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Cefotaxime resistance in E. coli (MARAN)( )
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ESBL-genes and plasmids in Broiler isolates 
(Dierikx et al. 2010)
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Prevalence of ESBLs on Dutch broiler farms 
(Dierikx et al. NvMM)

• 100 % of the farms: ESBL-positive
• On 85 % (22/26) within farm prevalence > 80%• On 85 % (22/26) within-farm prevalence  > 80%
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ESBLs in humans
in NL
(EARRS Net 2010)(EARRS-Net 2010)



Which types of ESBLs in humans in NL?yp

 National ESBL reference study (RIVM, UMCU, 
CVI) analysing 692 human clinical isolates fromCVI) analysing 692 human clinical isolates from
29 diagnostic laboratories (Leverstein et al, NVMM 2010)

 75% E coli 75% E. coli
• App. half was CTX-M-15 (≈ pandemic variant in humans – no relation

with farm animals!!)
• (CTX-M-9/14, 2, 3; SHV-12)

• Partially (30%) either CTX-M-1 or TEM-52y ( )
(Paltansing LUMC, 24% CTX-M-1 P054)
(Al Naimi et al. JCM 2006, 18% CTX-M-1)

Potential relation with poultry!!!p y



Association with human ESBLs

CMI, 2011 EID, 2011



84 – 100% of poultry meat pos for PA-ESBLs84 100% of poultry meat pos for PA ESBLs 
(CTX-M-1, TEM-52)

 Conclusion:
 Yes an animal attribution is apparent Yes an animal attribution is apparent
 Poultry meat was considered to be the most likely source



SafefoodERA studyy

 Title: The Role of Commensal Microflora in the transmission 
of ESBLs

 Aim to compare the characteristics of pathogenic and Aim: to compare the characteristics of pathogenic and 
commensal E. coli and the food‐borne pathogen Salmonella
harbouring ESBLs in the community foods for humanharbouring ESBLs in the community, foods for human 
consumption, health care and animal sources.

 Partners:

 UK: AHVLA, HPAUK: AHVLA, HPA

 G: FLI, BfR

 NL: CVI



Activities within the projectp j

B ild l t i ll ti f ESBL t d E li (S l ll ) Build a large strain collection of ESBL-suspected E. coli (Salmonella) 
from humans, animals and food

 Selected app 400 recent isolates (NL 2009) pp ( )
(368 ESBL-pve E. coli, 50 neg controls)

 Characterised plasmid mediated ESBL/AmpC-genes Characterised plasmid mediated ESBL/AmpC-genes
• Microarray, PCR-sequencing

 Plasmid isolation and characterisation
 Phylogrouping Genotyping (MLST) Phylogrouping, Genotyping (MLST)    



ESBLs in NL



ESBLs in UK



Plasmid identification and characterisation

 Electroporation to competent cells Electroporation to competent cells
 Transformants isolated on MacConkey agar with 

1 mg/L cefotaxime1 mg/L cefotaxime
 Result was isolates harbouring a single plasmid/ESBL

PCR b d li t i (C ttt li t l ) PCR-based replicon typing (Caratttoli et al.)
 Size determinations by S1-nuclease PFGE

PCR/h b idi ti t fi th f th ESBL PCR/hybridisation to confirm the presence of the ESBL
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Total 
CTX‐M‐1 3    3    5  4    87    22  2    5    134 
CTX‐M‐3 1 3 4

CTX‐M gr 1 

1 3  4
CTX‐M‐15 3    2    1      20          49  3  87 
CTX‐M‐32         1                    1 
CTX‐M‐55                         3    3 

CTX‐M gr 2  CTX‐M‐2           3  3              1  7 

CTX‐M gr 9 

CTX‐M‐9           2                1  3 
CTX‐M‐14                 13  1      7  1  25 
CTX‐M‐14B                             4 
CTX‐M‐27                         1    1 
CTX M 51CTX‐M‐51   1 1

TEM  TEM‐19    1                          1 

  TEM‐52        1        24        6      31 

SHV 
SHV‐2                            1  1 
SHV‐12 2 1 2 1 6SHV 12  2 1 2  1 6

AmpC  CMY‐2        3        4  17          1  25 

  ?                          1    7 

  (blank)                  1          3  15 

Grand Total    8 1 6 5 7 9 3 140  31 23 2 6 67 12 356

 







Plasmid Multi Locus Sequence Typing q yp g
(pMLST)

 ty
pe

Re
pl

ico
n 

rep I1 ardA trbA sogS pilL ST clonal complex
incI1 2 1 5 4 2 7 CC-7
incI1 3 2 6 13 8 57
incI1 2 1 5 4 2 7 CC-7
incI1 2 1 4 1 2 3 CC-3
incI1 1 4 2 9 3 36 CC-5
incI1 2 1 5 4 2 7 CC-7
incI1 1 8 12 3 7 37
incI1 1 4 2 3 3 10 CC 5incI1 1 4 2 3 3 10 CC-5
incI1 1 4 2 9 3 36 CC-5
incI1 3 4 6 3 3 31 CC-31



302 IncI1-plasmids associated with ESBLsp
(www.pubmlst.org/plasmid)



MS vs gene of 189 incI1 plasmidsg p



Animal versus human sources
CTX-M-1

NLNL

TEM-52

CTX-M-15



In conclusion

 pMLST analysis of a large collection incI1 p y g
plasmids from 2009 confirmed the genetic
relatedness described previously between poultryp y p y
and human incI1-plasmids
 NL, (CTX-M-1, TEM-52)NL, (CTX M 1, TEM 52)

 Likely zoonotic nature



MS tree of STs: 
ESBL + ( d) ESBL ( )ESBL +ve (red), ESBL -ve (green)

• Highly diverse
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MS tree of STs vs. source species:
Poultry (red), human (green), cattle (yellow), 

other (brown)
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MS trees of STs vs. ESBL and rep type 
(294 t f t )(294 transformants)
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F (red)

CTX-M-1 (green)

CTX-M-15 (red)

222222222

222222222
222222222

333333333

111111111

111111111
111111111

111111111111111111

111111111

111111111

222222222

333333333

111111111

222222222

333333333

333333333 333333333

444444444
444444444

444444444

111111111

555555555

555555555

666666666

666666666

666666666

23

88

90

410

0

0
156

0

0

297

...
345

424

???

191

648

219

0
85

167

354

164

111111111

222222222

222222222
222222222

333333333

111111111

111111111
111111111

111111111111111111

111111111

111111111

222222222

333333333

111111111

222222222

333333333

333333333 333333333

444444444
444444444

444444444

111111111 555555555

666666666

666666666

666666666

23

88

90

410

0

0
156

0

0

297

...
345

424

???

641

191

648

219

0
85

167

354

164

K (yellow)

N (blue)

111111111
111111111111111111

222222222

222222222

111111111

222222222

333333333

111111111

111111111

111111111

111111111

111111111

222222222

111111111

222222222
333333333

333333333

333333333

222222222

333333333

111111111

222222222
333333333

222222222

222222222

444444444

222222222

333333333
444444444

222222222

222222222

444444444

111111111

111111111

444444444

333333333

444444444

444444444

444444444

555555555

111111111

111111111
111111111

111111111 111111111

555555555

111111111 111111111

555555555 111111111 444444444

444444444
555555555

555555555

666666666

666666666

555555555

117

58

0
0

48

0

0
405

...

0 ...

167

767

117

0

0 0

0

...

93

154

0

405

0

0

73
104

533

453

641

1564

950

0

540

0

75

131

224 428

101

770

12

0

359

...

...

28
111111111

111111111
111111111111111111

111111111
111111111

111111111111111111

222222222

222222222

333333333

111111111

222222222

333333333

111111111

111111111

111111111

111111111

111111111

222222222

111111111

222222222
333333333

333333333

333333333

222222222

333333333

111111111

222222222
333333333

222222222

333333333

222222222

222222222

444444444

222222222

333333333
444444444

222222222

222222222

444444444

111111111

111111111

444444444

333333333

444444444

444444444

444444444

444444444

555555555

111111111

111111111
111111111

111111111 111111111

555555555

111111111 111111111

555555555 111111111 444444444

444444444
444444444

555555555

555555555

555555555

666666666

666666666

555555555

117

58

0
0

48
617

0

0
405

...

0 ...

167

767

117

0

0 0

0

...

93

154

0

405

0

0

73
104

533

453

641

1564

950

0

540

0

75

131

224 428

101

770

12

0

359

...

...

420

28 ST131 ST131
ST405 ST405

N (blue)

111111111

111111111

111111111

111111111
111111111 111111111

111111111

111111111

111111111

111111111
111111111

111111111

111111111

111111111
111111111

111111111
111111111

111111111

111111111

111111111
222222222

111111111

111111111

222222222

222222222

222222222

111111111

333333333

333333333

111111111
111111111

333333333

333333333

222222222

444444444

111111111
111111111

444444444

222222222

111111111

111111111

222222222
333333333

333333333

333333333

444444444

444444444

555555555

555555555
111111111

333333333

111111111

444444444
444

555555555
555555555 555555555

555555555

10

167

752

...
44 167

0

0

744

48
617

34

0

746

69

665
165

665
...

694

0

0
106

189

...

...

0

...

0
46

38 0

0

106 394

95

925

...

0

0

0

420

545

636

0

0

111111111

111111111

111111111

111111111
111111111 111111111

111111111

111111111

111111111

111111111

111111111
111111111

111111111

111111111
111111111

111111111

111111111
222222222

111111111

111111111

222222222

222222222

222222222

111111111

333333333

111111111
111111111

333333333

333333333

444444444

111111111
111111111

444444444

222222222

111111111

111111111

222222222
333333333

333333333

333333333

444444444

444444444

555555555

555555555
111111111

333333333

111111111

555555555 555555555

555555555

10

167

752

...
44 167

0

744
34

0

746

69

665
165

665
...

694

0

0
106

189

...

...

0

...

0
46

38 0

0

106 394

95

925

...

0

0

0

545

636

0

0

• Most major STs host multiple ESBLs (exception is ST405)

• IncI1 plasmids encoding CTX-M-1 are found throughout tree

• F plasmids encoding CTX-M-15 dominate in ST131

• ST405 hosts F, I1 and N plasmids, all encoding CTX-M-15



In conclusion

 Epidemiology of CTX-M-1 (TEM-52) 
d i tl d t i d b t i i fpredominantly determined by transmission of 

IncI1-plasmids in humans and animals 

 Epidemiology of CTX-M-15 predominantlyp gy p y
determined by clonal distribution of E. coli STs 
with F-plasmids in humans p



ESBLs in other animals in The Netherlands

Animal species ESBLs-Prevalence ESBL subtypes 
detected

Companion animals ? Increasing 
(Di ik t l 2012)

CTX-M-1, 2, 9, 14, 15, 
TEM 30 52 80 OXA 1

Wild bird Species ESBL
Wilde eend Anas platyrhynchos 4

Rotsduif Columbia livia 1(Dierikx et al 2012) TEM-30, 52, 80, OXA-1, 
CMY-2, 39 (qnr)

Slaughter pigs > 50% slaughter batches CTX-M-1, 14, 15, 32, TEM-
52 SHV 12 CMY 2 OXA 1

Rotsduif Columbia livia 1
Kemphaan Philomachus pugnax 1
Tureluur Tringa totanus 5

Kokmeeuw Chroicocephalus ridibundus 2
52, SHV-12, CMY-2, OXA-1

Veal calves > 50% slaughter batches CTX-M-1, 2, 14, 15, 32, 
TEM-52 CMY-2 OXA-1

Zilvermeeuw Larus argentatus 1
Zwarte zwaan Cygnus atratus 1

Grote mantelmeeuw Larus marinus 1
Jan van Gent Morus bassanus 1TEM 52, CMY 2, OXA 1

Dairy cows 11% individual animals CTX-M-1, 2

Jan van Gent Morus bassanus 1
17 (22%)Total

Turkeys 50% flocks CTX-1,15, CMY-2

Is poultry the source or part of the problem??



Transmission to humans



BLs a zoonoses?

Yes, but attribution from animals depends on 
ountry and ESBL geneountry and ESBL-gene

Current concerns in Dutch health care
 ESBL-producing E. coli (CTX-M-15 dominant?)
 OXA-48  in Klebsiella, and E. coli
 VIM-2 in P. aeruginosa

NDM 1 i E t b t i NDM-1 in Enterobacteriaceae
 KPC in Klebsiella
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