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ABSTRACT

Objectives To describe and compare antibiotic use

in relation to indications, doses, adherence rate to
guidelines and rates of broad-spectrum antibiotics (BSA)
in two different paediatric departments with different
academic cultures, and identify areas with room for
improvement.

Design Prospective observational survey of antibiotic
use.

Setting Paediatric departments in a university hospital
(UH) and a district hospital (DH) in Norway, 2017. The
registration period was 1year at the DH and 4 months at
the UH.

Participants 201 children at the DH (mean age 3.8: SD
5.1) and 137 children at the UH (mean age 2.0: SD 5.9)
were treated with systemic antibiotics by a paediatrician in
the study period and included in the study.

Outcome measures Main outcome variables were
prescriptions of antibiotics, treatments with antibiotics,
rates of BSA, median doses and adherence rate to national
guidelines.

Results In total, 744 prescriptions of antibiotics were
given at the UH and 638 at the DH. Total adherence

rate to guidelines was 75% at the UH and 69% at the

DH (p=0.244). The rate of treatments involving BSA did
not differ significantly between the hospitals (p=0.263).
Use of BSA was related to treatment of central nervous
system (CNS) infections, patients with underlying medical
conditions or targeted microbiological treatment in 92%
and 86% of the treatments, at the UH and DH, respectively
(p=0.217). A larger proportion of the children at the DH
were treated for respiratory tract infections (p<0.01)
compared with the UH. Children at the UH were treated
with higher doses of ampicillin and cefotaxime (p<0.05)
compared with the DH.

Conclusion Our results indicate that Norwegian
paediatricians have a common understanding of main
aspects in rational antibiotic use independently of working
in a UH or DH. Variations in treatment of respiratory tract
infections and in doses of antibiotics should be further
studied.

Strengths and limitations of this study
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» This paediatric study is based on individual patient
data collected prospectively in a university hospital
and a district hospital in a country with low anti-
microbial resistance and includes information on
antibiotic use, indications for treatment, underlying
medical conditions, microbiological samples and
doses.

» No registration data were missing on the included
children.

» The adherence rate to the national antibiotic guide-
line for common infections was calculated.

» Some case-mix differences in the two study popu-
lations made us carefully select outcomes that was
comparable.

INTRODUCTION
Antimicrobial resistance (AMR) represents a
serious threat to global health and is partly
caused by inappropriate use of antibiotics.'™
Exposure to antibiotics, especially broad-spec-
trum antibiotics (BSA) in children, may
also increase the risk of various chronic
diseases."® Use of BSA in Norwegian hospi-
tals have increased during the last 10 years
despite low resistance rates.” ® Norway has a
National Strategy against AMR including a
30% reduction in the use of BSA in hospitals
within 2020°

Raastad et al revealed a significantly
increased consumption of BSA in a highly
specialised Norwegian paediatric depart-
ment.'” Our group recently showed that a
high number (30%) of children in Norwe-
gian general hospitals are receiving BSA,"
and that adherence rate to antibiotic guide-
lines is low (48%). However, parameters such
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Table 1 Empirical recommendations for treatment of
infections in Norwegian children

First-line empirical recommendation in

Indication the guideline*

Pneumonia » Phenoxymethylpenicillin or
benzylpenicillin

Urinary tract » Aminoglycoside plus ampicillin

infection » Pivmecillinam or amoxicillin/clavulanic
acid

Sepsis and » Aminoglycoside plus ampicillin

neutropenia

Infections in » Cloxacillin, dicloxacillin,

skin, soft tissue,
bone and joint

clindamycin, cefalotin, cefalexin,
phenoxymethylpenicillin or
benzylpenicillin (alone or in
combination)
Infection in ear, » Phenoxymetylpenicillin or
eye and throat benzylpenicillin (throat and ear)

» Cefotaxime or clindamycin (severe

infections)

CNS infections  » Cefotaxime or ceftriaxone

*First-line treatment options in the Norwegian guideline.?®
CNS, central nervous system.

as underlying medical conditions, treatments based on
microbiological samples and doses of antibiotics were not
evaluated.

Differences in antibiotic prescription patterns for paedi-
atric inpatients are observed between countries,'” * and
also within geographical areas."*™” A low adherence rate
to paediatric antibiotic guidelines is a global challenge
both in hospitals and primary care, and especially in
respiratory tract infections."® " Furthermore, there is no
common international agreement regarding the optimal
antibiotic dose for children in relation to body mass and
type of infection.” *'** In fact, scientific evidence does
not give a clarifying answer on whether a higher or a
lower dose of antibiotics will minimise the development
of antibiotic msistance,25 but the mutant selection window
theory indicate the importance of a high enough dose.*®

In Norway, all acute care hospitals are public. There are
68 hospitals registered in the database of The Norwegian
Institute of Public Health; 6 of these are university hospi-
tals (UHs), while the remaining are smaller district hospi-
tals (DHs). Twenty-three of the hospitals have a paediatric
department. Comparing hospitals of different sizes and
academic cultures gives a more valid description of anti-
biotic prescriptions throughout the country. The UHs are
holding many academic positions and are expected to be
role models in clinical practice for the DHs. We therefore
speculate if there are any clearly differences in pattern of
antibiotic use in children between centrally located UHs
and more rural located DHs.

The primary aim of this study is to investigate whether
use of BSA and adherence rate to antibiotic guidelines
differs between children treated in a centrally located
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UH and a more rural located DH. The secondary aim is
to compare the distribution of indications for treatment,
the duration of hospital treatment, route of administra-
tion, use of combination therapy, obtaining rate of blood
cultures and doses of antibiotics. All aims are seen in the
context of targeting areas for improvement of antibiotic
use.

METHODS

Study setting and design

This is a prospective study using a period incidence design
to compare paediatric antibiotic prescriptions in a UH
(Oslo University Hospital, Ulleval) and a DH (Alesund
Hospital) in Norway, 2017. Neonatal and paediatric
intensive care units were not included. In both hospitals,
children 0-18 years of age are admitted in paediatric
departments.

Hospitals

Alesund Hospital, hereafter called the DH, is located in
the western part of Norway, and holds a wide range of
medical specialty services. The paediatric ward consists of
18 beds. Data were collected during 12 months in 2017,
from 1 January to 31 December.

The paediatric department in Oslo University Hospital,
Ulleval (UH) consists of various wards. We collected data
from the paediatric infectious ward (18 beds) during
4months in 2017, from 1 June to 31 July and from 17
October to 17 December. In the period from 1 to 31 July,
the general paediatric ward was merged with the paedi-
atric infectious and observation ward because of summer
holiday and included in our registration.

The UH is a national referral centre for children with
cystic fibrosis, but does on the other hand not admit onco-
logical or cardiological patients. The DH does not have
any national services, but treat children with all kinds of
clinical conditions. In opposite to the DH, the UH has
many paediatricians holding academic positions working
in close collaboration with the clinicians.

Data collection
The data were collected from the medical records every
day at 08:00 in both hospitals. In the DH, this was done by
trained nurses working on the ward and double-checked
by a medical doctor every day. In the UH, one paedia-
trician did all registrations, and the quality control was
performed by the head of this project. For registrations,
we applied an international standardised point preva-
lence protocol developed by the European Centre for
Disease Prevention and Control (ECDC),27 and the data
were stored in an electronical database (without national
identification numbers). Educational classes to doctors
and nurses who were data collectors were held before the
start of registration in both hospitals.

Data collection included the total number of patients
in the wards, national identification numbers, gender,
age, weight, underlying medical conditions, type and
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Table 2 Antibiotic prescriptions by paediatricians for treatment of infections in a Norwegian university hospital and a district

hospital (only in-hospital prescriptions)

University
Total hospital District hospital P value*

Bed days

Children in hospital uptake area 137233 50274

Bed days, n 3844 1833 2011

Bed occupancy rate, % 73 83 44 <0.01

Bed days with antibiotics, n (%) 1058 (28) 524 (29) 534 (27) N/AT

Bed days with antibiotics/100 children in uptake area 1.12 1.15 1.06 N/At
Prescriptions

Prescriptions, n 1382 744 638

Intravenous prescriptions, n (%) 992 (72) 613 (82) 379 (59) <0.01

Monotherapy, n (%) 672 (49) 284 (38) 388 (61) <0.01

BSA%, n (%) 269 (20) 172 (23) 97 (15) 0.03

Total administered doses/100bed days 36 41 31 N/AT
Patients

Total, n 338 137 201

Male/female (%) 52/48 58/42 47/53 NS

Age in years, mean (SD) 3.0 2.0(5.9) 3.8 (6.1) NS

Weight in kg, median (IQR) 14.0 (22.1) 13.0 (25.1) 15.4 (20.0) NS

Days of treatment in hospital, median (IQR) 2.0 (3.0 3.0 (8.0) 2.0 (2.0) <0.01

Treatment for >1 indication 7(2) 5 (4) 2(1) N/A

Comorbidity, n (%) 118 (35) 46 (34) 72 (36) NS

*A x2 test was used for proportions, Student's t-test for means and Moods median test for medians.

TIn the district hospital, all paediatric bed days were included, but in the university hospital only those admitted to the
infectious ward were included. A statistical comparison of total antibiotic use was therefore not performed.
FBroad-spectrum antibiotics (BSA): second-generation and third-generation cephalosporins, carbapenems, piperacillin/
tazobactam, carbapenems and ceftolazan/tazobactam. P-value < 0.05 was regarded significant.

dose of antibiotics, route of administration, whether it
was for treatment or prophylaxis, indication for antibiotic
treatment and whether the infection was healthcare or
community acquired. Results from blood cultures, bone/
joint aspirations and airway samples from patients with
cystic fibrosis were registered.

Definitions

Definitions of underlying medical conditions and the
clinical indication for treatment derived from the ECDC
rules for conducting a point-prevalence sulrvey27 and were
reported based on predefined lists. Less severe medical
conditions such as allergies and asthma without daily
medication were not registered as comorbidities. Surgical
prophylaxis was defined as antibiotics given immedi-
ately before, during or shortly after surgery to prevent
infection. Medical prophylaxis was defined as antibiotics
prescribed to prevent infection in patients at risk. Health-
care-associated infections were defined according to the
ECDC criteria.?” Antibiotics were defined as antibacte-
rials for systemic use (JO1), oral vancomycin (A07AA09)
and oral metronidazole (PO1IABO1). Tuberculostatics
(eg, rifampicin) were not included. BSA were defined as

second-generation and third-generation cephalosporins,
ceftolozane/tazobactam, carbapenems, piperacillin/
tazobactam and quinolones, according to the National
Strategy against AMR.’

Guidelines

To evaluate adherence to guidelines, we used empirical
recommendations given in Norwegian Guidelines—Acute
Paediatrics by The Norwegian Pediatric Association.”®
Treatments in accordance with susceptibility patterns
from blood cultures, bone/joint aspirations and airway
samples in patients with cystic fibrosis were also included
when calculating the adherence rate. A summary of the
empirical recommendations is shown in table 1.

An adherence rate of at least 65% was regarded as
satisfactory based on our previous study."’ When evalu-
ating doses of antibiotics, we used the British National
Formulary for Children,” because it is commonly used by
Norwegian paediatricians. We did not evaluate whether
treatment with antibiotics was indicated in the first place,
nor the length of the treatment, only choices of antibi-
otics and doses.
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District Hospital, n=638

Figure 1 Distribution of antibiotic doses given by
paediatricians for treatment of infection to hospitalised
children in a Norwegian district hospital and a university
hospital. Broad-spectrum antibiotics (BSA) and all other
antibiotics accounting for >10% of total doses in one of the
hospitals were included.

University Hospital, n=744

Analyses

To minimise case-mix variations between the hospitals,
only admissions of patients treated by paediatricians
(not surgeons) and antibiotics issued for treatment of
infections (not prophylaxis) were included in our anal-
yses. Antibiotic use was described in relation to bed days,
total number of antibiotic prescriptions, proportion
of admitted patients receiving antibiotics and the total
number of antibiotic treatments. One prescription was
defined as a daily dose with one antibiotic, and treatment
was defined as antibiotic therapy for a certain indica-
tion in a certain time range. Doses were described and
compared in mg/kg/day only for children <40kg, and
we controlled for hospital differences in distribution of
indications and weight by doing stratified analyses. When
comparing adherence rate to guideline and BSA use we
adjusted for age. We also controlled for the impact of
seasonal variation by analysing data on treatments with
identical registration periods.

Statistics

Statistical analyses were performed using Microsoft excel
2016 and SPSS Statistics V.23. The proportion of chil-
dren receiving antibiotics was described separately for
each hospital without statistically comparisons because
of case mix. For all other analyses including BSA rates
(%), comorbidity rates (%), age (mean), duration of
treatment (median), doses (median) and route of admin-
istration (%), comparisons were done using either X2 test
(proportions), Student's t-test (means) or Moods median
test (medians). Fishers exact test was used to analyse
differences in distribution of indications when comparing
doses. When comparing adherence to guidelines and
use of BSA, we controlled for age differences between
the hospitals by using a multivariable logistic regression
analyse adjusting for age as an independent variable. A
p<0.05 was considered significant. SD was used in relation

to means and IQR in relation to medians. No data were
missing for the statistical analyses.

Patient and public involvement

This study is part of a comprehensive project, ‘Born in
the sunset of antibiotics—use of antibiotics in hospital-
ized children in a country with low antimicrobial resis-
tance’. For this project, we have recently recruited a user
representative from The Norwegian Society of Children's
Cancer. She has received the project protocol, but not
been directly involved in the conduction of this specific
study; however, she will help implement our results to
the general population and take more actively part in
upcoming studies.

RESULTS

General demographics

In total, 3844 bed days (1833 at the UH and 2011 at the
DH) were registered, whereof 28% (29% at the UH and
27% at the DH) included exposure to antibiotic therapy
(table 2).

The proportion of intravenous infusions and combi-
nation of antibiotics were significantly higher at the
UH compared with the DH (p<0.01). Thirty-four per cent
of patients at the UH and 36% at the DH had an under-
lying medical condition. No fatalities were registered
during the study periods.

Total antibiotic use

Beta-lactamase susceptible penicillins accounted for the
highest proportion (25%) of antibiotic prescriptions at
the DH compared with 8% at the UH (p<0.01). Amino-
glycosides represented the highest proportion (20%) at
the UH compared with 15% at the DH (figure 1).

Indications for treatment with antibiotics and adherence rate
to the guideline

Of all 345 treatments, 32% where given for pneumonia
(table 3). At the DH, a higher proportion of treatments
were given for pneumonia (p<0.01) and upper respira-
tory tract infections (p<0.01) compared with the UH,
while more patients at the UH were treated for infections
in skin, soft tissue, bone and joint (p<0.01). For infec-
tions in skin, soft tissue, bone and joint, 9 (27%) out of
33 treatments at the UH and 10 (43%) out of 33 treat-
ments in the DH involved clindamycin (p=0.176). Total
adherence to guideline was 72%, varying for different
indications, and without significant differences between
hospitals (table 3). Treatments for pneumonia had the
lowest adherence rate to the guideline; 25% of the treat-
ments involved erythromycin at the UH and 18% at the
DH; 13% of the treatments involved aminopenicillins or
trimethoprim-sulfamethoxazole at the UH and 15% at
the DH.

Use of BSA
The proportion of treatments involving BSA varied for
different indications, but we revealed no significant
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Table 3 Paediatric antibiotic prescriptions for different indications in a Norwegian university hospital and a district hospital

University District
Indications for antibiotic treatment Total hospital hospital P value*
All indicationst
Treatments, n 345 142 203
Healthcare-acquired infections, n (%) 17 (5) 11 (8) 6 (3) 0.04
Treatments involving BSAE, n (%) 72 (21) 34 (24) 38 (19) NS
Treatments according to guideline§], n (%) 232 (72) 96 (75) 136 (69) NS
Pneumonia
Treatments, n (% of all treatments) 110 (32) 32 (23) 78 (38) <0.01
Treatments involving BSA, n (%) 4 (22) 1(34) 13 (17) NS
Treatments according to guideline, n (%) 57 (52) 15 (47) 42 (54) NS
Days of treatment in hospital, median (IQR) 2.0(3.0 3.0 4.5) 2.0 (2.3) NS
Treatments to patients with comorbidities, n (%) 54 (49) 19 (59) 35 (45) NS
BSA treatments to patients with comorbidities™, n (% of BSA) 23 (96) 11 (100) 12 (92) NS
Urinary tract infection
Treatments, n (% of all treatments) 59 (17) 28 (20) 31 (15) NS
Treatments involving BSA, n (%) 6 (2) 2 (7) 4 (13) NS
Treatment according to guideline, n (%) 50 (85) 26 (93) 24 (77) NS
Days of treatment in hospital, median (IQR) 2.0 (2.0 2.0(1.8) 3.0 (3.0 NS
Treatments to patients with comorbidities, n (%) 20 (34) 7 (25) 13 (42) NS
BSA treatments to patients with comorbidities, n (% of BSA) 5 (83) 2 (100) 3 (75) N/A
Infection in skin, soft tissue, bone and joint
Treatments, n (% of all treatments) 57 (17) 33 (23) 23 (11) <0.01
Treatments involving BSA, n (%) 8 (14) 6(18) 29 NS
Treatments according to guideline, n (%) 41 (72) 23 (70) 18 (78) NS
Days of treatment in hospital, median (IQR) 2.0 (4.0) .0 (5.0) 1.5 (3.0) NS
Treatments to patients with comorbidities, n (%) 10 (18) 1) 9 (38) <0.01
BSA treatments to patients with comorbidities, n (% of BSA) 1(10) 0 (0) 1 (50) N/A
Sepsis
Treatments, n (% of all treatments) 34 (9) 19 (13) 5(7) NS
Treatments involving BSA, n (%) 7 (21) 4 (21) 3 (20) NS
Treatments according to guideline, n (%) 30 (88) 18 (95) 12 (80) NS
Days of treatment in hospital, median (IQR) 3.5 (4.0) 3.0 (3.0) 5.0 (5.0) NS
Treatments to patients with comorbidities, n (%) 14 (41) 8 (42) 6 (40) NS
BSA treatments to patients with comorbidities, n (% of BSA) 6 (86) 3 (100) 3 (75) N/A
Upper respiratory tract infections
Treatments, n (%) 42 (12) 7 (5) 35 (17) <0.01
Treatments involving BSA, n (%) 2 (5) 1(14) 10 NS
Treatments according to guideline, n (%) 34 (81) 7 (100) 27 (77) NS
Days of treatment in hospital, median (IQR) 2.0(2.0 2.0 (2.0) 2.0 (2.0) NS
Treatments to patients with comorbidities, n (%) 10 (24) 2 (29) 8 (23) NS
BSA treatments to patients with comorbidities, n (% of BSA) 1 (50) 1 (100) 0 (0) N/A
CNS infections
Treatments, n (%) 23 (7) 9 (6) 14 (7) NS
Treatment involving BSA, n (%) 20 (87) 7 (78) 13 (93) NS
Treatments according to guideline, n (%) 20 (87) 7 (78) 13 (93) NS
Continued
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Table 3 Continued

University District
Indications for antibiotic treatment Total hospital hospital P value*
Days of treatment in hospital, median (IQR) 1.0 (2.0) 2 (3.0) 1 (1.25) NS
Treatments to patients with comorbidities, n (%) 14) 1(11) 0(0) NS
BSA treatments to patients with comorbidities, n (% of BSA) 1(5) 1(14) 0 (0) NS
Other infections
Treatments, n (%) 23 (7) 14 (10) 7 (3) 0.03
Treatments with BSA, n (%) 5(22) 3 (21) 2 (29) NS

*A x2 test was used for proportions and Moods median test for medians. Non-significant results are marked NS. N/A means that the numbers
are too small for statistical testing.

TFor adherence rate and BSA use, we controlled for age differences between the hospitals by using multivariable logistic regression, and the
significant levels remained the same for all indications. P-value < 0.05 was regarded significant.

FBroad-spectrum antibiotics (BSA) were defined as second-generation and third-generation cephalosporins, carbapenems, piperacillin/

tazobactam and ceftolazan/tazobactam.

§The entire treatment is in adherence with the empirical recommendation in The Norwegian guideline®® and/or in accordance with blood
cultures, bone/joint cultures or respiratory tract samples from cystic fibrosis patients (means using any antibiotic(s) that was susceptible by

the bacteria, regardless of how the patient was treated initially).

9|Other infections were not included when calculating total compliance with guidelines.
**University hospital: cystic fibrosis with pathogenic bacteria (9), cerebral palsy (1), recent CNS operation (1), district hospital: cystic fibrosis
with pathogenic bacteria (8), lymphoma (1), neurological multifunction disability (1), heart disease (1), syndrome (1).

CNS, central nervous system.

differences between the hospitals (table 3). For urinary
tract infections and pneumonia, nearly all treatments
involving BSA (28 out of 30) were given to patients with
an underlying medical condition. In cases of pneumonia,
cystic fibrosis accounted for 17 (71%) of treatments to
patients with comorbidities. Prescriptions to patients
with an underlying (mostly severe) medical condition,
central nervous system (CNS) infection or treatment
based on a microbiological sample, accounted for 90% of
all doses with BSA (table 4). In the UH, nine admissions
of patients with cystic fibrosis accounted for 91 (53%) of
total prescriptions with BSA while in the DH, eight admis-
sions of patients with cystic fibrosis were given 19 (20%)
of total prescriptions with BSA (p<0.01). When excluding
patients with cystic fibrosis, no significant difference in
prescription rate of BSA was found between the hospitals.

Blood cultures

In the UH, blood cultures were obtained before or
during 77% of all treatments, as opposed to 44% in the
DH (p<0.01) (see online supplemental digital content
1, table showing rates for various indications). Out of 14
positive blood cultures, Staphylococcus aureus was the most
common bacteria (two cases in both hospitals). One case
of extended spectrum beta-lactamase (ESBLE) was regis-
tered at the UH (see online supplemental digital content
2 for the results and treatments of all infections with posi-
tive blood cultures).

Antibiotic doses

Overall, the median dose in mg/kg/day given to chil-
dren <40kg was higher in the UH for six out of the seven
most commonly prescribed antibiotics given intrave-
nously. A significant difference was found for ampicillin

and cefotaxime (figure 2). For ampicillin, we subgrouped
the children above and below 10kg, and the difference
was only significant for children <10kg (p<0.01) with a
median dose of 151 mg/kg/day in the DH and 199mg/
kg/day in the UH. For neonatal infants (<28 days),
ampicillin was administered three times a day to nearly
all patients in both hospitals (three out of three in the
DH, and six out of eight in the UH). For all remaining
children <40kg, ampicillin was mainly administered four
times a day in the UH (93%), and three times a day in
the DH (54%) (p<0.01). Cefotaxime was also mainly
administered four times a day in the UH (8 out of 11,
73%) and three times a day in the DH (8 out of 11, 73%)
(p<0.01). The IQR was smaller in the DH for eight of the
nine antibiotics. When comparing doses, we controlled
for different indications for antibiotic therapy between
the hospitals, and only found significant difference in
the distribution of indications for ceftriaxone (p=0.02)
(see online supplemental digital content 3 for a detailed
description of dose comparison).

Seasonal variation

To control for seasonal variation bias in the distribu-
tion of indications and choice of antibiotics, we anal-
ysed data from the DH corresponding directly with
the collection periods at the UH (see online supple-
mental digital content 4). We revealed no significant
differences in adherence rate or BSA use between the
hospitals, and the differences in proportions of treat-
ments being pneumonia or upper respiratory tract
infections were significant at the same levels as in our
main analyses. Also, the number of treatments at the
DH was on the same level in the two periods; 65 during
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Table 4 Overview of paediatric prescriptions with broad-spectrum antibiotics (BSA) in a Norwegian university hospital

compared with a district hospital

University District
Prescriptions with BSA Total hospital hospital P value*
All BSA, n 269 172 97
Prescriptions to patients with comorbidities, n (%) 182 (68) 120 (70)t 62 (64)% NS
Prescriptions to patients with cystic fibrosis, n (%) 110 (41) 91 (53) 19 (20) <0.01
Prescriptions to patients with CNS infections, n (%) 40 (16) 19 (12) 21 (22) 0.03
Prescriptions based on microbiological samples, n (%) 130 (48) 111 (65)§ 19 (20)9] <0.01
Prescriptions to patients with comorbidities, CNS infections or 241 (90) 158 (92) 83 (86) NS
based on microbiological samples, n (%)
Second-generation and third-generation cephalosporines, n (% of 186 (69) 116 (75) 70 (72) NS
BSA)
Prescriptions to patients with comorbidities, n (%) 103 (55) 65 (56) 38 (54) NS
Prescriptions to patients with CNS infections, n (%) 40 (22) 19 (16) 21 (30) 0.02
Prescriptions based on microbiological samples, n (%) 76 (41) 57 (49) 19 (27) 0.03
Carbapenems, n (% of BSA) 34 (13) 24 (15) 10 (10) NS
Prescriptions to patients with comorbidities, n (%) 31 (91) 24 (100) 7 (70) NS
Prescriptions based on microbiological samples, n (%) 24 (77) 24 (100) 0 (0) <0.01
Piperacillin-tazobactam, n (% of BSA) 28 (10) 17 (10) 11 (11) NS
Prescriptions to patients with comorbidities, n (%) 28 (100) 17 (100) 11 (100) NS
Prescriptions based on microbiological samples, n (%) 0(0) 16 (94) 0 (0) <0.01
Quinolones, n (% of BSA) 7 (3) 1(0.6) 6 (6) 0.01
Prescriptions to patients with comorbidities, n (%) 7 (100) 1 (100) 6 (100) N/A
Prescriptions based on microbiological samples, n (%) 1(14) 1 (100) 0 (0) N/A
Ceftolozane/tazobactam, n (% of BSA) 14 (5) 14 (9) 0(0) 0.02
Prescriptions to patients with comorbidities, n (%) 14 (100) 14 (100) 0(0) N/A
Doses based on microbiological samples, n (%) 14 (100) 14 (100) 0(0) N/A

*XZ test. Non-significant results are marked NS. N/A means that the numbers are too small for statistical comparisons.
TCystic fibrosis (91), chronical kidney disease (9), neurological disease (6), others (14).
FCystic fibrosis (19), malignancy (14), inflammatory bowel disease (14), chronical kidney disease (9), neurological disease (5), heart disease

().

§Blood cultures: extended spectrum beta-lactamase (ESBL) (3), Klebsiella pneumoniae (5), bone aspiration: Kingella kingae (12), airway

sample: Pseudomonas aeruginosa (81), Mycobacterium abscessus (10).

flAirway sample: Pseudomonas aeruginosa (19).

the 4months that we collected data at the UH and 203
during all 12 months.

There was no unusual outbreak of any microorganism
during the study periods, but we do not have data about
seasonal epidemics of common viruses like influenzae
and respiratory syncytial virus (RSV).

DISCUSSION

Principal findings

This study reveals that both hospitals mostly prescribe
BSA to patients with severe underlying medical condi-
tions, for CNS infections and/or based on microbiolog-
ical samples. Adherence to the guideline was high for
most indications without significant differences between
the hospitals. This indicate that Norwegian paediatricians

have a common understanding of main aspects in rational
antibiotic use independently of working in a UH or DH.

Limitations and strengths of the study

There are some case-mix differences between the hospi-
tals. Optimally, the general paediatric ward at the UH
should also have been included in the comparison as
it may have impacted some of our comparisons and
inhibited us in performing statistical comparisons of
total prescription rates. We have tried to minimise this
problem by excluding antibiotics issued as prophylaxis.
Information about antibiotic sales to the general ward
was also analysed (data not shown), and we conclude that
the exclusion of this ward would not have affected our
main findings. Furthermore, oncological and cardiolog-
ical patients are not admitted to the UH, but to another
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Comparison of antibiotic dosages between
a Norwegian university hospital and a district hospital
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Figure 2 Comparison of Prescribed Daily Dose (PDD)
of common antibiotics in children <40 kg in a Norwegian
university hospital and a district hospital. *P-value<0.05,
Moods median test.

hospital in Oslo. However, only six of the patients who
received antibiotics at the DH had a malignancy. Other
factors related to different settings, such as bed occu-
pancy rate, different composition of population in uptake
area and the difference in geographical catchment area
between the hospitals, may also have influenced our anal-
yses. When calculating the adherence rate to the guide-
line, we did not evaluate whether antibiotic therapy was
appropriate in first place, the severity of infection or the
total duration of treatment; this is, important to be aware
of when interpreting our data and are important quality
indicators in antibiotic stewardship that should be evalu-
ated in future studies.

Unfortunately, we were not able to organise one entire
year of data collection from the UH. Different registra-
tion periods could have affected the incidence of infec-
tions, prescription rate and the choice of antibiotics,
especially for respiratory tract infections. Online supple-
mental digital content 4 shows that our main conclusions
are most certainly not affected by the different registra-
tion periods. Minor differences in the numbers for some
of the non-respiratory tract infections are more likely to
be caused by very small numbers.

A strength of this study is that a long-term period inci-
dence registration limits the chance of temporary casual-
ties like a seasonal epidemic. The inclusion of variables
such as comorbidities, microbiological samples and doses
further strengthen the results. By conducting the data-col-
lection ourselves, we achieved to collect all necessary data
on every single patient and we could process the data
based on firsthand knowledge of the registration. This
is in opposite to a previous Norwegian point prevalence

study were data included less details and were based on a
national registry.""

Are there clinically relevant differences in antibiotic use
between the hospitals?

Children admitted to the UH were prescribed signifi-
cantly more BSA than in the DH, but this was explained
by long-term treatments of patients with cystic fibrosis
in the UH. The difference between the hospitals was
not significant when comparing BSA use based on the
proportion of treatments involving BSA. Our primary aim
was to investigate whether use of BSA and adherence rate
to antibiotic guidelines differed between the hospitals; we
found no reasons to believe that, indicating that the chal-
lenges related to these important quality markers in anti-
biotic stewardship are evaluated with a unified agreement
among paediatricians in Norway regardless of working in
a UH or DH. A previous study did neither find significant
differences in use of BSA between a number of Norwe-
gian anonymous hospitals and increases the generalis-
ability of our results.'' Nevertheless, more patientlevel
analyses from other parts of Norway are needed to draw
conclusions on prescription practice in other hospitals.

Evaluating our secondary aim, our results revealed
several differences between the hospitals. The extensive
use of intravenous infusions and combination therapy at
the UH can partly be explained by the high number of
children with cystic fibrosis receiving long-term combina-
tion therapy at the UH. The high use of oral antibiotics
at the DH may indicate less severe infections but can also
be explained by an early switch from intravenous to oral
administration. A systematic review suggests that intra-
venous to oral switch can occur earlier than previously
recommended for many indications.™

The distribution of indications varied between the hospi-
tals, mostly due to the significant difference in number
of treatments for pneumonia and upper respiratory tract
infections. One hypothesis could be that these patients
more often were treated as outpatients at the UH. This
is supported by a much higher bed occupancy rate and a
smaller geographical catchment area for the UH. Finally,
the paediatricians at the UH may have regarded more
respiratory tract infections as viral. To differ between viral
and bacterial aetiology in pneumonia is a main challenge
among paediatricians and studies show that most infec-
tions are viral.”! * The UH have a closer collaboration
with the microbiological department and an easier access
to an extended panel of swabs and PCR, but analyses for
commonly pathogens like Mycoplasma pneumoniae, RSV,
rhinovirus and influenza viruses are easy and rapidly avail-
able in both hospitals.

One could hypothesise that patients treated at the UH
in general were more severely ill, reflected by the higher
proportion of blood cultures taken. However, this may
also be explained by different traditions in the practice
and involvement from the microbiological department.

Doses were generally higher at the UH compared with
the DH. A European study showed wide variations in
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antibiotic dosing between different hospitals."” According
to the guideline,” ampicillin and cefotaxime should be
given four times a day for children after the neonatal
period, and this represents an area of improvement for
the DH. Higher IQR at the UH may indicate that doses
were evaluated on a more individual basis rather than
standardised. There is a need for studies on antimicro-
bial dosing in children as recommendations vary between
guidelines.” **

Interpretation of the results in relation to the guideline and
other studies

Compared with the national point prevalence surveys,'
use of BSA seems lower in both of our study hospitals,
especially when taking into account that prophylaxis was
not included. The inclusion of bacterial samples in our
study probably explain the high adherence rate to guide-
line compared with the national survey."' Also, compared
with international surveys, the children in our study
received less BSA and more aminoglycosides.'* ' 1°

For pneumonia, only half of the treatments were in
adherence to the guideline in both hospitals, explained
by a high use of other narrow-spectrum antibiotics than
beta-lactamase susceptible penicillins, especially erytro-
mycin, aminopenicillins and trimethoprim sulfamethox-
azole. As vaccines for pneumococcus has been offered to
all Norwegian children since 2006, clinicians may think
that more pneumonias are caused by other bacteria than
pneumococcus. However, a study from 2016 showed that
pneumococcus remained the single bacteria accounting
for most cases of paediatric pneumonia in Norway.”
Erytromycin may have been used in cases with PCR
positive Mycoplasma samples from the nasopharynx. A
Cochrane report did, however, not show any clinical bene-
fits of empirical routine coverage for atypical bacteria in
pneumonia in adults.*

For infections in skin, soft tissue, bone and joint, we
were surprised to find extensive use of clindamycin.
Even though clindamycin is recommended for severe
infections, cloxacillin/dicloxacillin is preferable from an
ecological point of view.” The short median duration of
hospital treatment argues against a high proportion of
clinically severe infections. The poor availability of an
oral mixture for cloxacillin/dicloxacillin in Norway (not
registered by Norwegian authorities) may partly explain
the high use of clindamycin which is easily accessible in
mixture form. We do not know how many of our patients
having penicillin allergy, but both erythromycin and clin-
damycin are in these cases recommended treatment for
their respective indications. However, the prevalence of
true penicillin allergy is estimated to be very low, only
0.01%-0.05%,” and one study found that among chil-
dren who reported to have penicillin allergy, only around
20% had true allergy.”

Practical implications of the study
The study illuminates the antibiotic consumption in paedi-
atric inpatients in a high-income country with a uniform

and stable public healthcare system. The results can be
applied in further antibiotic stewardship both in Norway
and comparable countries. In Norway, the results should
be evaluated against recommendations in the existing
antibiotic guideline in a broader context than just calcu-
lating an adherence rate. The study will hopefully also
inspire other hospitals to publish individual patient data
on antibiotic consumption. Finally, future studies from
hospitals should target other important quality indicators
such as duration of treatment and whether antibiotics are
indicated in first place.

CONCLUSION

Based on this study, we found no reasons to believe that
use of BSA and adherence rate to antibiotic guidelines
vary significantly between Norwegian UH and DH.

We revealed that ~% of the antibiotic treatments
were in adherence with the guideline and that use of
BSA mostly were related to severe underlying medical
conditions, CNS infections and/or microbiological
samples. Several issues need further investigation; the
large proportional difference between the hospitals
in children treated for respiratory tract infections; the
high use of other antibiotics than beta-lactam sensitive
penicillins in pneumonia, the high use of clindamycin
for treatment of infections in skin, soft tissue, bone and
joint and the unexplained difference in the doses and
dosing frequency of cefotaxime and ampicillin between
the hospitals.
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