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Annual Report

Australian Group on Antimicrobial Resistance
(AGAR) Australian Gram-negative Sepsis Outcome
Programme (GNSOP) Annual Report 2017

Jan M Bell, Thomas Gottlieb, Denise A Daley and Geoftrey W Coombs
Abstract

The Australian Group on Antimicrobial Resistance (AGAR) performs regular period-prevalence
studies to monitor changes in antimicrobial resistance in selected enteric Gram-negative pathogens.
The 2017 survey was the fifth year to focus on blood stream infections, and included Enterobacterales,
Pseudomonas aeruginosa and Acinetobacter species.

Seven thousand nine hundred and ten isolates, comprising Enterobacterales (7,100, 89.8%), P. aer-
uginosa (697, 8.8%) and Acinetobacter species (113, 1.4%), were tested using commercial automated
methods. The results were analysed using Clinical and Laboratory Standards Institute (CLSI) and
European Committee on Antimicrobial Susceptibility Testing (EUCAST) breakpoints (January
2018). Of the key resistances, non-susceptibility to the third-generation cephalosporin, ceftriaxone,
was found in 11.3%/11.3% of Escherichia coli (CLSI/EUCAST criteria), 8.8%/8.8% of Klebsiella pneu-
moniae, and 5.7%/5.7% of K. oxytoca. Non-susceptibility rates to ciprofloxacin were 12.1%/18.0% for
E. coli, 4.4%/11.2% for K. pneumoniae, 1.3%/3.5% for K. oxytoca, 3.0%/8.5% for Enterobacter cloacae
complex, and 5.1%/9.8% for P. aeruginosa. Resistance rates to piperacillin-tazobactam were 2.8%/5.9%,
3.7%/7.3%, 9.6%/11.0%, 22.5%/27.6%, and 6.4%/13.2% for the same five species respectively. Twenty-
seven isolates from 25 patients were shown to harbour a carbapenemase gene: 12 bla,, , (11 patients),

five bla (four patients), three bla two blaNDM’ two bla,,, two bla, ,and one bla__..

OXA-181 OXA-23, KPC’

Keywords: Australian Group on Antimicrobial Resistance (AGAR); antibiotic resistance; bacteraemia;
gram-negative; Escherichia coli; Enterobacter; Klebsiella

Introduction

Emerging resistance in common pathogenic
members of the Enterobacterales is a world-wide
phenomenon and presents therapeutic problems
for practitioners, both in the community and
in hospital practice. The Australian Group on
Antimicrobial Resistance (AGAR) commenced
surveillance of the key Gram-negative patho-
gens, Escherichia coli and Klebsiella species in
1992. Surveys have been conducted biennially
until 2008 when annual surveys commenced,
alternating between community- and hospital-
onset infections (http://www.agargroup.org/sur-
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veys). In 2004, another genus of Gram-negative
pathogens in which resistance can be of clinical
importance, Enterobacter species, was added.
E. coli is the most common cause of community-
onset urinary tract infection; Klebsiella species
are less common but are known to harbour
important resistances. Enterobacter species are
less common in the community, but of high
importance due to intrinsic resistance to first-
line antimicrobials in the community. Taken
together, the three groups of species surveyed
are considered to be valuable sentinels for multi-
resistance and emerging resistance in enteric
Gram-negative bacilli. In 2013 AGAR com-
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menced the Enterobacteriaceae Sepsis Outcome
Programme (EnSOP) which focused on the col-
lection of resistance and some demographic data
on all isolates prospectively from patients with
bacteraemia. In 2015, Pseudomonas aeruginosa
and Acinetobacter species were added, and the
program referred to as the Gram-negative Sepsis
Outcome Program (GNSOP).

Resistances of particular interest include resist-
ance to 8-lactams due to 3-lactamases, espe-
cially extended-spectrum f{3-lactamases, which
inactivate the third-generation cephalosporins
that are normally considered reserve antimi-
crobials. Other resistances of interest are to
agents important for treatment of these serious
infections, such as gentamicin; and resistance to
reserve agents such as ciprofloxacin, meropenem
and colistin.

The objectives of the 2017 surveillance program
were to:

1. Monitor resistance in Enterobacterales, P. aer-
uginosa and Acinetobacter species isolated
from blood cultures taken from patients pre-
senting to the hospital or already in hospital

2.Examine the extent of co-resistance and
multidrug resistance in the major species

3.Detect emerging resistance to newer last-line
agents such as carbapenems

4. Characterise the molecular basis of resistance
to third-generation cephalosporins, quinolo-
nes, amikacin and carbapenems

Methods
Study design

From 1 January to 31 December 2017, 36 labora-
tories across Australia collected either all or up
to 200 isolates from different patient episodes of
bacteraemia.

20f9 Commun Dis Intell (2018) 2019;43(https://doi.org/10.33321/cdi.2019.43.37) Epub 15/08/2019

Species identification

Isolates were identified using the routine method
for each institution; Vitek', Phoenix™ Automated
Microbiology System, or where available mass
spectrometry (MALDI-ToF).

Susceptibility testing

Testing was performed by two commercial
semi-automated methods, Vitek 2 (BioMérieux,
France) or Phoenix (Becton Dickinson, USA),
whichare calibrated to the ISO reference standard
method of broth microdilution. Commercially
available Vitek AST-N246 and AST-N247, or
Phoenix NMIC-203 and NIMC-404 cards were
utilized by all participants throughout the
survey period. The CLSI M100' and EUCAST
v8.0% breakpoints from January 2018 have been
employed in the analysis. For analysis of cefa-
zolin, breakpoints of <4 mg/L for susceptible,
> 8 mg/L for resistant were applied due to the
restricted minimum inhibitory concentration
(MIC) range available on the commercial cards,
recognising that the January 2018 breakpoint is
actually susceptible <2 mg/L.

Molecular confirmation of resistances

E. coli, Klebsiella spp., Proteus spp. and
Salmonella spp. with ceftazidime or ceftriaxone
MIC > 1 mg/L, or cefoxitin MIC > 8 mg/L; any
other Enterobacterales with cefepime MIC >
1 mg/L; all isolates with ciprofloxacin MIC >
0.25 mg/L; all isolates with meropenem MIC
> 0.25 mg/L; all isolates with amikacin MIC
> 32 mg/L, and all isolates with colistin MIC
> 2 mg/L were referred to a central laboratory
(University of Adelaide) for molecular confir-
mation of resistance.

All referred isolates were screened using real-
time polymerase chain reaction (PCR) platform
(LC-480) and published primers for the pres-
ence of bla_. - and bla_ , CTX-M-type genes

TEM SHV?

(groups 1, 2, 9, 8/25), plasmid-borne AmpC
(bla,, bla bla_. ,bla,__,bla__,bla__),and

DHA’ EBC’ ACC? FOX’ MOX
carbapenemases genes (bla,,, bla . bla

bla bla. ., bla bla,, ).

IMP’ KPC’

bla

OXA-48-like’ VIM? GES? SME’
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PCRs was also used to detect bla, , types,
known plasmid-mediated quinolone resistance
mechanisms (gnr, efflux [gepA, ogxAB] and aac
(6)-Ib-cr), aminoglycoside ribosomal meth-
yltransferases (armA, rmtB, rmtC, rmtF), and
mobile colistin resistance genes (mcr-1, mcr-2,
mcr-3).51' All referred E. coli were examined for
membership of the O25b-ST131 clone.'* All iso-
lates with demonstrated carbapenemase activity
and any amikacin resistant isolates were also
screened for OXA-23-like, -24, and -58 carbap-
enemases."

All isolates with carbapenemase activity were
subjected to whole genome sequencing using the
[llumina MiSeq platform. Data were analysed
using the Nullarbor bioinformatic pipeline."
The pipeline was used to identify the multi-locus
sequence type and the resistome.

Results

The species isolated, and the numbers of
each are listed in Table 1. Enterobacterales
accounted for 89.8%, followed by P. aeruginosa
(8.8%) and Acinetobacter species (1.4%). Of the
Enterobacterales, three genera—Escherichia
(61.6%), Klebsiella (19.9%) and Enterobacter
(6.3%)—contributed 87.8% of all isolates. Major
resistances and non-susceptibilities for the top
six ranked species are listed in Table 2. Non-
susceptibility (which includes both intermedi-
ately resistant and resistant isolates) has been
included for some agents because these figures
provide information about important emerg-
ing acquired resistances. Multiple acquired
resistances by species are shown in Table 3.
Multi-resistance was detected in 21.9% of E. coli
isolates, 10.4% of K. pneumoniae, and 18.6%
of E. cloacae complex. A more detailed break-
down of resistances and non-susceptibilities
by state and territory is provided in the online
AGAR report.

Escherichia coli

Moderately high levels of resistance to ampicil-
lin (and therefore amoxicillin) were maintained
(53.0%/54.4%, CLSI/EUCAST criteria), with

health.gov.au/cdi

Table 1. Number and proportion of species
isolated, blood cultures, 2017

Escherichia coli 55.2 (4,370)
Klebsiella pneumoniae 12.7 (1,001)
Pseudomonas aeruginosa 8.8 (697)
Enterobacter cloacae complex 5.5(433)
Proteus mirabilis 3.0 (235)
Klebsiella oxytoca 2.9(229)
Serratia marcescens 2.1 (167)
Salmonella species (non-typhoidal) 1.7 (134)
Klebsiella aerogenes 1.3 (105)
Morganella morganii 1.1(85)
Klebsiella variicola 0.9 (72)
Acinetobacter baumannii complex 0.8 (65)
Citrobacter freundii 0.7 (56)
Citrobacter koseri 0.5 (43)
Salmonella species (typhoidal) 0.4 (31)
Raoultella ornithinolytica 0.2 (14)
Pantoea agglomerans 0.2 (14)
Acinetobacter species 0.2(12)
Acinetobacter lwoffii 0.1 (11)
Other species (total n = 42) 1.7 (136)
Total 7910

lower rates for amoxicillin-clavulanic acid
(13.6%/- intermediate, 8.4%/- resistant). Non-
susceptibility to third-generation cephalospor-
ins was low (ceftriaxone 11.3%/11.3%, ceftazi-
dime 6.3%/11.1%). Moderate levels of resistance
were detected to cefazolin (22.8%/22.8%) and
trimethoprim-sulfamethoxazole (31.2%/31.2%).
Ciprofloxacin non-susceptibility was found in
12.1%/18.0% of E. coli isolates. Resistance to gen-
tamicin (8.4%/8.5%), piperacillin-tazobactam
(2.8%/5.9%) and cefepime (5.1%/8.7%) was low.
Eleven isolates (0.3%) had elevated merope-
nem MICs (= 0.5 mg/L). For the strains with
extended-spectrum [-lactamase (ESBL) pheno-
type, ciprofloxacin and gentamicin resistance
was found in 56.5%/64.2% and 35.5%/35.6%
respectively.
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uaaq sey £106331ed ] SYDNJF OU d1_UBINAR|D JO OB |17 B 9ARY PASN Spied )59} A}

‘pardde

13d2sNs ||e sy 'sauljapING [STD Ul pash ojel |:Z e Ueyl Jayiel “1/6w Z 1e paxy sl leue|nAe|d ay3 ‘uolieiaidisiul 1SydNT 104

(papuswWWoda1 Jou Bulsay) s|gediidde jou = eu ‘pauyap sjulodyealq ou / /A106a1ed 91eIpawIdlul OU — [S9sewelde|-g [einjeu 03 aNp juelsisal A|edisutiul Aj9bie| paispisuod g
'[8102] 1S¥DN3 pue [8107] ISTD @Y Ag paysiignd se elantd Buisn ‘(Juelsisal + djeipawiaiul) 9|qidadsns-uou = GN ‘S1eIpawisiul = | ‘Jueisisai=y e
q q / 8L / 90l eu eu / '€ 80 80 Y ulojuRINJOININ
6l 6l g€ g€ 66l 10T eu eu LSL Lol ILE e Y 9|ozexoylawey|ns—wiidoylawiil
LY a3 ¥'0 ¥0 v 69 6'€ 0T 67 vy S8 v'8 Y upIWeusn
89 v'E g€ €l S8 0€ 86 I's 4l a4 08l Izl SN upexoyoidid
00 00 00 00 4 €T 61 61 80 80 LI'0 L'0 SN wauadossy
€l €l 60 0 Syl 69 g9 €€ 69 ('h% L8 I's SN awidayed
0°€ €l ¥'0 00 ral:14 61¢C €6 €6 98 8'g ULl €9 SN swipizeys)
L'z 'z LS LS 6/T 61T eu eu 8'8 88 €Ll €Ll SN auoxel}ad
/ 0 / Tt q q eu eu / 96 / L€ Y UIIXx042D
g8l g8l 1'/9 129 q q eu eu 4] 4! 8'TT 8¢ Y uijozeyad
€l 00 0Ll 96 9/t S'Te (43 ¥'9 €/ L€ 65 8T Y wedeqoze)-uljjnesadiyd
- 9T - €8 q q eu eu - €S - v'8 Y
> (Li7) p1oe d1uenAg-Ul|IdIXOWY
- S'g - g€ q q eu eu - L't eu g€l I
0ZL 991 q q q q eu eu q q as 0'€S Y
pIdwy
- ﬁ_ —

1SvDn3 IST1D 1SvDn3 IST1D
(%) (%)

SHIqpIW o

D203AX0 °y

(%)

xajdwod 20300 '3

Eo:.&:&c d

1SvDN3 IST1D 1SvDon3 IST1D 1SvDon3 IS1D 1Svon3 IST1D E

[eIqowRUY

(%) (%)
abjuownaud "y 11033

L10T ‘pa1s31 sapads paxyuer x1s doy a3} 10§ sajex aoue)sisar pue Aiqridaosns-uop °z d[qe],

health.gov.au/cdi

Commun Dis Intell (2018) 2019;43(https://doi.org/10.33321/cdi.2019.43.37) Epub 15/08/2019

40f9



‘pIDB DIXIPI[RU ‘UIDBXO|JI0U ‘UIDAWRICGO) ‘D}eURINAR|D-UI|[IDJBD} DI19M PIPN|IXS OS[e {(SDURYSISI DISULIIUI O} SNP INOJ [|B) UIHX0J3D PUE ‘UI|0ZR4DD ‘D}RURINAR|D-UI||IDIXOWE *
wauadossw ‘wdoyiawiy ‘uppexopyoidid ‘upesjiwe ‘upiweiuab ‘Bwidased ‘Dwipizelad ‘DUOoXeLIYD ‘Weldeqozel-u

*(3S1] PAPN[DUL 3Y3 Ul SO130IGIIUE YIM UOIIR[a410d Ybiy) d|0zexoyiawejns-wudoyiawiy

1dwe :papn|dxa sonoIqIuY
esadid :papndul saioIqiuy

(3s1] PAPN|PUL 3Y3 UI SD130IG1IUR YHM UOIIR[2110d YyBiy) 9jozexoyiaweyns-wiidoyiawil ‘pide dIXIpIeu ‘UDBXOIoU ‘UdAWeIqo) (9due)sisal disuljul) uljjpidwe (papn|dxa so1oiqiuy

9|gedijdde jou = eu

‘wauadossw ‘wudoylawil ‘uiojuelinjoaliu ‘upexopyoidid ‘udeiwe ‘upiweluab ‘Dwidased ‘Dwipizelyad ‘DUOXe}D ‘UIHX0)ID ‘Ulj0Ze)dd ‘weldeqozel-uljjidesadid ‘S1eur|nAg|d-Ul[|IDIXOWE (papNn|dul SO10IqRUY

8L 00 00 oL 00 oL 6'S [ards €ve | 6¢C 8L L'y %
qSauaboJap *y
eu eu eu eu 0 0 L 0 L 9 93 € 8 8y <ol
00 00 00 00 00 00 00 (o[o]} 9l (43 oy | €16 %
qSU22532IDW S
eu eu eu eu 0 0 0 0 0 0 4 14 S SLL acl
80 00 00 00 00 00 80 7’66 00 9l | 0Ll | 998 %
(jeproydA3-uou) saads pjjauowps
eu eu eu eu 0 0 0 0 0 L 0 4 14! oLL | L2l
'S 00 00 00 00 00 00 8l 9'€ 9v6 L 98 | 0TS | L9C %
.D201AX0 "y
eu eu 0 0 0 0 0 0 ¥ 8 9l 6L SlL 69 Lee
8L 00 00 00 €l 00 ¥'0 60 Ll S€ [ards [4 L9 | vT | €99 %
sljiqpiiw 4
eu 0 0 0 € 0 L 4 ¥ 8 4} 14 LS o€l LET
98l 90 vl L] (0874 € 9'8 7’18 ULl I'e | €0l | 699 %
¢X3|dwod ap>popd 3
eu eu eu eu 4 S 9 4 8 o€ 6€ Ll 9¢ 66l | 0S€
¥olL 10 ¥'0 9¢C 0L 6l 'l 'L 6l 968 9T L'y | 9Ll | €L %
2biuownaud "y
eu eu L 14 T4 oL 6l 4} L 6l 9C (0} 141! L0 | €86
6'lC 00 00 €0 o'l L'l €T L'e 6T 144 9 18 8 |96l |8Vl |€6E %
11033
0 0 4} (% Lz ool veL 4] 681 89¢C 09€ | 699 | 9€9 |889'L |€6C'V

%

%

50f9

43 (https://doi.org/10.33321/cdi.2019.43.37) Epub 15/08/2019

l

Commun Dis Intell (2018) 2019

v € saads

aAne|nwnD aAne|nWND

jue)sisai-in jue)SISal-1nW-uoN

(syutodyeauq 1 SYINT) sadue)sisas pasinbde jo s;aquiny

£10T ‘sa1ads £Aq saoue)sisax pasrnboe spdnniy *¢ s[qey,

health.gov.au/cdi



Most of the E. coli strains with ESBL genes
harboured genes of the CTX-M type (408/536 =
76%). Fifty-three percent of E. coli with CTX-M
group 1 types were found to belong to sequence
type 131 (O25b-ST131). ST131 accounted for
57% of E. coli ESBL phenotypes that were cipro-
floxacin resistant (MIC >1 mg/L), and only 5% of
ciprofloxacin susceptible ESBL phenotypes.

Klebsiella pneumoniae

K. pneumoniae showed slightly higher levels of resist-
ance to piperacillin-tazobactam compared with
E. coli, but lower rates of resistance to amoxicillin-
clavulanic acid, cefazolin, ceftriaxone, ceftazidime,
ciprofloxacin, gentamicin, and trimethoprim-
sulfamethoxazole. Ten (1.0%) K. pneumoniae iso-
lates had elevated meropenem MICs (see below).
ESBLs were present in 77 of 95 (81%) presumptively
ESBL-positive isolates of K. pneumoniae, 67 (87%)
of which were confirmed to be of the CTX-M type.

Enterobacter cloacae complex

Acquired resistance was common to pipera-
cillin-tazobactam (22.5%/27.6%) ceftriaxone
(27.9%/27.9%), ceftazidime (24.9%/28.2%) and
trimethoprim-sulfamethoxazole (20.1%/19.9%)
among E. cloacae complex isolates. Cefepime
resistance was less than 15%; ciprofloxacin and
gentamicin resistance were both less than 10%.
Twenty-one (4.9%) E. cloacae complex strains
had elevated meropenem MICs.

Carbapenemase resistance

Overall, 27 isolates (25 patients) in thirteen
institutions from five states/territories were
found to harbour a carbapenemase gene. bla,, , ,
was detected in 12 isolates: E. cloacae (eight),
K. pneumoniae (three), and E. coli (one) — one
E. cloacae and one K. pneumoniae were from
the same patient. bla_, .. was detected in four
E. coli and one K. pneumoniae — one E. coli
and one K. pneumoniae from the same patient.
bla was detected in three A. baumannii;

OXA-23

bla, . . was detected in two K. pneumoniae;

bla,,., was detected in one K. pneumoniae and

60f9 Commun Dis Intell (2018) 2019;43(https://doi.org/10.33321/cdi.2019.43.37) Epub 15/08/2019

bla ., in one E. coli; bla

vy Was detected in
one E. cloacae and bla,,, . in one P. aeruginosa;
and bla

ops.s Was detected in one P. aeruginosa.
Discussion

AGAR has been tracking resistance in sentinel
enteric Gram-negative bacteria since 1992. From
2008, surveillance was segregated into hospital-
versus community-onset infections. The last year
of hospital-onset only surveillance was 2011."° In
2013, the first survey of antimicrobial resistance
among Enterobacterales isolates from bacterae-
mic patients through Australia was conducted
using an approach similar to that conducted by
the European EARS-Net program. 2017 was the
fifth survey of antimicrobial resistance among
Enterobacterales, and the third for P. aeruginosa
and Acinetobacter spp. from bacteraemic
patients through Australia.

CTX-M-producing E. coli and Klebsiella species
and gentamicin- and ciprofloxacin-resistant
E. coli continued to be a problem in patients
with bacteraemia. Of concern is the high pro-
portion of E. coli that belong to the O25b-ST131
clone. Carbapenem resistance attributable to
acquired carbapenemases are still uncom-
mon in patients with bacteraemia in Australia,
although seven different types (IMP, KPC,
NDM, OXA-181, OXA-23, VIM, and GES) were
detected from thirteen of the participating insti-
tutions. Compared with many other countries
in our region, resistance rates in Australian
Gram-negative bacteria are still relatively low,"
but similar to those observed in 2017 in many
Western European countries."”

Multi-resistance is being increasingly observed,
especially in E. coli and E. cloacae complex, both
of which have multi-resistance rates (as defined
by AGAR) above 18%. This is likely to drive more
broad-spectrum antibiotic use, and increase
the resistance selection pressure for important
reserve classes, especially the carbapenemases.

health.gov.au/cdi
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