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AMENDED ABSTRACT

Background: bla,.s was reported from two P, putida clinical isolates
recovered in Singapore (SG; 2004), but the context of this gene has
not been described. We evaluated the dissemination and the genetic
environment of blauus, NOW IN P aeruginosa (PSA) across the Asia-
Pacific (APAC) region.

Methods: Detection of MBL genes was performed with degenerated
primers by real-time PCR. Positive samples were tested with primers
targeting class 1 integron conserved structures achoring in the MBL
gene. Amplicons generated were sequenced on both strands. Integron
PCR products were digested with Dral and Xbal and the band patterns
used to determine the similarity among integrons carrying this MB3L.
Each integron type was fully sequenced. VIM-6-producing isolates
were also ribotyped to evaluate possible clonality.

Results: Among 196 carbapenem-resistant PSA collected in 2006
from 10 nations, 66 (33.6%) were MBL-producers and blayu.s was
detected in 16 strains (8.1%). VIM-6 producing PSA were isolated
from India (12 strains), Indonesia (2) and 1 strain each from Korea and
the Philippines. 13 ribotype patterns were observed and 3 clones of
2 strains each were detected in 3 hospitals in India. Isolates from
various countries showed distinct ribotypes. Class 1 integrons of 3.5
(India only) and 5 Kb were detected among bla,w.s-carrying strains.
2 of 5 Indian hospitals had both integrons. Integrons of the same size
had the same RFLP patterns. bla,u.s was located in the 1st position
followed by blacx..1c and aacA4. 5 Kb integrons showed the same
genetic arrangement as 3.5 Kb integrons, but with the addition of an
unknown gene and an aadA7 preceding gacEA1/sull.

Conclusions: bla,.. was observed in 5 APAC nations (4 new countries
+ SG). The genetic diversity of these isolates and the presence of
related, yet distinct, integrons indicates the mobility of genetic structures
carrying blaw.s and/or the presence of a common bacterial reservoir
for this element in the region.

INTRODUCTION

Production of metallo-B-lactamases (M3Ls) is not the most prevalent
resistance mechanism against carbapenems found in Pseudomonas
species. However, MBLs constitute one of the most important clinically
and epidemiologically, since these enzymes can hydrolyze the vast
majority of available B-lactam agents. MBLs are not inhibited by the
3-lactamase inhibitors currently marketed or in development.
Additionally, the acquired genes encoding these enzymes are carried
INn mobile structures, which facilitate its dissemination and usually
harbor other resistance elements.
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Among the five types of reported MBLs (IMP, VIM, SPM-1, GIM-1 and
SIM-1), IMP- and VIM-variants are the most prevalent and they have
been described in numerous countries. Among the VIM-types, VIM-
2 appears to be the most dominant genotype and has been described
in 23 countries. A new VIM-type enzyme was identified in two
Pseudomonas putida isolates recovered in a tertiary hospital located
in Singapore in 2000. This enzyme, named VIM-6, shows only two
amino acid differences compared to VIM-2, which is probably its
genetic ancestor. The gene encoding VIM-6 was carried in a class 1
integron, but the structure of this integron has not been described.

In this study we report 16 bla,w.s-carrying P aeruginosa isolated from
4 countries from the Asia-Pacific (APAC) region and their genetic
context.

MATERIALS AND METHODS

Bacterial isolates. During 2006, 42 medical centers located in 10

countries in the APAC region were recruited to participate to the
SENTRY Antimicrobial Surveillance Program. Isolates were
consecutively collected from bloodstream, respiratory tract, skin and
soft tissue, and urinary tract infections according to defined protocols.
Only clinically significant isolates were included in the study; one per
patient episode. Species identification was confirmed by standard
biochemical tests and use of Vitek Systems (bioMérieux; Hazelwood,
Missouri, USA), when necessary.

Susceptibility testing. All isolates were susceptibility tested against
more than 25 antimicrobials by the broth microdilution procedure
described by the Clinical and Laboratory Standards Institute (CLSI;
2006) using validated panels manufactured by TREK Diagnostics
(Cleveland, Ohio, USA). Interpretations of susceptibility testing results
were by CLSI (2007) breakpoint criteria. Escherichia coli ATCC 25922
and P, aeruginosa ATCC 27853 were concurrently tested for quality
assurance.

MBL detection. Isolates non-susceptible to imipenem and meropenem
(MIC, >8 ug/ml) were tested with multiplex PCR using MBL generic
primers in a Real-time platform, recently described. Amplicons obtained
were sequenced on both strands. The nucleotide sequences and
deduced amino acid sequences were analyzed using Lasergene
software package (DNASTAR, Madison, WI) and compared with the
sequences available through the internet using BLAST
(http://www.ncbi.nlm.nih.gov/blast/).

Molecular Typing. MBL-producing isolates were ribotyped using the
RiboPrinter Microbial Characterization System® (Qualicon, Wilmington,
Delaware). Overnight cultures were treated with lysis buffer and placed
into the automated system. In brief, this automated process includes

bacterial cell lysis, cleavage of DNA using the restriction enzime Pvull,
size separation using gel electrophoresis and modified Southern
blotting. Results were analyzed by the RiboPrinter and isolates were
considered to have the same ribotype if the similarity coefficient was
>0.93.

Class 1 Integron Analysis. Additional primers designed in the 5’

conserved sequence (CS) and 3’CS regions of class 1 integron were
used in combination with the MBL primers to determine the size of
the integron structure. All amplicons generated with bla,. primers
anchoring in the 3’CS were digested with Dral and Xbal in separated
reactions. The band pattern obtained was visually compared in 2%
agarose electrophoresis. One integron of each type was fully sequenced
and analyzed as described above.

RESULTS

e Among 719 P aeruginosa strains collected in the APAC region in
2006, 196 (27.3%) were non-susceptible (MIC, >8 pg/ml) to
imipenem or meropenem, and among those, 66 (33.6%; 9.1%
overall) isolates carried a MBBL gene.

e blauwes Was detected in 16 (8.1%) isolates recovered in India (12),
Indonesia (2), Korea (1) and the Philippines (1; Table 1).

e Ribotyping showed 13 different patterns among blaymes-Carrying
isolates (Figure 1). Four clones of two isolates each were observed
in India (3) and in Indonesia. The other nine strains showed unique
ribotypes.

e PCR and sequencing reactions of the class 1 integron CS primers
combined with the primer annealing in blayw.es Showed that this
resistance gene was carried in the first position of the integron in
all strains and that these structures were 3.5 and 5 Kb in size (Table

1).

e 3.5 Kb integrons carrying blauu.s were found in three distinct medical
centers, but only in India.

* |ntegrons of the same size generated identical RFLP patterns with
both restriction enzymes, indicating a similar content and
arrangement.

e Sequencing showed that 3.5 Kb integrons carried downstream of
blayws, the gene for blaoxa.10, aaCA4 encoding resistance to
aminoglycosides, and the gacEA71/sul1 structure (Figure 2).

e The 5 Kb integron possessed the same gene content as the 3.5
Kb integrons with two additional gene cassettes. A 331 bp orf
encoding a protein showing 78% similarity with QACEA1 was
found following aacA4. This unknown gene was located upstream
of an aadA7 that preceded the 3’CS of the class 1 integron
(Figure 2).

Table 1.  Characteristics of 16 bla,,, -carrying P aeruginosa isolated in
2006 in the APAC region.
|solate Country Ribotype Integron size

225-22-D Korea 105-1034-2 ND?
228-23-D Philippines 258-35-7 ND®
241-09-D Indonesia 105-566-6 5 Kb

241-73.2-D Indonesia 105-566-6 5 Kb
244-07-D India 105-566-2 3.5 Kb
244-10-D India 258-347-6 5 Kb
244-18-C India 258-347-8 5 Kb
244-24-D India 258-352-2 5 Kb
244-29-D India 258-352-2 5 Kb
247-03-D India 258-348-6 5 Kb
247-06-D India 258-348-6 5 Kb
248-11-A India 252-45-6 3.5 Kb
248-26-C India 252-45-6 3.5 Kb
248-77-C India 127-114-4 5 Kb
252-05-C India 258-147-6 3.5 Kb
252-09-C India 222-134-4 3.5 Kb

a. Not determined.

Figure 1. Ribotyping of 16 bla,,, -carrying P aeruginosa isolated in 2006
in the APAC region. Three clones with two isolates each were
detected in India and one clone was observed in Indonesia
(indicated with different colors).
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Figure 2. Schematic representation of bla,,, .-carrying integrons detected
in carbapenem-resistant P aeruginosa isolates from the APAC
region. The 5 Kb integrons possessed an orf and an aadA7 that
were not present in 3.5 Kb structures. Filed circles represent the
59-be recombination sites.
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CONCLUSIONS

The 5 Kb integrons found in this study seems to be identical
to the blauws-integron carried by the isolate found in Singapore

which was deposited in the GenBank (# EF522838), but yet
not described.

Further studies are necessary to characterize the unknown orf
found in this study, since this gene can encode resistance to
other clinically important antimicrobial agents and play a role
INn the selection of strains harboring these mobile elements.

The spread and high genetic diversity observed among
blayv-s-harboring isolates can be attributed to a promiscuous
mobile structure that carries this gene, probably associated
to an environmental source for this MBL gene in the region.

Class 1 integrons play an important role in the dissemination
and increasing prevalence of MBL-producing P aeruginosa
iIsolates. Hospital infection control measures may have limited
effects because the dissemination of MBL-encoding genes
seems to be related to the spread of genetic elements carrying
these resistance elements.
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