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A

NTIBIOTICS ARE THE MOST COM-

mon prescription drugs given
to children.1 Although hospitalized children frequently receive antibiotics,2 the vast majority of antibiotic use occurs in the outpatient
setting, roughly 75% of which is for acute
respiratory tract infections (ARTIs).3
Unnecessary prescribing for viral ARTIs is well documented3-8 and has been
declining.7-9 However, inappropriate
prescribing also occurs for bacterial
ARTIs, particularly when broadspectrum antibiotics are used to treat
infections for which narrow-spectrum
antibiotics are indicated and recommended.1,3,6,8,9 The American Academy of Pediatrics (AAP) recommends
penicillin or amoxicillin as first-line
agents for streptococcal pharyngitis,
acute sinusitis, and pneumonia10,11;
however, roughly 50% of children receive broader-spectrum antibiotics for
these common infections.3 Antimicro-

Importance Antimicrobial stewardship programs have been effective for inpatients, often through prescribing audit and feedback. However, most antimicrobial use
occurs in outpatients with acute respiratory tract infections (ARTIs).
Objective To evaluate the effect of an antimicrobial stewardship intervention on antibiotic prescribing for pediatric outpatients.
Design Cluster randomized trial of outpatient antimicrobial stewardship comparing
prescribing between intervention and control practices using a common electronic health
record. After excluding children with chronic medical conditions, antibiotic allergies,
and prior antibiotic use, we estimated prescribing rates for targeted ARTIs standardized for age, sex, race, and insurance from 20 months before the intervention to 12
months afterward (October 2008–June 2011).
Setting and Participants A network of 25 pediatric primary care practices in Pennsylvania and New Jersey; 18 practices (162 clinicians) participated.
Interventions One 1-hour on-site clinician education session ( June 2010) followed
by 1 year of personalized, quarterly audit and feedback of prescribing for bacterial and
viral ARTIs or usual practice.
Main Outcomes and Measures Rates of broad-spectrum (off-guideline) antibiotic prescribing for bacterial ARTIs and antibiotics for viral ARTIs for 1 year after the
intervention.
Results Broad-spectrum antibiotic prescribing decreased from 26.8% to 14.3% (absolute difference, 12.5%) among intervention practices vs from 28.4% to 22.6% (absolute difference, 5.8%) in controls (difference of differences [DOD], 6.7%; P=.01
for differences in trajectories). Off-guideline prescribing for children with pneumonia
decreased from 15.7% to 4.2% among intervention practices compared with 17.1%
to 16.3% in controls (DOD, 10.7%; P⬍.001) and for acute sinusitis from 38.9% to
18.8% in intervention practices and from 40.0% to 33.9% in controls (DOD, 14.0%;
P=.12). Off-guideline prescribing was uncommon at baseline and changed little for
streptococcal pharyngitis (intervention, from 4.4% to 3.4%; control, from 5.6% to
3.5%; DOD, ⫺1.1%; P=.82) and for viral infections (intervention, from 7.9% to 7.7%;
control, from 6.4% to 4.5%; DOD, ⫺1.7%; P=.93).
Conclusions and Relevance In this large pediatric primary care network, clinician
education coupled with audit and feedback, compared with usual practice, improved
adherence to prescribing guidelines for common bacterial ARTIs, and the intervention
did not affect antibiotic prescribing for viral infections. Future studies should examine
the drivers of these effects, as well as the generalizability, sustainability, and clinical
outcomes of outpatient antimicrobial stewardship.
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bial stewardship programs are recommended to optimize antimicrobial use
in hospitalized patients,3-7,12-14 most often via prospective audit and feedback
of antibiotic prescribing. In contrast,
few recommendations for outpatients
are offered, largely because of the paucity of data regarding effective interventions in ambulatory medicine.7,9,12,14
Because most antibiotic prescribing occurs among outpatients, we
attempted to extend antimicrobial
stewardship principles in that setting, focusing on the overuse of offguideline broad-spectrum antibiotics
for common ARTIs. Therefore, we
designed a cluster randomized trial
of clinician education coupled with
audit and feedback of antibiotic prescribing across a large pediatric primary care network.
METHODS
Study Design

We conducted a cluster randomized
trial evaluating an intervention to decrease inappropriate antibiotic prescribing for common ARTIs over time by
primary care pediatricians. The intervention included clinician education
coupled with audit and feedback of antibiotic prescribing to children with
ARTIs. The primary outcomes were (1)
change in broad-spectrum antibiotic
prescribing for acute sinusitis, streptococcal pharyngitis, and pneumonia and
(2) change in antibiotic prescribing for
viral infections. We chose not to target otitis media, given concurrent
implementation of a decision support
tool for otitis media within a subgroup of practices.
Randomization. To ensure a similar
distribution of practice characteristics
between groups, we block-randomized practices (clusters) by location (urban, suburban, rural) and volume (encounters per year); 9 practices were
randomized to the intervention and 9
to control. A representative from each
practice, specifically chosen to speak on
behalf of the group, consented to the
study before treatment allocation and
had no contact with the project statistician (A.R.L.), who performed the ran2346

domization, at any time. It was not possible for either the investigators or the
primary care sites to be blinded to the
intervention. Individual primary care
practices were followed up over time,
and all clinicians and patients in each
enrolled practice were included in the
intervention and control groups. The
design was repeated cross-sectional because individual patients were not followed up over time and the observations used for analyses came from
different sets of patients over time. Although the unit of observation was the
clinician, we randomized at the practice level to avoid intrapractice contamination of the intervention.
Intervention. The intervention, spanning June 2010 through June 2011, included (1) a 1-hour clinician education session delivered on site by a
physician member of the study team
who is board-certified in pediatric infectious diseases (J.G.) to outline study
goals, provide updates regarding current prescribing guidelines for common ARTIs (available as links to PDFs
in the electronic health record; see eAppendix for education content summaries/guidelines; available at http://www
.jama.com), and present practicespecific baseline antibiotic prescribing
data regarding these guidelines and (2)
personalized audit and feedback of
guideline-based antibiotic prescribing
rates for the individual, the individual’s practice, and the network of enrolled practices for viral infections,
sinusitis, group A streptococcal pharyngitis, and pneumonia delivered every 4 months (see eFigure 1 for an example feedback report). Feedback
reports were personalized, private, and
delivered via secure office e-mail accounts and interoffice mail. A timeline
of the intervention and data collection
is outlined in eFigure 2. Clinicians from
control practices did not receive the education or prescribing feedback; however, all practices were aware of their participation in a study during which
prescribing patterns would be tracked.
We included (and provided feedback to)
clinicians who were practice members
at the start of the intervention only.
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Study Setting

The study was conducted within a hospital-affiliated network of 29 pediatric
primary care sites. Because 2 clinician
groups each served 3 distinct geographic locations (the remaining 23
practice groups served patients at 1 site
only), there were effectively 25 distinct
clinician practice groups (FIGURE 1).
These included 5 primary academic (ie,
student/resident training sites) and 20
community-based practices, most of
which were formerly private groups that
were acquired and integrated into the
network. These practices served children of diverse racial and socioeconomic backgrounds within urban, suburban, and rural settings across
southeastern Pennsylvania and southern New Jersey.
Data Collection

The Children’s Hospital of Philadelphia Committee for the Protection of
Human Subjects approved the study.
Data were obtained from an electronic
health record (EHR) (EpicCare, Epic
Systems Inc), used exclusively by all
practice sites for charting and medication prescribing for all office and telephone encounters. Patient-level data included age, sex, race, insurance type,
and antibiotic allergies. Visit-level data
included practice site, calendar month
of encounter, encounter type (office,
telephone, emergency department),
purpose (preventive, nonpreventive),
clinician type (physician, nurse practitioner, trainee), all International Classification of Diseases, Ninth Revision
(ICD-9) codes associated with the encounter and on the “problem list,”
streptococcal testing results (rapid and
culture), and all prescriptions generated during the encounter.
Antibiotic receipt was defined as a
prescription for an oral antibacterial
agent associated with an office visit.
Amoxicillin-clavulanate, second- and
third-generation cephalosporins, and
azithromycin (except for treatment of
pneumonia) were considered broadspectrum based on AAP prescribing
guidelines for ARTIs; penicillin or
amoxicillin are first-line recom-
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mended antibiotic therapy for acute sinusitis, streptococcal pharyngitis, and
pneumonia.10,11 Case definitions for viral ARTIs included encounters with an
ICD-9 code for a viral infection in the
absence of an additional code for a bacterial infection or a positive group A
streptococcal test result (eTable 1). Bacterial ARTIs required (1) an ICD-9 code
for acute sinusitis, streptococcal pharyngitis, or pneumonia; (2) an associated antibiotic prescription (because the
focus was on choice of antibiotics given
the intention to treat a bacterial ARTI);
and (3) for streptococcal pharyngitis,
a positive rapid (uniformly available at
point of care across practices) or culture-positive laboratory test result.
Validation of Case Definitions

Case definitions were validated through
iterative, manual chart review of fields
collected electronically. We also examined free text (eg, physical examination, assessment/plan) in 100 randomly selected charts per bacterial
diagnosis and in 200 charts for nonbacterial diagnoses. Data were collected from each practice from October 2008 through June 2011—20
months prior to and 12 months after the
start of the intervention.
Statistical Analysis

We developed statistical models for a repeated cross-sectional design in which
clinics and clinicians were followed up
over time, and we collected data on individual encounters. We grouped visits by
month(from⫺20to⫹12).Usingapiecewise generalized linear model with a knot
at month 0, the start of the intervention,15
we modeled the trajectory of the log odds
of prescribing before and after the intervention between treatment and control
practices.Inthisvisit-levelmodel,westandardized for patient-level covariates, including age category (⬍1, 1-5, 6-10, or
⬎10 years), sex, race, and insurance type
(MedicaidornotMedicaid).Forallanalyses, we excluded (1) preventive encounters, (2) ARTI encounters with an additional bacterial infection (eTable 2), (3)
encounters with children with complex chronic conditions,16 and (4) en-

Figure 1. Selection and Randomization of Practice Groups
25 Clinician practice groups
assessed for eligibility
7 Practices excluded
5 Academic practices
2 Refused participation

18 Practices (170 clinicians)
randomized

9 Practices (84 clinicians) randomized
to receive intervention
9 Received intervention as assigned

9 Practices (86 clinicians) randomized to
receive no intervention (control condition)
9 Received no intervention as assigned

9 Practices (81 clinicians) included
in analysis a

9 Practices (81 clinicians) included
in analysis a

a Three clinicians in the intervention group and 5 in the control group did not attend acute-care encounters

during the study period.

counters with children with allergy to antibiotics or children who received an
antibiotic prescription within the prior
3 months. These prespecified exclusion
criteria were chosen to best select a cohort of previously healthy children with
new-onset ARTIs for which narrowspectrum antibiotics were indicated.
Using this model, the betweengroup estimate of interest was the treatment ⫻ time interaction term, which
represented the relative changes in trajectories of prescribing before and during the intervention between the 2
groups of practices. Comparison of trajectories of prescribing, rather than
merely levels before and after the intervention, necessarily adjusted for the possibility that prescribing behavior was
changing prior to and therefore without the benefit of the intervention. As
these observations were necessarily clustered within primary care sites, and as
both the levels and trajectories of prescribing varied across sites, all models calculated robust variances (and confidence intervals) using the sandwich
estimator.15 Alternative approaches, most
notably generalized linear mixedeffects models, would not converge to
solutions.
For each analysis, we estimated the
predictive margins17 to generate 66 (33
months ⫻ 2 treatments) standardized
probabilities of prescribing for each combination of treatment group and month.
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These standardized probabilities used the
same regression models that adjusted for
possible differences in patient characteristics across primary care site and over
time. To confirm results from the conventional statistical methods, we implemented bootstrap resampling to estimate 95% confidence bounds using 399
replicates by resampling practice sites
with replacement within treatment
strata.18 This resampling method preserves the correlation structure of the
cluster randomized design. The 10th and
390th ordered values for standardized
probabilities for each month and treatment group represented the middle 95%
confidence bounds. Bootstrap-based P
values confirmed those arising from robust variance estimates. Power calculations, performed at the cluster level with
conservative estimates for the number of
usable months prior to intervention and
accounting for correlated observations
within practices over time, suggested adequate power (⬎90%) to detect 10%
point improvement in prescribing from
the intervention; smaller differences in
prescribing might be statistically significant but clinically unimportant.
Additionally, we report the results of
an alternative analysis of model-based
pre-post comparisons (without accounting for prescribing trajectories)
along with raw numbers of prescriptions and visits over the 2 periods
(eTable 3). Within-group changes of
JAMA, June 12, 2013—Vol 309, No. 22 2347
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point estimates of antibiotic prescribing (time 0 and 12 months after intervention) between intervention and
control groups were also computed.
P values correspond to the primary analytic strategy accounting for the changes
in trajectories within and between
groups (outlined above).
All analyses were performed using
Stata software, version 12.1 (Stata Corp),
by means of the “logit” and “bootstrap”
programs. Custom programs written in
Stata produced the standardized probabilities according the definitions outlined by Korn and Graubard.17 P values
reflect 2-sided tests and P⬍.05 was considered statistically significant.

RESULTS
Of the network’s 25 pediatric primary
care practice groups, the 5 primary
academic sites (ie, those dedicated to
resident and student training) were
excluded prior to randomization
because (1) it would be infeasible to
perform the intervention among the
large and transient number of trainees
and (2) baseline analyses revealed
relatively low rates of off-guideline
antibiotic prescribing patterns at these
sites. Of the 20 eligible practice
groups, 18 agreed to participate; 9
practice groups were randomized to
the intervention group and 9 to the
control group (Figure 1).

Overall, there were 1 291 824 office
visits by 185 212 unique patients to 162
clinicians at 18 practices during the 32month study period (October 2008
through June 2011). As shown in the
TABLE, there was a good balance of
practice location, patient volume, and
number of practitioners between intervention and control practices. Practices randomized to the control group
served more black children than those
randomized to the intervention, but all
results are standardized for patient characteristics.
Among children who were prescribed antibiotics for any indication,
the overall proportion of antibiotic

Table. Characteristics of Practices Participating in the Cluster Randomized Intervention, and the Clinicians and Patients Associated With the
Encounters Used in the Study
Control Practices
(n = 9)
Characteristics
Practice-level covariates: all office visits
Region, No.
Near city
West suburbs
New Jersey suburbs
⬎30 miles
Annual practice volume, median
(range)
Office visits, No. c
Acute care visits, No. (%)
With CCC, No. (%)
Study-level 32-month summary
statistics (CCC excluded) d
Acute care visits, No.
Clinicians, No. e
Clinicians per practice,
median (range)

Preintervention a

Patient-level covariates by encounter,
including only acute care visits
without CCC
Age, median (IQR), y
Female, No. (%)
Black , No. (%)
Medicaid, No. (%)
Prior antibiotics, No. (%)
Allergy, No. (%)
Sinusitis, No. (%)
Strep throat, No. (%)
Pneumonia, No. (%)

3
2
2
2
13 572
(9284-25 500)
390 173
252 576 (65)
20 902 (8.3)

Postintervention b

Intervention Practices
(n = 9)
Preintervention a

Postintervention b

Total

252 061
156 493 (62)
13 266 (8.5)

2
3
2
2
13 557
(7482-19 562)
396 074
268 835 (68)
22 497 (8.4)

253 516
163 982 (65)
13 889 (8.5)

231 674
77
8 (6-14)

143 227
79
8 (6-15)

246 338
75
7 (5-15)

150 093
75
7 (4-14)

771 332
162
8 (6-17)

4 (1-9)
192 389 (49)
67 213 (17)
67 433 (17)
61 414 (26.5)
31 037 (13.4)
7665 (3.3)
5281 (2.3)
1883 (0.8)

4 (1-9)
193 948 (49)
44 257 (18)
50 632 (20)
37 357 (26.2)
17 897 (12.5)
4110 (2.9)
3765 (2.6)
850 (0.6)

4 (1-10)
123 361 (49)
20 358 (5)
45 502 (11)
67 197 (27.3)
34 229 (13.9)
7022 (2.9)
6245 (2.5)
2116 (0.9)

5 (1-10)
124 247 (49)
13 100 (5)
35 882 (14)
40 883 (27.2)
19 452 (13.0)
3877 (2.6)
4625 (3.1)
807 (0.5)

5 (1-10)
633 945 (49)
144 928 (11)
199 449 (15)
206 851 (26.8)
102 615 (13.3)
2674 (2.9)
19 916 (2.6)
5656 (0.7)

1 291 824
841 886 (65)
70 554 (8.4)

Abbreviations: CCC, complex chronic conditions17; IQR, interquartile range.
a Preintervention period of 20 months.
b Postintervention period of 13 months.
c Office visits per practice per year.
d Acute care visits without CCC are the basis for the analyses reported in text and figures.
e Clinicians associated with acute care visits during the preintervention and postintervention periods. Clinicians could be counted more than once if they switched practices (which rarely
occurred). Some physicians did not see patients in both the preintervention and postintervention periods. The total of 162 represents the number of different physicians who participated in care at least once during the study.
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Figure 2. Standardized Rates of Broad-Spectrum Antibiotic Prescribing at Acute Care Office
Visits Over Time
70

Standardized Rate of Prescribing, %

prescriptions that were broadspectrum decreased from 26.8% to
14.3% (absolute difference, 12.5%) in
the intervention group and from
28.4% to 22.6% (absolute difference,
5.8%) in control practices (difference
of differences [DOD], 6.7%) during
the 12 months following initiation of
education/audit and feedback, excluding encounters with children with
recent prior antibiotic use, chronic
medical conditions, or antibiotic allergies and adjusting for age, sex, and
insurance type (FIGURE 2). This difference between groups was significant when considering the relative
changes in trajectories of broadspectrum prescribing before and during the intervention between the 2
groups of practices (P = .01).
When stratifying by the individual
bacterial ARTIs targeted by the intervention, broad-spectrum (offguideline) antibiotic prescribing for
pneumonia decreased from 15.7% to
4.2% in the intervention group and
from 17.1% to 16.3% in the control
group (DOD, 10.7%; P ⬍ .001 for
trajectories) (F IGURE 3A). Broadspectrum prescribing for acute sinusitis decreased from 38.9% to 18.8% in
the intervention group and from 40.0%
to 33.9% in the control practices
(DOD, 14.0%; P= .12 for trajectories)
(Figure 3B). Broad-spectrum prescribing for streptococcal pharyngitis started
and remained low for both the intervention group (from 4.4% to 3.4%) and
the control group (from 5.6% to 3.5%)
(DOD, ⫺1.1%; P= .82 for trajectories)
(Figure 3C).
The baseline rate of any antibiotic
prescribing for viral infections was low
and did not change significantly after
the intervention in either the intervention group (from 7.9% to 7.7%) or
the control group (from 6.4% to 4.5%)
(DOD, ⫺1.7%; P = .93 for trajectories).
An alternative pre-post analysis
confirmed these results using comparable models standardized for
patient-level characteristics and
adjusted for the cluster randomized
design (eTable 3).

P = .01
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The estimate of interest (and associated P value) is the treatment ⫻ time interaction term, representing the
relative changes in trajectories before and during the intervention. Error bars indicate 95% CIs.

DISCUSSION
An outpatient antimicrobial stewardship intervention, consisting of clinician education coupled with personalized audit and feedback of antibiotic
prescribing, significantly reduced offguideline antibiotic use. This intervention nearly halved prescribing
of broad-spectrum antibiotics to
children during acute primary care
encounters and decreased use of offguideline antibiotics for children with
pneumonia by 75% by 1 year after the
intervention. Focusing on the overuse
of broad-spectrum antibiotics for
ARTIs for which narrow-spectrum
agents are recommended allowed us
to target high-frequency conditions
with clear guidelines and adapt antimicrobial stewardship principles to
the ambulatory setting.
This intervention focused on acute
sinusitis, streptococcal pharyngitis,
and pneumonia because (1) they are
among the most frequent indications
for antibiotic use in children; (2)
clear, evidence-based, AAP-endorsed
prescribing guidelines exist; and (3)
previous studies have documented
overprescribing of broad-spectrum
antibiotics for these conditions.3,6,9,14
We chose not to target otitis media,
given the concurrent implementation
of a decision support tool for otitis
media within a subgroup of prac-
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tices. Although the clinician education sessions also discussed the ineffectiveness of antibiotic prescribing
for viral infections, prescribing for
viral infections was extremely low at
baseline and did not change over the
study period. The reasons for this are
likely multifactorial but might be
partially driven by the EHR association of antibiotic orders with
encounter diagnosis codes—a disincentive to link antibiotic prescriptions to viral diagnoses—as well as
the documented national trend in
reduced prescribing for these conditions.7,9,14
A variety of strategies have attempted to improve antibiotic prescribing in primary care 19-23 using
generally time- and labor-intensive
multipronged approaches. For
example, a prior large, cluster randomized pediatric study bundled clinician education, guidelines, and
limited prescribing feedback.20 This
intervention differed with ours in its
low clinician attendance at educational sessions, use of populationlevel data, and inability to audit and
provide feedback of clinician-specific
prescribing rates. Leveraging a comprehensive, shared electronic health
record, our intervention supplied
clinician-specific data including all
encounters for the conditions tarJAMA, June 12, 2013—Vol 309, No. 22 2349
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geted, generating personalized audit
and feedback with peer benchmarking. Furthermore, the exclusion in
the feedback reports of encounters

by children with antibiotic allergies,
chronic medical conditions, and
prior antibiotic use—clinical scenarios that might warrant broad-

Figure 3. Standardized Rates of Broad-Spectrum Antibiotic Prescribing at Acute Care Office
Visits by Specific Acute Respiratory Tract Infection
A Pneumonia

Standardized Rate of Prescribing, %
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The estimate of interest (and associated P value) is the treatment ⫻ time interaction term, representing the
relative changes in trajectories before and during the intervention. Error bars indicate 95% CIs. Y-axis in blue
indicates range 0% to 30%.
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spectrum antibiotic use—might have
increased clinician confidence in the
validity of the data. These details
were communicated in education
sessions attended by the vast majority of clinicians. This custom intervention is more akin to hospitalbased antimicrobial stewardship
programs, which often center on
audit and feedback of clinicianspecific prescribing based on specific
guidelines.
Antimicrobial stewardship programs are recommended for hospitals
and have been shown to reduce antimicrobial use, improve patient outcomes, and reduce health care costs
for both adults and children. 12,24-26
Our findings suggest that extending
antimicrobial stewardship to the
ambulatory setting, where such programs have generally not been implemented, may have important health
benefits. Recently published guidelines endorsed by the Infectious Diseases Society of America, the Society
for Healthcare Epidemiology of
America, and the Pediatric Infectious
Diseases Society acknowledge the
importance of improving outpatient
antibiotic use but do not offer specific
recommendations to curb use in these
settings because of the lack of data to
guide such efforts. 12 Because most
antibiotic use occurs in outpatients, it
is essential to apply stewardship principles to ambulatory medicine to
maximize the population benefits of
more judicious antibiotic use, including reduced antibiotic resistance pressure and unnecessary adverse drug
effects and health care costs.
Our study had several limitations.
First, the intervention was performed
within a hospital-affiliated network of
primary care pediatric practices using
a shared electronic health record.
Although this might limit generalizability, the practices enrolled served a
diverse patient mix across urban, suburban, and rural settings, and the
generic data elements used for audit
and feedback should be common to
all electronic health records—both for
pediatric and adult patient care—
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which are now increasingly common
in outpatient practices. Additionally,
the automated feedback of our intervention required relatively few
resources compared with more traditional hospital-based stewardship programs, which often rely on a team of
clinical pharmacists and infectious
diseases clinicians performing realtime interventions. Second, our data
cannot isolate which element(s) (education, feedback, or simply visiting
the practice) drove the reduction in
prescribing. Furthermore, the trend in
decreased broad-spectrum prescribing
in control practices might have
occurred due to contamination of the
intervention across practice sites (ie,
recognition of our auditing of antibiotic use). Third, because the cluster
randomized study design lumps clinicians by practice (and was powered as
such), we could not identify heterogeneity of treatment effect among individual clinicians. Fourth, we have not
examined whether outcomes of infections were different between intervention and control groups; surveillance
for those outcomes was beyond the
scope of this intervention. Although it
is possible that children receiving
broad-spectrum antibiotics for ARTIs
had better clinical outcomes than
those receiving narrow-spectrum
agents, this is unlikely given results of
clinical trials that support current
treatment guidelines. Fourth, we have
not measured the sustainability of the
effect, having observed antibiotic prescribing for only 12 months; it is
unclear whether continued audit and
feedback are necessary to sustain
improvements in prescribing.
In conclusion, through clinician
education coupled with audit and
feedback of prescribing, we were able
to significantly improve antibiotic
use for children with bacterial ARTIs.
This targeted application of antimicrobial stewardship principles to the
ambulatory setting has the potential
to affect the most common indications for antibiotic use. Future studies should examine the key drivers of
these effects on antibiotic prescribing

and the generalizability of findings to
other health systems and measure
the sustainability and clinical outcomes associated with differential
prescribing patterns.
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The world is always ready to receive talent with open
arms. Very often it does not know what to do with
genius. Talent is a docile creature. It bows its head
meekly while the world slips the collar over it. . . . It
draws its load cheerfully, and is patient of the bit and
of the whip. But genius is always impatient of its harness; its wild blood makes it hard to train.
—Oliver Wendell Holmes (1809-1894)
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