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INTRODUCTION
In Canada, Bont et al1 estimated that 1.5% 
of children <2 years old are hospitalized 
for bronchiolitis annually with an average 
length of stay (LOS) ranging from 2 to 11 

days. There are evidence-based guidelines for 
the management of bronchiolitis published 

by the Canadian Pediatric Society (CPS) 
and the American Academy of Pediatrics 
(AAP).2,3 The recommended manage-
ment of bronchiolitis is supportive care 
with interventions, such as hydration, 
supplemental oxygen, nasal suctioning, 

and epinephrine/saline nebulization. The 
rate of serious bacterial infections in febrile 

children with confirmed respiratory syncy-
tial virus (RSV) and clinical bronchiolitis is low 

overall, with rates of urinary tract infection (UTI) re-
ported at 3.3%–6% and bacteremia between 0.6% and 
1.1%.4 Despite the evidence, rates of antibiotic use in un-
complicated RSV bronchiolitis have not decreased signif-
icantly among pediatric inpatients.5,6

Approximately 60% of patients in pediatric hospitals 
receive at least one antimicrobial during their stay, with 
lower respiratory tract infection being one of the most 
common indications for antimicrobial therapy.7 Since 
RSV is a common reason for hospital admission, antimi-
crobial use in these patients are an important metric for 
antimicrobial stewardship programs (ASPs) since it is a 
defined clinical condition where guidelines exist.

The primary hypothesis of this study was that the 
implementation of general antimicrobial stewardship 
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rounds would lead to a decrease in antimicrobial use in 
hospitalized children <2 years old with documented RSV 
bronchiolitis.

METHODS
We performed a retrospective chart review at the 
Children’s Hospital of Eastern Ontario (CHEO), a 125-
bed urban tertiary pediatric hospital in Ottawa, Ontario, 
Canada, with >6,700 admissions and 70,500 emergency 
department (ED) visits per year. CHEO serves Eastern 
Ontario, Western Quebec, parts of Northern Ontario, 
and the Qikiqtani region of Nunavut. An ASP targeted 
at general pediatric patients at CHEO was instituted in 
August 2014 on 2 ward services with a final service added 
in January 2015. The program had been in place in the in-
tensive care unit (ICU) since 2013. A pediatric infectious 
disease physician and a clinical pharmacist perform pro-
spective audit and feedback 3 times a week on patients 
admitted to the ICU and general medicine services who 
were receiving antimicrobials. This audit involves identi-
fying all patients on inpatient wards receiving antimicro-
bials on Mondays, Tuesdays, and Thursdays weekly. The 
stewardship physician and pharmacist discuss antimicro-
bial choice and duration for each patient with the most 
responsible physician or the senior resident. No other 
active interventions were ongoing.

Case Finding and Review
The Research Ethics Board of the CHEO Research Institute 
approved the study. One of the principal investigators 
(J.K.) developed and piloted a case report form on 10 
cases for accuracy and reliability (J.K. and N.L.S., 5 cases 
each). The case definition was all children ≤2 years who 
were admitted to CHEO within the specified periods with 
a primary International Classification of Diseases, 10th 
Revision (ICD-10) diagnosis of “acute bronchiolitis due 
to RSV” or “bronchiolitis, unspecified” and had a LOS of 
≤7 days. Testing on nasopharyngeal swabs was performed 
using a triplex Polymerase chain reaction (PCR) method 
for RSV, influenza A, and influenza B. Only patients with a 
documented positive RSV test were included in this study. 
We excluded patients if they were admitted to the ICU 
(pediatric or neonatal) during hospitalization or had any 
of the following comorbid conditions: hemodynamically 
significant heart disease, malignancy, hemoglobinopathy, 
underlying pulmonary pathology, cerebral palsy or other 
chronic neurological disease, upper airway mechanical 
problems (such as tracheostomies), genetic syndromes, pri-
mary immune deficiency, history of aspiration pneumonia, 
or preterm birth at <37 weeks gestational age. The CHEO 
inpatient electronic medical record (Sunrise) was then used 
to screen cases for study eligibility criteria. We chose the 
December 1–April 30 period as it represents the usual peak 
of RSV admissions. The season 1 cohort which predates the 
ASP (pre-ASP) was between December 1, 2011, and April 
30, 2012. The post-ASP cohort was from season 5 between 

December 1, 2015, and April 30, 2016. To generate data 
for a representative sample of patients in the intervening 
period, we reviewed antimicrobial use data in a total of 60 
cases (20 in each of the second, third, and fourth seasons). 
For the middle 3 periods, the complete admission lists for 
December to April were sent from medical records to the 
statistician who randomly shuffled the cases electronically. 
The first 60 patients who met the case definition were 
selected using the same inclusion and exclusion criteria.

Each case was assigned a unique study number. Data 
from both the electronic medical record and paper charts 
were collected into a digitized version of the case re-
port form in the research database, Research Electronic 
Data Capture, hosted at the CHEO Research Institute.8 
Information collected on all patients included demo-
graphics and antibiotic use (type, start, and stop dates 
in hospital and outpatient prescriptions). In the subset 
of the patients admitted during seasons 1 (2011–2012) 
and 5 (2015–2016), additional information collected 
included the results of investigations performed during 
hospitalization, the rationale for antibiotic use, days of 
fever (≥38.0°C), and days of supplementary oxygen re-
quirement. The primary outcomes of the study were the 
proportion of patients who received antimicrobials and 
the average number of days of antimicrobial received. 
Secondary outcomes included the LOS, days of fever, days 
of supplementary oxygen use, coinfection rates (viral or 
bacterial), the rationale for antimicrobial use, and the 
type of antimicrobial used. We also recorded any visits to 
ED or admissions after the index admission.

Statistical Analysis
For the present study, we used the “date of discharge 
minus date of presentation to the ED plus 1” as the “true” 
LOS as this value includes all days upon which antibiot-
ics could have been prescribed for a given clinical pre-
sentation (eg, presented to ED on December 14 at night, 
discharged on December 16 = 3 days LOS). Any dose of 
an antimicrobial that was received during 24 hours rep-
resented 1 day of therapy (DOT) such that if 2 antimicro-
bials were used on the same day, this counted as 2 DOT. 
The number of DOT is reported per 1,000 patient-days. 
Antimicrobials that were received in ED were included.

A data analysis plan was created, and data were 
exported from the Research Electronic Data Capture 
database into the R statistical program version 3.6.0. 
Continuous variables were summarized using median and 
interquartile range, and the Mann-Whitney test was used 
to compare pre- and post-ASP cohorts. Categorical vari-
ables were summarized using frequency and percent, and 
Pearson’s chi-square test or Fisher’s exact test were used, 
as appropriate, to test for differences between periods. 
We calculated each patient’s days of therapy by summing 
the number of days of therapy for each antimicrobial re-
ceived. To take overdispersion into account, we used a 
negative binomial model to analyze the number of days 
of therapy per 1,000 days of patient stay. In each period, 
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the mean days of therapy per 1,000 days of patient stay 
was estimated, together with a 95% confidence interval. 
The ratio of the mean days of therapy per patient day in 
the post-ASP compared with the pre-ASP cohort was also 
calculated, together with a 95% confidence interval. In a 
posthoc analysis, these analyses were repeated, excluding 
patients ≤28 days of age. All analyses were carried out 
using R version 3.6.0 (2019-04-26). Negative binomial 
models were estimated using the R package MASS ver-
sion 7.3.51.4. Estimated marginal means were calculated 
using the R package emmeans version 1.3.4.

RESULTS
We identified a total of 579 patients through health records 
of which 398 (191 in the first period, 60 in the second, third, 
and fourth periods, and 147 in the last period) met the case 
definition (Fig. 1). The current study’s population of pre-
viously healthy children <2 years old hospitalized with 
RSV bronchiolitis represented 64% of the total number 
of RSV bronchiolitis admissions in both the first and last 
seasons. Patient characteristics are detailed in Table 1. The 
median (IQR) age pre-ASP was 3.6 months (1.7–9.0). In 
the post-ASP group, median (IQR) for age was 3.7 months 
(1.5–7.5). There was a statistically significant decrease in 
median LOS from 5 days (IQR 4.0–6.0) (range 2.0–9.0), 
in cohort 1, to 4 days (IQR 3.0–5.0) (range 2.0–8.0), in co-
hort 5 (P < 0.001). There were no patients in either group 

who returned to the study hospital within the week of 
being discharged who required antibiotic therapy.

Table  2 details patient outcomes, including the pro-
portion of patients receiving antimicrobials, the number 
of days requiring supplemental oxygen, and the number 
of days of fever. There was a 15.1% absolute reduction 
in the proportion of patients who received any anti-
microbials [90/191 (47.1%) versus 47/147 (32%), P = 
0.01]. Comparison of cohort 1 (pre-ASP) and cohort 
5 (post-ASP) demonstrated a decrease in mean DOT 
per 1,000 patient-days from 414 DOT/1,000 patient-
days [95% confidence interval (CI), 319–538] to 323 
DOT/1,000 patient-days (95% CI, 237–439) with a 
ratio of 0.78 (95% CI, 0.52–1.17) and P-value of 0.23. 
Excluding patients who were ≤28 days old, the mean 
DOT per 1,000 patient-days were 371 DOT/1,000 
patient-days (95% CI, 286–482) in cohort 1 and 201 
DOT/1,000 patient-days (95% CI, 144–280) in cohort 
5 with a ratio of 0.54 (95% CI, 0.35–0.82) and P-value 
of 0.004 (Fig. 2).

Seven patients in the pre-ASP cohort and 11 patients 
in the post-ASP cohort had 2 rationales documented, 
while the remainder of the patients only had 1 (ratio-
nales pre-ASP n = 97; rationales post-ASP n = 58). The 
top 3 diagnoses used as rationales for antimicrobial use 
were pneumonia [51/97 (52.6%) pre-ASP versus 16/58 
(27.6%) post-ASP], Acute otitis media (AOM) [22/97 

Fig. 1. Flow chart of included/excluded cases <2 years of age admitted for bronchiolitis.

Table 1. Patient Characteristics

Pre-ASP  
N = 191; n (%)

Post-ASP  
N = 147; n (%) P

Sex 0.85
    Male 111 (58.1) 83 (56.5)  
Age 0.94
    <1 year old 162 (84.8) 126 (85.7)  
Where the patient presented from 0.17
    Home 148 (77.5) 123 (83.7)  
    Community healthcare  

provider’s care
43 (22.5) 24 (16.3)  

Presented already on antibiotics 43 (22.5) 17 (11.6) 0.01
Chest radiograph performed 118 (61.8) 62 (42.2) <0.001

Table 2. Patient Outcomes

Pre-ASP  
N = 191; n (%)

Post-ASP  
N = 147; n (%) P

Days requiring oxygen <0.001
    0 55 (28.8) 76 (51.7)  
    1–3 112 (58.6) 57 (38.8)  
    >3 24 (12.6) 14 (9.5)  
Days of fever ≥38°C 0.34
    0 129 (67.5) 89 (60.5)  
    1–3 60 (31.4) 55 (37.4)  
    >3 2 (1.0) 3 (2.0)  
No. patients receiving  

antimicrobials
    At CHEO (ED and/or inpatient) 90 (47.1) 47 (32.0) 0.01
    At discharge 64 (33.5) 28 (19.0) 0.005
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(22.7%) pre versus 17/58 (29.3%) post], and “rule 
out sepsis” [10/97 (10.3%) pre versus 17/58 (29.3%) 
post]. Of the patients who had an infiltrate reported 
on chest X-ray (53 patients pre-ASP, 20 patients post-
ASP), 46 (86.8%) patients in the pre-ASP cohort and 
14 (70%) in the post-ASP cohort patients received 
antimicrobials. Of the patients who had a chest X-ray 
performed but did not have an infiltrate reported (65 
pre-ASP, 42 post-ASP), 26 patients (40%) in the pre-
ASP group still received antimicrobials [8 (30.8%) 
for pneumonia, 10 (38.5%) for AOM, 8 (30.8%) 
other] versus 13 (31%) patients in the post-ASP group  
[2 (15.4%) for pneumonia, 5 (38.5%) for AOM, 6 
(46.1%) for other]. Of the total 338 patients, 9 patients 
(6 pre-ASP, 3 post-ASP; 2.7%) were treated for UTI, 
but only 5 (1.5%) met diagnostic criteria for UTI. Only 
6 (2%) patients had identified viral coinfections. Three 
positive blood cultures were documented, but all 3 were 
considered contaminants.

The top 5 most commonly used antibiotics in both pre-
ASP and post-ASP cohorts in order of most used to least 
were: amoxicillin, ampicillin, ceftriaxone/cefotaxime, 
cefuroxime, and tobramycin/gentamicin. There was a sig-
nificant decrease in the use of cefuroxime (26.7% versus 
0%, P < 0.001) as well as a significant increase in the use 
of tobramycin/gentamicin (0% versus 31.9%, P < 0.001) 
between the pre-ASP and post-ASP periods. In the pre-ASP 
period, 15 patients (7.9%) were given ceftriaxone/cefo-
taxime compared with 5(3.4%) in the post-ASP period (P 
= 0.41). Very small numbers of patients were given amox-
icillin-clavulanate (1 pre, 3 post), azithromycin (1 pre, 1 
post), cefazolin (1 pre, 0 post), clarithromycin (1 pre, 2 
post), erythromycin (1 pre, 1 post), penicillin G (1 pre, 
0 post), Trimethoprim-sulfamethoxazole (TMP-SMX) (1 
pre, 1 post), or vancomycin (2 pre, 0 post). No patients 
received cefixime, cephalexin, ciprofloxacin, clindamycin, 

cloxacillin, meropenem, metronidazole, penicillin V, or 
piperacillin-tazobactam in either cohort.

DISCUSSION
The present study examines the use of antibiotics in 
patients hospitalized due to RSV bronchiolitis. A previous 
study done at the same institution in 1999 noted that 
60.5% of patients received at least 1 antibiotic during 
their hospitalization.9 In the present study, before the in-
stitution of ASP, 47.1% of patients received antibiotics. 
This practice decreased to 32% after almost 2 years of 
a prospective audit and feedback stewardship program. 
Using the entire age-range of patients, we obtained a 22% 
decrease in mean DOT per 1,000 patient-days between 
the pre- and post-ASP periods, which was not significantly 
different. However, in the >28 days old age group, there 
was a nearly one-half reduction in mean DOT per 1,000 
patient-days (ratio 0.54, 95% CI, 0.35–0.82, P = 0.004). 
This difference in antimicrobial prescribing between the 
2 age groups (≤28 days old versus >28 days old) is likely 
due to the usual practice of empirically giving ampicillin 
and tobramycin in any febrile neonate out of concern for 
possible sepsis.

The reduction in DOT per 1,000 patient-days in the 
>28 days old age group is greater than the 30% decrease 
in antimicrobial use for a similar population of children 
(excluded children <28 days old) and follow-up time 
where investigators used both educational initiatives 
aimed at both the ED and ward staff in addition to stew-
ardship rounds in the hospital.10 This reduction in anti-
microbial use appears to be on the higher end when com-
paring overall reduction seen inpatient pediatric settings 
(6%–38%) following the implementation of stewardship 
programs.11–13 AAP and CPS guidelines on bronchiolitis 
were published in 2014 and may have contributed to the 

Fig. 2. Plot of in-hospital days of therapy per 1,000 patient-days in patients older than 28 days old over 5 RSV seasons (December 
1 to April 30 of each year listed). Each data point represents 1 patient’s DOT/1,000 patient-days. The mean DOT/1,000 patient-days 
with confidence intervals by season is also displayed. The timing of initiation of known interventions that may have contributed to 
antimicrobial use is indicated. Jan, January.
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willingness to discontinue antimicrobials, but literature is 
conflicted as to whether guidelines can significantly re-
duce use to the extent that we observed in our study.5,14,15 
In this study, there was a more modest reduction (15%) 
in the proportion of patients who were started on anti-
microbials compared with the overall days of therapy 
(46%), suggesting that ward ASP has a greater impact on 
shortening duration or discontinuing of antimicrobials 
in patients >28 days of age. The proportion of patients 
receiving antimicrobial prescriptions at discharge also 
decreased from 33.5% to 19%. Indeed, this is consistent 
with the trend of decreasing outpatient antimicrobial pre-
scribing rates for children over the last 20 years.16 The 
decrease in use in inpatients with RSV appears to be safe 
as the LOS was reduced, and no patients returned to the 
hospital within a week although they could have been 
seen elsewhere as outpatients and not been captured in 
this study.

The ASP also likely contributed to the decreased spec-
trum of antimicrobials prescribed, as the use of cefurox-
ime decreased from 26.7% to 0% and third-generation 
cephalosporins from 7.9% to 3.4%. This reduction in 
cefuroxime use was appropriate, given the widespread 
vaccination of infants against Haemophilus influenzae. 
The increased use of “rule out sepsis” and acute otitis 
media as the rationale for antibiotics in the post-ASP pe-
riod may explain the increased use of aminoglycosides 
(0% to 31.9%). This rationale is concerning given that 
the rate of serious bacterial infection in patients with RSV 
bronchiolitis has repeatedly been shown to be very low.4 
The uncertainty of diagnosis or safety concerns may have 
prompted these actions.17

Other than the initiation of ASP rounds and the pub-
lication of guidelines, other factors could have contrib-
uted to decreased antimicrobial use and decreased LOS 
in the post-ASP period. First, there was a decrease in the 
number of patients who presented to the ED already on 
antimicrobials in the first cohort compared with the last. 
This finding may reflect an overall practice change in the 
wider medical community between the 2 study periods 
and could account for some of the decrease in antimi-
crobial use. Next, there was a new preprinted order set 
(PPO) for clinical bronchiolitis introduced in October 
2015 throughout the hospital (ED and inpatient). This 
“hard copy” PPO did not include orders for antimicro-
bials as this was left to the discretion of the admitting 
physician. However, the order set did promote lower ox-
ygen saturation targets by nursing staff and may have 
accounted for the shorter LOS overall. Prior studies of 
hospital-specific order sets have demonstrated that PPOs 
have only been modestly successful in decreasing antimi-
crobial use.6,18

Both the AAP and CPS guidelines do not recommend 
routine chest X-rays, which likely contributed to the order-
ing of significantly fewer X-rays in the post-ASP period 
compared with the pre-ASP period. This recommendation 
would have resulted in fewer reports of “infiltrates” and 

thus contributed to lower antimicrobial use for “pneu-
monia.” Lastly, in this institution, there was a change in 
viral testing methodology (antigen detection to molecular 
testing in 2013), but the time to test reporting did not 
change. Moreover, rapid viral testing has been shown to 
not reduce antibiotic use in pediatric patients with acute 
febrile respiratory illness.19

The study was limited by being a retrospective chart 
review done at a single pediatric hospital comparing all 
eligible patients in 2 viral seasons and use of a random 
sample for the 3 intervening seasons. A complete time se-
ries analysis would have been optimal as the small number 
of cases in the intervening seasons resulted in wide confi-
dence intervals seen in Figure 2.20

Patients who are hospitalized with RSV represent a dis-
tinct subset of all children with RSV. The prevalence of 
secondary pneumonia in this subset is likely higher; there-
fore, the goal of eliminating all antimicrobial use in this 
subset of hospitalized patients is not realistic. However, 
this study does add to the accumulating literature that 
ASP interventions along with guidelines and order sets 
can safely contribute to a reduction in antimicrobial use 
of 25%–50% and decreased use of broad-spectrum ceph-
alosporins particularly for children between 1 month and 
2 years of age hospitalized with RSV. Further research in 
identifying those who would or would not benefit from 
antibiotics should be promoted.
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