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Effect of pneumococcal vaccine on 
pneumococcal bacteremia in 

febrile infants

Fever is one of the most common com-
plaints of children younger than 3 years
of age presenting to the emergency
department (ED). The appropriate evalu-
ation and management of these children
has been evolving secondary to research
advances and the implementation of
vaccinations. 

After the introduction of the vaccine
against Haemophilus influenzae type B,
there was still approximately a 2% inci-
dence of occult bacteremia in the non-
toxic-appearing, febrile child, with
more than 90% of the bacterial isolates
identified as Streptococcus pneumoniae
[1,2]. The current American College of
Emergency Physicians clinical policy
states, “Once the pneumococcal vaccine
becomes broadly included within pedi-
atric practice, future studies will be nec-
essary to determine whether empiric
antibiotic treatment of children sus-
pected of harboring occult bacteremia is
warranted” [2]. A heptavalent pneumo-
coccal vaccine has recently become
available and is widely used. This study
was designed to determine the inci-
dence of positive blood cultures in
febrile infants and children younger
than 36 months after the initiation of
routine pneumococcal vaccination [3].

This study is a nonconcurrent pro-
spective observation cohort using stand-
ardized medical record review to gather
data from all febrile children presenting
to the ED at a tertiary care military hos-
pital. Patients under 36 months of age
with a temperature greater than 100.4°F
in the ED or reported from home were
included. Data were abstracted from
chart review for patient age, temperature
and whether blood cultures were
obtained in the ED. Heptavalent pneu-
mococcal vaccination status and blood
culture results were obtained from an
independent review of the computerized
medical record to limit subjective bias. 

There were a total of 3562 patient vis-
its reviewed, with a total of 1383 being
eligible for study inclusion. The only
exclusion criteria were for those children
whose immunization status could not be
determined, or those children who did
not have blood cultures drawn during
their ED visit. 

Study patients were divided into two
groups, those without heptavalent
pneumococcal vaccination and those
who had received at least one dose of
vaccine. There were 833 patients who
had received at least one dose of the vac-
cine, and 550 patients who had not been
vaccinated. A positive blood culture was
determined to be in one of three catego-
ries: Pneumococcus, other pathogen, and
probable contaminant. 

Positive blood cultures were found in
4.2% of the children in the study
(58/1383). There were 17 positive blood
cultures in the immunized group, which
included no Pneumococcus, two other

Evaluation of: Carstairs KL, Tanen DA, 
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pathogens (Enterococcus) and 15 probable
contaminants. There were 41 positive blood
cultures in the nonimmunized group, which
included 13 Pneumococcus, no other patho-
gens and 28 probable contaminants.

As with any study, there were limitations
to this review. This study does provide
some evidence that febrile children who
have received at least one dose of the hepta-
valent pneumococcal vaccine may be pro-
tected from pneumococcal bacteremia.

This study had a strong advantage of
being performed at the time of the
introduction of the vaccine, so that
there were large comparable groups of
infants who had not received the vaccine
to be used as a control. 

The rate of pneumococcal positive
blood cultures in the nonimmunized
group was 2.4%, compared with 0% in
the group that had received at least one
vaccination. The suggestion offered by
this study is that the vaccination is pro-
tective against invasive pneumococcal
disease, and this may change the
approach to the evaluation of the well-
appearing febrile child aged 3–36 months
presenting to the ED. 
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Clinical and laboratory predictors of 
occult pneumonia

Fever is one of the most common chief
complaints for children presenting to
the ED. Among these patients, there
will be a subset of well-appearing,
febrile children who have an underlying
serious bacterial infection. The inability
to reliably identify these children
through the bedside clinical examina-
tion alone has led to empiric testing
and treatment practices. 

The diagnosis of pneumonia remains
challenging. There is not at present a
reliable prediction rule to identify those
children presenting to the ED without
respiratory findings with the diagnosis of
clinically occult pneumonia. Many stud-
ies have shown that empiric chest radio-
graphs (CXR) are not indicated in the
routine evaluation of the febrile infant
less than 3 months of age without leuko-
cytosis or respiratory symptoms [1,2].
There are limited data regarding the use
of the CXR in the evaluation of the
older infant (greater than 3 months of
age) with fever. 

In the past, the presence of leuko-
cytosis has been used as a guide to iden-
tify children who have a higher incidence
of occult pneumonia [2]. However, the
introduction of the pneumococcal vac-
cine is changing the evaluation of the
febrile infant, and physicians may be
obtaining fewer white blood cell counts
in the evaluation of these patients. The
pneumococcal vaccine is also effective in
reducing the risk of pneumococcal
pneumonia in vaccinated infants [3].

This study sought to investigate the
prevalence of occult pneumonia in the
post-pneumococcal vaccine era and to
identify variables in the history and phys-
ical examination that predict the presence
of occult pneumonia [4].

This study was a retrospective cross-
sectional study conducted over the
course of a calendar year at a pediatric
medical center. All patients aged 10 years
or less who presented with a fever at the
time of evaluation or within the preced-
ing 24 h and had a CXR obtained in the
ED were reviewed. 

Pertinent history and physical exami-
nation findings were abstracted from the
physician documentation, and patients
were classified into one of two groups:
those with ‘signs of pneumonia’ and

those with ‘no signs of pneumonia’ (no
visual signs of respiratory distress, no
tachypnea, no hypoxia and no lower-
respiratory-tract findings on physical
examination). The CXR results were
based on an attending radiologist’s inter-
pretation, and were divided into three
groups: positive, negative or equivocal.
The CXRs in the equivocal category
were excluded from analysis. Statistical
comparison of the patients with positive
versus negative CXR within the ‘no
signs of pneumonia’ subgroup was per-
formed to identify predictors of occult
pneumonia.

There were 2128 eligible patients who
presented during the study period. Of
these, 1084 were in the ‘no signs of
pneumonia’ group, and 5.3% (95% CI:
4.0–6.8%) had positive CXRs and were
classified as having occult pneumonia.
There was a 12.6% (95% CI:
10.7–14.8%) prevalence of positive
CXRs in the ‘signs of pneumonia’ group.
Analysis performed of the ‘no signs of
pneumonia’ group demonstrated that
the individuals with occult pneumonia
were significantly older in age (3.14 vs
2.50 years; p = 0.05) and had a higher
white blood cell count (21.5 vs 14.6;
p < 0.01). 

Evaluation of: Murphy CG, van de 
Pol AC, Harper MB, Bachur RG: Clinical 
predictors of occult pneumonia in the 
febrile child. Acad. Emerg. Med. 14(3), 
243–249 (2007).
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Historical variables were further exam-
ined within the ‘no signs of pneumonia’
group, and either positive (occult pneu-
monia) or negative CXRs. The presence of
cough (95.7 vs 77.3%; p < 0.01) and a
duration of cough of more than 10 days
(27.3 vs 12.1%; p = 0.03) were found to
be statistically significant. Duration of
fever for more than 3 days reached statisti-
cal significance (41.7 vs 25.8%; p = 0.03)
for association with occult pneumonia,
although there was no significant differ-
ence in the magnitude of the fever. 

In this study, the prevalence of occult
pneumonia was 5.3%, with the presence
of cough found to be a significant indica-
tor of a positive CXR. The rate of occult
pneumonia in patients with a tempera-
ture of 39°C or higher and a white blood
cell count of 20,000/mm3 or more was
found to be 14.2% in this study, an
observation that is decreased from the

26% demonstrated in studies from the
pre-pneumococcal vaccine era [2].

Although there appears to be a decrease
in the overall incidence of occult pneu-
monia since the introduction of the pneu-
mococcal vaccine, occult pneumonia
remains prevalent to a degree that radio-
graphic pneumonia can be identified in a
subset of febrile children, regardless of the
presence of lower respiratory symptoms.
These occult pneumonias appear to be
common in children with prolonged fever
and cough, as well as those with a docu-
mented leukocytosis. In the absence of
cough or leukocytosis, an empiric CXR in
patients without respiratory signs likely
has limited diagnostic value.
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When is a shunt series necessary?

Ventricular shunt placement is one of the
most common neurosurgical inter-
ventions for the treatment of hydro-
cephalus. A malfunction of the ventricular
shunt is one of the most common clinical
problems encountered in pediatric neuro-
surgery [1]. The malfunction of the shunt
can result in increased hydrocephalus,
clinical symptoms, or both. Patients with
a malfunctioning ventricular shunt will
often present to the ED with complaints
that may include headache, nausea, vom-
iting, drowsiness, altered mental status,
bulging fontanelle, or other signs of
increased intracranial pressure [2]. There is
a high morbidity and mortality associated
with shunt malfunction. Therefore, the
identification of these patients in the set-
ting of common pediatric illness is of
high importance.

The standard ED evaluation of possi-
ble shunt malfunction includes a head
CT study to evaluate ventricular size, as
well as a shunt series (plain radiographs
of the skull, neck, chest and abdomen)
to assess the shunt line for mechanical
kinks, breaks or disconnections of the
shunt tubing. 

This study sought to evaluate whether
the shunt series was necessary, or
whether the cranial CT scan alone was
adequate to predict the presence of
shunt malfunction [3].

The study involved a retrospective
chart review conducted on all patients
younger than 18 years of age with a ven-
tricular shunt who presented to an urban,
tertiary pediatric ED during the study
period. If the patient had signs or symp-
toms suggestive of possible shunt mal-
function they were enrolled in the study.
A standardized questionnaire was used to
abstract data from patient charts. The
results of radiographic studies, either
shunt series or CT, were classified as
either normal or abnormal based on the

attending radiologist’s interpretation. A
shunt malfunction was defined as a
requirement for shunt revision within
1 week of evaluation. An abnormal radio-
graphic study alone was not sufficient for
the diagnosis of malfunction to be made.

During the study, there were 461 eval-
uations for shunt malfunction in
291 children. There were 360 shunt
series obtained and 410 CT scans. Those
children presenting with headache were
more likely to have a CT scan, while
those presenting with a history of seizure
or closed head injury were less likely to
have radiographic studies ordered. The
incidence of abnormal studies was 5.6%
for the shunt series and 19.4% for the
CT scan. The only significant demo-
graphic characteristic was that children
with an abnormal shunt series tended to
be older than their counterparts with
normal shunt radiographs (163.2
months vs 83.8 months; p < 0.001). 

A total of 71 patients (15.4%) were
ultimately diagnosed with shunt mal-
function and underwent surgical repair.

Evaluation of: Pitetti R: Emergency 
department evaluation of ventricular 
shunt malfunction: is the shunt series 
really necessary? Ped. Emerg. Care 
23(3), 137–141 (2007).
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These patients were more likely to be
older and have a history of vomiting or
headache, whereas patients presenting
with fever or seizure were less likely to
have shunt malfunction. There were
22 patients with shunt malfunction who
had a normal CT scan and six of them
had an abnormal shunt series. There
were 14 patients with a shunt malfunc-
tion who had both a normal CT scan
and a normal shunt series.

This study demonstrated that a shunt
series and a head CT should both be nec-
essary components of the evaluation of
any child with suspected shunt malfunc-
tion, although this observation is limited
by a small dataset with six patients
requiring revision based on the shunt
series results, despite a negative cranial
CT scan. The study also suggests that
radiographic testing alone can not be
relied upon to diagnose shunt malfunc-
tion. Those patients presenting with
headache or vomiting were more likely
to have shunt malfunction as opposed to
those presenting with fever or seizure in
their presenting symptoms. In the con-
text of normal radiographic imaging in a
patient with clinical signs and symptoms

of shunt malfunction, neurosurgical
consultation should be obtained. 
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Risk stratification of children with cerebrospinal 
fluid pleocytosis 

Most children with cerebrospinal fluid
(CSF) pleocytosis are admitted to the
hospital and placed on broad-spectrum
antibiotics, awaiting negative cultures
after 2–3 days of incubation to exclude
bacterial meningitis. This practice pat-
tern exists despite the fact that the
majority of these children have aseptic,
rather than bacterial, meningitis [1]. The
use of a highly accurate decision-support
tool that could allow reliable identifica-
tion of children with a near-zero risk of
bacterial meningitis by ED clinical and
laboratory parameters might enable cli-
nicians to avoid unnecessary hospital
admissions and prolonged antibiotic use
in these children. 

Previously, the Bacterial Meningitis
Score had been developed as a clinical
decision tool to identify patients at very
low risk of bacterial meningitis. This tool
has shown that a patient was at very low
risk of bacterial meningitis if they lacked

all of the following criteria: positive CSF
Gram stain, CSF absolute neutrophil
count (ANC) of 1000 cells/µl or more,
CSF protein level of 80 mg/dl or greater,
peripheral blood ANC of 10,000 cells/µl
or more, and a history of seizure before or
at the time of presentation. The Bacterial
Meningitis Score had a negative predic-
tive value of 100% (95% CI: 97–100%)
and a sensitivity of 100% (95% CI:
91–100%) for the identification of bacte-
rial meningitis patients (presence of ≥1
prediction rule risk factor) in the initial
validation set [2]. 

Clinical decisions tools should be
externally validated using a different
patient population and clinical setting
before widespread use, as they are often
less accurate in a different setting from
where they were derived [3]. Since the
derivation and validation of the Bacte-
rial Meningitis Score, there has been
widespread use of the heptavalent pneu-
mococcal vaccine in children. This
study was designed to externally validate
the Bacterial Meningitis Score in the
post-pneumococcal vaccine era [4].

This was a retrospective chart review
study using a network of 20 academic
centers as part of the Pediatric Emer-
gency Medicine Collaborative Research

Committee of the American Academy
of Pediatrics. The medical records of all
patients aged 29 days to 19 years who
received a diagnosis of meningitis at
each of the participating sites during
the study period were reviewed. Only
those patients who had a lumbar punc-
ture in the ED were included in the
analysis (n = 4369). Children with CSF
pleocytosis (CSF white blood cells ≥10
cells/µl, corrected for the presence of
CSF red blood cells using a 1:500 ratio
of leukocytes to erythrocytes) or a posi-
tive CSF culture for a bacterial patho-
gen were included in the study. Patients
who required admission to the hospital
regardless of the risk of bacterial menin-
gitis were excluded, as were those
patients who had received antibiotics in
the 72 h prior to their lumbar punc-
ture. Patients were defined as having
bacterial meningitis or aseptic meningi-
tis. The performance of the Bacterial
Meningitis Score was then evaluated
and an attempt was made to refine the
Bacterial Meningitis Score. 

After the exclusion criteria were
applied, 3295 patients with CSF pleo-
cytosis remained, of which 121 (3.7%;
95% CI: 3.1–4.4%) had bacterial
meningitis and 3174 (96.3%; 95% CI:

Evaluation of: Nigrovic LE, 
Kuppermann N, Macias CG et al.: 
Clinical prediction rule for identifying 
children with cerebrospinal fluid 
pleocytosis at very low risk of bacterial 
meningitis. JAMA 297(1), 52–60 
(2007).
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95.5–96.9%) had aseptic meningitis. The
Bacterial Meningitis Score was applied to
2903 (88%) of the study patients, and the
frequency of bacterial meningitis increased
with the greater number of additional
Bacterial Meningitis Score risk factors. In
those patients with no Bacterial Meningi-
tis Score risk factors, the rate of bacterial
meningitis was 0.1%, and in those
patients with four or more risk factors, the
rate of bacterial meningitis was 95%. 

In the 1714 patients who were ‘very low
risk’, as categorized by the Bacterial Men-
ingitis Score, two (0.1%) had bacterial
meningitis and 1712 (99.8%) had aseptic
meningitis (negative predictive value:
99.9%; 95% CI: 99.6–100%). In the
1189 patients who were not ‘very low risk’
as categorized by the Bacterial Meningitis
Score, 119 (10%) had bacterial meningitis
and 1070 (90%) had aseptic meningitis.
The sensitivity for bacterial meningitis was
98.3% (95% CI: 94.2–99.8%) and the
specificity was 61.5% (95% CI:
59.7–63.3%). The Bacterial Meningitis
Score failed to identify two patients with
bacterial meningitis; both were infants
between 1 and 2 months of age with
Escherichia coli meningitis and urinary
tract infections with negative urinalysis at
the time of presentation.

An attempt was made to refine the
Bacterial Meningitis Score to a simpler
model that only relied upon three varia-
bles. However, this revision misclassified
an additional patient with meningitis.
The authors surmised that the original
variables of the Bacterial Meningitis Score
are easily applied and objectively measur-
able. When this rule was applied to chil-
dren over 2 months of age, the sensitivity
of the Bacterial Meningitis Score was
100% (95% CI: 96.9–100%) with a spe-
cificity of 63.5% (95% CI: 61.4–65.6%)
and a negative predictive value of 100%
(95% CI: 99.8–100%).

In conjunction with a careful clinical
assessment, the Bacterial Meningitis
Score can serve as an assistive clinical pre-
diction rule to help guide clinical deci-
sion making. In children aged over
2 months with a Bacterial Meningitis
Score of zero, the clinician could con-
sider the options of admission for obser-
vation without antibiotics, or, if adequate
follow-up is available, outpatient man-
agement. Due to the devastating conse-
quences of the failure to identify a
bacterial meningitis patient, administra-
tion of a long-acting parental antibiotic
should be strongly considered if a patient
is to be discharged from the ED. 
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Oral ondansetron for pediatric vomiting

Gastroenteritis remains a common ill-
ness among infants and children, with
significant morbidity and mortality [1].
The recommendation for the manage-
ment of mild-to-moderate dehydration
in children is oral rehydration therapy
[1]; however, oral rehydration therapy
remains widely underutilized. 

One of the rate-limiting steps to oral
rehydration therapy is vomiting. Many
clinicians in the ED are more likely to
choose intravenous over oral rehydration
when vomiting is a major presenting
symptom [2]. 

In a previous study, Ramsook et al.
evaluated the effect of oral ondansetron
administered every 8 h for 2 days versus
placebo in pediatric ED patients with
vomiting due to gastroenteritis [3].
Although these investigators found a
decrease in the rate of vomiting associ-
ated with the use of odansetron, the
patients in the ondansetron group had
significantly more diarrhea in the 48 h
following discharge than those patients
receiving placebo. The study by Freed-
man et al. was conducted to determine if
a single dose of orally disintegrating
ondansetron tablet given in the ED to
patients with vomiting and dehydration
could control vomiting with minimal
side effects [4].

This was a prospective, double blind,
randomized comparison of ondansetron
and placebo in vomiting children aged

6 months to 10 years. Children with at
least one episode of nonbloody, nonbil-
ious vomiting, at least one episode of
diarrhea, and mild-to-moderate dehy-
dration were considered eligible for
inclusion in the study. 

Patients in the study were randomly
assigned to receive a single weight-based
dose of ondansetron or placebo. A total
of 15 min after medicine administra-
tion, a 1-h period of oral rehydration
therapy was initiated. After the oral
rehydration therapy period, the treating
physician resumed management and was
responsible for the disposition of the
patient. Follow-up phone calls deter-
mined whether the patients had
returned to an ED, had received intrave-
nous fluids or required hospital admis-
sion. Statistical analysis of all data was
performed.

Evaluation of: Freedman SB, Adler M, 
Seshadri R, Powell EC: Oral 
ondansetron for gastroenteritis in a 
pediatric emergency department. 
N. Engl. J. Med. 354(16), 1698–1705 
(2006).
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Data were collected and analyzed for
214 patients, 107 in each of the ondanset-
ron and placebo groups. The amount of
vomiting during the oral rehydration
therapy period was significantly decreased
in the ondansetron group, 14 versus 35%
(p < 0.001). This finding remained signif-
icant after adjusting for the type of physi-
cian providing care (relative risk: 0.40;
95% CI: 0.26–0.61). 

The number of episodes of vomiting
was also reduced in the ondansetron
group when compared with those receiv-
ing placebo (0.18 vs 0.65; p < 0.001). A
total of 15 children in the ondansetron
group went on to receive intravenous
hydration (14 vs 31%; p = 0.003) and,
overall, the children in the ondansetron
group received a smaller volume of intra-
venous fluid and had a shorter stay in the
ED. Admission rates were similar between
the two groups. At follow-up, children
who received ondansetron had more epi-
sodes of diarrhea (1.4 vs 0.5; p < 0.001),
but there were no additional adverse
events identified. 

The investigators concluded that a
single dose of orally disintegrating
ondansetron was well tolerated, and
resulted in a reduction in vomiting epi-
sodes. Treatment with ondansetron also
reduced the number of children who
were administered intravenous fluids in
this study. The number needed to treat
with ondansetron to reduce vomiting
was five (95% CI: 3.2–10.6), and to
prevent intravenous hydration was six
(95% CI: 3.6–17.0). 

Other anti-emetics have been used in
the treatment of pediatric gastroenteritis.
However, these agents are not well stud-
ied and have a higher rate of adverse
effects. Ondansetron is easy to adminis-
ter in the orally dissolving tablet form,
and has minimal side effects. The use of
orally disintegrating ondansetron tablets
may be a useful therapy in the ED man-
agement of children with vomiting and
mild-to-moderate dehydration as a result
of acute, uncomplicated gastroenteritis.
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