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Methods
Isolates
Clinically significant urinary tract strains of Escherichia
coli from the SENTRY surveillance program were
collected by 17 different hospitals from eight countries
or locales over defined intervals between April 1998
and December 2000. All strains were sent to a central
reference laboratory (Women’s and Children’s Hospital,
Adelaide, Australia) for testing.

Susceptibility testing
All isolates were tested against more than 25
antimicrobials by the broth microdilution method using
commercially prepared trays (TREK™ Diagnostic
Systems Limited, UK), according to NCCLS standards
[NCCLS, 2001]. Breakpoints for resistance were those
recommended by the NCCLS.

Definition of multi-resistance
Multi-resistant E. coli were defined as those strains
demonstrating resistance to 4 or more of the following
agents: ampicillin, amoxycillin-clavulanate, cefazolin,
ceftr iaxone, cefoxitin, imipenem, trimethopr im-
sulfamethoxazole, ciprofloxacin, nitrofurantoin or
gentamicin. Resistant to cefazolin plus ceftriaxone was
counted as a single resistance.

Results
• 127 of 739 (17%) of strains were multi-resistant,

ranging from 0.7% in Australia to 59% in mainland
China. (Table 1)

• Extended-spectrum ß-lactamase (ESBL) producing
E. coli were prevalent in some locations: 33% in
mainland China, 24% in Singapore.

• Over 40% of ESBL-producing also had possible
ampC-mediated resistance (were also cefoxitin
resistant). This phenotype accounted for over 12%
of all urinary tract E. coli isolates in mainland China
and Singapore

• The highest incidence of ESBL strains that were also
cefoxitin resistant was seen in the Philippines (75%)

• Ciprofloxacin resistance was common in multi-
resistant E. coli: 43% of Taiwanese strains and 100%
of mainland Chinese strains

• The vast majority of multi-resistant strains were
susceptible to cefepime (85%) and imipenem (100%)

Introduction
Escherichia coli is the commonest cause of urinary tract
infection in both the community and in hospitalised
patients. Although resistance in E. coli is known to be
common world-wide, there has been little attention paid
to the accumulation of resistances in this pathogen.
We examined strains from the SENTRY surveillance
program in the Asia-pacific region to determine the
frequency of multi-drug resistance
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Abstract
Background: Escherichia coli (ECOL) is the commonest
isolate from urinary tract infections in hospitalised patients.
There is evidence that these strains are accumulating
substantial additional resistances with time. Methods: ECOL
isolated from the urine of hospital patients were tested against
more than 25 antimicrobials by broth microdilution. NCCLS
methods and breakpoints were used where available. Multi-
resistant strains were defined as possessing resistance to 4
or more of the following agents: ampicillin, amoxycillin-
clavulanate, cefazolin, ceftriaxone, cefoxitin, imipenem,
trimethoprim-sulfamethoxazole, ciprofloxacin, nitrofurantoin
or gentamicin. Resistance to ceftriaxone plus cefazolin was
counted as a single resistance. Results: 127 (17%) of 739
ECOL strains were multi-resistant, ranging from 0.7% in
Australia to 59% in China. In some countries, presumptive
ESBL-producers were quite prevalent (China, 33%;
Singapore, 24%). Over 40% of ESBL producing ECOL also
had possible AmpC resistance, with this phenotype
accounting for over 10% of all urinary tract ECOL isolates
from China and Singapore. The highest incidence of cefoxitin
resistance among ESBL phenotypes was seen in the
Philippines (75%). There were very high numbers of multi-
resistant ECOL that were ciprofloxacin resistant, ranging from
40% in Taiwan to 100% in China. The vast majority of multi-
resistant strains were susceptible to cefepime (87%) and
imipenem (100%).

Conclusions: Multi-resistant ECOL is a significant problem
in hospital-associated urinary infection in the WP+ region.

.3elbaT tnatsiseRgurd-itluM ilocaihcirehcsE

ottnatsisersetalosiRDMfoegatnecreP a

yrtnuoC latoT PMA CMA RTC TFC MPC IMI TXS PIC TIN NEG

ailartsuA 2 001 0.0 0.0 0.0 0.0 0.0 001 0.05 0.05 001
gnoKgnoH 02 001 0.52 0.53 0.02 0.01 0.0 0.58 0.58 0.52 0.57

napaJ 5 001 0.08 0.0 0.04 0.0 0.0 0.08 0.06 0.0 0.04
anihCdnalniaM 14 001 2.21 5.14 1.43 6.41 0.0 2.09 001 0.22 9.28

senippilihP 13 001 4.84 0.0 2.54 0.0 0.0 5.39 2.47 7.9 5.46
eropagniS 91 001 3.62 5.74 8.63 8.63 0.0 4.86 5.98 8.63 9.87

acirfAhtuoS 2 001 0.0 0.05 001 0.0 0.0 001 0.05 0.05 001
nawiaT 7 001 1.75 3.41 3.41 3.41 0.0 001 9.24 0.0 7.58

noigeR 721 001 9.92 6.72 6.43 6.21 0.0 4.78 5.38 5.02 6.57
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n the

often

.1elbaT yrtnuoCybstneitaPdesilatipsoHnisnoitcefnItcarTyranirUgnisuacsnegohtaPlairetcaBfoecneruccOfoseicneuqerF

ailartsuA anihCdnalniaM gnoKgnoH napaJ senippilihP acirfAhtuoS eropagniS nawiaT

iloc.E 4.74 iloc.E 7.63 iloc.E 0.05 iloc.E 4.12 iloc.E 5.44 iloc.E 0.14 iloc.E 5.94 iloc.E 4.04

alleisbelK .pps 2.11 succocoretnE .pps 3.31 alleisbelK .pps 7.41 uccocoretnE .ppss 4.91 alleisbelK .pps 7.22 succocoretnE .pps 0.31 alleisbelK .pps 9.41 alleisbelK .pps 1.41

asonigurea.P 2.9 SNoC 7.11 succocoretnE .pps 3.9 asonigurea.P 2.41 asonigurea.P 7.7 asonigurea.P 0.11 asonigurea.P 9.5 asonigurea.P 1.11

succocoretnE .pps 5.8 alleisbelK .pps 6.01 asonigurea.P 3.7 alleisbelK .pps 4.11 retcaboretnE .pps 3.5 retcabotenicA .pps 0.7 succocoretnE .pps 9.5 aitarreS .pps 1.7

suetorP pps 0.7 retcabortiC .pps 4.6 suetorP .pps 7.6 suerua.S 3.6 sanomoduesP .pps 9.4 suerua.S 0.6 retcaboretnE .pps 0.5 suerua.S 1.5
retcaboretnE .pps 1.5 retcaboretnE .pps 4.6 suerua.S 7.4 retcaboretnE .pps 1.5 suetorP .pps 6.3 suetorP .pps 0.6 retcabotenicA .pps 0.5 succocoretnE .pps 1.5

SNoC 7.2 asonigurea.P 8.4 allenagroM .pps 7.2 SNoC 1.5 aitarreS .pps 4.2 alleisbelK .pps 0.6 suerua.S 0.4 allenagroM .pps 0.4

retcabortiC .pps 2.2 retcabotenicA .pps 7.3 aitarreS .pps 3.1 retcabortiC .pps 7.3 uccocoretnE .ppss 4.2 SNoC 0.2 suetorP .pps 0.4 SNoC 0.3

aitarreS .pps 7.1 allenagroM .pps 6.1 retcabotenicA pps 3.1 succocotpertS .pps 2.3 allenagroM .pps 0.2 retcaboretnE .pps 0.2 retcabortiC .pps 0.3 suetorP .pps 0.3

succocotpertS .ps 7.1 aeotnaP .pps 1.1 succocotpertS .pps 7.0 suetorP .pps 0.2 retcabotenicA .pps 6.1 oirbiV .pps 0.1 succocotpertS .pps 0.3 retcabortiC .pps 0.3

a ESBL phenotype (ceftriaxone > 1mg/L, cefatzidime > 1 mg/L or aztreonam > 1 mg/L
b Multi-drug resistant (> 4 resistances)
c AMP, ampicillin; AMC, amoxicillin-clavulanate (2:1); CTR, ceftriaxone, CFT, cefoxitin; CPM, cefepime; IMI, imipenem; SXT, trimethoprim-sulphamethoxazole; CIP, ciprofloxacin; NIT, nitrofurantoin;

GEN, gentamicin
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Discussion and Conclusion

• Multi-resistant E. coli are a very common problem in some countries in the
Asia-Pacific regionAsia-Pacific region

• Ciprofloxacin resistance is frequent in some areas of our region and is often
associated with multi-resistance

• All 31 MDR E. coli with cefepime MIC > 2 mg/L were ESBL producers

Figure 1.
 Number of Resistances

.2elbaT tnatsiseRgurd-itluM ilocaihcirehcsE sepytonehP

LBSE a tnatsiseRgurD-itluM b

yrtnuoC latoT N )%( )%(N )%(LBSE )%(CpmA

ailartsuA 972 1 )4.0( 2 )7.0( 0 0
gnoKgnoH 57 01 )3.31( 03 )7.62( 9 )0.54( 2 )0.02(

napaJ 57 8 )7.01( 6 )7.6( 1 )0.02( 1 )5.21(
anihCdnalniaM 96 32 )3.33( 14 )4.95( 22 )7.35( 01 )5.34(

senippilihP 011 21 )9.01( 13 )2.82( 01 )3.23( 9 )0.57(
eropagniS 05 21 )0.42( 91 )0.83( 21 )2.36( 6 )0.05(

acirfAhtuoS 14 1 )4.2( 2 )9.4( 1 )0.05( 1 )0.001(
nawiaT 04 3 )5.7( 7 )5.71( 2 )6.82( 1 )3.33(

noigeR 937 07 )5.9( 721 )2.71( 75 )9.44( 03 )9.24(


