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A study was designed to evaluate the ability of the DiversiLab fingerprinting kit, a type of repetitive element
PCR (rep-PCR), to identify Escherichia coli clone ST131 producing �-lactamase CTX-M-15. A set of 53
nonduplicate isolates of extended-spectrum �-lactamase-producing E. coli underwent rep-PCR, pulsed-field gel
electrophoresis, and multilocus sequence typing. The DiversiLab system successfully identified E. coli clone
ST131 producing CTX-M-15 and provides a simple standardized typing protocol for monitoring the spread of
this clone.

Multidrug-resistant, �-lactamase CTX-M-15-producing Esch-
erichia coli is emerging worldwide in a simultaneous fashion as
an important pathogen causing community-onset and hospital-
acquired infections (9). An identical clone named ST131 has
been identified using multilocus sequencing typing (MLST)
among CTX-M-15-producing E. coli isolated during 2000 to
2006 from several countries, including Spain, France, Canada,
Portugal, Switzerland, Lebanon, India, Kuwait, and Korea (2,
7). This clone belongs to the highly virulent phylogenetic group
B2 and harbors multidrug-resistant IncFII plasmids. This sug-
gests that the ST131 clone has emerged independently in dif-
ferent parts of the world either due to contaminated food/
water sources or has been imported into different countries via
foreign traveling. Clone ST131 has also recently been reported
in the United Kingdom (5), Italy (1), and Turkey (12). There-
fore, there is a need for a simple, standardized, and cost-
effective typing protocol for monitoring the spread of clone
ST131 throughout the world.

DiversiLab fingerprinting kits (previously called bacterial
bar codes), a type of repetitive-element PCR (rep-PCR), is a
rapid, semiautomated, PCR-based, commercial typing system
that can be easily performed by bench technologists with some
molecular experience (3). This technique has the potential to
track and monitor resistant bacteria in a real-time basis but has
not yet been validated for typing extended-spectrum �-lacta-
mase (ESBL)-producing E. coli isolates.

The goal of this study was to assess the DiversiLab system as
a potential rapid and reliable method to distinguish E. coli
clone ST131 producing CTX-M-15 from E. coli isolates pro-
ducing other ESBLs.

A set of 53 nonduplicate isolates of ESBL-producing E. coli

collected at Calgary Laboratory Services during January 2000
to December 2006 were included in this study. These isolates
were previously reported in a molecular epidemiology study
and produced the following ESBLs (8): VEB-1 (n � 1),
TEM-52 (n � 1), SHV-2 (n � 1), CTX-M-3 (n � 2), CTX-
M-14 (n � 13), CTX-M-15 (n � 29), CTX-M-24 (n � 3), and
CTX-M-27 (n � 3).

The CTX-M-15-producing E. coli isolates were typed with
pulsed-field gel electrophoresis (PFGE) following the extrac-
tion of genomic DNA and digestion with XbaI using the stan-
dardized E. coli (O157:H7) protocol established by the Centers
for Disease and Prevention, Atlanta, GA (4). The subsequent
PFGE analyses were performed on a contour-clamped homo-
geneous electric field mapper apparatus (Bio-Rad Laborato-
ries, Hercules, CA). DNA relatedness was calculated on the
basis of the Dice coefficient, and isolates were considered to be
genetically related if the Dice coefficient correlation was 80%
or greater, which corresponds to the “possibly related (4- to
6-band difference)” criteria of Tenover et al. (11).

MLST was performed on the 29 CTX-M-15-producing iso-
lates using the seven conserved housekeeping genes (aspC,
clpX, fadD, icdA, lysP, mdh, and uidA). A detailed protocol of
the MLST procedure, including allelic type and sequence type
assignment methods, available at the EcMLST website (http:
//www.shigatox.net/mlst) was used in this study.

All DNA samples were amplified using the DiversiLab E.
coli kit for DNA fingerprinting (bioMerieux, Inc., St. Laurent,
Quebec, Canada) following the manufacturer’s instructions
and GeneAmp 9700 ThermoCycler instrument (Applied Bio-
systems, Norwalk, CT). Detection of rep-PCR products was
implemented using the Agilent 2100 bioanalyzer (Agilent
Technologies Inc., Santa Clara, CA), which employs microflu-
idics chip-based DNA fragment separation, rather than the gel
electrophoresis traditionally employed for rep-PCR analyses.
Thirteen samples can be analyzed simultaneously on a mi-
crofluidics chip, and internal DNA standards of known sizes
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are added to each well to allow for normalization and efficient
chip-to-chip comparisons.

Analysis was performed with the DiversiLab software ver-
sion 3.3. The resulting DNA fingerprint patterns were viewed
as electropherograms, and reports included a dendrogram con-
structed from a similarity matrix and a virtual gel image of the
fingerprint for each DNA sample. A correlation of 95% as a
cutoff as recommended by the manufacturer was used. All
library entries were typed in duplicate, and the observed re-
producibility was consistent.

PFGE identified three closely related groups of E. coli iso-
lates producing �-lactamase CTX-M-15 (designated 15A [n �
14] and 15AR [n � 7] [i.e., related to A]), as well as a separate
clone designated 15B (n � 2) and a related strain called 15BR
(n � 1). The 15A, 15AR, 15BR, and 15B isolates formed
separate clones with �80% similar PFGE profiles. The 15AR
isolates exhibited �60% similarity of profiles to 15A, which
suggests that 15AR is related to 15A, while 15BR isolates
exhibited �60% similarity of profiles to 15R, which suggests
that 15BR is related to 15B. The remaining five CTX-M-15-
producing isolates were not related to clones 15A, 15AR, 15B,

or to each other and were designated 15NR (i.e., not related to
15A, 15AR, or 15B). These clones were previously reported in
a molecular epidemiology study (8) (Fig. 1).

MLST performed on the CTX-M-15-producing isolates
identified PFGE clones 15A and 15AR as ST131.

DiversiLab Rep-PCR using the �95% similarity index iden-
tified MLST clones ST131 (Fig. 2). This showed 100% concor-
dance with MLST in identifying ST131 isolates. Rep-PCR per-
formed very well in identifying known ST131 isolates; without
MLST data on 24/53 isolates, it is uncertain if this method
would have detected them. Some results were observed with
Rep-PCR with other ESBL-producing E. coli isolates; CTX-
M-14-producing isolates 89 03, 07 193, 123 02, 69 03, 13 00,
and 44-00 were closely related to each other, while isolates
83 03, 87 03, and 99 02 were also closely related. Moreover,
isolates 06 203 (CTX-M-3), 07 340 (CTX-M-14), 90 01
(CTX-M-15), and 06 160 (CTX-M-14) were closely related
to each other and isolates 184 02 (CTX-M-24) and 290 05
(CTX-M-15) were related to each other, while isolates
351-05 (CTX-M-15), 07 393 (CTX-M-27), and 07 028 (CTX-
M-24) were also closely related to each other (Fig. 2). These

FIG. 1. PFGE patterns and dendrogram of CTX-M-15-producing E. coli isolates. The 15A, 15AR, and 15B isolates formed separate clones with
�80% similar PFGE profiles. The 15AR isolates exhibited �60% similarity of profiles to 15A, which suggests that 15AR is related to 15A, while
15BR isolates exhibited �60% similarity of profiles to 15R, which suggests that 15BR is related to 15B.
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clones exhibited �60% similarity PGFE profiles (data not
shown).

Comparative calculations of costs (considering reagents,
equipment, and labor) for different typing methods per isolate
in Canadian dollars were $25 for PFGE, $75 for MLST, and
$55 for DiversiLab Rep-PCR.

PFGE is considered the gold standard for typing of medi-
cally important bacteria and identifying different clusters or

clones (10). Clones consist of bacteria that originate from the
same parent, and PFGE is excellent for identifying different
clones responsible for recent or ongoing outbreaks. Unfortu-
nately, PFGE is labor-intensive and time-consuming and de-
livers the best results only when performed by a technologist
with extensive technical experience with this method. This
makes interlaboratory comparison of typing results extremely
difficult.

FIG. 2. Dendrogram analysis and virtual gel images of DiversiLab rep-PCR fingerprint analysis of ESBL-producing E. coli isolates. For the
purpose of predicting different clones, the top match feature at �95% similarity was used (broken line). Clones 15A, 15AR, 15B, and 15BR were
identified using PFGE, while ST131 was identified using MLST. MLST was performed on the CTX-M-15-producing isolates. Sample ID, sample
identification.
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MLST is a portable, universal, and definitive sequence-
based typing method that examines the nucleotide sequences
of multiple loci of housekeeping genes (6). This makes it the
most suitable typing method for comparing data generated
independently from different laboratories and ideal for track-
ing antimicrobial-resistant bacteria, such as clone ST131, on a
worldwide basis. Unfortunately, MLST is expensive and time-
consuming and not really suitable for tracking resistant clones
in a rapid real-time fashion.

Rep-PCR is a rapid method for strain typing that relies on
amplification of the sequences between various repetitive ele-
ments interspersed throughout the genome (3). Standardized,
commercially available kits containing primers and PCR mas-
ter mix reagents are marketed as DiversiLab systems. Gel
electrophoresis has been replaced by separation in a microflu-
idics chamber, and digitized gel images are generated and
compared by using proprietary computer software. However,
digitized PFGE gel images obtained under standardized
conditions can also be used for comparisons. Although the
DiversiLab system rep-PCR method is limited by the require-
ment of significant expenditure for reagents and equipment, it
has two major advantages. First, results are generated more
rapidly than for either PFGE or MLST. A batch of 13 samples
can be performed within a single day. Second, standardized,
digitized gel images are stored for comparison between runs
and between laboratories.

Our results show that DiversiLab system rep-PCR success-
fully identified E. coli clone ST131 producing CTX-M-15 and
was able to distinguish it from other E. coli isolates producing
CTX-M-15, CTX-M-3, CTX-M-14, CTX-M-24, and CTX-M-
27. The typing results obtained with DiversiLab fingerprinting
kits had 100% concordance with MLST in identifying ST131
isolates, while PFGE of clone ST131 divided them into two
related but separate clones, 15A and 15AR (Fig. 1). Rep-PCR
performed very well in identifying known ST131 isolates; with-
out MLST data on 24/53 isolates, it is uncertain if this method
would have detected them. However, it is unlikely that ST131
were present among the other ESBL-producing isolates, since
the PFGE patterns of these isolates were different than those
of ST131 (�60% similarity [data not shown]). PFGE patterns
of known ST131 isolates from different parts of the world have
similar PFGE patterns (�60% similarity) (2, 7). The results
obtained with the DiversiLab system rep-PCR on the CTX-
M-14 producing isolates correlated closely with PFGE patterns
(data not shown). However, the clones obtained with the Di-
versiLab system rep-PCR among isolates producing different
CTX-Ms were difficult to explain, since the patients infected
with these bacteria were separated via time and space.

In conclusion, we found that a rapid standardized typing
protocol could be established for monitoring the spread of E.

coli clone ST131 producing CTX-M-15 throughout the world.
Typing images can be stored and forwarded to a centralized
center for comparison purposes to ensure the tracking of these
important CTX-M-producing bacteria. Our results suggest that
DiversiLab fingerprinting rep-PCR might provide such an op-
tion to clinical laboratories worldwide and will benefit infection
control procedures with the rapid introduction of control mea-
sures and significantly improve patient care. However, the sig-
nificant cost of this procedure (55 Canadian dollars per isolate)
limits its usefulness.
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