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ABSTRACT

Introduction: National guidelines published in
2011 recommend amoxicillin as first-line treat-
ment for non-hospitalized children with com-
munity-acquired pneumonia (CAP). We aimed
to understand visit rates, antibiotic selection,
and factors associated with amoxicillin pre-
scribing for children with CAP since guideline
publication.
Methods: We performed a cross-sectional ret-
rospective study of patients aged
90 days–18 years with an outpatient clinic or
emergency department (ED) visit from 2008 to
2015 using the National Ambulatory Medical
Care Survey and the National Hospital Ambu-
latory Medical Care Survey ED data files,
respectively. We estimated the incidence rates
of ambulatory CAP visits, examined time trends

in antibiotics prescribed at CAP visits, and
determined factors independently associated
with first-line guideline-recommended antibi-
otic prescribing using multivariable logistic
regression, including patient age, setting, and
US census region.
Results: From 2008 to 2015, there were an
estimated 1.5 million [95% confidence interval
(CI) 1.3–1.7 million] pediatric CAP visits annu-
ally. Amoxicillin was prescribed in 23% (95% CI
18–30%), azithromycin was prescribed in 47%
(95% CI 41–54%), and cephalosporins were
prescribed in 26% (95% CI 21–31%) of antibi-
otic visits for CAP. There were no significant
differences in annual CAP visits or prescribing
by antibiotic class since guideline publication.
Amoxicillin prescribing was significantly less
likely in visits by older children, aged 5–-
18 years, [adjusted odds ratio (aOR) 0.22, 95%
CI 0.10–0.49] compared to visits by younger
children aged 90 days–4 years with CAP. Com-
pared with the Northeast, amoxicillin prescrib-
ing was significantly lower in the Midwest (aOR
0.35, 95% CI 0.13–0.98) and South (aOR 0.23,
95% CI 0.08–0.63). Azithromycin prescribing
was significantly more likely in visits to EDs
(aOR 1.46, 95% CI 1.07–1.98) compared to
physician offices.
Conclusion: Despite national guideline recom-
mendations, amoxicillin prescribing for CAP in
outpatient settings is low and azithromycin
remains the predominant antibiotic prescribed,
highlighting the need for dedicated antibiotic
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stewardship efforts in ambulatory settings.Key-
words: Antibiotic; Antibiotic stewardship; Azi-
thromycin; Community acquired pneumonia;
Guideline; Pediatrics

Key Summary Points

Why carry out this study?

National guideline recommendations
published in 2011 recommend amoxicillin
as the first-line antibiotic for the treatment
of pediatric community acquired
pneumonia (CAP) in ambulatory settings.

A comprehensive evaluation of antibiotic
prescribing for ambulatory pediatric
patients with CAP for the entirety of the
pediatric population since national
guideline publication is lacking.

This study describes the trends in visit
rates and antibiotic prescribing, as well as
factors associated with first-line guideline
prescribing, for pediatric CAP in
ambulatory settings since national
guideline publication.

What was learned from the study?

Since the publication of national guidelines,
amoxicillin prescribing in pediatric CAP has
remained low (20% in 2008–2011 vs. 28%
in 2012–2015, p = 0.15); azithromycin
remains the primary antibiotic prescribed
(47% in 2008–2011 vs. 48% in 2012–2015,
p = 0.91), particularly in older children aged
5–18 years (OR 2.27; 95% CI 1.26–4.07,
compared to younger children aged
90 days–4 years) and in pediatric visits to
emergency departments (OR 1.46; 95% CI
1.07–1.98, compared to office visits).

Despite national guideline
recommendations, amoxicillin
prescribing for CAP in outpatient settings
is low and azithromycin remains the
predominant antibiotic prescribed for all
age groups, highlighting the need for
dedicated antibiotic stewardship efforts in
ambulatory settings.

INTRODUCTION

In 2011, the Infectious Disease Society of
America and the Pediatric Infectious Disease
Society published national practice guidelines
for the management and treatment of children
older than 3 months of age with community-
acquired pneumonia (CAP). The guideline rec-
ommends against routine antimicrobial therapy
for preschool children with CAP, as viruses are
the primary etiology of pneumonia in this age
group. For suspected bacterial CAP in outpa-
tient settings, amoxicillin is recommended as
the first-line antibiotic to target Streptococcus
pneumoniae, and macrolide antibiotics are rec-
ommended as an alternative for patients with
symptoms consistent with CAP secondary to
atypical pathogens (e.g. Mycoplasma pneumo-
niae) or with severe beta-lactam allergy [1].

Prior to national guideline publication,
antibiotics were prescribed in about 70% of
outpatient visits for CAP, of which amoxicillin
was prescribed at 14% and macrolides (primar-
ily azithromycin) were prescribed at 34% of all
pediatric ambulatory visits [2, 3]. Previous work
has demonstrated no change in first-line
antibiotic prescribing for children aged
1–6 years old with CAP in outpatient settings
since the publication of national guideline rec-
ommendations [3]. However, a comprehensive
evaluation of antibiotic prescribing in CAP for
the entirety of the pediatric population since
national guideline publication is lacking.

We aimed to understand whether changes in
visit rates and antibiotic selection for children
aged 90 days–18 years with CAP in ambulatory
settings occurred after the publication of the
national guideline recommendations. We also
aimed to explore the factors associated with
first-line guideline prescribing for CAP in out-
patient settings since the guideline publication.

METHODS

We performed a cross-sectional retrospective
study of patients aged 90 days–18 years with an
outpatient clinic or emergency department (ED)
visit from 2008 to 2015 using the National
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Ambulatory Medical Care Survey (NAMCS) and
the National Hospital Ambulatory Medical Care
Survey (NHAMCS) ED data files, respectively.
NAMCS and NHAMCS are surveys using a
multistage probability design conducted annu-
ally by the National Center for Health Statistics
(NCHS) to provide nationally representative
data about visits for ambulatory care in both
physician offices (NAMCS) and EDs (NHAMCS)
[4]. The data in the surveys include patient
demographics, diagnoses associated with the
visit based on International Classification of
Diseases, 9th revision (ICD9) codes, and medi-
cations prescribed. Additional information
includes the United States geographic region of
the visit based on US Census Regions (North-
east, South, Midwest and West) and insurance
status.

Patients with complex chronic conditions [5]
and those hospitalized or referred from the
office to an ED were excluded. Pneumonia visits
were defined as visits with an ICD9 code for
pneumonia (480.0–2, 480.8–9, 481, 482.0,
482.30–2, 482.41–2, 482.83, 482.89–90, 483.8,
484.3, 485, 486, 487.0) in any of the first three
diagnosis fields [6].

We estimated the incidence rates of ambu-
latory CAP visits, examined time trends in
antibiotics prescribed at CAP visits, and deter-
mined factors independently associated with
first-line guideline-recommended antibiotic
prescribing using multivariable logistic regres-
sion, including patient age, setting (office vs.
ED) and US census region. Civilian non-insti-
tutionalized population data from the U.S.
Census Bureau [7] were used to determine
antibiotic visits per 1000 U.S. population. Pop-
ulation data from the U.S. Census Bureau are
not available by month or day of age; therefore,
we corrected the population data for
patients\1 year of age by a factor of 90/365 to
account for patients\ 90 days of age who were
excluded from this study. We assessed trends in
the average annual CAP rate over time using
logistic regression with 2-year increments
(2008–2009, 2010–2011, 2012–2013, and
2014–2015) as the predictor variable. Antibiotic
prescribing proportions and comparisons before
and after guideline publication were compared
using Chi square tests. We performed statistical

analyses using STATA 14� (STATA, USA). Esti-
mates were not calculated if based on\ 30 visits
or if the relative standard error was[0.3, as
recommended by NCHS standards for reliability
and precision [8]. Ninety-five percent confi-
dence intervals (CI) were calculated for all esti-
mates. Significance was considered at 2-sided
p value B 0.05. The datasets used in this analy-
sis are de-identified and publicly available and
thus determined non-human subjects research.

RESULTS

From 2008 to 2015, there were an estimated 1.5
million (95% CI 1.3–1.7 million) pediatric CAP
visits, or 19.8 (95% CI 17.3–22.3) CAP visits per
1000 children, annually. An estimated 68%
(95% CI 64–73%) of the ambulatory CAP visits
were to office clinics; the remaining visits were
to EDs. There was no significant trend (p = 0.45)
in the average annual rate of CAP visits over the
study period.

Antibiotics were prescribed in 77% (95% CI
72–81%) of outpatient visits for CAP, and there
was no significant difference in overall antibi-
otic prescribing in the years prior to the guide-
line publication (2008–2011) compared to the
years following the guideline publication
(2012–2015; 77% vs. 78%, p = 0.85). When an
antibiotic was prescribed, amoxicillin was pre-
scribed in 23% (95% CI 18–30%), azithromycin
was prescribed in 47% (95% CI 41–54%), and
cephalosporins were prescribed in 26% (95% CI
21–31%) of CAP visits overall. Azithromycin
was the predominant antibiotic prescribed in
offices and EDs at CAP visits in all age groups
(Table 1). There was no significant difference in
amoxicillin, azithromycin, or cephalosporin
prescribing in the years prior to the guideline
publication compared to the years following the
guideline publication (Table 1).

Amoxicillin prescribing was significantly less
likely in visits by older children aged 5–18 years
[adjusted odds ratio (aOR) 0.22, 95% CI
0.10–0.49] compared to visits by younger chil-
dren aged 90 days–4 years with CAP (Table 2).
Compared with the Northeast, amoxicillin pre-
scribing was significantly lower in the Midwest
(aOR 0.35, 95% CI 0.13–0.98) and South (aOR

Infect Dis Ther (2020) 9:69–76 71



T
ab
le
1

A
nt
ib
io
ti
cs

pr
es
cr
ib
ed

fo
r
C
A
P
by

ag
e,
vi
si
t
lo
ca
ti
on
,a
nd

4-
ye
ar

ti
m
e
pe
ri
od

a

A
nt
ib
io
ti
c
pr
es
cr
ib
ed

P
er
ce
nt
ag
e
(9
5%

C
I)

of
an
ti
bi
ot
ic

pr
es
cr
ip
ti
on

s,
by

ag
e
an
d
vi
si
t
lo
ca
ti
on

A
ll
ag
es

90
da
ys
–4

ye
ar
s

5–
18

ye
ar
s

O
ffi
ce

E
D

p
va
lu
e

O
ffi
ce

E
D

p
va
lu
e

O
ffi
ce

E
D

p
va
lu
e

A
m
ox
ic
ill
in

21
%

(1
4–

30
%
)

28
%

(2
3–

35
%
)

0.
19

34
%

(2
2–

49
%
)

35
%

(2
8–

44
%
)

0.
89

—
b

14
%

(1
0–

21
%
)

A
zi
th
ro
m
yc
in

50
%

(4
0–

60
%
)

42
%

(3
6–

49
%
)

0.
20

37
%

(2
5–

51
%
)

32
%

(2
5–

40
%
)

0.
52

61
%

(4
9–

71
%
)

62
%

(5
2–

70
%
)

0.
89

C
ep
ha
lo
sp
or
in

20
%

(1
4–

28
%
)

37
%

(3
1–

43
%
)

0.
00
1

—
b

36
%

(2
9–

43
%
)

—
b

39
%

(3
1–

49
%
)

A
nt
ib
io
ti
c
pr
es
cr
ib
ed

P
er
ce
nt
ag
e
of

an
ti
bi
ot
ic

pr
es
cr
ip
ti
on

s,
by

ag
e
an
d
4-
ye
ar

ti
m
e
pe
ri
od

A
ll
ag
es

90
da
ys
–4

ye
ar
s

5–
18

ye
ar
s

20
08
–2

01
1

20
12
–2

01
5

p
va
lu
e

20
08
–2

01
1

20
12
–2

01
5

p
va
lu
e

20
08
–2

01
1

20
12
–2

01
5

p
va
lu
e

A
m
ox
ic
ill
in

20
%

(1
3–

29
%
)

28
%

(2
1–

37
%
)

0.
15

31
%

(2
0–

45
%
)

39
%

(2
7–

52
%
)

0.
38

—
b

15
%

(9
–2

3%
)

—
b

A
zi
th
ro
m
yc
in

47
%

(3
7–

57
%
)

48
%

(3
9–

57
%
)

0.
91

33
%

(2
3–

45
%
)

37
%

(2
6–

49
%
)

0.
66

60
%

(4
7–

72
%
)

62
%

(5
1–

72
%
)

0.
85

C
ep
ha
lo
sp
or
in

25
%

(1
9–

33
%
)

26
%

(1
9–

35
%
)

0.
84

30
%

(2
1–

40
%
)

28
%

(1
8–

40
%
)

0.
78

21
%

(1
3–

33
%
)

25
%

(1
7–

36
%
)

0.
58

a
In
cl
ud
es

co
-p
re
sc
ri
bi
ng

at
so
m
e
vi
si
ts
.
A
nt
ib
io
ti
cs

in
cl
ud
ed

pe
ni
ci
lli
ns
,
ce
ph
al
os
po
ri
ns
,
m
ac
ro
lid
es

(a
zi
th
ro
m
yc
in
),
lin

co
m
yc
in

de
ri
va
ti
ve
s
(c
lin

da
m
yc
in
),
te
tr
a-

cy
cl
in
es
,s
ul
fo
na
m
id
es
,q

ui
no
lo
ne
s,
or

lin
ez
ol
id

b
—

In
di
ca
te
s
th
at

th
e
es
ti
m
at
e
fo
r
p
va
lu
e
is
no
t
re
lia
bl
e,
as

it
is
ei
th
er

ba
se
d
on

\
30

ra
w
ob
se
rv
at
io
ns

or
ha
s
a
re
la
ti
ve

st
an
da
rd

er
ro
r
of
[

30
%

72 Infect Dis Ther (2020) 9:69–76



0.23, 95% CI 0.08–0.63; Table 2). Azithromycin
prescribing was significantly more likely in vis-
its to EDs (aOR 1.46, 95% CI 1.07–1.98) com-
pared to physician offices (Table 2).

DISCUSSION

This study describes the incidence of and
antibiotic prescribing for pediatric CAP in out-
patient settings nationally since the publication
of national guideline recommendations. The
rates of CAP diagnoses and antibiotic prescrib-
ing for CAP have been unchanged since the
national guideline publication. Despite guide-
line recommendations to prescribe amoxicillin
as the first-line antibiotic choice for children
with CAP, there has been no significant increase
in amoxicillin prescribing since publication,
and azithromycin remains the predominant
antibiotic prescribed for children of all ages
with CAP. Older children and children residing
in the Midwest and South are less likely to
receive amoxicillin for CAP compared to
younger children and children living in the
Northeast. Children who visit EDs are more
likely to receive azithromycin compared to
children who visit a physician office.

Previous work that investigated antibiotic
prescribing for children aged 1–6 years with
CAP similarly found no differences in antibiotic
prescribing overall or antibiotic class when
comparing prescribing before and after guide-
line publication [3]. We found that younger
children (aged 90 days–4 years) were prescribed
azithromycin and amoxicillin at similar rates.
However, when the entire population was
expanded to all pediatric patients aged
90 days–18 years, we found that azithromycin
was prescribed more frequently, and signifi-
cantly more so in older children (aged
5–18 years) compared to younger children and
when the visit occurred at an ED compared to
an office setting. The majority of pediatric visits
to EDs occur nationally at non-pediatric facili-
ties, and previous work has shown that children
are prescribed unnecessary antibiotics, particu-
larly azithromycin, more frequently in non-pe-
diatric EDs compared to pediatric EDs [9]. It is
possible that children in this study received
azithromycin more frequently in EDs due to
lower prevalence of pediatric-trained physicians
at the majority of EDs nationally. Additionally,
although patients admitted to the hospital were
excluded, patients could have presented to EDs
with more concerning symptoms compared to
physician offices, prompting physicians in EDs

Table 2 Factors associated with amoxicillin and azithromycin antibiotic prescribing for CAP

Characteristic Adjusted odds ratio (95% CI)

Amoxicillin monotherapy Azithromycin monotherapy

Age 5–18 years (vs. 90 days–4 years) 0.22 (0.10–0.49) 2.27 (1.26–4.07)

Male sex (vs. female) 0.86 (0.46–1.62) 1.22 (0.74–2.01)

White race (vs. nonwhite) 1.33 (0.69–2.56) 0.84 (0.45–1.58)

Region (vs. Northeast)

Midwest 0.35 (0.13–0.98) 0.75 (0.31–1.82)

South 0.23 (0.08–0.63) 0.59 (0.24–1.47)

West 0.58 (0.22–1.54) 0.72 (0.30–1.72)

Non-private insurance (vs. private) 1.40 (0.65–3.01) 0.81 (0.61–1.09)

ED (vs. office) 0.85 (0.49–1.47) 1.46 (1.07–1.98)

Infect Dis Ther (2020) 9:69–76 73



to treat for atypical pneumonia. However, the
estimated rate of pediatric pneumonia from
Mycoplasma pneumoniae is estimated to be as low
at 8%, and we found that azithromycin was
prescribed to nearly 50% of all CAP visits [10].
Other etiologies of atypical pneumonia, such as
Chlamydia pneumoniae, are much less prevalent
(\1% of pediatric CAP hospitalizations) in the
US [11].

Azithromycin is inappropriate treatment for
the majority of pediatric ambulatory CAP diag-
noses, as S. pneumoniae is much more likely to
be resistant to azithromycin than to amoxicillin
[10]. This study was not designed to assess
clinical outcomes; therefore, we are unable to
determine whether there was a difference in
patient outcomes according to the antibiotic
prescribed. However, the pathogenicity and
clinical significance of M. pneumoniae is unclear
and atypical pneumonia is often self-limited
[10], which makes azithromycin treatment for
atypical pneumonia of unclear benefit.

It is unknown why physicians favor azi-
thromycin over amoxicillin for the treatment of
CAP, and additional studies are needed to fur-
ther explain this phenomenon. Factors that
might contribute to the over-prescription of
azithromycin include the convenience of azi-
thromycin dosing and duration, over-estima-
tion of the prevalence and morbidity of M.
pneumoniae, and the over-diagnosis of penicillin
allergy in children. The risk of over-prescribing
azithromycin includes increasing resistance to
S. pneumonia and S. pyogenes, the most common
bacterial causes of acute respiratory tract infec-
tions in children. Other harmful effects of
antibiotics include auto-immune diseases, other
infectious diseases such as Clostridium difficile,
and obesity [12].

It is possible the national guideline recom-
mendations for the treatment of CAP have not
been widely referenced or utilized because
clinical practice is slow to change. It is esti-
mated to take 17 years for scientific discovery to
enter daily clinical practice [13]. However,
inpatient settings have shown a significant
increase in first-line guideline prescribing for
hospitalized children with CAP since the pub-
lication of the national guideline recommen-
dations [14]. Hospitals with individualized

plans for guideline implementation were sig-
nificantly more likely to prescribe first-line
antibiotics to children with CAP [14], high-
lighting the importance of dedicated antibiotic
stewardship (AS) efforts in guideline
implementation.

Finally, previous work has found geographic
variation in unnecessary antibiotic and azi-
thromycin prescribing in outpatient settings
[15]. This study adds to this work by showing
similar geographic variability in first-line
guideline-recommended antibiotic prescribing
for CAP. Geographic variations in the rate of
azithromycin prescribing could be partially
explained by disease prevalence; however, cul-
tural differences nationally surrounding antibi-
otic prescribing could be playing a significant
role in prescribing trends. Future studies are
needed to better understand why this geo-
graphic discordance exists in antibiotic
prescribing.

This study has several limitations. First,
patient allergies or antibiotics prescribed at
previous visits, which can influence antibiotic
prescribing, are unavailable. However, it is
expected that a true penicillin allergy and pre-
vious medication failure would contribute to a
small percentage of indicated azithromycin
prescriptions [10]. Second, patient-level data
including vital signs and physical exam findings
are unavailable, limiting our ability to assess the
severity of illness, which could influence pre-
scribing practices. Third, visits for CAP were
identified based on three diagnosis codes avail-
able in the NHAMCS dataset, which were not
directly linked to medications mentioned in the
visit. It is therefore possible that the indication
of CAP for the antibiotic mentioned could be
misclassified.

CONCLUSIONS

We found that, although amoxicillin is the first-
line antibiotic recommended for ambulatory
children with CAP, there has been no signifi-
cant increase in amoxicillin prescribing since
publication of the national guideline recom-
mendations in 2011. In contrast to our findings
for ambulatory visits, previous work has shown
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that, for children hospitalized with CAP, first-
line narrow-spectrum antibiotic use had an
absolute increase of 27% after national guide-
line publication, with greater increases among
hospitals that underwent local implementation
efforts [16]. AS programs have primarily dedi-
cated efforts to improve inpatient antibiotic
prescribing, and have less presence in outpa-
tient and ED settings [17]. This study highlights
that national guidelines alone are inadequate,
and that dedicated ambulatory AS efforts are
necessary to improve the quality of antibiotic
prescribing for CAP in ambulatory settings.
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