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WHAT’S KNOWN ON THIS SUBJECT: Broad-spectrum antibiotics
are frequently used to empirically treat children hospitalized with
community-acquired pneumonia despite recent national
recommendations to use narrow-spectrum antibiotics.

WHAT THIS STUDY ADDS: Narrow-spectrum antibiotics are
similar to broad-spectrum antibiotics for the treatment of
children hospitalized with community-acquired pneumonia in
terms of clinical outcomes and resource utilization. This study
provides scientific evidence to support national consensus

BACKGROUND AND OBJECTIVE: Narrow-spectrum antibiotics are
recommended as the first-line agent for children hospitalized with
community-acquired pneumonia (CAP). There is little scientific evidence
to support that this consensus-based recommendation is as effective as
the more commonly used broad-spectrum antibiotics. The objective was
to compare the effectiveness of empiric treatment with narrow-
spectrum therapy versus broad-spectrum therapy for children hospital-
ized with uncomplicated CAP.

METHODS: This multicenter retrospective cohort study using medical
records included children aged 2 months to 18 years at 4 children’s
hospitals in 2010 with a discharge diagnosis of CAP. Patients receiving
either narrow-spectrum or broad-spectrum therapy in the first 2 days of
hospitalization were eligible. Patients were matched by using propensity
scores that determined each patient’s likelihood of receiving empiric
narrow or broad coverage. A multivariate logistic regression analysis
evaluated the relationship between antibiotic and hospital length of stay
(LOS), 7-day readmission, standardized daily costs, duration of fever, and
duration of supplemental oxygen.

RESULTS: Among 492 patients, 52% were empirically treated with a narrow-
spectrum agent and 48% with a broad-spectrum agent. In the adjusted
analysis, the narrow-spectrum group had a 10-hour shorter LOS (P = .04).
There was no significant difference in duration of oxygen, duration of fever,
or readmission. When modeled for LOS, there was no difference in average
daily standardized cost (P = 62) or average daily standardized pharmacy
cost (P = 26).

CONCLUSIONS: Compared with broad-spectrum agents, narrow-spectrum
antibiotic coverage is associated with similar outcomes. Our findings sup-
port national consensus recommendations for the use of narrow-spectrum
antibiotics in children hospitalized with CAP. Pediatrics 2014;133:623—e29
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Community-acquired pneumonia (CAP)
is a common and serious cause of
hospitalization in children, accounting
for >150000 hospitalizations each
year in the United States.! CAP ranks
second in standardized cumulative
cost for the most common inpatient
pediatric diagnoses.2 Although Strep-
tococcus pneumoniae remains the
most likely bacterial cause of CAP,
in the clinical setting it is uncommon
to identify a specific pathogen. Un-
certainty about the causative bac-
terium and its antimicrobial
susceptibility pattern contributes to
the use of empiric broad-spectrum
antibiotics such as third-generation
cephalosporing .34

In 2011, the Pediatric Infectious Dis-
eases Society (PIDS) and the Infectious
Diseases Society of America (IDSA)
published a guideline for the treat-
ment of children with CAP> The
guideline was created to reduce un-
warranted variation in the treatment
of children with CAP and to improve
their clinical outcomes. The PIDS/IDSA
guideline recommended the empiric
use of narrow-spectrum coverage
with ampicillin or penicillin G for chil-
dren hospitalized with uncomplicated
CAP. Although some studies suggest
that penicillins are as effective as
broad-spectrum antibiotics for em-
piric treatment of CAP due to S pneu-
moniae, few studies have directly
compared the 2 regimens.48-8 Evi-
dence showing the effectiveness of
narrow-spectrum antibiotic therapy
has the potential to improve adher-
ence to the national guideline and
minimize the development of bacterial
resistance. The objective of this study
was to compare the effectiveness
of empiric therapy with narrow-
spectrum antibiotics with empiric
therapy with broad-spectrum anti-
biotics in children hospitalized with
uncomplicated CAP.
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METHODS

Study Design, Data Source, and
Study Population

This multicenter retrospective study was
nested within a cohort of patients from
a study to validate International Classi-
fication of Diseases, Ninth Revision,
Clinical Modification, diagnostic codes
for CAP® We used the Pediatric Health
Information System (PHIS; Children’s
Hospital Association, Overland Park, KS)
to identify children discharged with
a diagnosis of CAP from 4 freestanding
children’s hospitals (Monroe Carell
Jr Children’s Hospital at Vanderbilt,
Nashville, TN; Children’s Mercy Hospitals
and Clinics, Kansas City, MO; Seattle
Children’s Hospital, Seattle, WA; and
Cincinnati Children’s Hospital Medical
Center, Gincinnati, OH). The institutional
review board at each hospital approved
the study.

Children who were 60 days to 18 years
of age with a discharge diagnosis of
pneumonia at a participating hospital
between January 1,2010, and December
31, 2010, were eligible for inclusion. A
random subset of discharges was se-
lected for medical record reviewtoverify
the diagnosis of CAP as previously de-
scribed (n = 785) 2 The medical records
of children meeting the following defi-
nition of CAP were then reviewed to
obtain data on presenting signs and
symptoms, results of laboratory and
radiologic studies, and hospital course:
(1) provider diagnosis of pneumonia
within the first 48 hours of hospitaliza-
tion (mention of suspected CAP along
with consistent management strategy),
(2) fever within first 48 hours of ad-
mission or abnormal white blood cell
(WBG) count, (3) evidence of respiratory
illness (eg, cough or increased work of
breathing), and (4) chest radiograph
indicating pneumonia (eg, infiltrate or
consolidation).

Children with chronic conditions pre-
disposing to severe, recurrent, or

health care—associated pneumonia
were excluded with the use of a
previously described classification
scheme'0 (Fig 1). We excluded children
with complicated pneumonia (n = 113)
and children who required intensive
care within 2 calendar days of hospi-
talization (n = 70) because broad
antimicrobial coverage is usually in-
dicated in this population. Complicated
pneumonia was defined as an imaging
study indicating moderate to large
pleural effusion, lung abscess or ne-
crosis, or bronchopleural fistula or if
there was a billing code for a pleural
fluid drainage procedure."" We also
excluded patients who received staph-
ylococcal coverage (n = 34), macrolide
monotherapy (n = 33), or antibiotics
not typically used to treat CAP (eg,
carbapenem, nitrofurantoin, and gen-
tamicin) (n = 5). Finally, we excluded
children if they did not receive antibi-
otic therapy within the first 2 days of
hospitalization or who received only 1
day of antibiotic therapy (n = 38).

Measured Outcomes

Main outcomes included hospital
length of stay (LOS) measured in hours,
readmission within 7 days of index
hospitalization, durations of fever and
supplemental oxygen use, and daily
standardized pharmacy and overall
cost. Duration of fever was defined as
the time in hours from emergency de-
partment arrival to the time of last
recorded fever. For patients receiving
supplemental oxygen, the duration of
supplemental oxygen was defined as
the time in hours from emergency de-
partment arrival to the time oxygen
was permanently discontinued. To use
hospital costs as a marker of resource
utilization, we used a previously de-
scribed method to standardize the cost
of individual items to remove the high
interhospital variation in item costs.2
We modeled cost outcomes by mean
LOS because room charges are a major



Provider Diagnosis of CAP
N=1785

Complicated Pneumonia
n=113

Uncomplicated CAP
n=672

ICU Admission on Day 0 or Day 1

Non-ICU Patients, Uncomplicated CAP
n =602

n=70

None, Insufficient, or Inappropriate CAP
Therapy
n=43

Macrolide Monotherapy Only

Study Patients
N =492

n=33

Anti-staphylococcal Therapy
n=34

Narrow Group
n =256

Amoxicillin
Ampicillin
Penicillin
Amoxicillin/clavulonic
acid
+/-

Broad Group?®
n=236

Second- and third-generation cephalosporins
only Fluoroquinolones

Macrolide

Macrolide

FIGURE 1

Consort diagram indicating identification of study population and reasons for exclusion.
#Fluoroquinolone exposure, n = 12; second- and third-generation cephalosporins only, n = 224.

driver of cost. Because more patients
in the broad-spectrum group also re-
ceived macrolide therapy, which could
potentially drive pharmacy costs, we
performed a sensitivity analysis that
excluded patients in each group re-
ceiving macrolide therapy.

Measured Exposures

The main exposure of interest was initial
antibiotic therapy, which included anti-
biotics administered before arrival to
the hospital and antibiotics adminis-
tered within the first 2 days of hospi-
talization. A minimum of 2 days of
antibiotictherapy was required for study
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inclusion. We determined exposure
to antibiotics before hospital arrival
by medical record review and included
antibiotics administered by any route.
Antibiotics administered during the first
2 days of hospitalization were collected
from the PHIS database. Prehospital
antibiotics could account for no more
than 1 day out of the 2 minimum days
of therapy. All antibiotic exposure was
classified as narrow or broad. We
defined narrow-spectrum therapy
as use of ampicillin, penicillin, or
amoxicillin/clavulanic acid, with or
without macrolide therapy. We defined
broad-spectrum therapy as use of a
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second- or third-generation cephalo-
sporin or fluoroquinolone, with or
without macrolide therapy.

Covariates

Patient demographic characteristics
were obtained from the PHIS database.
A concomitant diagnosis of asthma was
determined from the International
Classification of Diseases, Ninth Re-
vision, Clinical Modification, discharge
codes for asthma or reactive airway
disease. A concomitant diagnosis of
bronchiolitis or viral infection was de-
termined from either a discharge di-
agnosis code for bronchiolitis or viral
lower respiratory infection or a positive
test for a respiratory virus. Blood cul-
ture testing was determined from the
PHIS database and culture results from
chart review. Fever was defined as a tem-
perature =38°C within first 48 hours of
admission. Tachypnea was defined as
a respiratory rate =90th percentile for
age.”? An abnormal WBC count was de-
fined as <<5000 or >15000 cells per mL.

Analysis

Apropensity score was used to account
for potential confounding by observed
baseline covariates. We constructed
propensity scores by using multivari-
able logistic regression to assess the
likelihood of exposure to narrow-
spectrum therapy because physicians
may be less likely to prescribe narrow-
spectrum antibiotics for patients who
are more ill-appearing or who have
persistent symptoms after taking out-
patient antibiotics. Variables used to
develop the propensity score included
age, gender, race/ethnicity, payor, con-
current diagnosis of asthma or reactive
airway disease, clinical characteristics
upon presentation (eg, fever and
tachypnea), exposure to previous anti-
biotic therapy, atypical antibiotic ther-
apy, diagnosis of viral lower respiratory
tract infection, admission to the ICU
after the second day of hospitalization
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(n = 3), blood culture testing, positive
blood culture result, abnormal WBC
count, and baseline hospital-level
cephalosporin use. Certain variables
such as tachycardia, hypotension, and
mental status change at the time of
admission were not included because
these events were not frequent enough
in the 2 exposure groups to achieve
convergence of the logistic regression
for the propensity score. The model’s
calculated C statistic was 0.70, in-
dicating that the model provided a bet-
ter estimate than expected by chance
alone (ie, if the C statistic was equal
to 0.5) but remained in a range in-
dicating that there was overlapping
propensity score distributions between
the treatment groups.’s Narrow- and

TABLE 1 Patient Characteristics

broad-spectrum recipients were matched
on propensity score with the use of
nearest-neighbor matching with a caliper
set at one-quarter of the SD of the logit of
the propensity scores.'

Because LOS, duration of fever, and
duration of oxygen were not normally
distributed, we log-transformed the
data before modeling. We used linear
mixed models with the hospital as
a random effect and back-transformed
the results onto the original scale. The
analyses also accounted for the clus-
tering of patients within hospital. All
analyses were performed with SAS
version 9.2 (SAS Institute, Cary, NC), and
P values <<0.05 were considered sta-
tistically significant.

RESULTS

A total of 492 patients with CAP were
included in the study: 256 (52%) re-
ceived a narrow-spectrum antibiotic
and 236 (48%) received a broad-
spectrum antibiotic (Table 1). Before
matching, there were no differences
between the 2 groups in age, gender,
race, insurance type, asthma, reactive
airway disease, or viral lower re-
spiratory tract infection. However,
patients in the narrow-spectrum anti-
biotic group were more likely to be 60
days to 2 years of age (44.1% vs 39.8%;
P = .02) or have an abnormal WBC
(41.0% vs 31.4%; P=.03). Patients in the
broad-spectrum antibiotic group were
more likely to receive antibiotics be-
fore hospital arrival (30.5% vs 18.4%;

Total Population

Matched Cohort

Total Population Narrow-Spectrum Broad-Spectrum P Cohort Narrow-Spectrum Broad-Spectrum P
(N = 492) (n = 256) (n = 236) Population
Age
60 days to 2 years 207 (42.1) 113 (44.1) 94 (39.8) 02 184 (42.8) 94 (43.7) 90 (41.9) 16
2—12 years 275 (55.9) 142 (55.5) 133 (56.4) 239 (55.6) 120 (55.8) 119 (55.3)
12—18 years 10 (2.0) 1(0.4) 9 (3.8) 7(1.6) 1(0.5) 6 (2.8)
Male 268 (54.5) 141 (55.1) 127 (53.8) 78 234 (54.4) 117 (54.4) 117 (54.4) 95
Race/ethnicity
Non-Hispanic white 269 (54.7) 144 (56.3) 125 (53.0) 37 227 (52.8) 117 (54.4) 110 (51.2) 81
Non-Hispanic black 80 (16.3) 44 (17.2) 36 (15.3) 71 (16.5) 36 (16.7) 35 (16.3)
Hispanic 53 (10.8) 23 (9.0) 30 (12.7) 49 (11.4) 23 (10.7) 26 (12.1)
Asian 15 (3.0) 5 (2.0 10 (4.2) 14 (3.3) 5 (2.3) 9 (4.2)
Other 75 (15.2) 40 (15.6) 35 (14.8)
Clinical characteristics
Fever >38°C 220 (44.7) 107 (41.8) 113 (47.9) 18 194 (45.1) 96 (44.7) 98 (45.6) 85
Tachypnea 108 (22.0) 59 (23.0) 49 (20.8) 54 3 (21.6) 47 (21.9) 46 (21.4) 9
Tachycardia® 4(0.8) 1(04) 3(1.3) 28 3(0.7) 1(0.5) 2(0.9) 56
Abnormal WBC 179 (36.4) 105 (41.0) 74 (31.4) .03 145 (33.7) 74 (34.4) 71 (33.0) .76
Hypotension® 4(0.8) 1(0.4) 3(1.3) 28 4(0.9) 1(0.5) 3 (1.4) 32
Altered mental status® 9(1.8) 6 (2.3) 3 (1.3) .38 9(2.1) 6 (2.8) 3 (1.4) 31
Government insurance 259 (52.6) 132 (51.6) 127 (53.8) 82 235 (54.7) 117 (54.4) 118 (54.9) 92
Antibiotic therapy before 119 (24.2) 47 (18.4) 72 (30.5) .002 109 (25.3) 47 (21.9) 62 (28.8) .10
admission
Macrolide empiric antibiotic 87 (17.7) 26 (10.2) 61 (25.8) .001 70 (16.3) 26 (12.1) 44 (20.5) 02
therapy
Diagnosis of asthma or 153 (31.1) 89 (34.8) 64 (27.1) 07 125 (29.1) 64 (29.8) 61 (28.4) 75
reactive airway disease®
Diagnosis of bronchiolitis 130 (26.4) 70 (27.3) 60 (25.4) 63 118 (27.4) 62 (28.8) 56 (26.0) .52
viral infection®
Blood culture obtained 253 (51.4) 113 (44.2) 140 (59.3) .001 234 (54.4) 113 (52.6) 121 (56.3) 44
Positive blood culture 14 (2.8) 3(12) 11 (4.7) 02 11(2.6) 3(14) 8 (3.7) 13

Data are presented as n (%).

a Not frequent enough to include in the propensity score.

b Includes International Classification of Diseases code 493.

¢ Includes International Classification of Diseases, Ninth Revision, codes for viral pneumonia (480) or acute bronchiolitis (466.19) or a positive test for a viral pathogen.
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P =.002), receive macrolide antibiotics
(25.8% vs 10.2%; P=.001), have a blood
culture drawn (59.3% vs 44.2%; P =
.001), or have a positive blood culture
result (4.7%vs 1.2%; P=.02). There was
significant variation in initial therapy
choice across hospitals; the rate of
narrow-spectrum use ranged from
18.6% to 88.3% (P << .001).

In the unadjusted analysis, LOS was
significantly shorter in the narrow-
spectrum group (43 hours; 95% confi-
dence interval [Cl]: 28—62.5) compared
with the broad-spectrum group (49
hours; 95% Cl: 39—76) (Supplemental
Table 3). The finding of a shorter LOS
persisted in the adjusted analysis
using propensity scores: the narrow-
spectrum group had a 10-hour shorter
LOS (P = .04). However, there was no
significant difference in duration of ox-
ygen, duration of fever, or readmission
rate within 7 days (Table 2).

In the standardized cost analysis, the
unadjusted cost was higher in the
broad-spectrum group ($4704 vs $3933;
P = .04). However, in the adjusted
analysis modeled for LOS, there was no
difference in average daily standard-
ized cost (P = .62) or average daily
standardized pharmacy cost (P = .26)
(Table 2). In the subanalysis excluding
patients who received macrolide ther-
apy, there was still no difference in
daily charges in the terms of average
daily standardized cost (P = .48) or

TABLE 2 Adjusted Outcomes

average daily standardized pharmacy
cost (P = .32).

DISCUSSION

We compared empiric narrow-spectrum
therapy to broad-spectrum therapy
for children hospitalized with un-
complicated CAP during the era of
conjugate pneumococcal vaccination.
In this multicenter study, we found that
the narrow-spectrum therapy was not
inferior to broad-spectrum antibiotics
in all measured outcomes including
LOS, duration of oxygen, duration of
fever, daily standardized pharmacy and
overall costs, or readmission rates
within 7 days. The results of this study
support the recently published PIDS/
IDSA guideline, which recommends
the empiric use of aminopenicillins in
CAP of hospitalized pediatric patients.

Inour study, only 33% of all patients with
CAP receivedthe recommendedtherapy
with a narrow-spectrum penicillin or
aminopenicillin. Broad-spectrum cepha-
losporing were the most commonly
prescribed antibiotics, but they were
used with substantial variability across
the 4 participating hospitals. These
findings are consistent with previous
studies and indicate that physicians
and some hospitals have yet to reliably
change their practice. In 1 multicenter
study of CAP, rates of ampicillin use at
tertiary care children’s hospitals were
as low as 5.5%."5 In another multicenter

Narrow-Spectrum Broad-Spectrum P
(n = 256) (n = 236)

LOS, h 43 (39-46) 52.3 (48-57) 04
Duration of supplemental oxygen, h 15.6 (12-20) 21.8 (17-29) 18
Duration of fever, h 6.5 (5-9) 9.1 (7-12) 23
Standardized cost per day, $ 2209 (2088—-2338) 2160 (2042—-2286) .62
Standardized pharmacy cost per day, $ 170 (153-188) 188 (170-208) .26
Readmission within 7 days® Reference 5.1 (0.3-83.6) 25

Data are least-squares means (95% Cl) unless otherwise indicated and were adjusted for age, gender, race, government
insurance, concurrent diagnosis of asthma or reactive airway disease, previous antibiotic therapy, atypical antibiotic
therapy, presence of effusion on chest radiograph, diagnosis of viral lower respiratory tract infection, admission to the
ICU, blood culture utilization, presence of a positive blood culture, baseline hospital rates for cephalosporin use, tachypnea,

fever, and abnormal WBC.

a Data are adjusted odds ratios (95% Cl) for broad-spectrum/penicillin therapy.
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study, Ambroggio et al* reported use of
broad-spectrum therapy in up to 93%
of children hospitalized for CAP across
33 children’s hospitals. Even among
pediatric infectious disease physi-
cians, there is considerable variation
in empiric prescribing patterns, with
only 21% recommending ampicillin or
ampicillin/sulbactam alone for un-
complicated CAP.'8 Adherence to rec-
ommended empiric antibiotics should
be closely monitored as an indicator of
quality and implementation efforts
sought at local and national levels, es-
pecially with this new evidence to
support recent PIDS/IDSA recom-
mendations.

We found that narrow-spectrum pen-
icillins were not inferior to broad-spectrum
antibiotics across 4 freestanding
children’s hospitals. Few studies have
directly compared empiric antibiotics
with patient outcomes and cost, espe-
cially across multiple settings. In 1
multicenter study, Ambroggio et al*
compared B-lactam monotherapy to
B-lactam plus macrolide. In the sub-
analysis of patients receiving B-lactam
monotherapy, 12% of the total cohort
received an aminopenicillin with the
remainder receiving a second- or third-
generation cephalosporin. Readmission
rates were not statistically different
between the 2 groups. A single-center
study by Newman et al® also demon-
strated similar outcomes between
patients treated with aminopenicillins
and ceftriaxone. Treatment failures
were infrequent and not statistically
different between the 2 groups.

Although the PIDS/IDSA CAP guideline
noted that the cost of ampicillin and
penicillin is less than that of other
broad-spectrum agents, the utilization
of hospital resources and overall costs
of administration may be greater due
to differences in dosing.>'” However,
when we analyzed standardized phar-
macy charges, accounting for the im-
pact of LOS, we found no significant
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difference between the 2 groups. This
finding reveals that narrow-spectrum
antibiotics are not only as clinically
effective as broader coverage but, for
the 4 hospitals in this study, they are
also similar in cost.

There exist many reasons to preferen-
tially use penicillins as first-line antibi-
otic therapy for CAP. First, penicillins
provide appropriate coverage for the
most prominent pathogen, S pneumo-
niae>'8 Second, treatment of patients
with  non—central nervous system
penicillin-resistant pneumococcal in-
fections with penicillins has not been
associated with treatment failures.
These findings are consistent with
in vitro data demonstrating bactericidal
activity of penicillins at relatively low
concentrations relative to the minimum
inhibitory concentrations of pneumo-
coccus.'¥20 As a consequence, different
breakpoints are used to determine pneu-
mococcal susceptibility for infections
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