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FIG. 4. Dissemination of antibsotics and antibiotic resistance within agriculture, community, hospital, wastewater treatment, and associated
environments. (Adapted from reference 49 and reference 83a with permission of the publishers.)

Davies et al. 2010. MMBR 74:417-433
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Extremely important: p-Lactams:
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Carbapenems, .g. imipenem

Why? - Because around 2/3 of human anti-infectious
therapies worldwide are still based on p-lactams!
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Gram-positive: Methicillin-resistant Staphylococcus aureus

- MRSA

Gram-negative: Producers of extended-spectrum p-lactamase

=) (o))

Even more abundant!
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4. Generation:

Cefepime
AN

Cefpirome

Basic structure

3. Generation:
Cefotaxime
Ceftriaxon
Ceftazidime
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Corruption of
cephalosporins 1: BSBLs

1. Generatigi:
Cephaldthin
Cefalosidin®,

2. Generatiori:
Cefamaridole
Cefurexime .
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Corruption of
cephalosporins 2: ESBLs

NENT Institute for Food Safety and Hygiene
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ESBL: Dissemination

Worldwide!

Bush, Jacoby, (Medeiros). 2010. AAC 54:969-976

—p— D 53 CPNNOLPOrInaLes

— G s s s And:  ESBLs
diversify at
a great

§ speed
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1. 1983: SHV-2 (published by German group)
2. 1987: TEM-3 (published by French group)

3. 1993: First time in Switzerland (SHV-11, SHV-12)

4. By 1997: TEM >50, SHV >10: > Worldwide!

5. From ca. 2001: slow displacement of TEM/SHV by CTX-M

6. Until 2005: Mainly nosocomial problem (outbreaks)

7. Since 2006: Steady increase in general community >

[Mesa RJ. 2006. AAC 58:211-215]
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j World dissemination
CTX-M enzymes

The Trade Routes of the CTX-M Enzymes
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FIG. 3. Worldwide distribution of different classes of CTX-M B-lactamases (first identified in 1989), (Reprinted from reference 71 by
permission of Oxford University Press.)

Davies et al. 2010. MMBR 74:417-433
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1. Total of ESBL producers 91
2. Eschericha coli 89
3. (Citrobacter youngae 1
4. Enterobacter cloacae 1
Ongin n ESBL producing strains
cattle 124 17 (13.7%)
calves 63 16 (25.3%)
others 61 1(1.6%)
pig 59 9 (15.3%)
chicken 03 59-
sheep 58 5 (8.6%)
lambs 40 2 (5.0%)
others 18 3 (16.7%)
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Onigin n ESBL producing strains
meat (Ground beef and pork) 104 0 (0.0%) - /

milk 167 1 (0.6%)
Bulk tank milk 100 0 (0.0%)
E. coli mastitis milk 67 1(1.5%)
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ESBL producers in
humans

NENT Institute for Food Safety and Hygiene

Stool samples from healthy humans screened 586
Positive for ESBL producers 34
% 5.8
Involved bacterial species 1 (Escherichia coli)

Expressing additional TEM-1 15 (44 %)
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- I 6% 3% ® CTX-M-1
: BCTX-M-15
’ CTX-M-117 ‘

HCTX-M-14
BCTX-M-2
“SHV-12

B TEM-52
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Rosearch Note

Fecal Carriage of Extended-Spectrum f-Lactamase-Producing
Enterobacteriaceae in Swine and Cattle at Slaughter
in Switzerland
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4] AAC Antimicrob. nts Chemother. 2012, 56(3):1609. DOI:

10.1128/AAC. 9-11,

Molecular Identification of Extended-Spectrum-B-Lactamase Genes
from Enterobacteriaceae Isolated from Healthy Human
Carriers in Switzerland

Nodne Geser * Roger Stephan.* Bodena M. Korczak ® Lothar Sewtin * and Merbert Michier*

Occurrence and characteristics of extended-spectrum beta-lactamase (ESBL)
producing Enterobacteriaceae in food producing animals, minced meat and raw
milk

BMC Veterinary Research 2012, 821  doi10.1186/1746-6148-8-21

Nadine Geser (nadine geser @access uzh ch)

Roger Stephan (stephant @isalety uzh ch)
Herbert Hachler (haechlerh@fsafety uzh ch)
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- ESBL in poultry
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Total samples from:
Switzerland
Hungary

France

Beta-lactamase Frequency (%)

TEM BSBL 2/9 22
AmpC type CMY-2 G fe) 56

ESBL type CTX-M-1 719 78
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1. Cutting boards from the
hospital kitchen were
sampled after various foods
had been cut:

2. The boards had to be washed or even treated in the dish
washer to make sure to avoid carry-over

3. No ESBL producers were detected after cutting of either beef,
pork, lamb, fish or vegetables

4. ESBL producers were found on 15.6% of the boards after
cutting of poultry: 80% of the isolates produced CTX-M-1

16.12.2014 Environment / dissemination of resistance. H. Hachler Seite 20
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Extended-Spectrum (3-Lactamase
(ESBL)-Producing Enterobacteriaceae:
A Threat from the Kitchen

Sarah Tschudin-Sutter, MD, MSc;' Reno Frei, MD;*
Roger Stephan, DVM;' Herbert Hichler, PhD;’
Danica Nogarth;' Andreas E. Widmer, MD, MSc'

INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY MAY 2014, VOL. 35, NO. §

Jowrnal of Food Protection, Vol. 77, No. 1, 2014, Pages 112-115
dou: 10,431 SOR62-028CJFP-13-120
Copyrgft €. Fieaiondl ASIOCaion 1o Food Promcion

Research Note

Characteristics of Extended-Spectrum Cephalosporin-Resistant
Escherichia coli Isolated from Swiss and Imported Poultry Meat

H. ABGOTTSPON,' R. STEPHAN,'* C. BAGUTTL,’ P. BRODMANN,” H. HACHLER,' Axp K. ZURFLUH'
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Vertical transmission of highly similar
blactx_m-1-harboring Incl1 plasmids in Escherichia coli
with different MLST types in the poultry production

pyramid

Katrin Zurfluh', Juan Wang?®, Jochen Klumpp’, Magdalena Niuesch-Inderbinen', Séamus Fanning® and

Roger Stephan'*
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Objectives: The purpose of this study was 10 characterze sets of extended-spectrum
Blactamases (ESBLMproducing Entevobacrenacese collected longrudinally from cifferent
flocks of broiler breadars, maconium of 1-day-olc broders from theses breeder flocks, as
well as from these droder flocks before slaughter.

Methods: Five sats of ESBLproducing Escherichia coll were studied by mult-oous
saquenca typing (MLST), phylogenetic grouping, PCR-based replicon typing and resistance
profilng. The biscrx.a.1-harboring plasmids of one set (pHV295.1, pHVIILL, ang
pHV292 1) were fully sequenced and subected 10 comparative analys's

Results: Eleven different MLST sequence types (ST) were identified with ST1056 the
predommnant one, isolsted n all five sets ether on the broder breeder or meconum
level. Plasmid sequencing revealed that Blacry_w_: was carried by highly similar Incl1/ST3
plasmids that were 105 076 bp, 110 997 bp, and 117 269 bp n size, respectively.
Conclusions: The fact that genetically simiar Incl1/ST3 plasmids were found i ESBL
producing £. cob of different MLST types isolated at the dfferent levels in the broder
production pyramid provices strong evidence for a vertical transmission of these plasmids
from a common source (nucleus poultry flocks).

Kaywords: £ coll, plaamid seq: 3. CTX-M-1, poultry production pyramid, Ind!, conjugation

1.

Most E. coli with
variable genetic
background

IncI1 plasmids highly
similar

Evidence for vertical
transmisson of
IncIl::blacry -1
plasmids from nucleus
poultry flocks

www.frontiersin.org

16.12.2014

Environment / dissemination of resistance. H. Hachler

September 2014 | Volume 5| Article 5191 1

Seite 22



P p— _ -
Zilrich™ ?qm Vertical transmission of

NENT Institute for Food Safety and Hygiene ESBLs in chickens

R64, Inci1, 120 826 bp,. Accession no.. APDO5147

AT =
Hyi e qm ??m erm; ' 3

pHV295.1, Incl1. 105 076 bp, Accession no.: KM377238

&"‘u’.':]aiA

%{h im,m ii{ﬁ;im! i) ; E

!

.uvmi Inci1, 110 997 bp. Accession no.: KM377239
YXAVUTS

HiREY
i

pHV292.1, Incl1, 117 269 bp, Accession no. KM377240

iy 1]

e
; *

FIGURE 1 | Comparative analysis of pHV2E5.1, pMV 114 1, and pHV2I2 1 esers © yelow Doxes. 3w Dowes NJCIe UINSDOSON, FIgroN., OF
Maor stncsgl featres of the Incl! paamcds 8 3 OWn N CO™RENIon with repication saoceted gones. Ureen boses derote marterence- and

ol 508
e

e I reference plaserd RBS (Accesson o APCOS147) Cray shaded S0 tyelated Qenes. WWhie Doats ASCEe MyROhet ol Sronens and b
eas n3caie "Omoioges t Me psamid cafold regors. Med bowes mark Sue S show pf genes The orgn of ¥amafer onT s 3hown &3 8 bhe

D0 eIt geres ConuQetontelated Qenes 340 Show Wi Cadls cecie. The Nigure is »ot duran 10 scale

16.12.2014 Environment / dissemination of resistance. H. Hachler

antibiotic resistance
conjugation
replication/transposase
maintenance and stability
pil genes

shufflon

hypothetical protein

blacry.m-1

Seite 23



ﬁ' Universitat /'
o Zirich™ | Y

OO g
- . -

- ESBL in poultry
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" CTX-M-1

BCTX-M-15
CTX-M-117

" CTX-M-14

BCTX-M-2

~ SHV-12

BTEM-52

Plausible explanation for human burden due to CTX-M-1 expressing E. coli

16.12.2014 Environment / dissemination of resistance. H. Hachler Seite 24
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Great cormorant

Phalacrocorax carbo

Feral rock pigeon

Columba livia
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" ESBLs in feral birds:

NENT Institute for Food Safety and Hygiene Results
Sample size:
Pigeons 298 Cormorants 30
Strain Origin B-Lactamase MLST Phylogroup
WI117E Pigeon CTX-M-15 N/D B2
W117C Pigeon CMY-2 ST457 D
W132 Pigeon CMY-2 ST457 D
W265 Pigeon CMY-2 ST457 D
W34 Cormorant CTX-M-15 ST120 B1
W43 Cormorant CTX-M-27 ST131 B2

16.12.2014 Environment / dissemination of resistance. H. Hachler
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Katrin Zurfluh

Magdalena Niiesch-Inderbinen

Roger Stephan

Herbert Hdchler*

Institute for Food Safety and Hygiene, Vetsuisse Faculty, University of
Zurich, Winterthurerstrasse 272, CH-8057 Zurich, Switzerland

Higher-generation cephalosporin-resistant Escherichia coli in
feral birds in Switzerland

Letters to the Editor / International Journal of Antimicrobial Agents 41 (2013) 292-299

doi:10.1016/j.ijjantimicag.2012.11.005
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Total fecal samples analysed:
235

(MReeto)u

Positive: 1 Roe deer hunted in Rotkreuz ZG
Sequenced ESBL.: -2 CTX-M-1

Doctoral thesis: Tobias Obwegeser

16.12.2014 Environment / dissemination of resistance. H. Hachler Seite 28
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Schweizer Archiv fur Tierheilkunde R. Stephan, H. Hachler, Band 154, Heft 11, November 2012, 475~ 478
© 2012 Verlag Hans Huber, Hogrefe AG, Bern DOV 10.1024/0036-7281/a000390

Discovery of extended-spectrum B-lactamase producing

Escherichia coli among hunted deer, chamois and ibex

R. Stephan, H. Hichler

Institute for Food Safety and Hygiene, University of Zurich
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: 9 - 9 ‘

g
Pike Esox lucius
64  Whitefish Coregonus lavaretus 139 Samples from:
Lake of Zurich
Lake of Thun
: Bream Abramis brama
33 Perch Perca fluvuiatilis / "~.,,

- :-;, s,
LTSN Y D —~
/I ‘j“,\-‘ T ,ﬂ“ ‘ '

{ ’
,ﬁ.’ . K Tench Tinca tinca

29 Roach Rutilus rutilus

6 Brown Trout Salmo trutta 1 Sunfish Centrarchidae

16.12.2014 Environment / dissemination of resistance. H. Hachler Seite 30



ESBL in fresh water fish
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26 / 139 fish (18.7%) yielded 33 carriers of pAmpC or ESBL: 23
(16.5%) from lake Zurich, 3 (2.2%) from lake Thun

Among the 33 strains, the following bl/a genes were found:

13 blaCTX-M-15 7 blaCTX-M-27 4 blaCTX-M-1
4 blaCTX-M-14 2 blaCTX-M-24 2 blaSHV-12
1 blaCMY-2

16.12.2014 Environment / dissemination of resistance. H. Hachler
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Journals ASM.org LETTER TO THE EDITOR

Enterobacteriaceae with Extended-Spectrum- and
pAmpC-Type 3-Lactamase-Encoding Genes

Isolated from Freshwater Fish from Two Lakes
in Switzerland

Helga Abgottspon, Magdalena T. Niesch-Inderbinen, Katrin Zurfluh, Denise Althaus, Herbert Hichler, Roger Stephan
nstitute for Food Safety and Hygiene, Vetsuisse Faculty University of Zurich, Zurich, Switzeriand

2482 aacasmorg Antimicrobial Agents and Chemotherapy p. 2482-2484 April 2014 Volume 58 Number 4
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- 3"dGen-CephR and CarbR in

surface waters

Sample Locations

B bl negatve, Altitude 2 1000 m
® bia negative, Altitude < 1000 m
® Dbla . positive Altitude < 1000 m

A ba ., positive, Altitude < 1000 m Basel

N
\
4
W

PN

Surface waters: 58
40
18

Rivers:
X o Lakes:

Positive for ESBL
or carbapenemase:
21/58 (36.2%)

Total isolates: 75
ESBL-producer: 74
Carba-producer: 1

Map Sounce Fatersl Ofce of Topog sphy swasopo,
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Sir Winston Churchill: House of Commons June-18, 1940 [k

www.winstonchurc

hill.orgllearn/
speeches/
+~What General Weygand called The Battle of France is over. I i
expect that The Battle of Britain is about to begin® o

Analogy: The battle against ESBLs is over. I expect that the
battle against carbapenemases is about to begin
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Total isolates: 75 ESBL-producer: 74 (CTX-M-15: 46 (62%) / Carba-producer: 1
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“CTX-M-1
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dn“ 6% S 6% 3%
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BCTX-M-2
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SHV-12

(CTX-M-15: 46 (62%)
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Characteristics of Extended-Spectrum [(3-Lactamase- and
Carbapenemase-Producing Enterobacteriaceae Isolates from Rivers and

Lakes in Switzerland

Katrin Zurfluh, Herbert Hachler, Magdalena Niesch-Inderbinen, Roger Stephan
Institute for Food Safety and Hygiene, Vetsuisse Faculty, University of Zurich, Zurich, Switzedand

May 2013 Volume 79 Number 9 Applied and Environmental Microbiology p. 3021-3026 aemasmeorg 3021
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Killer-Keime in Gewiissern
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,,Art work" for detailed plasmid
comparison

Poultry-derived plasmids with blasry .42 highly linked to Incl1/
ST3, human-, cattle and pig-derived ones to a lesser extent
plus to Incl1/ST1

Human-derived plasmids with blasry..152 predominantly linked
to IncF, and, to a lesser extent, to Incl1, IncK and IncR

Moreover, many conjugative plasmids carrying blac y.,, genes
express Toxin/Antitoxin systems for stability
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MAJOR ARTICLE

Wastewater Treatment Plants Release Large
Amounts of Extended-Spectrum B-Lactamase-
Producing Escherichia coli Into the Environment

Caroline Bréchet," Julie Plantin,' Marléne Sauget,' Michelle Thouverez,' Daniel Talon,' Pascal Cholley,’
Christophe Guyeux,” Didier Hocquet,' and Xavier Bertrand'

'Service d"Hygiéne Hospitaligre, UMR 6248 Chrono-environnement, Centre Hospitalier Régional Universitaire, Université de Franche-Comté, Besangon
and “Département DISC, Institut FEMTO-ST, UMR 6174 CNRS, Université de Franche-Comté, Belfort, France

(See the Editorial Commentary by Griffiths and Barza on pages 1666-7.)
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Results and conclusions in
Besancon

NENT Institute for Food Safety and Hygiene
1. Total E. coliin waste water (/ml):  Urban > hospital
7.5x10° > 3.5x10° X 2.2

2. ESBL E. coliin waste water (/ml):  Urban < hospital
0.8x103 < 27x10°3 X 34

3. Elimination total E. coliin WWTPlant: 98%
4. Elimination ESBL E. coliin WWTPlant: 94%
- Relative enrichment of ESBL E. coliby WWTPlant !!
5. Daily release of ESBL E. coli into river Doubs  >600x108
5. ESBL E. coliin sludge (fertilizer) from WWTP  2.6x10°/g

http://www.medscape.com/viewarticle/824743
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NENT Institute for Food Safety and Hygiene

Editorial / Medscape digest

When the investigators tesicd isplates for antibiogic suscepribility. they found that the ESBLEC in the hospizal
WASICWSICr Were more resisiant 1o anubiotics than those in the urban wastewater. pacticularly 1o ceftazidime (P <
001) and ofloxacin (F < 001).

‘Our results suggest that there is a need for improvements in
the monitoring of antibiotic-resistant microorganisms of
human origin in effluent," ey concluce.

In an gditorial commentary accompanying the study, Jeffrey K. Griffiths, MD, MPH, from the Department of
Public Healib and Community Medicing. Tufts University, Boston, Massachusetts, and Michael Barza, MD,

from the Steward Camey Hospital, Tufts University School of Medicine, emphasize that effective
treatment of hospital wastewater should be a key component
in efforts to stem antibiotic resistance.

http://www.medscape.com/viewarticle/824743
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NENT Institute for Food Safety and Hygiene

ESBLs in healthy humans: France 6%
Bréchet et al. 2014. CID 58:1658-1665; Nicolas-Chanoine et al. 2013. JAC 68:562-568

i 1 ~ ESBL producers in

NENT  Institute for Food Safety and Hygiene humans
Switzerland

Stool samples from healthy humans screened 586
Positive for ESBL producers 34
% 58
Involved bacterial species 1 (Escherichia coli)
Expressing additional TEM-1 15 (44 %)
20 06.204¢ ESBL ooy fe Leteramtiohatie H Hathig Sew ¥
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Conclusions

NENT Institute for Food Safety and Hygiene

ESBL producing Enterobacteriaceae in Switzerland are to be
found in patients, healthy humans, food, farm animals, wild
fish, birds and mammals as well as in surface waters

There is strong evidence for transmission of CTX-M-1 producers
between chicken (products) and humans

CTX-M-15 is the most frequent ESBL in humans, in WWTPs, and
in surface waters

Although located on conjugative plasmids of various Inc groups,
bla-ry.., genes were most often associated with
transposable elements such as ISEcpl or IS26 suggesting
common ancestry

Confidential!
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