to be included in rec-
ommendations for catch-up immuniza-
tion. Two (7%) children’s immunization
records were unavailable for review. Of
the remaining 26 (93%) children with
complete immunization records, 12
(46%) had received an age-appropriate
number of PCV7 doses. However, 14
(54%) children who developed pneu-
mococcal meningitis in the PCV7 period
were eligible for PCV7 and had not been
immunized. Five (36%) of these children
developed PCV7 serotype meningitis.

Four children developed pneumococcal
meningitis after the approval of PCV13
in February2010. Allwereunimmunized

TABLE 1 Demographic Characteristics and Vaccination Status of Children With Culture-Confirmed
Pneumococcal Meningitis Caused by PCV7 and Non-PCV7 Serotypes From 1997–2010 in
Utah

Characteristic PCV7 Serotypes (n = 25) Non-PCV7 Serotypes (n = 41) P

Age, mo
Median (IQR) 13 (5–29) 9 (3–76) .400

Age group, n (%)
,6 mo 7 (28) 19 (46) .139
6–23 mo 10 (40) 9 (22) .116
2–4 y 3 (12) 1 (2) .148
5–9 y 3 (12) 5 (12) 1.000
10–17 y 2 (8) 7 (17) .464

Male, n (%) 17 (68) 23 (56) .337
Race/ethnicity, n (%)
White 18 (72) 33 (80) .425
Black 1 (4) 0 (0) .379
Hispanic 6 (24) 3 (7) .072
Asian/Pacific Islander 0 (0) 4 (10) .289
Unknown 0 (0) 1 (2) 1.000

PCV7 vaccination status
No. eligible for PCV7 8 19 .250
Immunization records

unavailable, n (%)
1 (13) 1 (5) .513

Not immunized, n (%) 6 (75) 9 (48) .236
Complete, n (%) 2 (25) 10 (53) .236
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and had received no doses of either
PCV7 or PCV13.

Serotype Distribution Before and
After PCV7 Licensure

Sixty-six (97%) of 68 pneumococcal
isolates were serotyped, and 27 dif-
ferent serotypes were identified
(Table 2). In the pre-PCV7 period, 10
different serotypes were isolated from
children with pneumococcal meningi-
tis; 64% of these were PCV7 serotypes
and 14% were the additional 6 pneu-
mococcal serotypes included in PCV13
(Fig 1). The most common serotypes in
the pre-PCV7 period were 14 (27% of
isolates), 19F (18%), 6A (9%), and 22F
(9%).

After PCV7 licensure, 24 different sero-
types were isolated. The proportion of
pneumococcal meningitis cases attrib-
utable toPCV7 serotypes fell to 25%(P,
.01), and the proportion attributable to
the additional 6 pneumococcal sero-
types in PCV13 increased to 36% (P =
.06). During this period, serotypes 7F
(23%), 22F (9%), 19A (7%), and 14 (7%)
were the most common.

Two (14%) children developed PCV7-
serotype pneumococcal meningitis (se-
rotype 19F) despite being completely
immunized with PCV7. Serotypes 7F
(29%) and 19A (21%) were also com-
monly isolated (21%) from immunized
children. Of 28 unimmunized children in
the PCV7 period, the most common
serotypes were also non-PCV7 sero-
types, which included serotypes 7F
(18%) and 22F (11%). Nine unimmunized
children (32%)developedPCV7-serotype
pneumococcal meningitis.

Clinical Outcomes by PCV7 and
Non-PCV7 Serotypes

All children with meningitis were ad-
mitted toPCMC;58 (85%)werecared for
in the ICU, and 32 (47%) required me-
chanical ventilatory support. Nine (13%)
children died. The median hospital
length of stay was 12 days (IQR: 7–19).

To test the hypothesis that the clinical
characteristics of pneumococcal men-
ingitis changed with the change in
serotypes, we compared clinical out-
comes among children with PCV7 and
non-PCV7 serotypemeningitis (Table 3).
The proportion that required mechan-
ical ventilation was higher among
children infected with PCV7 serotypes
(68% vs 34%; P , .01). However, other
clinical outcomes, including the case
fatality rate (16% vs 12%; P = .7), were
similar among children with pneumo-
coccal meningitis caused by PCV7 and
non-PCV7 serotypes. We could not detect
an association between mortality and
individual serotypes (P. .5 for all).

Neurologic Sequelae

Seizures during the acute meningitis
episode occurred among 48 (71%) of
68 children. Data on sequelae were
obtained for 59 (100%) survivors. The
median duration of follow-up was 3.1
years (IQR: 1.3–9.2). A new neurologic
impairment was reported in 37 (63%)
survivors. Developmental delay of any
degree was the most common long-
term sequelae, detected in 43% of
children. New-onset seizure disorders,
defined as the receipt of seizure med-
ications or documented seizures at
$12 months’ postinfection, were di-
agnosed in 19 (32%) of 59 survivors.

TABLE 2 Serotypes Associated With Pediatric Pneumococcal Meningitis in Utah During the Pre-
PCV7 and PCV7 Periods

Serotype Pre-PCV7 Perioda

(n = 22)
PCV7 Period,a

Unimmunized (n = 28)
PCV7 Period,a $1

Dose of PCV7 (n = 16)

PCV7
Any PCV7 serotype 14 (64) 10 (36) 2 (14)
4 0 (0) 1 (4) 0 (0)
6B 1 (5) 1 (4) 0 (0)
9V 0 (0) 0 (0) 0 (0)
14 6 (27) 3 (11) 0 (0)
18 0 (0) 1 (4) 0 (0)
18C 1 (5) 3 (11) 0 (0)
19F 4 (18) 1 (4) 2 (13)
23F 2 (9) 0 (0) 0 (0)

PCV13
Any PCV13 serotype 3 (14) 8 (29) 7 (50)
1 0 (0) 0 (0) 0 (0)
3 0 (0) 2 (7) 0 (0)
5 0 (0) 0 (0) 0 (0)
6A 2 (9) 1 (4) 0 (0)
7F 1 (5) 5 (18) 5 (31)
19A 0 (0) 0 (0) 3 (19)

Non-PCV
Any non-PCV13 serotype 5 (23) 10 (36) 5 (36)
2 1 (5) 0 (0) 0 (0)
6C 0 (0) 1 (4) 0 (0)
8 0 (0) 0 (0) 1 (6)
9N 0 (0) 0 (0) 1 (6)
10 0 (0) 0 (0) 0 (0)
12 1 (5) 0 (0) 0 (0)
15 0 (0) 0 (0) 1 (6)
15A 0 (0) 1 (4) 0 (0)
16 0 (0) 0 (0) 1 (6)
17 0 (0) 1 (4) 0 (0)
20 0 (0) 1 (4) 0 (0)
22F 2 (9) 3 (11) 1 (6)
23B 0 (0) 1 (4) 0 (0)
29, 35, 42 0 (0) 1 (4) 0 (0)
33 0 (0) 0 (0) 1 (6)
NT 1 (5) 1 (4) 0 (0)

Data are presented as n (%).
a Pre-PCV7 period spans 1997 to 2000, and the PCV7 period ranged from 2001 to 2010.
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Sensorineural hearing loss was docu-
mented in 17 children (29%). Eleven
(65%) with hearing loss were fitted
with and use cochlear implants.

The frequencies of individual neuro-
logic sequelae according to age group
are presented in Table 4. Age, gender,
and race were not significantly asso-
ciated with the development of a new
neurologic impairment. However, sen-
sorineural hearing loss was more
common among children aged ,24
months (41% vs 11%; P = .02).

Neurologic sequelae were reported
among 16 (76%) survivors infectedwith
PCV7 serotypes and 20 (56%) children
infectedwithnon-PCV7serotypes (P= .1).
Overall, there was no difference in the
proportion of children who developed
neurologic sequelae according to PCV7
immunization status (P = .7). However,
cortical blindness (P = .07), hemi-
paresis (P = .09), and seizures.1 year
after infection (P = .08) were more of-
ten associated with PCV7 serotypes
(Table 5). Of the 14 unimmunized

children who were eligible for PCV7,
5 had disease due to PCV7 serotypes
and 4 (80%) had neurologic sequelae.

DISCUSSION

Licensure of PCV7 was associated with
a 72% decrease in the incidence of
pneumococcal meningitis attributable
to PCV7 serotypes among children in
Utah. More than one-half (54%) of all
children who developed pneumococ-
cal meningitis in the PCV7 period were
eligible for PCV7 and had not been
immunized. The case fatality rate was
13% among children with pneumo-
coccal meningitis, and 63% of survi-
vors developed a new neurologic
impairment at discharge or follow-up.
Overall severity, morbidity, and mor-
tality during the acute phase were
similar among children with PCV7 and
non-PCV7 serotype meningitis. How-
ever, mechanical ventilation and some
severe neurologic sequelae, including
cortical blindness, hemiparesis, and
continued seizure disorder, were
slightly more common with meningitis
due to PCV7 serotypes, although these
did not reach the level of statistical
significance.

FIGURE 1
Proportion of pneumococcal meningitis cases according to PCV serotype status and time period. Asterisks denote a significant decrease (P, .05) in PCV7
serotype meningitis and a significant increase in PCV13 serotype meningitis.

TABLE 3 Clinical Outcomes of Children With Culture-Confirmed PCV7 and Non-PCV7 Pneumococcal
Meningitis in Utah

Characteristic PCV7 Serotypes Non-PCV7 Serotypes P

PICU admission
All children ,18 y 23/25 (92%) 33/41 (80%) .297
Children ,2 y 15/17 (88%) 22/28 (79%) .690

Mechanical ventilation
All children ,18 y 17/25 (68%) 14/41 (34%) .008
Children ,2 y 11/17 (65%) 11/28 (39%) .098

Death
All children ,18 y 4/25 (16%) 5/41 (12%) .721
Children ,2 y 3/17 (18%) 4/28 (14%) 1.000

Total hospital length of stay, days
All children ,18 y .777
Median 15 12
IQR 10–20 7–18

Children ,2 y .807
Median 12 12.5
IQR 8–18 8.5–18
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Our finding of a decrease in meningitis
due to PCV7 serotypes in all age groups
is in accord with earlier reports from
the 8 sites of the Centers for Disease
Control and Prevention’s Active Bacte-
rial Core surveillance program.8,13,18

Bingen et al19 also reported a 28% de-
cline in the number of children aged 2
to 24 months with pneumococcal
meningitis in France after PCV7 licen-
sure. Similar to our study, the overall
decrease in pneumococcal meningitis
was associated with a modest increase
in the incidence of disease caused by
non-PCV7 serotypes; Bingen et al ob-

served a 68% decrease in PCV7 sero-
type disease and a 16% to 31% increase
in non-PCV7 serotype disease.

More than one-half of the study chil-
dren who were eligible for PCV7 were
unimmunized at the time that they
developed pneumococcal meningitis,
representing a tragic missed opportu-
nity. In the United States, under-
vaccination due to parental choice is an
increasing trend that has been asso-
ciated with adverse health outcomes.20

In a case-control study, Whitney et al21

demonstrated that PCV7 was 96% effec-
tive against pneumococcal meningitis

caused by a vaccine serotype among
healthy children. A recent study found
that children of parents who declined
immunization with PCV7 were 6.5 times
more likely to be hospitalized for in-
vasive pneumococcal disease or lobar
pneumonia, when compared with a co-
hort of immunized age-matched con-
trols.22 When parents have been asked
why they choose not to immunize their
children, many state that their children
are “not at risk for vaccine-preventable
diseases” and that “vaccine-preventable
diseases are not dangerous.”22,23 In
stark contrast, our data show that
pediatric pneumococcal meningitis is
frequently associated with potentially
devastating neurologic sequelae and a
substantial risk of death. The severity of
these outcomes underscores the impor-
tant role that physicians have in helping
to educate parents about the decision
to immunize their children. These
findings also highlight the public health
imperative to foster community-based
advocacy and immunization efforts.

We documented an overall case fatality
rateof13%,which isslightlyhigher than
has been reported elsewhere in the
United States (8%), Europe (8%), and
Australia (9%).24–26 This finding may
be due in part to delayed hospital
presentation because of the large geo-
graphic referral area. PCMC’s catch-
ment area is 400 000 square miles,
and distance may result in delayed
presentation. Our case fatality rate
remained stable over time and did not
significantly change after the intro-
duction and widespread use of PCV7.
The case fatality rate was also similar
among children with PCV7 and non-
PCV7 serotype meningitis. Jansen
et al27 demonstrated that certain
serotypes were independently associ-
ated with increased case fatality rates
among adults in the Netherlands. In
a pediatric population, Rückinger
et al28 reported that serotype 7F in-
fection had the highest case fatality

TABLE 4 Neurologic Sequelae of Culture-Confirmed Pneumococcal Meningitis in Utah Children

Sequelaea ,2 y (n = 39) 2–9 y (n = 11) 10–17 y (n = 9)

Severe developmental delay 18 (46) 4 (36) 1 (13)
Sensorineural hearing loss 15 (38) 2 (18) 0 (0)
Persistent seizures at 1 year 13 (33) 6 (55) 0 (0)
Cochlear implant 9 (23) 2 (18) 0 (0)
Cranial nerve palsy 9 (23) 3 (27) 2 (22)
Hydrocephalus 8 (21) 0 (0) 0 (0)
Quadriplegia 7 (18) 0 (0) 0 (0)
Cortical blindness 6 (15) 1 (9) 0 (0)
Hemiparesis 4 (10) 1 (9) 2 (22)
Ataxia 2 (5) 2 (18) 1 (13)
Hyperactivity 2 (5) 2 (18) 0 (0)
Microcephaly 2 (5) 0 (0) 0 (0)
Any neurologic sequelae, including hearing
loss and/or behavioral impairment

26 (67) 8 (73) 3 (33)

Data are presented as n (%).
a Calculated for survivors only (n = 59).
Neurologic sequelae were diagnosed at discharge and/or follow-up.

TABLE 5 Neurologic Sequelae of Culture-Confirmed Pneumococcal Meningitis in Utah Children
According to PCV7 Serotype Status

Sequelaea PCV7 Serotypes (n = 21)a Non-PCV7 Serotypes (n = 36)a P

Cortical blindness 0 (0) 6 (17) .07
Hydrocephalus 4 (19) 4 (11) .4
Institutionalization 0 (0) 1 (3) .5
Microcephaly 1 (5) 1 (3) .7
Quadriplegia 1 (5) 6 (17) .2
Severe developmental delay 10 (48) 13 (36) .6
Persistent seizures at 1 year 10 (48) 9 (25) .08
Ataxia 3 (14) 2 (6) .3
Sensorineural hearing loss 4 (19) 13 (36) .2
Hemiparesis 5 (24) 2 (6) .05
Hyperactivity 3 (14) 1 (3) .09
Cranial nerve palsy 4 (19) 9 (25) .6
Cochlear implant 2 (10) 9 (25) .2
Any neurologic sequelae, including hearing
loss and/or behavioral impairment

16 (76) 20 (56) .1

Data are presented as n (%).
a Calculated for survivors with serotyping data available (n = 57).
Neurologic sequelae were diagnosed at discharge and/or follow-up.
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rate (15%) and accounted for an in-
creased risk of severe and fatal
outcomes compared with other
S pneumoniae serotypes. Interestingly,
serotype 7F (17% of all isolates) was
the most common serotype causing
pediatric pneumococcal meningitis in
Utah. Nine (90%) of 10 children with
this serotype were admitted to the ICU,
although none died.

We found that two-thirds of children
who survived an episode of pneumo-
coccal meningitis were diagnosed with
a new neurologic impairment at dis-
charge or follow-up. This high pro-
portion of neurologic sequelae among
children is similar to the proportion
of sequelae reported among adults
with pneumococcal meningitis (54%–
75%).29,30 Previous pediatric studies
have reported neurologic sequelae in
20% to 40% of children with bacterial
meningitis.11,25,31 The higher incidence
of neurologic sequelae documented in
this cohort of children may be due to
our ability to capture long-term follow-
up data (median follow-up period: 3.1
years) through the shared electronic
data warehouse of Intermountain
Healthcare, which is used by all con-
sulting pediatric neurologists for these
patients. Developmental delay was
documented in 37% of survivors, per-
sistent seizures in 31%, and hearing
loss in 29%. These data remind us of
the significant human and economic
burden of pneumococcal meningitis.

The current study has several limi-
tations. First, our studywas performed
retrospectively, and the availability of

clinical records may influence our
results. Second, because we captured
only 75% to 85% of Utah pediatric
hospitalizations (although likely a
higher proportion of hospitalizations
for severe illness), our incidence esti-
mates may be conservative. Third,
vaccination records were not complete
for all subjects in the post-PCV7 period,
although 94% of subjects had immuni-
zation records available for review.
Among children with immunization
records available, it is possible that
incomplete records could represent
a potential source of misclassification.
Fourth, 7 older children had premorbid
neurologic conditions such as trau-
matic brain injury (n = 3), ven-
triculoperitoneal shunt (n = 2), or
previous seizure disorder (n = 1),
which complicated analyses of neuro-
logic outcomes. This outcome may also
contribute somewhat to the relatively
higher rates of neurologic sequelae
encountered in our study. Baseline
parameters for hearing loss were in-
frequently obtained before the onset of
meningitis, which may have influenced
the interpretation of audiologic testing
results. However, these are rarely
available in any meningitis study.32 In
addition, this study focused on neuro-
logic sequelae, and other forms of se-
quelae (eg, orthopedic, psychological)
were not captured. Finally, it was not
possible to evaluate potentially impor-
tant risk factors for pneumococcal
meningitis, including household size
and day care attendance.

CONCLUSIONS

Despite these limitations, the current
study allows us to draw several con-
clusions. There was a decrease in the
incidence of PCV7 serotype meningitis
after licensure of the pneumococcal
conjugate vaccine. However, non-PCV7
serotype disease continues to be as-
sociated with substantial mortality as
well as long-termmorbidity. Sixty-three
percent of survivors had neurologic
sequelae. Although there were trends
suggesting decreased severity, the
overall rates of sequelae were similar
among PCV7 and non-PCV7 serotypes.
Tragically, more than one-half of the
children who were eligible for PCV7
were unimmunized at the time that they
developed pneumococcal meningitis.
Given the high rate of death and dis-
ability from pneumococcal meningitis,
strategies to increase immunization
rates and to address immunization
hesitancy are urgently needed. More
than one-third of pneumococcal men-
ingitis cases from 2001 to 2010 were
caused by serotypes contained within
the recently licensed PCV13. Immuni-
zation with PCV13 will likely further
reduce the burden of pediatric menin-
gitis, althoughongoing surveillancewill
be critical to document changes in se-
rotype burden and associated se-
quelae.
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