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Antimicrobial stewardship resources and activities
for children in tertiary hospitals in Australasia:
a comprehensive survey
barriers to
successful
AMS include
lack of
education
and lack of
personnel

A

ntimicrobial resistance is a serious threat to global health1-3
and there are few new antimicrobials in the pipeline, particularly
for gram-negative bacteria.4 By ensuring rational prescribing, antimicrobial stewardship (AMS) plays a critical
role in reducing the development of
microbial resistance. Since the 2011
call for action by the World Health
Organization,3 AMS activities have
been increasing worldwide.
While guidelines exist for implementing hospital AMS programs,5,6
there is little information about what
is being done in paediatric hospitals.7
We aimed to identify current AMS
resources and activities for children
in hospitals throughout Australasia,
to identify gaps in services, to identify gaps in services.

Methods
Penelope A Bryant

MRCP, FRACP, PhD1,2,3

on behalf of the
Australasian
Stewardship of
Antimicrobials in
Paediatrics group
1 Murdoch Childrens Research
Institute, Melbourne, VIC.
2 University of Melbourne,
Melbourne, VIC.
3 Royal Children’s Hospital,
Melbourne, VIC.

penelope.bryant@
rch.org.au

doi: 10.5694/mja13.00143

Tertiary paediatric hospitals (children’s hospitals and combined adult
and paediatric hospitals that offer
tertiary paediatric care) were surveyed in every state and territory of
Australia and the North and South
Islands of New Zealand.
The survey was adapted with permission from a Victorian AMS survey
that was developed in 2012 by the
Victorian Department of Health and
Melbourne Health’s AMS Research
Group.8 Questions were adapted for
the paediatric context and administered via a web-based survey by

Abstract
Objective: To identify current antimicrobial stewardship (AMS) resources
and activities for children in hospitals throughout Australasia, to identify
gaps in services.
Design, setting and participants: Tertiary paediatric hospitals (children’s
hospitals and combined adult and paediatric hospitals that offer tertiary
paediatric care) in every state and territory of Australia and the North and
South Islands of New Zealand were surveyed in June 2013 regarding AMS
resources and activities.
Main outcome measure: A description of AMS resources and activities for
children in tertiary hospitals.
Results: We surveyed 14 hospitals, with paediatric bed numbers ranging from
40 to 300. Seven had a dedicated paediatric AMS team or AMS team with a
paediatric representative and 11 had an AMS pharmacist position, although
only four had committed ongoing funding for a permanent paediatric AMS
pharmacist and only two had committed funding for a paediatric infectious
diseases physician for AMS. All hospitals had empirical antimicrobial
prescribing guidelines, and all 10 hospitals with haematology and oncology
services had febrile neutropenia guidelines. However, most did not have
guidelines for antifungal prophylaxis, surgical prophylaxis, neonatology or
paediatric intensive care. All hospitals had restricted drugs but only four
had electronic approval systems. Auditing methods differed widely but
were mostly ad hoc, with results fed back in an untargeted way. There was a
paucity of AMS education: no hospitals provided education for senior medical
staff, and four had no education for any staff. The commonest perceived
barriers to successful AMS were lack of education (11 hospitals) and lack of
dedicated pharmacy (eight) and medical (seven) staff.
Conclusions: Australasian paediatric hospitals have implemented some
AMS activities, but most lack resources. There was consensus among the
staff who completed our survey that barriers to successful AMS include lack
of education and lack of personnel.
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Data collected included: hospital
demographics (paediatric and adult
bed numbers, paediatric specialist
services); types of AMS resources (a
paediatric AMS program [a multidisciplinary program within the
structure and governance of the
hospital responsible for oversight
of and strategies to improve antimicrobial prescribing], antimicrobial
prescribing guidelines, ID personnel
specifically funded for AMS, AMS
pharmacist, other personnel); and
AMS activities (education, approval
for restricted antimicrobials, audit
of antimicrobial use, monitoring of
antimicrobial resistance, selective
susceptibility reporting and pointof-care interventions). Unpaired t
tests were used to compare means
and SEMs.

Research
1 Paediatric and adult bed numbers at hospitals with and without a
paediatric antimicrobial stewardship (AMS) team or AMS team with
a paediatric representative in June 2013
700

2 Numbers of hospitals with antimicrobial
stewardship (AMS) pharmacists and/or AMS
infectious diseases physicians in June 2013
(n = 14)

Beds for adults
Beds for children
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AMS pharmacists
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Paediatric full-time

2
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Adult only
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AMS infectious diseases physicians
Paediatric full-time
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Hospitals with a paediatric AMS
team or AMS team with a paediatric
representative

Ethics approval was not required as
no patient data were included.

Results
The survey was completed by 14 hospitals: seven children’s hospitals, six
hospitals that had a large majority of
adults, and one hospital that had a
majority of children plus a maternity
unit. Paediatric bed numbers ranged
from 40 to 300. At 12 hospitals, the
survey was completed by paediatric
ID physicians; at one it was completed by a paediatrician on the hospital
AMS team, and at one it was completed by an AMS pharmacist.
Personnel resources
Nine hospitals had AMS programs
(in two there was no paediatric representation), and one further AMS
program was in development. Five
hospitals had a dedicated paediatric
AMS team, and only one of the hospitals with a large majority of adults
had a paediatric representative on the
hospital AMS team (Box 1).
Hospitals with a paediatric AMS
team or AMS team with a paediatric
representative had a higher number
of paediatric beds than those without
(mean, 200 [SD, 92] v mean, 104 [SD,
66]; P = 0.04; 95% CI, 5–191). They also
had a higher number of paediatric
specialist services (mean, 8 [SD, 1.4]

H

I

J

K

L

M

N

Hospitals without a paediatric AMS
team or AMS team with a paediatric
representative

v mean, 4 [SD, 2.4]; P = 0.009; 95% CI,
1.0–5.6).
However, having paediatric specialist services did not necessarily mean
a hospital had an AMS program
with paediatric representation; for
example, seven of the 12 hospitals
with a neonatal unit did not have
one. Throughout the rest of the survey, paediatric AMS activities were
generally associated with having a
dedicated paediatric AMS team.
While 11 hospitals had funding for
an AMS pharmacist, only eight had
a paediatric component (Box 2), and
only four of these had committed
ongoing funding for a permanent
paediatric AMS pharmacist. Only
two hospitals had any funding for
a paediatric ID physician for AMS
— both were part-time and one was
about to cease (Box 2). Thus in total
there was a single hospital out of 14
tertiary paediatric hospitals across
Australia and New Zealand that had
an ongoing part-time (half a day per
week) paediatric ID position dedicated
to AMS, amounting to 0.1 equivalent
full-time (EFT).
Guidelines
All hospitals had empirical antimicrobial prescribing guidelines and
all of those with a haematology and
oncology service had guidelines for

0

Paediatric part-time

1

Adult only

2

Paediatric position not filled, no ongoing funding
None

1
10

febrile neutropenia. However, fewer
than half of the hospitals had guidelines for antifungal prophylaxis,
surgical prophylaxis, neonatology
or paediatric intensive care (Box 3).
Review of antimicrobial
prescribing
Some point-of-care interventions
relating to antimicrobial prescribing were carried out in 12 hospitals,
including empirical choice, dose optimisation, de-escalation based on
microbiology test results and intravenous to oral switch. At four hospitals,
the interventions were used for most
antimicrobial prescriptions; for three
they were only used in units that have
high prescribing rates (eg, haematology and oncology); and for five they
were only used in consultation with
an ID physician or for restricted antibiotics. For the four hospitals where
point-of-care interventions were used
for most antimicrobial prescriptions,
feedback was provided by the AMS
team; for the remainder it was provided by the ID team.
Only two hospitals had automatic
stop orders, and these were for
restricted antimicrobials.
All hospitals had restricted antimicrobials but only four hospitals had
an electronic approval system. At
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The results represent large hospitals
with paediatric patients. There are
many other hospitals with paediatric patients across both countries
and, as these would predominantly
have fewer children, paediatric AMS
resources are likely to be even more
scarce.

3 Numbers of hospitals with and without antimicrobial prescribing
guidelines for different services (n = 14)
14
No guidelines
Guidelines

12

Number of hospitals

10

To our knowledge, only one other
study of paediatric AMS programs
in hospitals has been conducted. This
was a larger study that was done in
the United States, but it had only a
60% response rate and did not include
all children’s hospitals.7

8
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0

Empirical
guidelines
General
paediatrics*

Febrile
neutropenia

Antifungal
prophylaxis

Haematology and oncology

Surgical
prophylaxis

Empirical
guidelines

Empirical
guidelines

Surgery

Neonatology

Paediatric
intensive care

* General paediatrics includes children presenting to the emergency departments.

13 hospitals, approval for restricted
drugs was done by ID physicians.
Monitoring
Seven hospitals monitored antimicrobial usage by unit use (eg, number
of vials), cost or both. Auditing methods varied widely but were mainly
ad hoc: 10 hospitals had done at least
one hospital-wide audit including assessment of appropriateness and one
did occasional ward audits, but three
hospitals had not done any audits.
Results of audits were mostly fed
back in an untargeted way through
grand rounds or clinical quality
meetings; only five hospitals provided feedback at departmental meetings and two provided the results to
the relevant head of department or
consultant. Of the 11 hospitals that
did any audits, two did not feed the
results back at all.
All hospital microbiology laboratories selectively reported antimicrobial susceptibility results (“cascade
reporting”). Only five, however,
monitored and regularly reported
hospital-wide sensitivity patterns,
and a further three reported on
selected bacteria only.
Education
There was a paucity of education
about AMS in general: no hospitals
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had education for senior medical
staff, eight had education for junior
medical staff, five for pharmacists,
one for nurses, and four had no education for any staff. One hospital
covered AMS at hospital orientation.
Barriers to antimicrobial
stewardship
In the opinions of paediatric ID
physicians and pharmacists, there
was a wide range of reasons for
slow implementation of AMS. The
commonest perceived barriers to
successful AMS were lack of education (11 hospitals), lack of dedicated
pharmacy staff (eight) and lack of
dedicated medical staff (seven).
Other perceived barriers included
lack of willingness to change, lack of
leadership by executive and senior
clinicians, lack of enforcement and
transient junior staff.

Discussion
This is the first comprehensive survey of AMS resources for hospitalised
children as measured by the inclusion of every children’s hospital in
Australia and New Zealand. The survey responses are likely to be highly
reliable as they were completed by an
ID physician, AMS paediatrician or
AMS pharmacist at each hospital —
the most qualified local staff.

Personnel resources
In our study, most hospitals had an
AMS program, either in existence or
in development, which compares favourably with the 33% reported from
the US study.7 This may reflect the
fact that AMS has been a requirement
of national hospital accreditation in
Australia since 1 January 2013.
Hospitals included in our study that
had a majority of children and those
that offered more specialist services
were more likely to have a paediatric
AMS team or representative. While
this is not surprising, it raises the
question of how hospitals with fewer
children might manage.
One possibility is to link in with
the hospital’s adult AMS services.
However, having a high number
of adult patients did not necessarily equate to having an adult AMS
team (data not shown), and differences between children and adults (in
terms of antimicrobial use, measurement of antimicrobial use and patient
outcomes) would make it difficult to
use combined resources.
An alternative model is to have a
network of paediatric AMS services
between hospitals to share resources.
The ANZPID-ASAP group is one such
network of paediatric ID physicians
and AMS pharmacists with representation from every state and territory
in Australia and from New Zealand.
Resources such as AMS guidelines,
surveys and data on antimicrobial
use can and have been shared among
the group.
Members of the ANZPID-ASAP
group also provide information and

Research
consultations via email for practical
antimicrobial questions. This model
could be replicated at a local level. It is
less straightforward to share personnel resources such as AMS pharmacists, although this may be possible
in a geographically smaller area such
as a city that has several hospitals.

Review of antimicrobial
prescribing
The hospitals that were able to do
most point-of-care interventions were
those where the AMS team was heavily involved (data not shown), indicating that widespread AMS activities
are dependent on time and resources.

Paediatric representation on adult
AMS networks for the acquisition
and dissemination of information
is also important. One such network is the Australian Commission
on Safety and Quality in Health
Care Antimicrobial Stewardship
Jurisdictional Network.

The low rate of automatic stop orders
is a potential area for intervention.
AMS programs in hospitals are likely
to have a greater impact on strategies
for stopping antimicrobials than on
those for starting antimicrobials. By
having AMS systems and processes
built into everyday workflow for
patient care (eg, guidelines, protocols,
routine data collection on antibiotic
use), the need for individual patients
to have consultations with ID, microbiology or AMS teams decreases.

The total of 0.1 EFT ongoing paediatric ID physician dedicated to AMS in
the whole of Australasia is concerning. Even the proportion of hospitals
with any paediatric AMS pharmacist
time was only just over half. In the US
study, almost half of AMS programs
had greater than 0.25 EFT of paediatric ID physician time, but up to 40%
had none and 40% had no paediatric
AMS pharmacist.7
Guidelines
It is reassuring that every hospital
had empirical guidelines for children
attending the emergency department,
as emergency departments have a
high turnover of junior medical staff
and having guidelines to direct empirical antimicrobial decision making
for children is important.9
Conversely, the lack of guidelines
in specialist areas is concerning.
This may reflect lack of evidence or
resources, or complacency in some
instances. In some areas (eg, antifungal prophylaxis for haematology and
oncology patients), there is little specific evidence in children.10
Lack of evidence, however, should
not be an impediment to consensus
guidelines. In other areas (eg, surgical prophylaxis), adult guidelines can
be used. Guidelines should always be
adapted to the specific population,
taking into account age, disease burden and resistance patterns of local
organisms. Guidelines help to standardise prescribing and represent an
area for improvement.

While all hospitals had a list of
restricted drugs, a minority had an
electronic approval system. Phone
approval systems are easier to circumvent intentionally or unintentionally, so the drugs that are
most important to preserve may be
missed. It has been suggested that
prospective audit of and feedback on
the use of selected drugs would be
more effective than restriction and
approval.6 However, audits are time
consuming and require dedicated
AMS personnel.
Monitoring
Only half of hospitals included in
our survey routinely monitored antimicrobial use and fewer than half
monitored hospital-wide organism
resistance patterns (antibiograms).
These represent two of the few
measurable outcomes for paediatric
patients.11 Half of the hospitals monitored unit use and/or cost — similar
to the 55% in the US study.7
Because dosing for children is
weight-based, unit use and cost do
not provide a useful snapshot of antimicrobial use, although they can be
used to monitor trends. One innovative strategy that has been proposed
is adapting methods used for adults
— for example, using average weight
bands for different paediatric age
groups12 — although such strategies
have not been validated.

In the absence of electronic systems
that enable the number of days of
antimicrobial use to be recorded,
audits in the form of antimicrobial
point prevalence surveys remain the
mainstay of paediatric monitoring.
In our study, 10 hospitals had done
at least one hospital-wide audit; of
those 10, eight were involved in an
international point prevalence survey
during 2012, undertaken in Australia
by the ANZPID-ASAP group.13,14 To
be useful, such surveys (which are
labour intensive) need to be repeated.
Hospital antibiograms are helpful
for drafting guidelines that account
for local resistance patterns, and for
detecting significant changes over
time, to inform empirical antimicrobial choices.15 It is possible that
hospitals will eventually move away
from antibiograms, and instead adopt
strategies such as mathematical modelling and likelihood of inadequate
therapy,16 but antibiograms are the
best choice at present.
Education
Lack of AMS education for senior
medical staff in the hospitals we
surveyed likely reflects a lack of
hospital-based education programs
for this group in general. Since senior medical staff are crucial in the
support of AMS principles, this area
needs to be addressed. While junior medical staff received the most
education, this was often under the
umbrella of other teaching that included antibiotics (eg, management
of urinary tract infections) rather
than specific teaching about AMS.
Other clinical staff (pharmacists and
nurses) received even less education,
failing to support the notion of AMS
as multidisciplinary. In the US study,
64% of AMS programs had education
as a specific component.7 For all but
one hospital in our study, AMS was
not considered important enough to
be included in hospital orientation.
Barriers to antimicrobial
stewardship
While the US study identified perceived loss of prescribing autonomy
and lack of hospital administrative
awareness about the importance of
AMS as barriers, lack of resources
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ranked most important (70% of respondents).7 Two recent Australian
adult AMS surveys found that lack
of education, lack of pharmacy resources and lack of ID and microbiology resources were in the top three
perceived barriers to AMS.8,17

difficile infection in paediatrics is not a
useful outcome measure. Other measures, such as reduced length of hospital stay and intensive care unit stay
may be more useful in children,15 but
these reductions cannot be realised
without resources.

In our study, the main barriers to
effective AMS that were identified
by the paediatric ID physicians and
AMS pharmacists of Australia and
New Zealand who completed the
survey were lack of education and
lack of personnel (dedicated pharmacy and medical staff). The latter
may reflect the difficulty in showing cost benefits in paediatric health
care compared with adult health care:
for example, incidence of Clostridium

Lack of education and lack of personnel are the two main areas that
should be targeted in efforts to keep
hospital executives informed about
best practice in AMS. They should be
seen as the focus of quality improvement activities in the care of children
in hospital.
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Conclusions
Australasian children’s hospitals have
implemented some AMS activities,

such as audits of antimicrobial use
and monitoring of antimicrobial
resistance, but most lack human resources. There was consensus among
the staff who completed our survey
that lack of education and personnel
are major barriers to effective AMS.
These must be addressed to improve
antimicrobial use in hospitalised
children.
Acknowledgements: We thank Kylie McIntosh for
allowing us to adapt the survey, and Philip Britton,
Rosemary Fahy, Joshua Francis, Emma Goeman,
Ameneh Khatami, Alexander Outhred and Tony Walls for
completing the survey.
Competing interests: No relevant disclosures.

Received 27 Nov 2013, accepted 9 Sep 2014. 

Research
1

2

3

4

5

6

Spellberg B, Guidos R, Gilbert D, et al.
The epidemic of antibiotic-resistant
infections: a call to action for the
medical community from the Infectious
Diseases Society of America. Clin Infect
Dis 2008; 46: 155-164.
Godlee F. Antimicrobial resistance — an
unfolding catastrophe. BMJ 2013; 346:
f1663. doi: 10.1136/bmj.f1663.
Chan M. World Health Day 2011 Combat
drug resistance: no action today means
no cure tomorrow. 6 Apr 2011. http://
www.who.int/mediacentre/news/
statements/2011/whd_20110407/en
(accessed Oct 2013).
Spellberg B, Powers JH, Brass EP,
et al. Trends in antimicrobial drug
development: implications for the
future. Clin Infect Dis 2004; 38:
1279-1286.
Duguid M, Cruickshank M, editors.
Antimicrobial stewardship in Australian
hospitals. Sydney: Australian
Commission on Safety and Quality
in Health Care, 2011. http://www.
safetyandquality.gov.au/wp-content/
uploads/2011/01/Antimicrobialstewardship-in-AustralianHospitals-2011.pdf (accessed Sep 2014).
Newland JG, Hersh AL. Purpose and
design of antimicrobial stewardship
programs in pediatrics. Pediatr Infect
Dis J 2010; 29: 862-863.

7

8

9

10

11

12

Hersh AL, Beekmann SE, Polgreen
PM, et al. Antimicrobial stewardship
programs in pediatrics. Infect Control
Hosp Epidemiol 2009; 30: 1211-1217.
James RS, McIntosh KA, Luu SB, et al.
Antimicrobial stewardship in Victorian
hospitals: a statewide survey to
identify current gaps. Med J Aust 2013;
199: 692-695.
South M, Royle J, Starr M. A simple
intervention to improve hospital
antibiotic prescribing. Med J Aust 2003;
178: 207-209.
Blyth CC, Palasanthiran P, O’Brien TA.
Antifungal therapy in children with
invasive fungal infections: a systematic
review. Pediatrics 2007; 119: 772-784.
Gerber JS, Kronman MP, Ross RK, et al.
Identifying targets for antimicrobial
stewardship in children’s hospitals.
Infect Control Hosp Epidemiol 2013; 34:
1252-1258.
Williams A, Whitehouse J, Lorenzen
U, et al. Exploring a new method for
conducting volume-based surveillance
of parenteral antibiotic use in
paediatric settings. Final program
and book of abstracts. Australian
Society for Antimicrobials 15th
Annual Scientific Meeting; 2014 Feb
20-22; Melbourne, Australia. https://
s3-ap-southeast-2.amazonaws.
com/ap-southeast-2.accounts.ivvy.

com/account809/events/25286/
files/52f173749f1de.pdf (accessed Jan
2015).
13

Versporten A, Sharland M, Bielicki J,
et al. The antibiotic resistance and
prescribing in European Children
project: a neonatal and pediatric
antimicrobial web-based point
prevalence survey in 73 hospitals
worldwide. Pediatr Infect Dis J 2013; 32:
e242-e253.

14

Osowicki J, Gwee A, Noronha J, et al.
Australia-wide point prevalence survey
on the use and appropriateness of
antimicrobial prescribing in children.
Med J Aust 2014; 201: 657-662.

15

Haeusler GM, Mechinaud F, Daley AJ, et
al. Antibiotic-resistant gram-negative
bacteremia in pediatric oncology
patients — risk factors and outcomes.
Pediatr Infect Dis J 2013; 32: 723-726.

16

Burgmann H, Stoiser B, Heinz G, et al.
Likelihood of inadequate treatment:
a novel approach to evaluating drugresistance patterns. Infect Control Hosp
Epidemiol 2009; 30: 672-677.

17

Avent ML, Hall L, Davis L, et al.
Antimicrobial stewardship activities: a
survey of Queensland hospitals. Aust
Health Rev 2014; 38: 557-563 

MJA 202 (3) · 16 February 2015

