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IMPORTANCE Community-acquired pneumonia (CAP) is a common occurrence in childhood;
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consequently, evidence-based recommendations for its treatment are required.
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OBJECTIVE To determine whether 5 days of high-dose amoxicillin for CAP was associated with jamacmelookup.com and CME

noninferior rates of clinical cure compared with 10 days of high-dose amoxicillin. Questions page 543

DESIGN, SETTING, AND PARTICIPANTS The SAFER (Short-Course Antimicrobial Therapy for
Pediatric Respiratory Infections) study was a 2-center, parallel-group, noninferiority
randomized clinical trial consisting of a single-center pilot study from December 1, 2012, to
March 31, 2014, and the follow-up main study from August 1, 2016, to December 31, 2019 at
the emergency departments of McMaster Children’s Hospital and the Children’s Hospital of
Eastern Ontario. Research staff, participants, and outcome assessors were blinded to
treatment allocation. Eligible children were aged 6 months to 10 years and had fever within
48 hours, respiratory symptoms, chest radiography findings consistent with pneumonia as
per the emergency department physician, and a primary diagnosis of pneumonia. Children
were excluded if they required hospitalization, had comorbidities that would predispose
them to severe disease and/or pneumonia of unusual origin, or had previous B-lactam
antibiotic therapy. Data were analyzed from March 1to July 8, 2020.

INTERVENTIONS Five days of high-dose amoxicillin therapy followed by 5 days of placebo
(intervention group) vs 5 days of high-dose amoxicillin followed by a different formulation of
5 days of high-dose amoxicillin (control group).

MAIN OUTCOMES AND MEASURES Clinical cure at 14 to 21 days.

RESULTS Among the 281 participants, the median age was 2.6 (interquartile range, 1.6-4.9)
years (160 boys [57.7%] of 279 with sex listed). Clinical cure was observed in 101 of 114
children (88.6%) in the intervention group and in 99 of 109 (90.8%) in the control group in
per-protocol analysis (risk difference, -0.016; 97.5% confidence limit, ~0.087). Clinical cure
at 14 to 21 days was observed in 108 of 126 (85.7%) in the intervention group and in 106 of
126 (84.1%) in the control group in the intention-to-treat analysis (risk difference, 0.023;
97.5% confidence limit, -0.061).

CONCLUSIONS AND RELEVANCE Short-course antibiotic therapy appeared to be comparable to
standard care for the treatment of previously healthy children with CAP not requiring
hospitalization. Clinical practice guidelines should consider recommending 5 days of
amoxicillin for pediatric pneumonia management in accordance with antimicrobial
stewardship principles.
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ommunity-acquired pneumonia (CAP) commonly
occurs in children.** Unfortunately, the optimal dura-
tion of antimicrobial therapy for pediatric CAP is
unclear; both the Infectious Disease Society of America® and
the Canadian Pediatric Society® note that current treatment
duration recommendations are based on sparse evidence.
Randomized clinical trials (RCTs) have shown that 5-day
courses of antibiotics for adults with CAP are as effective as
longer courses, even for severe disease.”® In contrast, few
RCTs of short-course antibiotic therapy for CAP have been
performed in children, and those that exist have important
limitations, including small size,® lack of blinding,'° inap-
propriate study design,!! and loss of effective blinding!?
because of zero clinical failures in a noninferiority study.!®
We conducted an RCT to determine whether, in previously
healthy children diagnosed with CAP in the emergency
department (ED), 5 days of high-dose amoxicillin led to
noninferior rates of clinical cure at 14 to 21 days after enroll-
ment compared with the current standard, 10 days of high-
dose amoxicillin.

Methods

Study Design

The SAFER (Short-Course Antimicrobial Therapy for Pediatric
Respiratory Infections) study was a 2-center, blinded, nonin-
feriority RCT conducted in the EDs of McMaster Children’s Hos-
pital (MCH), Hamilton, Ontario, Canada, and the Children’s
Hospital of Eastern Ontario, Ottawa, Ontario, Canada, with the
support of Pediatric Emergency Research Canada, after the
successful completion of a pilot study at MCH. The complete
trial protocol is found in Supplement 1. Both academic hospi-
tals have EDs staffed predominantly by pediatric specialists. The
purpose of the pilot study was to ensure feasibility of a sub-
sequent larger trial; in its assessment, measurement of feasi-
bility outcomes did not require identification of treatment as-
signment. Ethics approval was obtained from the Hamilton
Integrated Research Ethics Board and the Children’s Hospital
of Ontario Research Ethics Board. Written informed consent
was obtained from each participant’s parent or guardian. This
study followed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline.

Participants

Children aged 6 months to 10 years with CAP well enough to

be treated as outpatients were eligible. We defined CAP by all

of the following criteria, similar to other studies'*'”:

1. Fever (temperature >37.5 °C axillary, >37.7 °C oral, or >38 °C
rectal) in the 48 hours before presentation;

2. Tachypnea (>60 breaths/min if younger than 1 year, >50
breaths/min if aged 1-2 years, >40 breaths/min if aged
2-4 years, and >30 breaths/min if older than 4 years);
increased work of breathing on examination (scalene
muscle use or suprasternal recessions/indrawing or in-
tercostal retractions or subcostal recessions/indrawing);
or auscultatory findings (eg, focal crackles) consistent
with CAP;
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Key Points

Question Is short-course antibiotic therapy (5 days of high-dose
amoxicillin) inferior to standard care (10 days of high-dose
amoxicillin) for the treatment of children aged 6 months to 10
years diagnosed with community-acquired pneumonia in an
outpatient setting?

Findings In this 2-center, blinded randomized clinical trial,
children treated with short-course antibiotic therapy had
comparable rates of clinical cure at 14 to 21 days after enrollment
compared with standard care (85.7% vs 84.1%).

Meaning Results of this study suggest that short-course therapy
for pediatric community-acquired pneumonia not requiring
hospitalization offers more benefit than harm and should be
considered for inclusion in treatment guidelines.

3. Chest radiography findings consistent with CAP as per the
ED physician; and
4. Primary diagnosis of CAP as per the ED physician.
Children were excluded if they had any of the following that
would predispose them to severe disease and/or pneumonia
with atypical microbiology (ie, unusual causative pathogens):
empyema or necrotizing pneumonia, preexisting pulmonary dis-
ease, congenital heart disease, history of aspiration, malignant
neoplasm, immunodeficiency, or kidney dysfunction. Those
who received more than 24 hours of f-lactam antibiotic therapy
at presentation, at least a 5-day course of 3-lactam therapy less
than 72 hours before presentation, or intravenous cephalo-
sporin or azithromycin in the ED were not eligible, because it
would be difficult to give these children short-course treat-
ment. The Canadian amoxicillin monograph!® has a precau-
tion against coadministration with warfarin or tetracyclines, so
children receiving those drugs were excluded, and children with
suspected infectious mononucleosis were excluded because
of the possibility of rash. We also excluded children with a pro-
longed admission (>48 hours) to the hospital in the prior 2
months, CAP diagnosed in the previous month, or lung ab-
scess in the previous 6 months, to avoid enrolling children with
hospital-acquired or complicated pneumonia. Those with
penicillin allergy were not enrolled. Children were not eligible
to participate more than once. In Ontario, pneumococcal vac-
cination coverage (assessed at 7 years of age) has varied from
74.1% to 79.7% during the past 6 years.'®

Procedures

A 1:1 randomization scheme, stratified by site, was devel-
oped using a random number generator with variable block
sizes of 2, 4, and 6. Only the study pharmacists, who did not
recruit or follow-up participants, had access to randomiza-
tion lists. On recruitment, the research assistants (including
R.C.) contacted the study pharmacists, who assigned a
unique study identifier in sequential order. These identifiers
corresponded with entries in the randomization tables,
which indicated either 5 days of amoxicillin plus 5 days of
placebo (intervention group) or 5 days of amoxicillin plus 5
days of amoxicillin (control group). The appearance and
taste of the placebo and the amoxicillin for the second 5 days

jamapediatrics.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by Matthew Hendrickson on 12/05/2022


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2020.6735?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.6735
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.6735

Short-Course Antimicrobial Therapy for Pediatric Community-Acquired Pneumonia

were similar to each other and different than the amoxicillin
used for the first 5 days of treatment to preserve blinding in
both groups. Participants, caregivers, clinicians, outcome
assessors, and study investigators were blinded to treatment
assignment.

All laboratory testing was optional. If blood work was or-
dered by nonstudy clinicians, the results of complete blood cell
count and/or serum C-reactive protein level measurement were
documented; no additional blood draws were requested.
Nasopharyngeal swabs (NPSs) from participants recruited at
1 site (MCH) were assayed prospectively using a laboratory-
developed multiplex respiratory virus panel.2° The NPS speci-
mens from all consenting participants were stored and batch
tested after the study period using a laboratory-developed and
validated multiplex polymerase chain reaction assay to de-
tect Mycoplasma pneumoniae and Chlamydia pneumoniae. Sa-
liva was sampled for C-reactive protein level measurement
using a commercially available assay (Salimetrics, LLC).

Caregivers were asked to complete a daily diary docu-
menting temperature, respiratory symptoms, school and/or
daycare attendance, caregiver absenteeism from work, ad-
verse drug reactions, and missed medication doses. Care-
givers were telephoned once at days 3 to 5 and once at days 7
to 10. Any participant with persistent fever at 96 hours after
enrollment received an additional 5 days of open-label amoxi-
cillin after the initial 5 days (ie, was not permitted to poten-
tially receive short-course treatment) and was considered a
clinical failure. Any participant who clinically deteriorated was
asked toreturn for assessment. Participants all returned at days
14 to 21 for primary outcome measurement. Caregivers were
telephoned 1 month after enrollment.

Outcomes

The primary outcome, clinical cure, was defined by all of the

following:

1. Initial improvement during the first 4 days after enroll-
ment (including defervescence);

2. Significantimprovement in dyspnea and increased work of
breathing and no recorded tachypnea at the 14- to 21-day
follow-up visit;

3. No more than 1 fever spike (as previously defined) as a re-
sult of possible bacterial respiratory illness from day 4 up
to and including the 14- to 21-day follow-up visit; and

4. Lack of a requirement for additional antibacterials or admis-
sion to hospital because of persistent or progressive lower re-
spiratory illness before the 14- to 21-day follow-up visit.

The primary outcome was measured using caregiver-report items

at the 3- to 5-day and 7- to 10-day follow-ups, daily diary en-

tries, and the physical examination at the 14- to 21-day visit.
In this RCT, our aim was to measure relevant outcomes.

While conducting the study, we realized that there were par-

ticipants with responses to treatment that were categorized as

clinical failures but—outside an RCT—might not be catego-

rized as such in the course of typical care (eg, children with 2

spikes of fever after finishing antibiotics but no other worri-

some signs/symptoms). Consequently, post hoc, we created
another new secondary cure outcome, clinical cure not re-
quiring additional intervention. This was defined as initial
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improvement during the first 4 days after enrollment (includ-
ing defervescence), plus the lack of a requirement for addi-
tional antibacterials or admission to hospital because of per-
sistent/progressive lower respiratory illness (ie, only criteria
1and 4 of standard clinical cure). Other secondary outcomes
included the number of days the participant was absent from
school or daycare, the total number of days that caregiver work
was disrupted, the number of days of mild adverse reactions
to the drug, the incidence of serious adverse reactions to the
drug (including anaphylaxis), participant adherence to the
study medications, and recurrence of presumed bacterial re-
spiratory illness after the primary outcome visit in the month
after enrollment.

Statistical Analysis

Data were analyzed from March 1to July 8, 2020. We estimated
the success rate of standard therapy to be 95%, consistent with
previous pediatric trials.! The noninferiority margin was set at
7.5% (1-sided 97.5% confidence limit [CL]) and, with a = .025 and
B = 0.2, 135 participants per group were required.

Descriptive statistics were used to describe demographic
characteristics and outcomes by treatment group. Binomial re-
gression was used to estimate treatment effects of clinical cure
and other binary outcomes, adjusting for site (because random-
ization was stratified by site). For the primary analysis, results
were reported using adjusted risk differences (RDs) and
the lower limit of the 97.5% CLs. For secondary analyses of bi-
nary outcomes, results were reported using adjusted RDs and
95% CIs. Poisson regression was used to compare secondary
count outcomes; results were reported using adjusted incident
rate ratios with 95% CIs. The primary outcome was assessed
using intention-to-treat (ITT) analysis, per-protocol (PP) analy-
sis including those participants adherent to medications (ie,
>80% of antimicrobial doses taken and no additional antibiot-
ics taken for nonpneumonia infections), and strict PP analysis
including only those in the PP group whose radiographs had ra-
diologist-confirmed pneumonia. To be conservative,'? we speci-
fied a priori that the PP analysis would be primary.?! Secondary
outcomes were analyzed using PP and ITT approaches.

Three different subgroup analyses were investigated: age
(<5 vs 25 years), salivary C-reactive protein level (<30 vs =30
pg/mL [to convert to mg/L, divide by 10'?]), and detection of
virus or Mycoplasma species at baseline (negative vs positive
test results). Subgroup analyses (using ITT) were conducted
including an interaction term between treatment group and
the subgroup. The interaction P value was used to determine
whether there were significant differences between sub-
group rates. These analyses were exploratory and were not
adjusted for multiple comparisons. All analyses were per-
formed using SAS, version 9.4 (SAS Institute, Inc).

The data safety management board oversaw a single in-
terim analysis of the data halfway through enrollment in the
main study. The trial would have been prematurely termi-
nated if the proportion of treatment failures in the interven-
tion arm was statistically significantly greater (P < .0001) than
7.5% more than the proportion of treatment failures in the ref-
erence arm. Statistical significance was set at P < .05 for 2-sided
analysis and P < .025 for 1-sided analysis.
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Figure. Study Flow Diagram

Table 1. Baseline Characteristics

5406 Diagnosed with pneumonia in study
EDs during years of study

1910 Excluded
984 Did not meet inclusion
criteria
544 Declined approach of
research staff
252 Declined to participate
after being informed
about study
130 Other reasons
3215 Missed

281 Randomized

140 Randomized to short-course 141 Randomized to standard care
therapy l

l

14 Lost to follow-up or withdrew
6 Discontinued intervention
2 Caregiver choice
1 Caregiver error
1 Drug adverse reaction
2 Intercurrent illness

l

126 Included in analysis
14 Excluded from analysis
because lost to follow-up

15 Lost to follow-up or withdrew
8 Discontinued intervention
3 Caregiver choice
4 Drug adverse reaction
1 Intercurrent illness

126 Included in analysis
15 Excluded from analysis
because lost to follow-up

EDs indicates emergency departments.

. |
Results

Sixty participants were enrolled in the pilot phase from De-
cember 1, 2012, to March 31, 2014, at MCH. The main study
started enrolling 1 August 1, 2016, at MCH and January 1, 2017,
at Children’s Hospital of Eastern Ontario; recruitment stopped
December 31, 2019, because of funding limitations. A total of
281 participants were recruited and randomized; 160 were boys
[57.3%] and 119 were girls (42.7%) (with data not docu-
mented for 2) and had a median (interquartile range [IQR]) age
of 2.6 (1.6-4.9) years. Fourteen patients in the intervention
group and 15 in the control group were lost to or unavailable
for follow-up, so that 252 of 281 (89.7%) had outcomes docu-
mented (Figure).

The study participants are described in Table 1. The
median (IQR) age of participants in each treatment group
were similar (2.6 [1.6-4.5] years in the intervention group vs
2.6 [IQR, 1.6-5.1] years in the control group) as was the mean
(SD) triage respiratory rate (30.6 [9.1] breaths/min in the
intervention group vs 31.5 [10.9] breaths/min in the control
group). One hundred participants in the intervention group
(71.4%) and 108 in the control group (76.6%) were reported
to have features consistent with pneumonia according to
the attending radiologist. Only 13 participants (4.6%) under-
went venipuncture.

JAMA Pediatrics May 2021 Volume 175, Number 5

Patient group?®
Intervention

Characteristic (n = 140) Control (n = 141)
Sex
Male 70(50.7%) 90 (63.8%)
Female 68(49.3) 51(36.2)
Missing data, No. 2 0
Age, median (IQR), y 2.55(1.55-4.49) 2.61(1.62-5.11)
Missing data, No. 1 0

Respiratory rate at admission,
mean (SD), breaths/min

Missing data, No. 7 4
Pneumonia reported by radiologist 100 (71.4) 108 (76.6)
Baseline salivary CRP level, median 16.4 (8.46-76.0) 15.2(6.90-64.1)
(IQR), pg/mL

Missing data, No. 73 65

Baseline NPS test result positive
for a respiratory virus®

30.6(9.1) 31.5(10.9)

RSV 21(21.9) 25(25.8)
Rhinovirus/enterovirus 18(18.8) 16 (16.5)
Metapneumovirus 12 (12.5) 7(7.2)
Influenza 7(7.3) 6(6.2)
Parainfluenza 7(7.3) 4(4.1)
Adenovirus 4(4.2) 6(6.2)
Negative for all 35(36.5) 37 (38.1)
Missing data, No. 44 44
Baseline NPS positive for 5(5.5) 7 (7.5)
Mycoplasma pneumoniae
Missing data, No. 49 48

Abbreviations: CRP, C-reactive protein; IQR, interquartile range;
NPS, nasopharyngeal swabs; RSV, respiratory syncytial virus.

Sl conversion factor: To convert CRP to mg/L, divide by 10'2.

2 Unless otherwise indicated, data are expressed as number (percentage) of
patients.

®Column percentages add to more than 100% because individuals can have
more than 1virus.

Clinical Cure
The primary outcome, overall clinical cure at 14 to 21 days af-
ter enrollment (ITT analysis), was similar between the 2 groups;
cure was reported in 108 of 126 participants (85.7%) in the in-
tervention group and 106 of 126 (84.1%) in the control group
(RD, 0.023; 97.5% CL, -0.061) (Table 2). The PP analysis re-
sults were similar, with cure in 101 of 114 patients (88.6%) in the
intervention group and 99 of 109 (90.8%) in the control group
(RD, -0.016; 97.5% CL, -0.087). In the strict PP analysis, clini-
cal cure was documented in 73 of 82 patients (89.0%) allo-
cated to the intervention group and in 74 of 83 (89.1%) allo-
cated to the control group (RD, -0.011; 97.5% CL, -0.096).
The proportion of participants who experienced clinical
cure not requiring additional intervention was more consis-
tent with that of the original cure estimates and was similar
between groups. Clinical cure not requiring additional inter-
vention was documented in 116 of 124 patients (93.5%) in the
intervention group and 113 0f 125 (90.4%) in the control group
inthe ITT analysis (RD, 0.028; 97.5% CL, -0.038), in 107 of 112
(95.5%) in the intervention group and 104 of 109 (95.4%) in
the control group in the PP analysis (RD, -0.006; 97.5% CL,
-0.055), and in 76 of 80 (95.0%) in the intervention group and
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Table 2. Clinical Cure Outcomes

Strict per protocol analysis (adherent to
medications and consolidation on radiograph)

Per protocol analysis (adherent

Intention-to-treat analysis to medications)

Patient group? Patient group® Patient group?
Intervention Control RD (97.5% Intervention Control RD (97.5% Intervention Control RD (97.5%
Outcome (n = 140) (n =141) 1-sided CL) (n=122) (n=114) 1-sided CL) (n = 86) (n=87) 1-sided CL)
Clinical cure 108 (85.7) 106 (84.1) 0.023 101 (88.6) 99(90.8) -0.016 73 (89.0) 74(89.2) -0.011
(primary) (-0.061 to (-0.087 to (-0.096 to
) ) )
Missing data, No. 15 29 8 5 13 4 8
Clinical cure not 116 (93.5) 113(90.4) 0.028 107 (95.5) 104 (95.4) -0.006 76 (95.0) 78(94.0) -0.004
requiring additional (-0.038to (-0.055 to (-0.071 to
intervention o) o) )
(secondary)
Missing data, No. 16 32 10 5 15 6 10
Abbreviations: CL, confidence limit; RD, risk difference.
2 Unless otherwise indicated, data are expressed as number (percentage) of patients.
Table 3. Secondary Outcomes
Intention-to-treat analysis Per-protocol analysis
Patient group Patient group
Control Estimate (95% Cl)
Outcome Intervention (n = 140)  (n = 141) (n = 282)° Intervention (n = 126) Control (n = 118) Estimate (95% CI)?
Caregiver 2 (0-4) 3 (0-6) IRR, 0.74 (0.65to 2 (0-4) 3(1-6) IRR, 0.76 (0.66
absenteeism, median 0.84) t0 0.87)
(IQR), d
Missing data, No. 16 19 35 11 11 22
Child absenteeism, 1(0-1) 1(0-1) IRR, 0.95 (0.71to 1(0-1) 1(0-1) IRR, 0.93 (0.68
median (IQR), d 1.27) t01.27)
Mild drug adverse 1(0-3) 1(0-3) IRR, 0.91 (0.76 to 1 (0-3) 1(0-3) IRR, 0.89 (0.74
reactions, median 1.08) t0 1.07)
(IQR), d
Missing data, No. 16 19 35 11 11 22
Anaphylaxis and other 0 0 NA 0 0 NA
severe drug adverse
reactions, No. (%)
Adherence to study 122 (90.4) 114 (86.4) RD, 0.059 NA (per-protocol NA (per-protocol
medications, No. (%) (-0015t00.13)  NA(per-protocol ol by NA (per by
Missing data, No. 5 9 14 efined by adherence) adherence) adherence)
Recurrence of 11 (8.5) 12 (9.6) RD, -0.0070 11 (9.3) 10 (9.0) RD, 0.014 (-0.062
respiratory illness (-0.078 to t0 0.089)
after primary outcome 0.064)
visit but before 30-d
follow-up, No. (%)
Missing data, No. 11 16 27 8 7 15

Abbreviations: IQR, interquartile range; IRR, incident rate ratio; NA, not applicable; RD, risk difference.

@ Estimates adjusted for center; 95% Cls are 2 sided.

78 of 83 (94.0%) in the control group in the strict PP analysis
(RD, -0.004; 97.5% CL, -0.071).

Nonclinical Cure Secondary Outcomes

Caregiver work absenteeism was significantly lower in the in-
tervention group than in the control group (median [IQR], 2
[0-4] days vs 3 [IQR, 1-6] days; incident rate ratio, 0.76; 95%
CI, 0.66-0.87; P < .001in PP analysis). All other secondary out-
comes were similar between groups (Table 3).

|
Discussion

Our study recruited and randomized previously healthy chil-
dren diagnosed with CAP who did not require hospitalization to
either 5 or 10 days of amoxicillin therapy. In the PP analysis of

jamapediatrics.com

the primary outcome, because the 1-sided 97.5% CL around the
risk difference crossed the 7.5% noninferiority margin, a for-
mal conclusion of noninferiority could not be made; however,
in the ITT analysis, short-course treatment was indeed found to
be statistically noninferior. In addition, short-course treatment
was found to be statistically noninferior to the reference stan-
dard in all analyses (PP, ITT, and strict PP) when a potentially
morerelevant outcome, clinical cure not requiring additional in-
tervention, was evaluated. Furthermore, we documented that
the caregivers of participants receiving short-course treatment
had significantly less work absenteeism than caregivers of those
receiving standard care, although we cannot fully explain the
mechanism of this difference. Consequently, we judge that the
results of the present study are evidence that short-course an-
tibiotic treatment for children with CAP who do not require hos-
pitalization is comparable to standard care. Our findings are
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consistent with those of RCTs of short-course antibiotic treat-
ment for the treatment of adults with nonsevere” or severe® CAP,
who are both less likely than children to have viral disease and
more likely to have poor outcomes.?*23

The overall clinical cure rate was lower than we expected.
However, only 7 participants were hospitalized because of pro-
gressive bacterial respiratory illness; 6 were hospitalized in the
first 5 days and 1 was hospitalized on day 7 after being switched
to open-label amoxicillin owing to persistent fever. Most of the
other clinical failures were attributable to fever that persisted
more than 96 hours after enrollment, recurrent fever after ini-
tial defervescence, and/or prescription of additional antibiotics
to children who otherwise did not deteriorate clinically; some
of these children were then classified as having treatment fail-
ure but would not have been judged so outside of the context
of a clinical trial. To address this issue, we created a new out-
come (clinical cure not requiring additional intervention) that
is probably more relevant to clinicians; by this measure, the cure
rate was in line with initial projections. We attempted to bring
participants with persistent or recurrent fever back to the study
sites for reevaluation, but if they sought medical care else-
where, they were often reflexively prescribed additional or
broader-spectrum antimicrobials. We have observed this prac-
tice outside the clinical trial setting and hypothesize that it is
owing to underappreciation of how commonly pediatric CAP
is caused by pathogens unaffected by amoxicillin (most com-
monly respiratory viruses and M pneumoniae). This practice
may be partially preventable via baseline NPS testing of chil-
dren diagnosed with CAP. Of 130 participants enrolled during
the main trial at MCH who had a baseline NPS taken and were
followed up successfully to 10 days after enrollment, 17 (13.1%)
either had persistent or recurrent fever but no other evidence
of clinical deterioration. Of those participants, 14 (82.4%) had
either M pneumoniae detected or a respiratory virus that had
not been present previously detected on repeated NPS test-
ing results; in this context, in the absence of clinical worsen-
ing, the detection of these pathogens implicated them as the
probable cause of persistent or recurrent fever. For children
diagnosed with CAP, therefore, results of the present study sug-
gest that it may be prudent to perform nasopharyngeal test-
ing to document viral or atypical coinfections at baseline to
guard against needless escalation of antibiotic therapy should
fever persist or recur. The antimicrobial stewardship benefits
of routine nasopharyngeal testing should be further explored
and more precisely quantified in future studies of pediatric CAP
to verify whether they would outweigh the potential costs of
this strategy.

In this era of widespread antimicrobial resistance,?*
which may well worsen as a result of the coronavirus disease
2019 pandemic,?>+2€ it is important that antibiotic treatment
durations for common infections are as short as possible and
based on evidence rather than custom.?”-28 It seems likely
that reducing antimicrobial exposure will likely result in
less circulating resistance in the community,?® which has
prompted widespread efforts to do just that.243° There are
other good reasons to minimize antibiotic prescriptions;
even narrow-spectrum agents, such as amoxicillin, cost
families money and can have adverse effects.>! In addition, a
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number of diverse and important conditions, such as
obesity,?237 atopy/asthma,3®-4! arthritis,*? neurodevelop-
mental disorders,*>%* necrotizing enterocolitis,*> and, more
recently, appendicitis,*® have been associated with antimi-
crobial exposure, likely mediated through changes in the
human microbiome. For all of these reasons, the minimum
amount of antibiotics necessary to treat bacterial infections
should be prescribed, and no more.

Limitations
Alimitation of the study is that we could not definitively estab-
lish the presence of bacterial pneumonia in the study partici-
pants; the inclusion of participants with purely viral respira-
tory disease would have interfered with the trial’s ability to
detect a potential benefit of 10 days of amoxicillin compared
with short-course therapy for children with bacterial CAP. How-
ever, we emphasize that it is difficult for clinicians to reliably
discriminate among children with viral, atypical, and bacterial
CAPinany context.*” The Infectious Disease Society of America
and British Thoracic Society actively discourage blood sam-
pling for children with nonsevere CAP,>“® and a cohort study
hasrecently demonstrated that biomarkers cannot reliably dis-
tinguish between nonsevere and severe CAP in children.*° The
fact that most study participants had viral respiratory patho-
gens detected in their nasopharynges does not imply that only
a minority truly had bacterial infections given how commonly
viral pathogens are detected in patients hospitalized with CAP,
including those requiring intensive care.?* We found no signifi-
cant differences in clinical cure rates among those with respi-
ratory viruses or M pneumoniae detected in their nasopharyn-
ges compared with those without (eTables 1-4 in Supplement 2).
It is suboptimal that some study participants were not be-
lieved to have radiographic findings consistent with pneumo-
nia by the attending radiologist; however, substantial interob-
server variability in chest radiograph interpretation has been well
documented.>°->* In addition, although the Canadian Pediat-
ric Society states that chest radiographs “should usually be
obtained,”®®? the Infectious Disease Society of America states
that they are “not necessary;”>®*> and the British Thoracic So-
ciety actively discourages chest imaging for nonsevere illness.*®
As a result, many physicians assessing children with sus-
pected CAP in North America and Europe may not order chest
radiographs. Cure rates in those participants with radiologist-
confirmed pneumonia were very similar to those without. Fur-
thermore, 2 other large RCTs evaluating treatment strategies for
pediatric CAP>>->¢ did not use any radiographic criteria what-
soever for inclusion. We designed this pragmatic trial to enroll
children similar to those diagnosed every day with CAP by ED
physiciansin the current era consequently, our findings should
be broadly generalizable. We did not design the study to evalu-
ate the variability in interrater chest radiograph interpretation
or to explore whether there were systematic differences be-
tween ED physician and radiologist interpretations; further stud-
ies might be useful to define the issue more precisely and could
permit targeted educational interventions.

We were unable to bring 29 study participants (10.3%) back
for complete follow-up. It seems unlikely that, among those un-
available for follow-up, there would have been sufficiently fewer
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clinical cures in participants randomized to the intervention
group than in those randomized to the control group to result

Original Investigation Research

Conclusions

in a significant change to study results; however, we cannot state

this definitively. Had we not had losses to follow-up, we might
have had sufficient power to demonstrate noninferiority of the
primary outcome in the PP analysis. Finally, it should be em-
phasized that these results may not be generalizable to chil-
dren diagnosed with CAP in low- and middle-income coun-
tries, where assessment and management algorithms of children
with respiratory illness often differ from those commonly used

in North America.>”>°
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