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Molecular Epidemiology of ESBL-producing Klebsiella

pneumoniae isolates in Taiwan

GRS IR O,
TR HEE SHHE 2

Since the discovery of the extended-spectrum f-lactamase (ESBL) encoded in
transferable plasmid in 1980s, ESBL-producing Enferobacteriaceae have become
common worldwide. In recent surveys, the frequency of ESBL in nosocomial
Klebsiella pneumoniae isolates was estimated to be about 13% in France, 16% in
England, and over 40% in some hospitals in France, Portugal, and Turkey. ESBL
genes are usually carried by plasmids or transposable elements. ESBL genes on
transposable elements can be translocated among different plasmids. Outbreaks
have been reported to result from spread of epidemic clones and plasmid transfer.
Eighty-one ESBL-producing K. pneumoniae isolates from 10 Taiwanese hospitals
were analyzed for their MICs, values of isoelectric points, and PFGE typing. The
MIC,s (ng/ml) and susceptible percentages (%) were ceftazidime >512 (30.9%),
ceftazidime/clavulanate 1 (97.5%), ceftriaxone 256 (24.7%),
ceftriaxone/clavulanate 0.25 (98.8%), flomoxef 0.5 (96.3%), moxalactam 4
(97.5%), meropenem 0.06 (100%), ciprofloxacin 32 (85.2%), and amikacin >512
(59.3%). Seventy-one (87.6%) isolates produced an SHV-5 B-lactamase (pl 8.2), 5
(6.2%) isolates produced an SHV-4 B-lactamase (pI 7.8). These multi-resistant
isolates produced the ESBLs which conferred resistance to oxyimino-B-lactams
(e.g. cefotaxime and ceftazidime), but remained susceptible to p-lactamase
inhibitors (e.g. clavulanate), cephamycins (e.g. flomoxef and moxalactam) and
carbapenem (e.g. meropenem). The genetic relatedness was analyzed by PFGE
patterns and a dendrogram was constructed by UPGMA method. PFGE typing
grouped 24 (29.6%) isolates into seven clusters (A to G). Four clusters (A to D)
each were recovered from a single hospital, while 3 clusters (E to G) each were
recovered from two hospitals. The other 57 (70.4%) isolates were genetically
unrelated. These results indicate that ESBL-producing K. pneumoniae can spread
within a hospital and between hospitals. Genetically unrelated isolates may acquire
the ESBL-genes via plasmid transfer. To prevent rapid spread of ESBL-producing
K. pneumoniae, continuous surveillance of ESBL-producing strains, good
antibiotic control programs and perfect nosocomial infection control system are the
most important policies.
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Since the discovery of the extended-spectrum B-lactamase (ESBL) encoded in
transferable plasmid in 1980s (Kliebe et al. 1985; Sirot et al. 1987; Jarlier et al.
1988), ESBL-producing Enterobacteriaceae have become common worldwide
(Bure et al. 1988; Legakis et al. 1995; Venezia et al. 1995; Gniadknowski et al.
1998; Nuesch-Inderbinen et al. 1997). In recent surveys, the frequency of ESBL in
nosocomial K, pneumoniae isolates was estimated to be about 13% in France (Sirot
et al. 1992), 16% in England (Liu et al. 1992), and over 40% in some hospitals in
(Sirot et al. 1992), Portugal, and Turkey (Livermore and Yuan 1996).

ESBL genes are usually carried by plasmids (Kliebe et al. 1985; Sirot et al.1987).
ESBL genes on transposable elements also can be translocated among different
plasmids (Heritage et al. 1992; Sirot et al. 1991). Outbreaks have been reported to
result from spread of epidemic clones (Nouvellon et al. 1994; Frenc;h et al. 1996;
Neuwirth et al. 1997) and plasmid transfer (Bingen, Prodinger, Legakis). In this
paper, we use antimicrobial susceptibility test, isoelectric points of -lactamases,

and PFGE to identify the clones of ESBL-producing K. pneumoniae.



MATERIALS AND METHODS
Bacterial isolates. The 81 K. pneumoniae isolates were collected from 10
Taiwanese hospitals, including National Taiwan University Hospital (NTUH),
Mackay Memorial Hospital (MMH), Tri-service General Hospital (TSH),
Shinkong Hospital (SKH), and Chang Gung Children’s Hospital (CGCH), each
located in northern Taiwan; Taichung Veterans General Hospital (TCVGH), Chen-
Ching Hospital (CCH), and Shalu Tungs’ General Hospital (STH), each in central
Taiwan; Kaohsiung Chang Gung Memorial Hospital (KSCGH), and Pingtung
Christian Hospital (PCH), each in southern Taiwan. The isolates from TCVGH
were consecutively collected during 1993 to 1996, while those from other hospitals
were obtained randomly during during 1997 to January 1999.

Antimicrobial susceptibility. These isolates were then tested by broth
microdilution with Mueller-Hinton broth as described in NCCLS standard M7-A4
(NCCLS, 1997b). Escherichia coli ATCC 25922 was used for quality control.
The antimicrobial standard powders were kindly supplied by the following
manufacturers: ceftazidime (Glaxo-Wellcome, Taiwan), ceftadime—clavulanic acid
(4 pg/ml) (SmithKline Beecham, Surrey, UK), cefiriaxone (Roche, Basel,
Switzerland), ceftriaxone-clavulanic acid (4 pg/ml), flomoxef (Shionogi, Osaka,
Japan), moxalactam (Shionogi, Osaka, Japan), meropenem (ICI, Macclesfield, UK),
ciprofloxacin (Bayer, Leverkusen, Germany), and amikacin (Bristol-Myers Squibb,
Syracuse, NY).

Isoelectric focusing of B-lactamases. ESBLs were analyzed by isoelectric
focusing (Matthew et al. 1975). The cells grown from nutrient broth were disrupted
by sonication, and the cell debris was removed by centrifuge at 5,000 x g for 10
min. The extracted PB-lactamases were loaded on the polyacrylamide gels
containing Pharmalyte (Pharmacia). A constant power of 7 W supplied was applied

at 4°C or 1 to 2 hours, until two drops of lysed blood met at their pI and focused



into a sharp band. The B-lactamases were stained by overlaying the gels with 0.5
mM nitrocefin in 0.1 M phosphate buffer (pH 7.0). The pl values of ESBLs were
further confirmed by iodometric method. Mueller-Hinton agar, containing 0.6%
ceftazidime and cefotaxime, 6% potassium iodide, and 0.6% iodine, was poured
onto the isoelectric focusing gel. The bands corresponding to ESBLs produced
clear halo in the black background of agar within 30 min, and the formation of halo
was inhibited when the Muller-Hinton agar mixture was supplemented with 2

pug/ml of clavulanate.

Preparation of Plasmid DNA and plasmid fingerprinting. Plasmid DNA was
prepared by alkaline lysis (Kado and Liu 1981) and the plasmid profiles were
analyzed by electrophoresis on 0.7% agarose gel. For the fingerprinting analysis,
about 5 pug of plasmid DNA was digested with 10 U of EcoRI restriction enzymes
(GIBCO-BRL, Life Technologies, Gaithersburg, MD) at 37°C for 2 h. The DNA

fragments were analysed in 1% agarose gel.

Transfer of resistance. Equal volumes (1 ml) of the donor and the recipient
strains, Escherichia coli K-12 J53-2 (resistant to rifampin), (10° CFU/ml) grown in
tryptic soy broth (Oxoid) were mixed and incubated for 18 h at 35 °C.
Transconjugants were selected on MacConkey agar (Oxoid) supplemented with 64
pug/ml of rifampin to inhibit the growth of donor strains, and 2 pg/ml of

ceftazidime to inhibit the growth of the recipient strain.

Sequencing of ESBL genes. SHV genes were amplified from plasmid DNA
by PCR using the primers described previously (Rasheed et al. 1997). The gene



fragments were sequenced on both strands, on an ABI 310 Prism automated

sequencer with BigDye terminators (PE Applied Biosystems).

PFGE. The chromosomal DNA was prepared as the protocol described
previously (Shi et al. 1996). The DNA blocks were digested with 30 U of Xbal
(GIBCO-BRL, Life Technologies, Gaithersburg, MD) at 37°C for 2 h. Restriction
fragments of DNA were separated by PFGE with a contour-clamped homogeneous
electric field CHEF-DRII apparatus (Bio-Rad Laboratories, Richmond, Calif))
through 1.2% SeaKem GTG agarose gel (FMC Bioproducts, Rockland, Maine).
The fragmented DNA was run at the field strength of 6 V/cm for 24 h at 14°C, with
the pulse time being increased from 5 to 40 s. A lambda ladder (Bio-Rad

Laboratories) was used as the molecular size marker.

RESULTS

Antimicrobial susceptibility of isolates. = The acitivity of the various
antimicrobial agents against 81 isolates of K. pneumoniae is listed in Table 1. The
minimal inhibitory concentrations for 90% (MIC,s) of the 81 isolates and
susceptible percentages were ceftazidime >512 (30.9%), ceftazidime/clavulanate 1
(97.5%), ceftriaxone 256 (24.7%), ceftriaxone/clavulanate 0.25 (98.8%), flomoxef
0.5 (96.3%), moxalactam 4 (97.5%), meropenem 0.06 (100%), ciprofloxacin 32
(85.2%), and amikacin >512 (59.3%). '

pI values of isolates. Among the 81 ESBL-producing isolates, seventy-one (87.6%)
isolates produced an SHV-5 B-lactamase (pI 8.2), 5 (6.2%) isolates produced an
SHV-4 -lactamase (pl 7.8).



Analysis of relatedness of isolates. The genet}ic relatedness was analyzed by
PFGE patterns and a dendrogram (Figure 1) was constructed by UPGMA method.
PFGE typing grouped 24 (29.6%) isolates into seven clusters (A to G). The largest
cluster (cluster A) included 10 isolates (isolates TCVGH49 to TCVGHS8) which
had a similarity of 81.8 £ 2.9%. Cluster B contained three isolates (MMHG6 to
MMHS8) which ahd a similarity of 91.9 + 0.0%, Cluster C contained 3 isolates
(TSGH 2 to TSGH 4) which had a similarity of 94.2 + 2.8%. Cluster D included 2
isolates (CGCH4 and CGCH6) with the identical PFGE pattern. Cluster E included
2 isolates (KSCGH 2 and SKH1) which had a similarity of 92.9 + 0.0%. Cluster F
contained 2 isolates (KSCGH4 and SKH4) which had a similarity of 81.2 + 0.0%.
The other 57 (70.4%) isolates were genetically unfelated.

Plasmid profiles. Ten isolates of cluster A from TCVGH had the same plasmid
profiles. The other stains have a common plasmid with the size about 11 kb.
Sequence of ESBL-genes. DNA sequence analysis demonstrated that the SHV
genes encoding the pl 8.2 B-lactamases were SHV-5 and its variants. The SHV
genes mediated the pI 7.8 B-lactamases were SHV-4. We have to do more

sequence reactions to identify the SHV-5 variants.

DISCUSSION

ESBL producer are prone to be reported as suscef;tiblé to "(;Iel;halospofins, as
MICs often remains below the classical (e.g. NCCLS) breakpoint; of 8-16 pg/ml
(Jacoby and Carreras 1990; Katsanis et al. 1994). Even low-level (MIC 1-2 pg/ml)
ESBL-mediated resistance is associated with clinical failure (Bfun-Buisson et al.

1987). In this study, 30.9% and 24.7% of these 81 ESBL-producers were reported



as susceptible to ceftazidime and ceftriaxone respectively. These strains showed
MICs above the normal susceptible population but below the standard breakpoints
for cefiriaxone and ceftazidime. Confirmatory testing requires use of ceftazidime
and cefiriaxone, alone and in combination with clavulanic acid. These multi-
resistant isolates produced the ESBLs which conferred resistance to oxyimino-f3-
lactams (e.g. cefotaxime and ceftazidime), but remained susceptible to B-lactamase
inhibitors (e.g. clavulanate), éephamycins (e.g. flomoxef and moxalactam) and
carbapenem (e.g. meropenem). Only 59.3% of isolates were susceptible to
amikacin. These plasmids have also frequently been found to carry genes
responsible for resistance to other antibiotics, and this has resulted in the growing

prevalence of multidrug-resistant organisms (Legakis et al. 1995; Sirot et al. 1991).

PFGE typing grouped 24 (29.6%) isolates into seven cluster§ (A to G). Four
clusters (A to D) each were recovered from a single hospital, while; 3 éiusiers (E to
G) each were recovered from two different hospitals. The other 57 (70.4%) isolates
were genetically unrelated. Ten isolates of cluster A were isolated from TCVGH
over a short period of 1 month. Among these 10 isolates, three (TCVGH 51, 52 and
56) were collected from a intensive care unit, the other 7 isolates each were
recovered from different wards. The PFGE patterns of this cluster were so similar
that they should have originated from a common ancestor. This ancestral strain
could have acquired an SHV-5 gene and became a successful clone under the
selective pressure of antibiotics. This SHV-producing clone spread to other wards
by patient transfer or some unidentified sources. ESBL-producing strains can be
maintained over prolonged periods of time in hospitals and can cause clonal
outbreaks (Gouby et al. 1994; Rice et al. 1996). They can be transferred between

different wards, as well as between different hospitals or health care institutions



and even, with the case of international travel, between different countries

(Bradford et al. 1994; Gouby et al. 1994; Rice et al. 1996; Shannon et al. 1990).

CONCLUSIONS AND SUGGESTIONS

This study demonstrates that ESBL-producing K. pneumoniae are widespread in
Taiwanese hospitals. The evolution of resistance included intra- and inter-hospital
spread of ESBL-producing clones, and plasmid transfer among genetically
unrelated K. pneumoniae strains. To prevent rapid spread of ESBL-producing K.
pneumoniae, continuous surveillance of ESBL-producing strains, good antibiotic
control programs and perfect nosocomial infection control system are the most

important policies.
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Table 1. Antimicrobial susceptibility of 81 ESBL-producing K. pneumoniae

isolates
Antibiotic MC (“g/ml) L | ‘
Range 50% 90% Susceptible (%)
Ceftazidime 0.5->512 64 >512 309
Ceftazidime/CLA® 0.06->512 0.25 1 97.5
Ceftriaxone 4->512 32 256 24.7
Ceftriaxone/CLA <0.01-32 0.06 0.25 08.8
Flomoxef 0.03-64 0.06 0.5 96.3
Moxalactam 0.125-128 0.5 4 97.5
Meropenem <0.01-2 0.03 0.06 100
Ciprofloxacin 0.01-256 0.03 32 85.2
Amikacin 0.5->512 16 >512 59.3

*CLA, clavulanic acid.
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