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Background: Extended Spectrum B-lactamases (ESBLs) constitute the major cause of resistance
to B-lactams among Enterobacteriaceae. TEM and SHV-type ESBLs have been dominant but
during the past decade, rapid and extensive spread of CTX-M enzymes has been described
worldwide. Due to the high diversity of these enzymes, a rapid and accurate method is crucial
for epidemiological surveys. Methods: We tested 1,130 isolates collected from the SMART
program (2008-2009) including a majority of . coli (64.8%) and K. pneumoniae (30.1%) and E.
cloacae, E. aerogenes, K. oxytoca and P. mirabilis (5.1%).A new commercial molecular test
“Check-Points (CP) Check-KPC ESBL" combined with PCR-sequencing, allowing a fast and
complete characterization of SHV, TEM and CTX-M-type ESBLs, was used. Results: Isolates were
collected from patients with intra-abdominal infections from Asia (37.7%), Europe (27.3%),
Latin America (20.9%), North America (6.3%), South Pacific (4.9%), Middle East (2%) and Africa
o
(0.9%). Worldwide distribution of the most common ESBL genes (%)

ESBL/Region Africa  Asia  Europe  latin _ Middle North  South  Total
America__East __ America__Pacific
SHV 15 18 375 16 15 19 6.5 100
SHV-12 16 175 341 135 16 23 87 100
Other - 118 588 147 2.9 18 - 100
TEM - 176 204 412 - 59 5.9 100
TEM-S2 - 2 125 625 - - - 100
Other - 11 444 222 - 11 111 100
ax-m 08 425 246 21 2 32 a8 100
CTX-M15 08 422 253 213 21 33 29 100
Other 1 432 232 235 19 29 44 100

CTX-M-type ESBLs are currently the most common enzymes reported worldwide, especially in
Asia (42.5%), Europe (24.6%) and Latin America (22.1%). SHV-type ESBLs were more common in
Europe (37.5%) than in other regions. The most common enzymes were CTX-M15 (Asia), SHV-
12 (Europe) and TEM-52 (Latin America). Conclusions: In an environment in which ESBLs are
becoming an increasing threat, tools for the rapid identification of these rapidly evolving B-
lactamases are needed both to aid in infection control and for epidemiological studies.

Introduction

E ded um R-1; (ESBLs) are a worldwide public health problem: (7)

+ they have rapidly emerged worldwide in Enterobacteriaceae
+ they are considered to be one of the most important antibiotic resistance
mechanisms
The majority of ESBLs belong to TEM-, SHV- and CTX-M types:
(http://www.lahey.org/studies/)

%+ More than 180 TEM-type and 130 SHV-type B-lactamases have been
identified worldwide
+  The main mutations conferring the ESBL phenotype are found at the following
positions:
TEM: 104, 164, 238 and 240
SHV: 238 and 240
4 All the CTX-M enzymes are ESBLs: more than 90 CTX-M variants, divided into
5 five groups (CTX-M-1, 2, 9 and 8/25), have been identified (2).
Resistance to carbapenems due to the production of KPC enzymes in
Enterobacteriaceae is a growing issue as well (3). To date, 11 KPC-variants have been
described.

Optimal detection of ESBLs/KPC is now highly important: (4)

+ ESBLs detection is primarily based on phenotypic testing and standard
molecular tests tend to be used to characterize isolates with these genes.
PCR-sequencing is the most widely method used.

+ Detection of KPC enzymes is difficult using phenotypic methods

The huge diversity of these enzymes makes their detection truly crucial to routinely
monitor their prevalence and worldwide distribution. Fast and reliable molecular
techniques which could be used in clinical microbiology laboratories are essential.

Materials & Methods

Bacterial strains:

The Study for Trends (SMART) is a global longitudinal
antimicrobial surveilance study that has been monitoring susceptibility of Gram-negative
aerobic path fromi bdominal (IAI) since 2002

In this study, 1,130 recent isolates (2008-2009) phenotypically identified as ESBL-
positivefrom the SMART program were tested: E. coli (64.8%), K. pneumoniae (30.1%), K.
oxytoca(1.1%), E. cloacae (2.6%), E. aerogenes (0.4%), and P. mirabilis (1%).

VESBL testing was done according to CLS! guidelines (1), looking for a >3-doubling dilution
decrease in MIC of ceftazidime or cefotaxime in the presence of clavulanic acid.

= 7 control strains, representing the ESBL targeted (SHY, TEM, CTX-M1, 2, 9, 8/25) by the
Check-Points method and PCR, were used in this study.

Material & Methods(cont.)

DNA sample preparation:

Whole DNAs were extracted with the
QIAGEN QiaAmp DNA mini kit

using the QlAcube instrument

(12 samples an hour)

DNA micro-array method:

Figure 1: Principle of the CP method:

A-Ligation Detection Reaction

Probe contains:

Probe Arm 1:

A specific sequence at the 5 with universal primers (blue box) linked to a unique ZIP
code (orange box)

Probe Arm 2:

A specific sequence at the 3’ with universal primers (yellow box)

Probes are hybridized to target DNA and only in case of a perfect match, the probes
are joined by a ligase. Critical hes in the target will cause ligation to
fail, leaving the probes apart.

!

B-Polymerase Chain reaction (PCR)

Successful ligation products are amplified by PCR using a single pair of universal
primers to included in the probes (blue and yellow
boxes)

P Y

C-Hybridization and Detection

Unique ZIP codes (orange box) assigned to each probe will be specifically captured by
complementary oligonucleotides spotted on the microarray and will be detected using
abiotin label incorporated in one of the PCR primers.

The final results are obtained using a
specific reader (ATRO3) and software:

The system can be multiplexed with many different.
probes, each bearing a different ZIP code.

PCR-sequencing:
Primers used for detection and sequencing of the blaCTX-M, blaSHV, blaTEM and

blaKPC were described previously (5, 6, 8, 9)
4 Both strands of the PCR products were sequenced using an Applied Biosystems
sequencer (ABI 3730)

4 1 were anal

d using the SeqScape software

Advantages of Check-ESBL KPC combined with

PCR-sequencing

Figure 3 : Distribution of ESBL genes among

Figure 1: Example for an isolate carrying only the CTX-M1 enzyme:
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L The Check-Points array results allowed:

Figure 4: Distribution of the most common SHV genes
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1,119 ESBL-producing isolates
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among E. coli and K. pneumoniae isolates

» avoiding sequencing of the non-ESBL enzymes

» orienting sequencing for the CTX-M groups.

Figure 2 : Time to response for complete characterization of 72 isolates

PCR-Sequencing
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Figure 5: Worldwide distribution of SHV-12 genes
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Conclusions

Worldwide distribution of ESBL genes

Table 1: Distribution of ESBL genes (%) by species

Species/ESBL CTX-M SHV TEM  SHV+CTX-M  SHV+TEM  TEM+CTX-M  SHV+TEM+CTX-M
E. coli 91.7 59 0.7 1.4 0.4

K. pneumoniae 60.1 32 0.6 5.7 0.9 0.6

K. oxytoca 75 25

E. cloacae 46.7 46.7 33 33

E. aerogenes 75 25

P. mirabilis 90.9 9.1

Figure 6: Distribution of the most common CTX-M genes
among E. coli and K. pneumoniae isolates
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Figure 7: Worldwide distribution of CTX-M15 and CTX-M14
genes among 1,119 ESBL-producing isolates
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Figure 7: Worldwide distribution of TEM genes
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Figure 9: Worldwide distribution of KPC genes
among 28 KPC-positive isolates
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