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The prevalence of carbapenemase-producing Enterobacteriaceae (CPE) has been increasing worldwide. blay,, has been reported
to be the predominant carbapenemase-encoding gene within Enterobacteriaceae in Australia. However, there are limited data
currently available on CPE from Queensland, Australia. A total of 58 CPE isolates were isolated between July 2009 and March
2014 from Queensland hospitals. The clonality of isolates was determined by Diversilab repetitive sequence-based PCR. The iso-
lates were investigated for the resistance mechanisms carbapenemase, extended-spectrum f3-lactamase, and AmpC [3-lactamase
and for aminoglycoside resistance and plasmid-mediated quinolone resistance genes by PCR. The plasmid types associated with
carbapenemase-encoding genes were characterized. The majority of the CPE were Enterobacter cloacae (n = 29). The majority of
Queensland CPE isolates were IMP producers and comprised 11 species (n = 48). Nine NDM-producing Enterobacteriaceae were
identified. One NDM-producing Klebsiella pneumoniae isolate coproduced OXA-48. One K. pneumoniae isolate was an OXA-
181 producer. The incidence of IMP producers increased significantly in 2013. bla,y;p_, was found in all IMP-producing isolates.
bla gy, qnrB, and aacA4 were common among IMP-4 producers. The HI2 (67%) and L/M (21%) replicons were associated with
blayyp_4- Al HI2 plasmids were of sequence type 1 (ST1). All but one of the NDM producers possessed blacrx_a.15- The 16S rRNA
methylase genes found among NDM producers were armA, rmtB, rmtC, and rmtF. The substantial increase in the prevalence of
CPE in Queensland has been associated mainly with the emergence E. cloacae strains possessing HI2 plasmids carrying bla;yp_,
over the past 2 years. The importation of NDM producers and/or OXA-48-like producers in patients also contributed to the in-

creased emergence of CPE.

he most substantial threat to antibiotic susceptibility in Gram-

negative bacteria is the emergence of carbapenemase-produc-
ing Enterobacteriaceae (CPE). Some carbapenemases tend to dom-
inate in certain countries of the world. For example, Klebsiella
pneumoniae carbapenemase (KPC) is the carbapenemase found
most frequently in Enterobacteriaceae in the United States (1),
while NDM is frequently found in the Indian subcontinent (2)
and SPM is found in Brazil (3). Despite the fact that there have
been reports of KPC (4), NDM (5, 6), OXA-48 (7) and even a
unique carbapenemase, AIM-1 (8), in Australia, none have be-
come dominant there. In Australia, IMP-producing Enterobacte-
riaceae, particularly Enterobacter cloacae, have been reported to be
the predominant form of CPE (9-11). Antibiotic-resistant E. clo-
acae not only is a common nosocomial pathogen but also has been
reported to cause bloodstream infections (10, 12). The mortality
rate for infections by IMP-producing E. cloacae causing bactere-
mia can be as high as 40% (12).

Carbapenemase-encoding genes are usually located on large
plasmids that play an important part in their extensive spread
worldwide. Plasmids cause the dissemination of antimicrobial re-
sistance, including carbapenemase-encoding genes, through hor-
izontal transfer among bacterial species of the Enterobacteriaceae
family. Plasmids of different replicon types or incompatibility
types (Inc), such as IncA/C, FII, L/M, and HI2, have been com-
monly associated with the carriage and transmission of carbapen-
emase-encoding genes (13).

In Australia, hospital-based health care is regulated by the state
government. A state-owned central microbiology laboratory lo-
cated in Brisbane, the capital city of Queensland, provides refer-
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ence service to the majority of public hospitals in Queensland.
Our aim was to characterize the mechanisms responsible for car-
bapenem resistance in CPE isolates in the state of Queensland,
Australia. These isolates were referred by hospitals and pathology
laboratories to a state reference laboratory between June 2009 and
March 2014.

(Part of this study was presented as a poster presentation at the
Antimicrobials 2014 Conference of the Australian Society for An-
timicrobials [February 2014] [46].)

MATERIALS AND METHODS

Bacterial isolates and susceptibility testing. We investigated Enterobac-
teriaceae isolates with meropenem resistance determined by broth mi-
crodilution Vitek2 (bioMérieux) methods, using EUCAST breakpoints of
>4 pg/ml (14). A total of 165 Enterobacteriaceae isolates with reduced
susceptibility to meropenem, as determined by the Vitek2 system using
Vitek card AST-N246 (bioMérieux), were referred to our laboratory at the
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University of Queensland Centre for Clinical Research from seven major
hospitals in Queensland between June 2009 and March 2014. Of note, the
total numbers of nonrepetitive Enterobacteriaceae isolates tested and of
Enterobacteriaceae isolates phenotypically determined to be resistant to
meropenem by disk susceptibility testing from the same period were
196,282 and 153 isolates, respectively. The isolates were received for con-
firmation of the presence of carbapenemase-encoding genes. The speci-
men types and the geographical locations of the hospitals were recorded.
In addition, wherever possible, the patient’s travel history was recorded.
Only one isolate per species from each patient was included, unless mul-
tiple species were isolated. Isolate species identification was performed
biochemically by using Vitek2 GN-ID panels and confirmed with protein
profiling using Vitek matrix-assisted laser desorption ionization—time of
flight mass spectrometry (MALDI-TOF MS) (bioM¢érieux).

Antimicrobial susceptibility testing, MIC determinations, and phe-
notypic tests for carbapenemase. All isolates were tested for antibiotic
susceptibility to ceftazidime, ceftazidime-clavulanic acid, cefotaxime, ce-
fotaxime-clavulanic acid, cefoxitin, cefepime, ertapenem, meropenem,
imipenem, ciprofloxacin, gentamicin, and amikacin by using the Vitek2
system (bioMérieux, VIC, Australia), and results were interpreted accord-
ing to EUCAST breakpoints (14). MICs of ertapenem, meropenem, and
imipenem were determined by using the Etest (bioMérieux, VIC, Austra-
lia). All isolates were phenotypically tested for the production of carbap-
enemase by using the modified Hodge test (MHT) and the Carba NP test
(15). The phenotypic detection of metallo-B-lactamase (MBL) was per-
formed by using EDTA as an inhibitor, and the detection of KPC was
performed by using boronic acid as an inhibitor, as previously described
(6, 16).

Genotypic characterization of antibiotic resistance mechanisms.
PCR for blay g blayyp, blayy, and blag, was performed on all suspect
isolates by using previously described methods, and sequencing was per-
formed to confirm the carbapenemase genes and the variants of these
carbapenemase genes (6, 16, 17). PCR and sequencing to capture the
entire integron harboring bla;,, were performed to identify the genetic
environment of blay,,» and other antibiotic resistance genes located in the
class 1 integron. The class 1 integron containing blayp_, underwent PCR
and sequencing using primers HS317 and the HS320, as previously de-
scribed (18). PCR and sequencing of blagy s 45 jike a00d blaypy, were per-
formed by using previously described primers (19, 20). All isolates were
tested by PCR for the presence of blarpyy, blacrx v Vlacays blagiyys
aacA4, and 16S rRNA methylase genes (armA and rmtA to rmtF) (21, 22).
The variants of B-lactamase genes were determined by sequencing of the
PCR products. Plasmid-mediated quinolone resistance (PMQR) was de-
termined by PCR for gnrA, qnrB, and gnrS (23). In addition, PCR to detect
the ISCR element was performed as previously described (24).

Clonal analysis of Enterobacter spp., K. pneumoniae, and Esche-
richia spp. The clonal relationships of isolates of the same species were
characterized by a semiautomated method, repetitive sequence-based
PCR (rep-PCR) typing. The clonal relatedness of Enterobacter cloacae and
Enterobacter asburiae, K. pneumoniae, and Escherichia coli isolates was
determined by Diversilab rep-PCR using appropriate kits according to the
manufacturer’s instructions (bioMérieux, VIC, Australia) (25). Phyloge-
netic groups of E. coli were determined as previously described (26). Mul-
tilocus sequence typing (MLST) was performed for E. cloacae, K. pneu-
moniae, and E. coli according to methods described on relevant websites
(http://pubmlst.org/ecloacae/,  http://bigsdb.web.pasteur.fr/klebsiella
/Klebsiella.html, and http://mlst.warwick.ac.uk/mlst/, respectively).

Genetic features of bla;,p-carrying plasmids and blay,,,-carrying
plasmids. All isolates were characterized for common replicon types as-
sociated with carbapenemase-encoding genes, such as types A/C, L/M,
HI2, FII, FIA, FIB, X, I1, and N, by using previously described methods
(27). A specific set of primers was designed to target the HI2 replicon in
this study, HI2F (5'-CTGGTGGGCATAACTCACCT-3") and HI2R (5'-
TCACCAGGGCTT TCTCTGTT-3'), which gave 942-bp amplicons.
PMLST was performed to determine the sequence type (ST) of HI2 plas-
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mids as described on the PubMLST website (http://pubmlst.org/plasmid
/primers/incHI2.shtml). Plasmid transfer by liquid mating experiments
was performed on 12 representative isolates of IMP producers that were
selected based on bacterial species and plasmid types. An E. coli K-12
nalidixic acid-resistant non-lactose fermenter was used as the recipient in
the conjugation experiments, as previously described (28). E. coli K-12
isolates acquiring plasmids carrying carbapenemase genes by conjugation
were selected on MacConkey agar supplemented with 150 pg/ml ampi-
cillin and 0.1 pg/ml meropenem. The recipients containing IMP plasmids
were selected based on the colony morphology of non-lactose fermenta-
tion of E. coli K-12. Plasmid transfer by electroporation was performed for
NDM and/or OXA-48 producers. Plasmids extracted by alkaline lysis
were electroporated into E. coli TOP10 cells (Invitrogen, VIC, Australia).
The E. coli TOP10 isolates acquiring plasmids carrying carbapenemase
genes were selected on Luria-Bertani agar supplemented with 150 wg/ml
ampicillin and 0.1 pg/ml meropenem. The plasmid replicon types were
determined for the E. coli recipients acquiring plasmids carrying carbap-
enemase-encoding genes by PCR-based plasmid replicon typing (29).
Other resistance genes carried on the carbapenemase plasmids were also
determined.

This work was approved by the Royal Brisbane and Women’s Hospital
Human Research Ethics Committee (approval number HREC/13/
QRBW/391 [Epidemiology, clinical significance, treatment, and outcome
of infections by carbapenem-resistant Enterobacteriaceae and Acinetobac-
ter spp. in Queensland]).

RESULTS

Bacterial isolates and antibiotic resistance mechanisms. A total
of 58 carbapenemase-producing Enterobacteriaceae isolates were
included in this study. Two previously reported NDM producers
from this region were not included in this study (6, 19). The non-
CPE producers (n = 105) had reduced susceptibility to ertapenem
but remained susceptible to meropenem and imipenem. The non-
CPE producers were negative by MHT and Carba NP testing. Al-
though the confirmed CPE isolates were mainly from southeast
Queensland, the region which has the majority of the population
in Queensland, a total of 6 CPE isolates were from hospitals fur-
ther north, including hospitals in Townsville and Rockhampton,
which are 600 to 1,300 km away from southeast Queensland.

The majority of cases of CPE infection were caused by carbap-
enemase-producing E. cloacae (n = 32). Two patients possessed
pairs of isolates of different species, K. pneumoniae and E. cloacae
as well as Raoultella planticola and Citrobacter freundii. One pa-
tient harboring E. cloacae and E. coli was previously described (30).
These previously reported pairs of IMP-4-producing E. cloacae
and E. coliisolates were included in the molecular characterization
and the dendrogram for clonal analysis for comparison with
other CPE.

The majority of CPE were isolated in 2013 (n = 27). Seven CPE
were isolated in 2012, and only <5 CPE were isolated per annum
prior to 2012 (Fig. 1). The majority of isolates were obtained from
urine (53%). The other isolates were obtained from blood (14%),
respiratory samples (12%), wounds (8%), and rectal swabs (13%).
Isolates were initially determined to be meropenem resistant by
the Vitek2 system. However, the isolates were not always resistant
to meropenem by disk susceptibility testing using EUCAST break-
points (<22-mm diameter for ertapenem and <16-mm diameter
for meropenem disks for carbapenem-resistant isolates) (14). All
isolates showed production of carbapenemase by MHT using er-
tapenem, meropenem, and imipenem disks (10 wg). All isolates
showed MBL phenotypes by using EDTA. No KPC phenotype was
found. The MICys of ertapenem and meropenem for CPE were
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FIG 1 Incidence of carbapenemase-producing Enterobacteriaceae in Queensland, Australia, from July 2009 to March 2014. The y axis indicates number of CPE

cases.

both >32 pg/ml, and that of imipenem was 24 jg/ml. The MIC5,s
of ertapenem, meropenem, and imipenem were 16, 4, and 3 g/
ml, respectively.

blay\p and blay,, were detected in 48 and 7 isolates, respec-
tively. No isolate harbored blay. The IMP-producing Enterobac-
teriaceae comprised E. cloacae (n = 29), E. asburiae (n = 2), En-
terobacter aerogenes (n = 1), K. pneumoniae (n = 4), E. coli (n = 4),
Escherichia hermannii (n = 2), Serratia marcescens (n = 1), C.
freundii (n = 2), Citrobacter koseri (n = 1), Proteus mirabilis (n =
1), and R. planticola (n = 1) (Table 1). One NDM-producing K.
pneumoniae isolate coproduced OXA-48. One K. pneumoniae iso-
late produced OXA-181 (Table 2). The NDM producers were

probably acquired by patients during overseas travel. In three
NDM cases, the patients had a history of travel to India (Table 2).
Of the remaining patients, the travel history of one patient could
not be retrieved, one patient had a history of travel to Myanmar,
and one patient was a migrant from Pakistan. The patient with an
NDM isolate coproducing OXA-48 had been transferred from
Romania.

The blayy,p variants in all isolates were bla;yp_4. The IMP pro-
ducers were distinct from the NDM producers in the composition
of other resistance genes present. These isolates usually carried
blargy (90%) and the aminoglycoside resistance gene aacA4
(90%). The PMQR gene gnrB was commonly found in IMP pro-

TABLE 1 Characteristics of IMP-4-producing Enterobacteriaceae from Queensland

No. (%) of isolates carrying gene

No. (%) of
isolates with
replicon type

No.of  blayp
Species isolates  variant  blaggy, blagyy  blacrxo  blacvyoaie  qnrB qnrA qnrS aac(6')-Ib HI2 L/'M
E. cloacae 29 blaygp., 27 7¢ 2¢ 1 27 8 2 26 22 7
E. asburiae 2 blapgp., 2 2 2 2
E. aerogenes 1 blapgp., 1 1 1 1
E. coli 4 blapgp., 2 1 1 3 2
E. hermannii 2 blapgp., 2 2¢ 3 2 2
K. pneumoniae 4 blapp., 4 4° 4 1 4 1 2
C. freundii 1 blapgp., 1 1 1° 14 1 1 1 1
C. koseri 1 blapgp., 1 1 1 1 1
S. marcescens 1 blapgp., 1 1 1
P. mirabilis 1 blayp., 1 1“ 1 1 1
R. planticola 1 blapgp., 1 1 1
Total 48 43 (90) 17 (35) 3 (6.4) 2 (4.3) 41 (85) 11 (23) 3(6.25) 43 (90) 32 (67) 10 (21)
? blagyyy .-

b blagpy-, (n = 2), blagyy s (n = 1), and blagyy_;, (1 = 1).
“blacrx-mas
4 blacyry-as-
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variant variant variant methylaseb aac(6')-Ib PMQR  detected
aac(6')-Ib  qnrA

variant?

variant

variant

type

410

type

history
India

isolation
2012

Isolate

A/C, FII, 11,

armA

blacyiy o

blaxpa blacrx 1s

Urine

E. coli CR7

X, FIA,

FIB
11, FIA, FIB,

aac(6')-Ib

rmtB

bl

blacyiy o

blacrx 1s

blaypa.a

101

Myanmar Wound

2013

E. coli CR15

FII, X

FIL, 11

rmtB

blargy

blacyiy o

4450 blarpns

265

Blood

Pakistan
India

2014

E. coli CR53

HI2, HI2A,

aac(6')-Ib

armA, rmtC

Urine blay blacrx a1 blagyy .1,

2012

E. cloacae CR16

FII, FIB

FIL, X

aac(6')-Ib  gnrB

aac(6')Ib

blargy

blacrx n1s

Blood 127 blaypn.

Not available

India

2013

E. cloacae CR37

ColV

qnrB

rmtF
rmtC

blapgy

blagyyy 1,

blacrx 1s

blagpa

147
15
231

Urine

2013

K. pneumoniae CR36
K. pneumoniae CR38
K. pneumoniae CR39

L/M, FII

blatgy,

blagyry »s

blacrx n1s

blagy s as

blagpy

Urine

Romania

2013

aac-(6')Ib  qnrS1 A/C, FII,

blaygn.,  armA, rmtF

blagyyy

blacrx s blacyy.s

blagya-1s:

Thailand Rectal

2013
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FIA, FIB

@ All blacrx a5 genes were on separate plasmids carrying blay .

b All 16S rRNA methylase genes were on the plasmids carrying blayy,, except for E. coli CR37.

ducers (85%), while gnrA and gnrS were found in only 23% and
6.3% of IMP producers, respectively (Table 1). blagy, blacrs
and blac,,y were less frequently found (Table 1). Other than
blaypy > the blay 4 and blay ., variants were detected (Table
2). PMQR genes (gnrA and gnrB) were less common among NDM
producers. The OXA-181-producing K. prneumoniae isolate pos-
sessed gnrS. All except one of the NDM producers coproduced
CTX-M-15. In addition, bla|py, blacyy, and blagyy,, were found in
71%, 42%, and 42% of NDM producers, respectively. blacyy_4>
blacyiy-a2> blagyy_y» blagyyy.q1s blagyy- 2, and blagyy 5 were iden-
tified among NDM and OXA-48-like producers (Table 2). The
NDM producers were usually resistant to amikacin (6 out of 7
isolates), which coincided with the possession of the 16S rRNA
methylase genes armA, rmtB, rmtC, and/or rmtF (Table 2). In
contrast, none of IMP producers possessed a 16S rRNA methylase
gene. All of these IMP producers were susceptible to amikacin.

Clonal analysis of Enterobacter spp., K. pneumoniae, and E.
coli. There were no predominant clones observed among Entero-
bacter spp., using 95% similarity as the cutoff. Several small clus-
ters comprising 2 to 4 isolates with identical rep-PCR patterns
were observed (clusters A to G) (Fig. 2). In this study, isolates were
considered nonepidemiologically related when they were isolated
from different hospitals or isolated >1 year apart. Several E. cloa-
cae isolates were clonal although not epidemiologically related.
Examples of these isolates were isolates in clusters B (ST45), C
(ST133), and E (ST65). Isolates within these clusters were isolated
from different hospitals or in different years. Several identical
strains that were closely temporally related potentially indicated
person-to-person transmission, such as in cluster A and cluster D.
Several new E. cloacae STs were detected in our study isolates, i.e.,
ST263 and ST265. Interestingly, the two NDM-producing E. clo-
acae isolates had 94% similarity to each other (ST127 and ST265)
and had 90% similarity to IMP-4-producing E. cloacae ST263 iso-
late CR22 (Fig. 2). Of note, these two NDM producers had only
one allele difference. Furthermore, the NDM-producing E. cloacae
isolate (CR16) was identical or clonally related to a previously
reported NDM-producing E. cloacae isolate from Tasmania (data
not shown) (19).

No clonality was observed among IMP- and NDM-producing
E. coli and K. pneumoniae isolates (Fig. 3). Three novel STs were
detected among IMP-4-producing K. pneumoniae isolates in our
study, ST1727, ST1728, and ST1729 (Fig. 3A). ST101 and ST410
NDM-producing E. coli isolates that were found in this study (Ta-
ble 2) were previously reported (31, 32). Also, we found NDM-
producing E. coli ST4450, which had never been reported to pro-
duce NDM previously. Interestingly, the OXA-181-producing K.
pneumoniae isolate was of ST231, which was previously reported
to produce NDM (33). It is noteworthy that one IMP-4-produc-
ing E. coli isolate belonged to the pandemic sequence type ST131
(34). Interestingly, of the four IMP-4-producing E. coli isolates,
three belonged to typical virulent extraintestinal pathogenic E. coli
phylogenetic groups B2 (n = 2) and D (n = 1) (Fig. 3B). In con-
trast, all NDM-producing E. coli isolates belonged to commensal
groups A and B1.

Genetic features of bla,,p_,-carrying plasmids and blaypy-
carrying plasmids. The majority of clinical IMP-4-producing iso-
lates had HI2 replicon plasmids (67%). Remarkably, the STs of the
HI2 plasmids carrying blayp_, were all ST1 (Fig. 2). L/M plasmids
were less common (21%). The ISCRI element was present in all
IMP-4 producers. Both HI2 and L/M plasmids were transferred by
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iversiab u3.4 Carba-
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1 CRI7 IMP4 Respiratory  01/2013 133 HI2-ST1 [l 11 I | c
1 CRY5 IMP4 Wound 02/2014 133 HI2-ST1 L |
12 CR44 IMP4 Urine 02/2014 HI2-ST1 1 Bl |
13 Eclf IMP4 Respiratory  06/2013 90 HI2-ST1 [ 1 | ‘ D
14 CR33 IMP4 Blood 1012013 HI2-ST1 Il | _b
15 CR27 IMP4 Blood 0812013 65 westt |
1 CR24 IMP4 Blood 08/2013 65 w-st1 L1 }E
17 CR16 NDM-1 Urine 12/2012 127 Fl I n
18 CR37 NDM-1 Blood 0012013 %5 X3 (1
19 CR22 IMP-4 Blood 04/2013 263 w2stt PCLICT
20 CR19 IMP4 Urine 0412013 62 Hestt O AT
L 21 RN IMP4 Rectal swab  09/2012 UM ||
2 CR4T IMP-4 Blood 0212014 HI2-ST1 11l
Fzs CR46 IMP-4 Urine 02/2014 175 HI2-ST1 1 | F
24 CRS2 IMP4 Urine 03/2014 175 Fl 1
25 CR14 IMP-4 Urine 05/2013 UM RN ) |
2% CR¥ IMP4 Blood 03/2013 UM L
- 27 CR28 IMP4 Rectal swab  08/2013 182 westt NN
28 CR1S IMP4 Urine 03/2013 182 HI2ST1 I nn ull
29 CR26 IMP-4 Rectal swab  08/2013 UM I n G
38 CR40 IMP4 Urine 01/2014 264 HI2-ST1 [ nm i |
31 CR#1 IMP4 Woundswab ~ 01/2014 UM I
22 CR3 IMP4 Urine 1012011 HI2-ST1 TR
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% Similarity

FIG 2 Dendrogram of carbapenemase-producing Enterobacter spp. Note that all isolates are E. cloacae, except for isolates CR12 and CR13. ', E. asburiae; %, Ecll

was described previously (30).

conjugation. However, the plasmid transformation experiment
showed that only L/M plasmids but not HI2 plasmids were trans-
ferred (data not shown). In this study, we proved that the bla gy,
qnrB2, and aacA4 genes were located in the bla;y,-carrying plas-
mids. Twelve E. coli K-12 transconjugants acquiring plasmids car-
rying blay,p_, caused an increase of meropenem MICs. The MICs
of meropenem for these E. coli K-12 transconjugants ranged from
1 to 4 pg/ml, with an MICs, of 2 pg/ml. Of note, the meropenem
MIC for the E. coli K-12 recipient was 0.012 wg/ml. All the bla;yp_,
and aacA4 genes were located in the class 1 integron. ISCRI was
located downstream of the class 1 integron.

Of the NDM producers, blay,,-carrying plasmids were trans-
ferred successfully into E. coli TOP10 cells. The blacrx_ni.15 genes
were carried by plasmids separate from those carrying blay .
However, except for one E. coli isolate where rmtB was in a sepa-
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rate plasmid, the 16S rRNA methylase-encoding genes were lo-
cated on the blayy,-carrying plasmids.

DISCUSSION

Having lagged behind other countries, Australia is now seeing an
increasing incidence of CPE, with the majority being IMP produc-
ers. The original IMP producer was initially described in bla;p_;-
producing Serratia marcescens in Japan in 1991 (35). blayp_, was
first reported in Acinetobacter baumannii in the 1990s in Hong
Kong (36). In Australia, blayp_, was first detected in Melbourne
and Sydney in 2002 and has remained the most commonly re-
ported variant of bla;, (9—11). Here, we describe 11 different
species of IMP-4-producing Enterobacteriaceae, including an un-
common species, Raoultella planticola, which has recently been
reported to produce IMP-8 in catheter-related cases in Taiwan
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FIG 3 Dendrograms of carbapenemase-producing K. pneumoniae (A) and E. coli (B). ', E. coli Ec1 was described previously (30).

(37). We also report the first occurrence of IMP-4-producing P.
mirabilis. The presence of an endemic carbapenemase-encoding
gene, blayp_ 4 in a pandemic strain of E. coli ST131, which is
known for its association with CTX-M-15 production and hyper-
virulence, raises concerns about the potential clonal dissemina-
tion of IMP-producing E. coli ST131. An example of spread by
clonal expansion is KPC-producing E. coli ST131. KPC producers
were initially prevalent among K. pneumoniae isolates. However,
since the acquisition of KPC plasmids by E. coli ST131, further
extensive spread with a predominance of KPC-producing E. coli
ST131 has occurred (38, 39).

Previously, blayp_, was detected in a class 1 integron contain-
ing intll, blayyp_y qacG, aacA4, and catB3 (3 to 4 kb in size) (9).
The size of the integron in our study was 1.2 kb and consisted of
blayp., and aacA4. A previous study in Australia showed that
bla;\p_4 was carried on A/C and L/M plasmids (9), with only one
isolate from China carrying an HI2 plasmid (9). Here, we reveal
the high incidence of HI2 plasmids carrying bla;yp_, (67%) in
Queensland (Table 1). HI2 plasmids carrying bla,y,p_s were re-
ported in Taiwan (40). It is interesting that these Taiwanese HI2
plasmids carrying blap_, also carried blarg,,, qnrB2, and
aacA4. The two plasmid replicon types HI2 and L/M have now
shown a strong association with blayy,p. Due to the high incidence
of HI2 and L/M plasmids carrying carbapenemase genes in Enter-
obacteriaceae in Australia, surveillance for Enterobacteriaceae pos-
sessing these plasmids in addition to commonly reported carbap-
enemases is recommended.

It is noteworthy that the variant IMP-4 has also been the pre-
dominant MBL reported elsewhere in Australia (9-11). The
mechanism of spread of the IMP-4 producers within Queensland
is unknown. In other hospitals in Australia, environmental con-
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tamination in burn and intensive care units was often identified as
the source of the outbreak (10, 41). Our study isolates were re-
ferred from a wide geographic coastal area of Queensland from
Townsville to Brisbane (1,300 km apart). The facts that the E.
cloacae isolates were diverse and that 11 different species were
identified in this study showed the capability of bla;yp_4-carrying
plasmids to spread horizontally among members of the Enterobac-
teriaceae. The presence of HI2 plasmid with ST1 harboring
bla;\ip_4 across different strains of E. cloacae and 7 other species of
Enterobacteriaceae in our region has contributed to the increasing
number of cases caused by IMP-4 producers. The diverse range of
IMP-4-producing Enterobacteriaceae has also been reported in
Sydney and Melbourne (9, 11, 42). Initially, Serratia marcescens
was the predominant IMP-4 producer in Australia (11); however,
E. cloacae has now emerged as the predominant species (10). Our
study also describes several novel STs of E. cloacae and the first
description of an E. cloacae ST isolated from Australia. The MLST
scheme for E. cloacae was relatively recently developed (43). Inter-
estingly, NDM-producing E. cloacae ST265 and ST127 had 4 al-
leles identical to those of the ST66 and ST114, which were consid-
ered high-risk international clones (44). In addition, we reveal
three novel STs of K. pneumoniae. There are very scarce data on
STs of K. pneumoniae in Australia apart from STs of imported
carbapenemase-producing K. pneumoniae isolates (6, 7).

The limitation of this study is that the potential reservoirs and
sources of infection by IMP producers as well as clinical outcomes
were not investigated, and this warrants further study. blayp is
locally endemic and is now geographically widespread throughout
Australia. Infection control and prevention strategies are an im-
portant means of reducing transmission and the overall burden of
CPE (45). In conclusion, to control the spread of the CPE in Aus-

July 2015 Volume 59 Number 7


http://aac.asm.org

tralia, isolates with reduced susceptibility to carbapenem should
undergo molecular confirmation.
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