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Original article

Australian Group on Antimicrobial Resistance
surveillance outcome programs – bloodstream 
infections and antimicrobial resistance patterns 
from patients less than 18 years of age, 
January 2020 – December 2021
Anita Williams, Geoffrey W Coombs, Jan Bell, Denise A Daley, Shakeel Mowlaboccus, 
Penelope A Bryant, Anita J Campbell, Louise Cooley, Jon Iredell, Adam D Irwin, Alison Kesson, 
Brendan McMullan, Morgyn S Warner, Phoebe Williams, Christopher C Blyth

Abstract
From 1 January 2020 to 31 December 2021, thirty-eight institutions across Australia submitted data 
to the Australian Group on Antimicrobial Resistance (AGAR) from patients aged < 18 years (AGAR-
Kids). Over the two years, 1,679 isolates were reported from 1,611 patients. This AGAR-Kids report aims 
to describe the population of children and adolescents with bacteraemia reported to AGAR and the 
proportion of resistant isolates. 

Overall, there were 902 gram-negative isolates reported: 800 Enterobacterales, 61 Pseudomonas 
aeruginosa and 41 Acinetobacter spp. Among the Enterobacterales, 12.9% were resistant to third 
generation cephalosporins; 11.6% to gentamicin/tobramycin; and 11.2% to piperacillin-tazobactam. 
In total, 14.5% of Enterobacterales were multi-drug resistant (MDR). Only 3.3% of P. aeruginosa were 
resistant to carbapenems and 4.9% were MDR. Resistance in Acinetobacter spp was uncommon.

Of 607 Staphylococcus aureus isolates, 12.9% were methicillin-resistant (MRSA). Almost half of S. aureus 
isolates from the Northern Territory were MRSA. In S. aureus, resistance to erythromycin was 13.2%; 
12.4% to clindamycin; and 5.3% to ciprofloxacin. Resistance to all antibiotics tested was higher in 
MRSA. Overall, 6.5% of S. aureus were MDR, of which 65% were MRSA.

Almost three-quarters of the 170 Enterococcus spp. reported were E. faecalis, and half were from patients 
< 1 year old. Ampicillin resistance in enterococci was 19.6%. Eight isolates were vancomycin resistant 
and three isolates were teicoplanin resistant. Five E. faecium isolates were classified as MDR.

This AGAR-Kids report highlights clear differences in the geographic distribution of pathogens and 
resistance profiles across Australia. 

Keywords: Australian Group on Antimicrobial Resistance (AGAR); antimicrobial resistance surveillance; 
paediatrics; bacteraemia; Enterobacterales; Staphylococcus aureus; Enterococcus
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Introduction
The Australian Group on Antimicrobial Resistance 
(AGAR) produces annual reports from the whole of 
the Australian population. However, previous analy-
sis of the AGAR data, comparing adult (> 18 years) 
and paediatric (≤ 18 years) bacteraemia, suggests 
there are lower rates of antimicrobial-resistant 
organisms isolated in children, with different pheno-
types and lower mortality rates. 

In 2018, the World Society for Paediatric Infectious 
Diseases (WSPID) declared that antimicrobial resist-
ance (AMR) surveillance programs should present 
neonatal- and paediatric-specific data to assist with 
strengthening knowledge.1 Currently, age-specific 
data are not routinely reported in the majority of 
AMR surveillance programs, making paediatric-
specific interventions difficult.2 By monitoring pae-
diatric bacteraemia, we are able to provide insight 
not only into the dynamic aetiology of bloodstream 
infections, but also into the impact of vaccine pro-
grams, and to inform strategies aimed at targeting 
invasive infections.3 

The key influences on bacteraemia incidence are 
age, vaccination coverage and exposure to invasive 
procedures.3 In previous studies, neonates were 
often over-represented, reflecting the immaturity of 
the immune system and the use of invasive devices 
(e.g., intravenous catheters). Various reports from 
Australia and Europe suggest there are differences 
in the AMR burden of various organisms, not only 
between adults and children, but within different age 
groups among children. For example, gram-negative 
multidrug resistant (MDR; resistant to three or more 
antimicrobial classes) organisms were previously 
found to disproportionately impact children, as dem-
onstrated by a higher odds of death in children with 
bacteraemia secondary to an extended spectrum 
beta-lactamase (ESBL) containing organism vs non-
ESBL bacteraemia when compared to the same ratio 
in adults.4 In a European study, isolates from children 
< 1 year of age had less AMR than those isolated from 
children ≥ 1 year old.2 In a Scottish study, instances 
of bacteraemia in children < 1 year old were more 
likely to be healthcare associated, whilst bacteraemia 
in children aged 1–15 years were more often commu-
nity associated.5 These findings impact the empiric 
treatment guidelines and stewardship initiatives, 
thereby highlighting the value of paediatric-specific 
reporting of bacteraemia. 

Methods
Participants

Thirty-eight laboratories participating in AGAR 
who reported data from patients < 18 years old (0–17 
years of age inclusive); 35 laboratories in each year 
respectively. AGAR collects data from 24 of the 29 
principal referral centres and from all tertiary pae-
diatric centres (8 hospitals) in Australia, as well as 
from seven public acute group A hospitals, three pri-
vate group A hospitals, two private group B hospitals 
and all public group C hospitals in the north-west of 
Western Australia.6

Collection period

From 1 January 2020 to 31 December 2021, partici-
pating laboratories submitted all isolates from unique 
patient episodes of bacteraemia for S. aureus and 
Enterococcus spp., and up to 200 isolates per year for 
Enterobacterales, P. aeruginosa, and Acinetobacter 
spp. 

An episode was defined as a clinical event associ-
ated with a positive blood culture, irrespective of the 
number of bacterial species identified. A new episode 
of bacteraemia in the same patient was recorded 
if the blood culture was collected more than two 
weeks after the initial positive culture. An episode 
was defined as community-onset if the first positive 
blood culture of the episode was collected 48 hours 
or less after hospital admission, and as hospital-onset 
if collected more than 48 hours after admission.

Laboratory methods

Isolates were identified to the species level by the 
participating laboratories using matrix-assisted laser 
desorption ionization (MALDI) [MALDI Biotyper 
(Bruker Daltonics, United States of America [USA]) 
or Vitek-MS (bioMérieux, France) or using Vitek2® 
(bioMérieux). Antimicrobial susceptibility testing 
was performed using the Vitek2® (bioMérieux) or 
BD Phoenix™ (Becton Dickinson, USA) automated 
microbiology systems according to the manufactur-
er’s instructions.
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Data collection and analysis

Data were collected on age, sex, dates of admission 
and discharge , and mortality at seven and 30 days 
from date of blood culture collection. To avoid inter-
pretive bias, no attempt was made to assign attribut-
able mortality. 

The AMR for R package (v2.0) was used to trans-
form minimum inhibitory concentration data as 
per EUCAST 2022 (v12) breakpoints.7,8 Multi-drug 
resistance (MDR) was defined as resistance to one 
or more agents in three or more antimicrobial cat-
egories.9 Descriptive statistics for the population 
and isolates for the overall population and per year 
were stratified by age, sex, and state/territory where 
appropriate. Categorical data was assessed using the 
chi-square or Fisher’s exact test. Continuous data was 
assessed using the Student t-test or Mann-Whitney 
U test. Proportions were not calculated where fewer 
than ten isolates in a category were tested. 

Ethics

Approval to conduct the prospective data collection 
was given by the research ethics committee associ-
ated with each participating healthcare facility.

Results
Patient characteristics

Overall, there were 1,679 isolates from 1,611 bacte-
raemic episodes in 1,611 patients: 826 episodes with 
856 isolates in 2020, and 785 episodes with 823 iso-
lates in 2021. The most frequently reported species 
were S. aureus (n: 607/1,679; 36.2%) and Escherichia 
coli (n: 378/1,679; 22.5%). In all states and mainland 
territories, S. aureus was the most frequently reported 
species, followed by E. coli, except in Queensland 
where non-typhoidal Salmonella was more frequent. 
For patients aged < 1 year, the most common spe-
cies was E. coli, whereas in patients aged ≥ 1 year, the 
most common species was S. aureus (Table 1). 

There was an over-representation of episodes in 
patients aged < 1 year (n: 623/1,611; 38.7%), and 
15.1% of all episodes were in neonates (n: 244). More 
bacteraemia episodes affected males (n: 976/1,611; 
60.6%). The median age of patients with S. aureus 
bacteraemia was older than for enterococcal or 
gram-negative bacteraemia. 

Most bacteraemic episodes were community-onset 
(69.0%); however, enterococcal episodes were more 
often hospital-onset. The proportion of hospital-
onset episodes was highest in the neonatal age group 
and decreased with age; the median age for com-
munity-onset bacteraemia was 3 years (interquartile 
range, IQR: 0–10 years), whereas the median age for 
hospital-onset bacteraemia was < 12 months (IQR: 
0–5 years). Tasmania had the highest proportion 
of community-onset episodes (85% of all episodes) 
with Victoria having the lowest proportion (58% of 
episodes).

Overall, the mean length of stay following blood 
culture collection was 17.0 days (standard deviation, 
SD: 21.5) and the median was 10 days (IQR: 6–21 
days). At 30 days, 21.7% of all children with bacterae-
mia (n = 350/1,611) were still admitted to hospital. 

Over the two-year period, bone and joint infec-
tions were the most frequently reported clinical 
manifestations (n: 255/1,679; 15.2%), followed by 
device-related infections without metastatic focus 
(n: 210/1,679; 12.5%). Community-onset bacterae-
mic episodes were more frequently associated with 
an osteoarticular focus, whereas hospital-onset 
episodes were more frequently device-related or in 
patients with febrile neutropenia. 



www.health.gov.au/cdi • Commun Dis Intell (2018)  2024;48  (https://doi.org/10.33321/cdi.2024.48.32) • Epub 21/08/2024	 6

Ta
bl

e 
1:

 C
ha

ra
ct

er
is

tic
s o

f p
at

ie
nt

s a
ge

d 
< 

18
 y

ea
rs

 w
ith

 a
 b

ac
te

ra
em

ic
 e

ve
nt

 re
po

rt
ed

 to
 A

G
A

R
, p

er
 su

rv
ey

, J
an

ua
ry

 2
02

0 
– 

D
ec

em
be

r 2
02

1

Ca
te

go
ry

Ch
ar

ac
te

ri
st

ic

En
te

ro
co

cc
us

 s
pp

.  
(N

 =
 1

67
)

S.
 a

ur
eu

s  
(N

 =
 6

06
)

G
ra

m
-n

eg
at

iv
e 

ba
ct

er
ia

 
(N

 =
 8

67
)

To
ta

l p
at

ie
nt

s 
 

(N
 =

 1
,6

11
)a

n
%

n
%

n
%

n
%

A
ge

 (y
ea

rs
)

M
ed

ia
n

< 
1

—
6

—
1

—
2

—

IQ
Rb

0–
4

—
1–

11
.8

—
0–

7
—

0–
10

—

A
ge

 g
ro

up

≤ 
28

 d
ay

s
38

22
.8

51
8.

4
16

0
18

.5
24

4
15

.1

29
–9

0 
da

ys
26

15
.6

51
8.

4
10

4
12

.0
17

3
10

.7

91
–3

64
 d

ay
s

24
14

.4
45

7.
4

13
9

16
.0

20
6

12
.8

1–
4 

ye
ar

s
38

22
.8

13
3

21
.9

19
8

22
.8

35
9

22
.3

5–
17

 y
ea

rs
41

24
.6

32
6

53
.8

26
6

30
.7

62
9

39
.0

Se
x

Fe
m

al
e

60
35

.9
20

8
34

.3
37

7
43

.5
63

5
39

.4

M
al

e
10

7
64

.1
39

8
65

.7
49

0
56

.5
97

6
60

.6

Ju
ris

di
ct

io
nc

AC
T

3
1.

8
20

3.
3

22
2.

5
45

2.
8

N
SW

68
40

.7
17

2
28

.4
29

0
33

.4
51

6
32

.0

N
T

2
1.

2
29

4.
8

41
4.

7
72

4.
5

Q
ld

10
6.

0
88

14
.5

11
6

13
.4

21
3

13
.2

SA
13

7.
8

57
9.

4
63

7.
3

13
0

8.
1

Ta
s.

4
2.

4
15

2.
5

20
2.

3
39

2.
4

Vi
c.

56
33

.5
15

2
25

.1
23

9
27

.6
43

8
27

.2

W
A

11
6.

6
73

12
.0

76
8.

8
15

8
9.

8

Le
ng

th
 o

f s
ta

y 
(d

ay
s)

M
ed

ia
n

12
.5

—
11

—
10

—
10

—

IQ
Rb

7.
8–

34
.3

—
7–

18
—

5–
21

—
6–

21
—

30
-d

ay
 o

ut
co

m
e

D
ie

d
6

3.
6

6
1.

0
42

4.
8

53
3.

3

Su
rv

iv
ed

15
0

89
.8

51
5

85
.0

70
2

81
.0

1,
34

0
83

.2

U
nk

no
w

n
11

6.
6

85
14

.0
12

3
14

.2
21

8
13

.5

O
ns

et
Co

m
m

un
ity

70
41

.9
47

7
78

.7
58

3
67

.2
1,

11
2

69
.0

H
os

pi
ta

l
97

58
.1

12
9

21
.3

28
4

32
.8

49
9

31
.0

D
ev

ic
e-

re
la

te
d 

in
fe

ct
io

n

Ye
s

72
43

.1
10

8
17

.8
21

2
24

.5
37

9
23

.5

N
o

90
53

.9
47

3
78

.1
60

0
69

.2
1,

14
7

71
.2

U
nk

no
w

n
5

3.
0

25
4.

1
55

6.
3

85
5.

3

Po
ly

m
ic

ro
bi

al
60

35
.9

43
7.1

10
0

11
.5

17
4

10
.8

a	
T

he
 n

um
be

rs
 in

 e
ac

h 
or

ga
ni

sm
 g

ro
up

 m
ay

 n
ot

 a
dd

 u
p 

to
 th

e 
to

ta
l c

ol
um

n,
 a

s 
so

m
e 

pa
ti

en
ts

 h
av

e 
po

ly
m

ic
ro

bi
al

 b
ac

te
ra

em
ic

 e
pi

so
de

s 
an

d 
ar

e 
re

po
rt

ed
 in

 e
ac

h 
re

sp
ec

ti
ve

 c
ol

um
n 

to
 th

ei
r 

ep
is

od
e,

 
bu

t o
nl

y 
co

un
te

d 
on

ce
 in

 th
e 

to
ta

l n
um

be
r 

of
 p

at
ie

nt
s.

b	
IQ

R
: i

nt
er

qu
ar

ti
le

 r
an

ge
.

c	
AC

T:
 A

us
tr

al
ia

n 
C

ap
it

al
 T

er
ri

to
ry

; N
SW

: N
ew

 S
ou

th
 W

al
es

; N
T:

 N
or

th
er

n 
Te

rr
ito

ry
; Q

ld
: Q

ue
en

sl
an

d;
 S

A
: S

ou
th

 A
us

tr
al

ia
; T

as
.: 

Ta
sm

an
ia

; V
ic

.: 
V

ic
to

ri
a;

 W
A

: W
es

te
rn

 A
us

tr
al

ia
.



www.health.gov.au/cdi • Commun Dis Intell (2018)  2024;48  (https://doi.org/10.33321/cdi.2024.48.32) • Epub 21/08/2024	 7

Overall, 23.5% of patients had a device-related bac-
teraemic episode (n: 379/1,611). The proportion was 
higher in 2021 (n: 213; 27.4%) than in 2020 (n: 166; 
22.2%). The median length of stay was longer for 
patients with a device-related episode than for those 
patients without a device-related episode. More 
device-related episodes were reported with gram-
negative isolates. Overall, 13% of episodes that were 
MDR were associated with a device-related infection. 

Ten percent of patients had more than one isolate 
reported in a bacteraemia episode (174/1,611; 10.8%). 
The largest proportion of polymicrobial episodes 
were reported in children < 12 months (72/174; 
41.4%). 

At seven days after blood culture collection, 2.6% of 
patients had died (n: 42); the proportion of patients 
who died increased to 3.3% at 30 days (n: 53). The 
median age of patients who died was younger that for 
survivors (X2: 12.5; p: < 0.001). More than half of the 
deaths occurred in patients ≤ 28 days of age (27/53; 
51%), including ten neonates with community-onset 
bacteraemia.

Gram-negative isolates

Overall, there were 902 gram-negative isolates 
reported from 867 bacteraemia episodes in patients 
aged < 18 years in 2020–2021; 800 Enterobacterales 
(88.7%), 61 Pseudomonas aeruginosa (6.8%) and 
41 (4.5%) Acinetobacter spp. The most frequently 
reported Enterobacterales were E. coli and Klebsiella 
pneumoniae complex. 

The largest proportion of Enterobacterales were 
from New South Wales, followed by Victoria. The 
highest proportion of isolates were from patients 
< 12 months old, and from males. Enterobacterales 
episodes were more frequently community-onset, 
and 14% of episodes were polymicrobial (Table 1). 
Overall, 18% of the Enterobacterales were MDR. 

The proportion of Enterobacterales resistant to the 
aminoglycosides (gentamicin/tobramycin) was 
11.6% (n: 92/793; 95% CI: 9.5–14.0%). Victoria 
reported the highest proportion of aminoglycoside-
resistant isolates, followed by South Australia and 
New South Wales. No aminoglycoside-resistant iso-
lates were reported in Tasmania. Resistant isolates 
were more frequently reported in children aged 
1–4 years of age. Isolates from patients with a hospi-
tal-onset episode were more frequently reported as 
resistant than those with a community-onset episode 
(Table 2). 

The proportion of Enterobacterales resistant to 
piperacillin-tazobactam was 11.2% (88/784; 95% CI: 
9.1–13.6%). Victoria reported the highest proportion 
of resistant isolates, followed by New South Wales. 
No piperacillin-tazobactam resistant isolates were 
reported in Tasmania and the Australian Capital 
Territory (Table 2). 

Overall, 13.2% of Enterobacterales (101/766; 95% 
CI: 10.9–15.8) were reported as ciprofloxacin resist-
ant. Isolates from patients with a hospital-onset epi-
sode were more frequently reported as ciprofloxacin 
resistant than those with a community-onset bac-
teraemia. Isolates from children aged over 1 year 
were more frequently resistant. Victoria reported the 
highest proportion of resistant isolates (Table 2). 

Of the 792 Enterobacterales that had merope-
nem susceptibility testing performed, only two 
Enterobacter cloacae complex isolates were resist-
ant (0.3%; 95% CI: 0.0–0.9%). The isolates reported 
were from a community-onset bacteraemic episode 
in Queensland and a hospital-onset bacteraemic epi-
sode in Victoria, both in patients aged 5–17 years.

Fourteen percent of Enterobacterales isolates were 
identified as MDR. MDR Enterobacterales isolates 
were more likely to be hospital-onset (p: < 0.01) and 
associated with a device-related infection (p: < 0.01). 
MDR Enterobacterales isolates were more frequent 
in patients with febrile neutropenia. Of the 41 
patients who died with an Enterobacterales episode, 
19.5% of the isolates were MDR (n: 8). The highest 
proportion of MDR Enterobacterales isolates were 
from Victoria (n: 59, 39.6%) and New South Wales 
(n: 53, 35.6%). Victoria had the highest proportion 
of Enterobacterales isolates that were MDR (24.8%), 
followed by New South Wales (20.1%) [Table 3].

There were 61 Pseudomonas aeruginosa reported to 
AGAR: 31 isolates in 2020 and 30 isolates in 2021. No 
isolates were reported from the Australian Capital 
Territory, and only one isolate was reported from 
Tasmania. Overall, 4.9% of P. aeruginosa isolates 
were MDR, and two isolates were carbapenem resist-
ant (3.3%), classified as a World Health Organization 
(WHO) priority pathogen.

No P. aeruginosa isolates were reported tobramy-
cin resistant. Overall, 19.7% of P. aeruginosa were 
piperacillin-tazobactam resistant (n: 12; 95% CI: 
10.6–31.8%). All ciprofloxacin-resistant P. aerugi-
nosa isolates were reported from patients aged 5-17 
years. Only two P. aeruginosa were reported mero-
penem resistant (3.3%; 95%CI: 0.4–11.3%): one iso-
late from Queensland and one isolate from Victoria. 
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Only three P. aeruginosa were identified as MDR 
(3/61; 4.9%) – one from New South Wales and two 
from South Australia. 

Forty-one Acinetobacter spp. isolates were reported 
to AGAR: most were A. baumanii complex (18/41; 
43.9%). All Acinetobacter isolates were meropenem 
susceptible. One Acinetobacter isolate was reported as 
ciprofloxacin resistant and one isolate was resistant 
to amikacin. Three isolates were resistant to co-tri-
moxazole (8.6%; 95%CI: 1.8–23.1%), and all resistant 
isolates were reported from patients aged 1–4 years.

Staphylococcus aureus

There were 607 S. aureus isolates reported to AGAR: 
303 in 2020 and 304 in 2021. Overall, 12.9% of S. 
aureus were methicillin resistant (n: 78) and 5.6% 
of isolates were MDR (n: 34). The median age was 
6 years, and the number of episodes reported across 
different age groups was similar. The majority of 
isolates were reported from New South Wales and 
Victoria. Most episodes were community-onset and 
were monomicrobial events (Table 1).

The Northern Territory reported the highest pro-
portion of S. aureus isolates that were MRSA (45%). 
MRSA was not reported in the Australian Capital 
Territory or Tasmania. MRSA isolates were most fre-
quently reported in patients aged 1–4 years and in 
hospital-onset infections (Table 4). 

Overall, 12.4% of S. aureus were clindamycin resist-
ant (n: 75; 95% CI: 9.8–15.2). The Northern Territory 
had the highest proportion of clindamycin-resistant 
isolates. No clindamycin-resistant isolates were 
reported in Tasmania. All age groups < 5 years of age 
reported approximately 15% of isolates resistant to 
clindamycin (Table 4). 

Five percent of S. aureus were ciprofloxacin resistant 
(n: 32; 5.3%; 95% CI: 3.6–7.4%); 3.6% of S. aureus 
isolates were reported as resistant in 2020 (n: 11), 
and 6.9% in 2021 (n: 21). The highest proportion 
of isolates reported as ciprofloxacin resistance was 
in New South Wales (9.8%, n: 17). No isolates were 
ciprofloxacin resistant in Tasmania. Resistant iso-
lates were most frequently reported in patients aged 
91–364 days (Table 4). 

Overall, 13.2% of S. aureus were erythromycin resist-
ant (n: 80; 95% CI: 10.6–16.1%): The proportion of 
resistant isolates was 11.2% (n: 34) in 2020 and 15.1% 
(n: 46) in 2021. The highest proportion of erythro-
mycin resistant isolates was reported in the Northern 
Territory, and from neonatal patients (Table 4).  

No S. aureus isolates were reported trimethoprim-
sulfamethoxazole or vancomycin resistant. 

Overall, 5.6% of all S. aureus were MDR (n: 34), 64.7% 
of which were MRSA (n: 22). A statistically signifi-
cant difference in age was identified in patients with 
a MDR S. aureus episode compared to patients with 
a non-MDR S. aureus (p < 0.001). MDR S. aureus epi-
sodes are more likely to be hospital-onset (p < 0.001); 
however, MDR infections were not more device-
related (p = 0.06). The largest number of all MDR S. 
aureus isolates were from New South Wales, whilst 
the Northern Territory and the Australian Capital 
Territory had the highest proportion of S. aureus that 
were MDR (Table 3). 

Enterococcus spp.

Overall, 170 enterococci were reported to AGAR, 95 
isolates in 2020 and 75 isolates in 2021. Of the 170 
isolates, 122 were E. faecalis and 41 were E. faecium. 
Five E. faecium isolates were MDR. Enterococci iso-
lates were most frequently reported from patients 
< 1 year old. The largest proportions of episodes were 
from New South Wales and Victoria. The proportion 
of patients still in hospital at 30 days was higher in 
patients who had an enterococcal infection (Table 1).

Overall, 19.6% of isolates were ampicillin resistant 
(n: 33; 95% CI: 13.9–26.5%); one isolate was E. faeca-
lis, whilst the rest were E. faecium (n: 32). Over 70% 
of ampicillin-resistant isolates were hospital-onset. 
Most isolates were reported in patients aged 5–17 
years, and from patients living in New South Wales. 
Enterococci from hospital-onset episodes were more 
frequently ampicillin resistant compared to commu-
nity-onset enterococcal episodes (Table 5).

Fewer than five percent of Enterococci isolates were 
vancomycin resistant (4.7%; 95% CI: 2.1–9.1%). Eight 
vancomycin-resistant E. faecium (VREfm) were iden-
tified (19.5%; 95% CI: 8.8–34.9%), all from hospital-
onset episodes. VREfm isolates were identified in 
Queensland, Victoria, and New South Wales. Three 
E. faecium were identified as teicoplanin resistant 
(7.3%; 95% CI: 1.5–19.9%); all were from hospital-
onset episodes. Teicoplanin resistant isolates were 
identified in New South Wales and Victoria (Table 5). 

Five Enterococci were MDR (2.9%), all E. faecium. 
Four of the five MDR Enterococcus were identified 
in Victoria; the remaining isolate was identified in 
South Australia (Table 3). 
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Discussion
This AGAR Kids report is the first comprehensive 
AGAR report describing the epidemiology of AMR 
in the Australian paediatric population. The AGAR 
surveillance programs provide the opportunity to 
specifically analyse and report on bacteraemia from 
Australian children. The programs also provide an 
opportunity to compare paediatric data with the 
Australian adult population. Although there are 
some similarities, numerous differences warrant 
ongoing paediatric specific reporting. 

AMR surveillance of paediatric bacteraemia is a pow-
erful public health tool, providing an understanding 
of the aetiology of disease, susceptibility patterns, 
and the impact of infection prevention and control 
strategies.3,10 AMR surveillance can also point to 
potential targets for therapeutics specifically for pae-
diatrics: the development of medicines for children 
lags unacceptably behind that for adults, and indus-
try and funders remain unguided by robust health 
costing data to prioritise paediatric AMR strategies.11 
It is estimated that every year, globally, AMR infec-
tion result in 700,000 deaths, including 200,000 
newborns.12

There are few reports on paediatric populations from 
similar AMR national surveillance systems. Whilst 
the European system (EARS-Net) requests age to the 
nearest year, the data point is not mandatory and 
thus EARS-Net data are not routinely stratified by 
age.2 In the UK, the English Surveillance Programme 
for Antimicrobial Utilisation and Resistance 
(ESPAUR) does stratify patient age, but paediatric-
specific reports are not available.13 The Canadian 
AMR surveillance program presents key highlights 
of age-stratified data.14 One-off epidemiological 
reports have been produced from different regions 
and countries, yet interpretation and comparison 
to AGAR Kids is difficult because of differences in 
the organisms selected for surveillance.2,4,10,15–23  

This report is one of the most detailed paediatric-
specific reports to date and facilitates the national 
public health benchmarking of AMR in children 
and neonates to ensure the effectiveness of AMR 
programs. In Australian children (excluding neo-
nates), the most frequently reported organism was 
S. aureus (36% of isolates) and E. coli (23%); in neo-
nates and the adult population this is reversed, with 
E. coli being the most frequently reported organism 
(43.1% and 39% respectively) followed by S. aureus 
(20.2% and 20.9% respectively). A similar observa-
tion has been identified in Japan by Kusama et al.,22 
and likely reflects the commonality of urinary tract 
infections as the predominant source of bacteraemia 
in the neonatal and adult population and bone and 
joint infection the predominant source in children.24 
Several papers globally have demonstrated that E. 
coli bacteraemia is more frequent in children < 1 year 
of age and S. aureus is more frequent in children with 
increasing age.10,16,19,25–28 

In enterococcal bacteraemia, differences in the pre-
dominant species in adults and children were iden-
tified. In paediatrics, whilst approximately 25% of 
enterococci were identified as E. faecium, in adults 
almost 40% of episodes were due to E. faecium. 
Similarly, in several studies assessing paediatric bac-
teraemia, E. faecalis was more frequently identified 
than E. faecium.15,29 Interestingly, on a population 
level, the UK has reported a shift in enterococcal 
bacteraemia, with more E. faecium and less E. fae-
calis reported during the coronavirus disease 2019 
(COVID-19) pandemic; future AGAR Kids reports 
will be needed to investigate if a similar trend 
occurs in the Australian paediatric population.13 

Additionally, whilst when compared to the EARS-
Net data, Australia ranks in the top third of coun-
tries for vancomycin-resistant E. faecium (VREfm), 
the proportion of resistance in children is signifi-
cantly lower: in 2021, AGAR reported 37.9% VREfm, 
whilst in children there were only eight VREfm iso-
lates (19.5%). This vast difference is important in the 
way infection prevention and stewardship programs 
need to be targeted for specific populations. 
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Regional differences were noted in the pathogens 
causing paediatric bacteraemia. The increased pro-
portion of Salmonella bacteraemia in Queensland 
is consistent with previous Australian reports,17,26 
and is consistent with the literature of bacteraemia 
in tropical environments.30–32 Significant differences 
in the antimicrobial susceptibility patterns were also 
observed between jurisdictions. The proportions of 
Enterobacterales in Victoria resistant to gentamicin/
tobramycin and to third-generation cephalospor-
ins were both significantly higher than the national 
average: 16.8% compared to 11.6% for gentamicin/
tobramycin (p: 0.04) and 19.3% compared to 12.9% 
for third-generation cephalosporins (p: 0.01). Similar 
to gram-negative bacteraemia, regional differences 
in S. aureus were noted; there was a clear dispropor-
tion in the geographic distribution of MRSA epi-
sodes reported across Australia, and the over repre-
sentation from the NT is found in both adults and 
children. The higher proportions of resistance in 
MRSA compared to MSSA and an older age group is 
aligned with the literature.13 A more detailed inves-
tigation in the geographic distribution of pathogens 
in paediatrics is proposed and it is hypothesised that 
there will be a higher proportion of MRSA across the 
north of Australia which has been reported in the 
literature.33–36 These geographical differences have 
important implications for jurisdictional infection 
prevention and stewardship programs.

As per the WHO-defined priority list of patho-
gens,37 only four critical priority isolates were identi-
fied: two P. aeruginosa and two E. cloacae complex 
carbapenem-resistant (CRE). However, 21 WHO-
defined high priority pathogens were identified 
other than MRSA: eight vancomycin-resistant E. 
faecium and 13 fluroquinolone-resistant Salmonella. 
These findings suggest that despite the increasing 
levels of AMR in the general Australian population, 
WHO priority pathogens are rarely detected in the 
Australian paediatric population. This also demon-
strates the benefit of using local paediatric data to 
strengthen antimicrobial stewardship programs and 
inform antibiotic guidelines.

The AGAR surveillance system only captures 
S. aureus, Enterococcus spp., Enterobacterales, 
P. aeruginosa and Acinetobacter spp. This limits the 
understanding of the true burden of bacteraemia, 
as key pathogens such as Streptococcus spp. are not 
recorded. Additionally, vaccine-preventable bac-
teraemic pathogens are not reported, and thus any 
changes in incidence or proportion of aetiology of 
bacteraemia is not captured. 

Additional data analysis will be undertaken on a 
regular basis to track the emergence of AMR in 
Australian children, to investigate the differences 
in AMR between adults and paediatric bacteraemia 
isolates, and to assess the trends in paediatric AMR 
across Australia.

Overall, this report highlights key differences in anti-
microbial resistance and geographic distributions of 
bacteraemic pathogens in Australian children. These 
differences emphasise the importance of paediatric-
specific infection prevention and stewardship pro-
grams, and the need to continue AMR surveillance 
in the paediatric population. 
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