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Background. National guidelines recommend 10 days of antibiotics for children with community-acquired pneumonia
(CAP), acknowledging that the outcomes of children hospitalized with CAP who receive shorter durations of therapy have not been
evaluated.

Methods. We conducted a comparative effectiveness study of children aged >6 months hospitalized at The Johns Hopkins
Hospital who received short-course (5-7 days) vs prolonged-course (8-14 days) antibiotic therapy for uncomplicated CAP between
2012 and 2018 using an inverse probability of treatment weighted propensity score analysis. Inclusion was limited to children with
clinical and radiographic criteria consistent with CAP, as adjudicated by 2 infectious diseases physicians. Children with tracheosto-
mies; healthcare-associated, hospital-acquired, or ventilator-associated pneumonia; loculated or moderate to large pleural effusion
or pulmonary abscess; intensive care unit stay >48 hours; cystic fibrosis/bronchiectasis; severe immunosuppression; or unusual
pathogens were excluded. The primary outcome was treatment failure, a composite of unanticipated emergency department visits,
outpatient visits, hospital readmissions, or death (all determined to be likely attributable to bacterial pneumonia) within 30 days after

completing antibiotic therapy.
Results.

Four hundred and thirty-nine patients met eligibility criteria; 168 (38%) patients received short-course therapy (me-

dian, 6 days) and 271 (62%) received prolonged-course therapy (median, 10 days). Four percent of children experienced treatment
failure, with no differences observed between patients who received short-course vs prolonged-course antibiotic therapy (odds ratio,

0.48; 95% confidence interval, .18-1.30).
Conclusions.

A short course of antibiotic therapy (approximately 5 days) does not increase the odds of 30-day treatment failure

compared with longer courses for hospitalized children with uncomplicated CAP.
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Community-acquired pneumonia (CAP) is one of the most
common reasons children are hospitalized in the United States
[1]. Children hospitalized for pneumonia receive more days of
antibiotic therapy than those hospitalized for any other condi-
tion [2]. The 2011 Infectious Diseases Society of America (IDSA)
and Pediatric Infectious Diseases Society (PIDS) guidelines
state that “treatment courses of 10 days have been best studied
[for children with pneumonia], although shorter courses may
be just as effective (strong recommendation; moderate-quality
evidence)” [3]. These guidelines also emphasize the importance
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of research to identify the shortest effective duration of therapy
to minimize patient harms, including the development of anti-
biotic resistance and drug-related toxicities.

Multiple randomized, controlled trials have demonstrated
that clinical outcomes with short-course antibiotic therapy
(generally consisting of 5 days) are equivalent to longer courses
for hospitalized adults with CAP [4-10]. Several meta-analyses
have corroborated these findings [11-13]. The abundance of ev-
idence supporting short-course therapy has prompted the IDSA
and American Thoracic Society to recommend 5 days of anti-
biotics for the treatment of adults hospitalized with uncompli-
cated CAP [14].

There are no data available from randomized, controlled
trials or even robust observational studies that evaluate the op-
timal duration of therapy for children hospitalized with CAP in
high-resource settings. Children are generally less likely than
adults to be smokers, diabetic, have chronic obstructive pul-
monary disease, or protracted immobilizing conditions (all of
which may contribute to worse clinical outcomes), making it
reasonable to hypothesize that 5 days of antibiotic therapy may
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also be sufficient for children with uncomplicated CAP [15]. If
shorter courses of therapy are indeed equally effective as pro-
longed courses of therapy for children with CAP, this could
significantly reduce antibiotic use in children across the United
States and the associated downstream consequences of antibi-
otic overuse, including antibiotic resistance, intestinal dysbiosis,
and adverse drug events.

Based on the available published data and clinical experience
in the adult population, local guidelines at the Johns Hopkins
Hospital have recommended 5 days of antibiotics for children
hospitalized with uncomplicated CAP since 2012 [16]. Because
of gradual uptake of these recommendations, variability in pre-
scribing persists, providing a prime population to compare clin-
ical outcomes between short and prolonged treatment durations
for CAP in children. We sought to determine whether hospital-
ized children treated for uncomplicated CAP with short courses
of antibiotics are at an increased risk of treatment failure com-
pared with children who receive longer courses of antibiotics.

METHODS

Design, Setting, and Participants

This was a retrospective cohort study of children hospitalized
with CAP at The Johns Hopkins Hospital from January 2012
through December 2018. Specific International Classification of
Diseases, Ninth Revision and Tenth Revision (ICD-9, ICD-10)
codes were used to identify all children aged >6 months who
may have had CAP. To optimize sensitivity, records were re-
viewed for all children with a pneumonia ICD-9/ICD-10 code
anywhere on the discharge diagnosis code list [17]. Study in-
clusion was then limited to children with the relevant ICD-9/
ICD-10 codes as well as both clinical and radiographic criteria
considered to be consistent with CAP based on the adjudica-
tion of 2 infectious diseases physicians (R. G. S. and P. D. T.).
Diagnostic criteria were similar to those used in prior studies
of pediatric pneumonia [17, 18]. Clinical criteria included the
combination of fever plus at least 1 of the following symptoms:
cough, chest pain, increased work of breathing, or hypoxia.
Reports from relevant imaging were reviewed by R. G. S. and
P. D. T. Radiographic criteria required a radiologist’s interpreta-
tion of chest radiograph or computed tomography scan findings
of an “opacity, density, infiltrate, or consolidation.”

Exclusion criteria included the following features that may
be consistent with more complex illness for which it is un-
clear whether short-course therapy would be appropriate: the
presence of a loculated or moderate to large pleural effusion
or pulmonary abscess; tracheostomy dependence; healthcare-
associated pneumonia, hospital-acquired pneumonia, or
ventilator-associated pneumonia; intensive care unit (ICU) stay
for greater than 48 hours; sickle cell disease (due to the syn-
dromic overlap with acute chest syndrome); cystic fibrosis or
bronchiectasis; severe immunosuppression defined as receipt

of chemotherapy, hematopoietic stem cell transplant, or solid
organ transplant within the last 6 months or current neutro-
penia with absolute neutrophil count <500 cells/mm? receipt
of greater than 48 hours of antipseudomonal beta-lactams,
which may be indicative of other relevant healthcare exposures
or concern for unusual pathogens; or fungal or mycobacterial
pneumonia. Children who received fewer than 5 or more than
14 days of antibiotic therapy were also excluded as these dur-
ations suggested an alternative diagnosis to uncomplicated CAP.

Data Collection

Demographic data, preexisting medical conditions, clinical
signs and symptoms, microbiological data, antibiotic regimens,
and outcomes data were collected for all eligible patients via
medical record review and entered into a secure REDCap da-
tabase. To maximize the comprehensiveness of pre- and post-
discharge clinical data, information was reviewed from the
Epic Care Everywhere Network and the Chesapeake Regional
Information System for Our Patients (CRISP). The Epic Care
Everywhere network includes inpatient and outpatient re-
cords from a large number of healthcare facilities in the United
States. CRISP includes inpatient, outpatient, and emergency
department information for children in the state of Maryland
and the District of Columbia. The Johns Hopkins University
Institutional Review Board approved the study, with a waiver of
informed consent.

Exposures and Outcomes

The primary exposure was duration of antibiotic treatment, di-
chotomized to short-course (5-7 days) and prolonged-course
(8-14 days), with day 1 being the first day antibiotics were ad-
ministered in the hospital for the treatment of CAP. Antibiotic
duration included antibiotics administered in the hospital and
those prescribed after hospital discharge identified through
review of inpatient notes, discharge summaries, discharge in-
structions, and discharge prescriptions. The primary outcome
was treatment failure, a composite of unanticipated outpatient
or emergency department visits not necessitating hospital read-
mission, new hospitalizations, or death occurring within 30 days
after the discontinuation of antibiotic therapy. Categorization as
treatment failure required independent agreement by 2 infec-
tious diseases physicians that the new healthcare encounter was
highly likely to be related to underlying bacterial pneumonia.
Readmissions or outpatient visits not related to pneumonia,
such as for the diagnosis of a new viral illness without prescrip-
tion of antibiotics, were not included. Treatment failures that
occurred prior to the completion of the initial prescribed course
of therapy were also not included because they could not be rea-
sonably attributed to the duration of therapy. For example, if a
child was prescribed 10 days of amoxicillin and required read-
mission on day 3 of therapy, this was not included as the 10 day
course had not yet been completed.
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Statistical Analyses
Because treatment duration was not assigned at random, pro-
pensity scores were assigned. Inverse probability of treatment
weighting (IPTW) was used to account for possible selection
bias regarding the prescribed treatment duration (eg, sicker pa-
tients may have been more likely to receive prolonged courses of
therapy than relatively well-appearing patients). The following
covariates were included in generating the propensity score:
age, gender, race, asthma, hypoxia, bacteremia due to a respi-
ratory bacterial pathogen, positive respiratory viral test, admis-
sion to the ICU, year of admission, and hospitalization longer
than 7 days. Hospitalization of longer than 7 days was used as
a surrogate marker for baseline medical complexity as other-
wise healthy patients would not generally require hospitaliza-
tions longer than 7 days for uncomplicated pneumonia. A new
weighted pseudopopulation was then created in which individ-
uals who received a duration of therapy outside of the anticipated
range based on the propensity score were given an increased
weight (eg, those who received prolonged-course therapy even
though the propensity score suggested a high likelihood of re-
ceiving short-course therapy) and individuals who received the
expected duration of therapy were given a decreased weight.
Baseline data were compared using the Pearson y? test for
categorical variables or the Wilcoxon rank sum test for contin-
uous variables. In the IPTW cohort, odds ratios (ORs) and 95%

confidence intervals (Cls) for the composite outcome of treat-
ment failure were estimated using weighted regression, adjusting
for variables with standardized mean differences greater than
10%, which indicate suboptimal balance between exposed and
unexposed groups for that specific variable. A 2-sided P value
<.05 was considered statistically significant for all tests. Statistical
analysis was completed using Stata version 13.0.

RESULTS

There were 3210 pediatric patients hospitalized with ICD-9/
ICD-10 codes for pneumonia. After manual chart review, 2771
patients were excluded, resulting in 439 patients who met eligi-
bility criteria. Among these, 168 (38%) patients received short-
course and 271 (62%) received prolonged-course antibiotic
therapy (Figure 1). The median duration of therapy was 6 days
(interquartile range [IQR], 5-7) in the short-course group and
10 days (IQR, 9-10) in the prolonged-course group (Figure 2).
At baseline, patients in the short-course group were more likely
to have been admitted to the ICU and to have positive respi-
ratory viral tests (Table 1). They were less likely to have a pro-
longed hospitalization or to be admitted during the earlier years
of the study. Propensity score weighting yielded 2 well-balanced
groups without any residual differences in all measured baseline
characteristics (Figure 3).

3,210 patients 6 months-21 years of age admitted to The
Johns Hopkins Hospital with pneumonia during the study
period identified by ICD-9/10 codes

Exclusions:
Moderate, large, or loculated parapneumonic effusion
Pulmonary abscess
Tracheostomy dependence
Healthcare-associated pneumonia

‘ Manual chart review I

L

‘ 439 patients met eligibility criteria*

|
l I

168 patients received 271 patients received
short-course therapy prolonged-course therapy
(5-7 days) (8-14 days)

‘ Propensity score weighting ‘

167 patients received
short-course therapy
(5-7 days)

270 patients received
prolonged-course therapy
(8-14 days)

Figure 1.

Hospital-acquired pneumonia
Ventilator-associated pneumonia

Intensive care unit admission >2 days

Sickle cell disease

Cystic fibrosis or bronchiectasis

Severe immunosuppression

48 hours of anti-pseudomonal beta-lactams
Fungal or mycobacterial pneumonia

<5 or >14 days of antibiotics for pneumonia

*Eligibility for Community-Acquired Pneumonia:

Fever

AND
At least one of: cough, chest pain, increased work of
breathing, hypoxia

AND
Chest X-ray or CT scan consistent with pneumonia:
“opacity, density, infiltrate, or consolidation”

AND
Receipt of antibiotic therapy for CAP

Design of a study to compare treatment outcomes in hospitalized children receiving short-course vs prolonged-course antibiotic therapy for

uncomplicated CAP. Abbreviations: CAP, community-acquired pneumonia; ICD, International Classification of Diseases, Ninth Revision and Tenth Revision.
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Figure 2. Histogram depicting the duration of antibiotic therapy pre-
scribed for 439 children hospitalized for uncomplicated community-
acquired pneumonia.

The most commonly prescribed antibiotic class on day 1 of
therapy was cephalosporins (n = 236, 54%), followed by penicil-
lins (n = 176, 40%). The most common antibiotic class patients
received to complete their antibiotic course post-discharge was
penicillins (n = 309, 70%).

In the propensity-weighted cohort, 20 children (4%) expe-
rienced treatment failure within 30 days of discontinuing anti-
biotics (Supplementary Table 1). There was no difference in
treatment failure between patients who received short-course
(3%) vs prolonged-course (6%) antibiotic therapy (OR, 0.48;
95% CI, .18-1.30). Three patients (2%) in the short-course
group compared with 8 patients (3%) in the prolonged-course
group experienced an unplanned emergency department or
outpatient visit related to CAP (OR, 0.54; 95% CI, .14-2.07) and
2 patients (2%) and 7 patients (3%) in the short- and prolonged-
course groups, respectively, required hospital readmission for
pneumonia (OR, 0.43; 95% CI, .11-1.74). There were no deaths
in either group within 30 days of discontinuing therapy. We
performed a subgroup analysis excluding all patients with any
positive respiratory viral test and repeated the propensity score
weighting and subsequent analysis. In this subgroup analysis in-
cluding 312 patients, 14 children (4%) experienced treatment
failure. There was no difference in treatment failure between
those receiving short-course and prolonged-course therapy
(OR, 0.45; 95% CI, .05-3.91).

DISCUSSION

In this observational study of hospitalized children with un-
complicated CAP, we found no difference in treatment failure
between children treated with a short course of therapy (median
6 days) compared with longer courses of therapy. Pneumonia-
related revisits and readmissions were rare in our study,
occurring in approximately 4% of patients, and were similar

between patients who received short-course and prolonged-
course therapy. This estimate is similar to those reported in
prior studies of children hospitalized for CAP [19, 20]. To our
knowledge, this is the first study in the United States to inves-
tigate the clinical outcomes for hospitalized children with un-
complicated CAP receiving short-course antibiotic therapy.

Our findings are consistent with the extensive evidence from
adult trials that indicate that short course therapy is safe and
effective for CAP [4-13]. Limited data in children also support
shorter therapy; a randomized, controlled trial that included
140 children showed no difference in outcomes for ambulatory
children in Israel treated with 5 days compared with 10 days
of high-dose amoxicillin [21]. A multicenter, randomized, pla-
cebo controlled clinical trial (SCOUT-CAP) is currently un-
derway to assess outcomes in pediatric outpatients with mild
CAP receiving 5 days vs 10 days of oral beta-lactam therapy
[22]. Both of these studies are limited to otherwise healthy out-
patients; there are no studies evaluating treatment duration for
CAP in hospitalized children in the United States. Although we
did not include ambulatory children with CAP in our study, if
a short course of therapy is reasonable for hospitalized children
with CAP, this duration should also be sufficient for children
with less severe CAP who are treated as outpatients. Trials in
resource-limited settings have suggested that 5 days or fewer of
antibiotics are effective for the treatment of CAP in both inpa-
tient and outpatient settings. However, these studies have used
clinical rather than radiographic definitions of pneumonia,
which have poor specificity, and the results may not be general-
izable to children in developed countries [23-25].

The diagnosis of bacterial CAP is challenging. There is var-
iability in the interpretation of radiographic images, and a
definitive microbiologic diagnosis is rare. Children do not re-
liably produce sputum and blood cultures are only positive in
around 2% of cases of uncomplicated CAP [26-29]. While the
increased use of multiplex respiratory viral panels has increased
the number of children with CAP identified with viruses [18],
in practice, it is often unclear whether clinical and radiographic
changes represent a purely viral pneumonia or a concomitant
or subsequent bacterial process. We elected to include children
with positive respiratory viral tests in our study only if they met
parameters for hospitalization, were febrile, had relevant respi-
ratory symptoms and radiographic findings suggestive of bacte-
rial pneumonia, if the treating clinician diagnosed and treated
bacterial pneumonia, and if 2 infectious diseases physicians in-
dependently agreed that bacterial pneumonia was likely. We be-
lieve that, in clinical practice, children with this constellation of
signs and symptoms would generally be treated with antibiotics
because of the limitations in diagnostics for bacterial CAP. To
assess the possibility that our results could be biased in favor of
shorter courses of therapy due to the inclusion of children with
viral pneumonia who would have improved without antibiotic
therapy, we performed a subgroup analysis limited to patients
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Figure 3. Standardized mean differences in baseline characteristics comparing the full unweighted cohort with the inverse probability of treated weighted

cohort incorporating propensity scores.

with negative respiratory viral tests. Treatment failure occurred
in 4% of children (similar to the larger IPTW cohort) and there
was no difference in treatment failure between those who re-
ceived short- and prolonged-course therapy.

Evidence is mounting across a multitude of bacterial infec-
tions that “less is more” [11, 30, 31]. For pneumonia specifically,
a recent study found that each excess day of antibiotic therapy
was associated with a 5% increase in patient-reported adverse
events [32]. Efforts to reduce potentially unnecessary antibiotic
use in children are often hindered by the lack of high-quality
data supporting any specific therapeutic duration for common
pediatric infections and hesitance to extrapolate data from
adults. Absent evidence in children, guidelines often rely on
historical regimens, such as the current IDSA/PIDS pediatric
CAP guidelines that acknowledge that shorter courses of treat-
ment may be safe for CAP but recommend 10 days of therapy
as the “best-studied” duration. CAP accounts for approximately
2 million outpatient visits and 124 900 hospitalizations for
pneumonia in children every year [1]. Reducing the standard
duration of therapy from 10 days to 5 could therefore reduce
antibiotic exposure in more than 2 million children each year
and prevent a substantial number of adverse events.

Our study has several limitations. First, it is a single-center
study at a tertiary care center limited to 439 children and results
may not be generalizable to other settings. However, we used
stringent clinical and radiographic criteria for CAP. If short-
course therapy was safe and effective for our population, many
of whom are medically complex, there is no reason to suspect it
would be less successful in healthier children. We were unable

to reliably verify the duration of antibiotics administered before
hospitalization, which may have underestimated treatment du-
ration for some children, though in a subgroup of 294 patients
in whom this was assessed the majority (over 70%) had not re-
ceived any antibiotics prior to admission. Rigorous review of
networks of electronic medical records was performed to iden-
tify inpatient, outpatient, and emergency department encounters
both within and outside of the Johns Hopkins Health System.
However, information from some locations is not included in
Epic Care Everywhere or CRISP, for example, records from some
private practice pediatricians and urgent care centers that do not
use the Epic electronic health record system. Consequently, if
patients sought care at these locations, some healthcare visits
would have been missed. Propensity score weighting was per-
formed to account for confounding by indication, which may
have introduced unmeasured bias into the exposure categories
[33]. However, residual confounding may remain as we were
likely unable to account for all possible factors that may influence
the decision to treat with short- or prolonged-course therapy.

Although a multicenter randomized study would provide
the highest-quality evidence to evaluate the optimal duration
of therapy for CAP in children, we believe that the results of
our study, when combined with the abundant randomized,
controlled trial data in adults, suggest that hospitalized children
with uncomplicated CAP can be safely and effectively treated
with approximately 5 days of antibiotics. Because CAP is one of
the most common causes of hospitalization and antibiotic pre-
scription in children, decreasing the duration of therapy could
have an important public health impact.
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Supplementary Data

Supplementary materials are available at Journal of the Pediatric Infectious
Diseases Society online.
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