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Results
• ESBLs were detected in 89/961 Klebsiella isolates, 

59/809 Enterobacter, 29/991 E. coli, 2/109 
Citrobacter, 1/718 Proteus, and none of 115 
Morganella, 256 Serratia or 39 other isolates.

• ESBL prevalence increased over time in E. coli and 
Klebsiella. The proportion of CTX-M increased in E. 
coli, Klebsiella and Enterobacter.

• Ciprofloxacin resistance increased over time in E. 
coli, Klebsiella and Proteeae. Gentamicin resistance 
increased in Klebsiella.

• Ciprofloxacin and gentamicin resistances were 
strongly associated with ESBL production (p < 10-8).

• Most ESBL producers (89 - 100%) retained low 
MICs of imipenem (≤ 4 mg/L), ertapenem (≤ 2 mg/L) 
and tigecycline (≤ 2 mg/L).

Conclusions
• The spread of CTX-M enzymes in the UK and 

Ireland has contributed to a sharp rise in ESBL-
producing E. coli and Klebsiella from bacteremias.

• Ciprofloxacin resistance has also increased in these 
species.

• Imipenem, ertapenem and tigecycline retained good 
activity against most ESBL-producers.

Methods
• The BSAC Bacteraemia Resistance Surveillance 

Programme1 received 3999 non-duplicate 
Enterobacteriaceae isolates from 29 UK and Irish 
laboratories in 2001 - 2004.

• MICs were determined centrally by the BSAC agar 
dilution method and interpreted by BSAC criteria.

• ESBL production was inferred when ceftazidime, 
cefotaxime or cefepime MICs for resistant isolates 
were reduced ≥ 8-fold by clavulanate. blaCTX-M genes 
were sought by PCR.
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ESBL, ciprofloxacin and gentamicin resistance
 E. coli 2001 - 2004, N = 991 

ESBL-negative ESBL-positive
CIP >1 85 / 962 (8.8%) 17 / 29 (59%)
GEN >4 30 / 962 (3.1%) 12 / 29 (41%)
IPM >4 0 / 962 0 / 29
ETP >2 0 / 717 0 / 29
TGC >2 0 / 717 0 / 29

E. coli  at MIC shown (mg/L)

90.6%

6.2%
2.6%
0.5%

31.0%

27.6%

31.0%

10.3%

non-ESBL ESBL

susceptible to both resistant to cipfrofloxacin only
resistant to both resistant to gentamicin only

Resistance to ciprofloxacin and gentamicin in 991 E. coli

0.00.00.0

2.4
3.23.2

0.8

2.42.4
1.6

6.06.0

0
5

10
15

20
is

ol
at

es
, %

2001 2002 2003 2004

CTX-M and non-CTX-M ESBL
in 991 E. coli

non-CTX-M ESBL CTX-M ESBL
ESBL, CTX-M not tested

0
5

10
15

20
Is

ol
at

es
, %

2001 2002 2003 2004
season

CIP MIC >1 mg/L GENT MIC >4 mg/L ESBL producer

ESBL, ciprofloxacin and gentamicin resistance
 Klebsiella 2001 - 2004, N = 961 

ESBL-negative ESBL-positive
CIP >1 39 / 872 (4.5%) 51 / 89 (57%)
GEN >4 11 / 872 (1.3%) 50 / 89 (56%)
IPM >4 0 / 872 0 / 89
ETP >2 0 / 652 1 / 76 (1%)
TGC >2 24 / 652 (3.7%) 4 / 76 (5%)

Klebsiella  spp. at MIC shown (mg/L)

Klebsiella spp.

94.8%

3.9%
0.6%
0.7%

27.0%

16.9%
40.4%

15.7%

non-ESBL ESBL

susceptible to both resistant to cipfrofloxacin only
resistant to both resistant to gentamicin only

Resistance to ciprofloxacin and gentamicin in 961 Klebsiella

0.00.0

5.6
4.55.05.0 4.9

8.28.2
9.1

18.318.3

0
5

10
15

20
is

ol
at

es
, %

2001 2002 2003 2004

CTX-M and non-CTX-M ESBL
in 961 Klebsiella

non-CTX-M ESBL CTX-M ESBL
ESBL, CTX-M not tested

CIP ciprofloxacin, GEN gentamicin, IPM imipenem,
ETP ertapenem*, TGC tigecycline*, *not tested 2001

0
5

10
15

20
Is

ol
at

es
, %

2001 2002 2003 2004
season

CIP MIC >1 mg/L GENT MIC >4 mg/L ESBL producer

ESBL, ciprofloxacin and gentamicin resistance
 Enterobacter 2001 - 2004, N = 809 Enterobacter spp.
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ESBL-negative ESBL-positive
CIP >1 59 / 750 (7.9%) 22 / 59 (37%)
GEN >4 42 / 750 (5.6%) 46 / 59 (78%)
IPM >4 2 / 750 (0.3%) 0 / 59
ETP >2 5 / 581 (0.9%) 0 / 48
TGC >2 20 / 581 (3.4%) 5 / 48 (10%)
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