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Resistance in Poland: humans
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Resistance in Poland: food animals
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Antimicrobial resistance iIn commensal Escherichia coli

Isolated from

animals at slaughter

Dariusz Wasyl®, Andrzej Hoszowski, Magdalena Zajgc and Krzysztof Szulowski
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Resistance reflects antimicrobial usage policies and

management practices different animal species
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Resistance in Poland: food animals
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Antimicrobial resistance in commensal Escherichia coli
Isolated from animals at slaughter
Dariusz Wasy?*, Andizej Hoszowski, Magdalena Zajge and Krzysztof Szulowski

Trends over 4-years period

stable resistance W increasing %NWT increasing MICs

® decreasing %NWT decreasing MICs

49: 75%

cattle: Ctx, Ctz, Gen

layers: Chl, Flr, Tet
cattle: Chl
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Resistance in Poland: food animals

Bull Vet Inst Pulawy 54, 147-151, 2010

SIMPLE AND EFFICIENT SCREENING METHOD
FOR THE DETECTION OF CEPHALOSPORIN RESISTANT
ESCHERICHIA COLI

DARIUSZ WASYL, ANDRZEI HOSZOWSKI,
MAGDALENA ZAJAC, AND MAGDALENA SKARZYNSKA

Department of Microbiology. National Veterinary Research Institute, 24-100 Pulawy. Poland
wasyl@piwet.pulawy.pl

MICROBIAL DRUG RESISTANCE
Volume 00, Number 00, 2011

© Mary Ann Liebert, Inc.

DOI: 10.1089/mdr.2011.0033

VETERINARY MICROBIOLOGY

Prevalence and Characterization of Cephalosporin
Resistance in Nonpathogenic Escherichia coli
from Food-Producing Animals Slaughtered in Poland

Dariusz Wasyl! Henrik Hasman? Lina M. Cavaco? and Frank M. Aarestrup?

H ARM, N=880*

ESC selective screening (N=129)

S 54.5%
o 48.0%
e 42.3%
OZ,
0 33.3%
30%
20%
10% 4:7% 536
0.0%0.0% 0.0% - S 0.6%
0% v —
cattle N=174 pigs N=182 broilers turkey layers N=163
(24) (21) N=181(33) N=180(25) (26)

FIG.1. ESC prevalence in Escherichia coli isolated from food
animals (digits in brackets stands for number of samples

huge burden of

cephalosporin resistance
in food animals

TABLE 1. RESISTANCE MECHANISMS BY SOURCE OF ESCHERICHIA COLI ISOLATION

genetic background Pherotype

No. of strains

different from humans ESBL (n=15)

Resistance mechanism Pigs Layers Broilers Turkeys Total
CTX-M-1 2 32 3 8
CTX-M-14+TEM-1b 1 2 1 1 5
SHV-12 1 1
Not identified 1 1
ampC (n=33) CMY-2 4b 10° 14
CMY-2+ampC overexpression:
C-88T+A-82G+G-18A+C-1T+C58T 1 2 1 4
C-73T+G-28A+C58T 2 2
Not tested 2 2 3 6 13
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Resistance in Poland: food animals

TEM 10.1%: 10
CTX-M 22.2%:; 22
SHV 5.1%: 5
CMY-2 18.2%; 18
TEM + CTX-M 8.1%: 8
TEM + SHV 6.1%: 6
TEM + CMY-2 18.2%; 18
CTX-M +CMY-2 1.0%: 1
TEM + CTX-M + SHV 1.0%: 1
TEM + CTX-M + CMY-2 1;0%; 1 Lala k et a/’ su bmltted
not identified 9.1%: 9
10 15 20 25
Percentage and number ofisolates
Isolation Cephalosporin resistance genes (bla)

source TEM-1 TEM-135 TEM-52/-92 SHV-12 CTX-M-1/61 CMY-2

cattle 1 1

4 2 4 2

broilers 4 1 5 5 6

turkey 5 4 4 6

layers 2 2 1 4 4

@ 16 3 1 11 17 19
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First isolation of ESBL-producing Salmonella and emergence of multiresistant

High-level fluoroquinolone resistant Salmonella enterica @Cmm Salmonella Kentucky in turkey in Poland

serovar Kentucky ST198 epidemic clone with IncA/C

. . . : D. Wasyl*, A. Hoszowski
conjugative plasmid carrying blacrx-m-25 gene

Dariusz Wasyl*"*, Izabela Kern-Zdanowicz ',
Katarzyna Domanska-Blicharz ¢, Magdalena Zajac ?, Andrzej Hoszowski?
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Veterinary Microbiology
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Short communication

Genetic lineages of Salmonella enterica serovar Kentucky
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Wolfgang Rabsch’, Dariusz WasyI¢, Benoit Doublet ™5 and Francois-Xavier Weill'

Magdalena Zajac**, Dariusz Wasyl®, Andrzej Hoszowski®, Simon Le Hello",
Krzysztof Szulowski*

FOODBORNE PATHOGENS AND DISEASE icyi i
Volume 9, Number B, 2012 Orlg’na[ Art’c’e
© Mary Ann Lieben, Inc.

DOI: 10.1089/(pd.2012.1154
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MICROBIAL DRUG RESISTANCE MECHANISMS

Volume 00, Number 00, 2014
© Mary Ann Liebert, Inc.
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Contents lists available at ScienceDirect
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Prevalence and Characterization of Quinolone Resistance
Mechanisms in Commensal Escherichia coli |solated
@C . from Slaughter Animals in Poland, 2009-2012

Prevalence and characterisation of quinolone resistance
mechanisms in Salmonella spp.

TABLE 2. PREVALENCE OF PLASMID-MEDIATED QUINOLONE RESISTANCE PHENOTYPE BY YEAR

Dariusz Wasyl *, Andrzej Hoszowski, Magdalena Zajac AND SOURCE OF ESCHERICHIA COLT ISOLATION

Table 2 No. of PMQR-suspected E. coli (No. of tested)
Gyrase (gy7A, gyrB) and topoisomerase VI (parC) genes substitutions within quinolone resistance determining region by ciprofloxacin MIC values and o
Salmonella serovar: SA - Adelaide, SAg — Agona, SE - Enteritidis, SH — Hadar, SI - Infantis, SL - Lexington, SM — Mbandaka, SN — Newport, SS — Saintpaul, SSt — By year Total
Stanley, STe - Tennessee, ST - Typhimurium, SV - Virchow. Plasmid-mediated quinolone resistance (gnr51/3, gnr52) presence was indicated. No relevant "
substitutions were found in parE. Isolation 2009 2010 2011 2012 n % 95% CI
ZyTA gyrB parC Number of isolates by MICcipimgn) (Salmonella serovar codes) Total Source
Cattle 6 (173) 0(173) 1(173) 1 (189) 8 (708) 1.1 2.0%
Ser83 Asp87 Leud470 Thr57 Alal4l 0.125 025 05 1 2 4 e it = b
s - Swine 7 (185) 4 (170) 70172) 11 (199) 29 (726) 4.0 5.4%
- "‘S“n - - - 4(5T3,551) 4 Broilers 10 (189) 15 (192) 11 (170) 19 (193) 55 (744) 74 5.5-9.3%
w5l - - APGRG: IRER N - 1(SE. qurs2) ) Layers 12 (168) 13 (170) 14 (155) 18 (161) 57 (654) 8.7 6.5-10.9%
b ke e g - 5 % 03 C L Q.
Ty - _ B B 1(5E) 3 (SE) a Turkeys 16 (185) 18 (170) 10 (171) 26 (193) 70 (719) 9.7 7.6-11.9%
- Asn® - Ser® = 1(SH) 1 (SH) 2 Total
= Ccly' - Ser® - 1(SN) 1 n 51 (900) 50 (875) 43 (841) 75 (935) 219 (3,551)
= Tyr® - Ser - 1(sst) 5 (SH,SA 2, 5Te 2) 6 % 57 a7 5.1 8.0 6.2
Leu®  Asn® - - - 1(V) 1 95% CI 42-72% 4.2-7.3% 3.6-6.6% 6.3-9.8% 54-7.0%
Phe* - . Ser* - 3 (SN 2, SM) 3
Tyr* - - Ser® - 1(SN) 3(SAg1,512) 3(SI2SN1) 1(SN) 1(SN, gnrS1/S3) 9
- - - Ser® Ser” 1(sL) 1
v - (Met)  Ser* - 1(s1) 1
No. of tested isolates 6 22 8 5 2 1 44
Table 3
Plasmid mediated quinolone resistance genes.
Salmonella PMQR (N=92) QRDR Total (%) Percentage of PMQR-positive

isolates within serovar (95% Cl)

qnrB10/B19 qnis1/S3 Negative Not tested qmrs1/s3 qnrs2

Agona 1 " 2 21% 3.7% (1.0-12.5%)

Enteritidis 3 5 5 1 1 15 16.0% 1.5% (0.7-2.2%)

Indiana 3 3 32% 10.7% (3.7-27.2%)

Infantis 1 2 3 32% L1% (0.0-2.4%)

Mbandaka 3 3 32%  2.0%(0.0-4.2%) A A

Vot , Do Quinolone resistance
Newport 8 37 2 4 1 52 55.3% 41.3% (32.7-49.9%)

Oranienburg 1” 1 1.1% 5.6% (1.0-25.8%) o o

Saintpaul 1 3 4 43% 10.3% (4.1-23.6%) d rr] h rr]
Typhimurium 9 9 9.6% 3.6% (1.3-6.0%) Ive rs e e C a n I S S
Virchow 1 1 1.1% 0.9% (0.0-2.6%)

Total 24 50° 12 6 1 1 94 100.0%
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ANTIMICROBIAL RESISTANCE IN
WILDLIFE

Study aims:

1.

to evaluate antimicrobial resistance in indicator E.
coli isolated from hunted wild boars and deer,

to assess the prevalence of cephalosporin
resistance in wildlife,

to characterize cephalosporin and quinolone
resistance mechanisms as well as their carrier
plasmids.



Resistance in wildlife

Hunting seasons
e Oct 2012 =Jan 2013
* Oct 2013 +Jan 2014

Faecal samples
* red deer
* roe deer
* fallow deer

 European bison
. * Wild boars



Wild boar sampling

Number of samples  ® 1-3

(animals) tested : i
N =332 @ 51
42 hunts ® v

Population density ~ [_0-54
[ 543-933
(per 1000 ha) B 534 - 1400
B 1:01-2010

Y . i
. I.\
@puwm B 20 .11-34.09 0 40 80 160 Kilometers
I T A T NN NN N M|




Red deer sampling

Number of samples
(animals) tested

N =225
42 hunts

Population density
(per 1000 ha)

<§E PlWet

6.37 - 27.38 .. .
7.38 - 43.61



Roe deer (n=76), fallow deer (n=24),
European bison (n=3) sampling

[ Jo-17.33

[ ]o-1,018

17,34 - 25,87
[ ]1,019-50856
I 25,88 - 36,62 [ 5,057 - 10,004
I 36,63 - 50,37 B 10,005 - 15,067
I 50,38 - 93,48 I 15,068 - 20,574
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Isolation of Escherichia coli

Indicator E. coli

PCR: uspA

=
C==p

H
S
(O
=
ST
a
A
(=T 4

direct streak MacConkey Agar identification

LI

Cephalosporin-resistant E. coli

Chen, J. et al. Lett. Appl.
Microbiol. 1998, 27(6):
369-371

@ MacConkey Agar



Antimicrobial resistance testing

 Minimal Inhibitory Concentrations:
14 antimicrobials/9 classes

TRES
DIAGNOSTIC SYSTEMS

* Interpretation: EUCAST epidemiological cut-off

CUROPENH COHMITTES
E U [:A S T MK ARTIMICRO DAL
SUSLEFTIBILITY TESTIHE

Eu opear Se aryal [Mnies ik’ 2lngy and I "eoicug Dipeoces

microbiological
resistance (NWT)
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Antimicrobial resistance in E. coli
from wild boars

wild boars (n=278)

10
l sulphonamides (5.5 + 12.3%)
2

0.9+1.9%
ampicillin, aminoglycosides,

trimetoprim, ciprofloxacin, tetracycline i
2
DMIWIIJ :T:l:W

AMP  CAZ CTX GEM KAM STR MAL CIP SMX TMF COL CHL FLR TCY

wild ruminants (n = 264)
107

(=2}
1
1=+

% NWT

R RERRrnn! IRERAI

AMP CAZ CTX GEN KAN STR NAL CIP SMX TMP COL CHL FLR TCY

(=]




Antimicrobial resistance in E. coli
from wild boars

wild boars (n = 278) wild rumminants (n = 264)
100+ 100-—
80-5 sl
60+ G501
% NWT ; % NWT
“ <8% “ <4%
20+ 20+
- e = el T sk T L :T;qllT=Y=._' ol 4 = T | T ey T 4 T . S ST SR . S
AMP CAZ CTX GEN KAN STR NAL CIP SMX TMP COL CHL FLR T¢ AP CAZ CTX GEN KAN STR NAL CIP SMX TMP COL CHL FLR TCY
Swine (N=710) Cattle (N=707)
100 100
an-f—
an-f-
ZNWT ZNWT ] o
ol ~10%
204
0 0
AMP CAZ CTX GEN KAN STR NAL CIP SWX TMP COL CHL FLR TO) AMP CAZ CTX GEN KAN STR NAL CIP SMX TMP COL CHL FLR TCY
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Resistance is present in the wildlife
How farm animals might contribute?

wild boars (n= 278) roe deer (n = 64)
207
12}
ZNWT
sl
jL_l__\__l_L 4“} } } } i w
&,T,T,—L, ,A,T, oL L L |, | ]
AMP  CAZ CTX KAN STR NAL CIP SMX TMP COL CHL FLR TCY AWMP  CAZ CTX KAN STR NAL MX M

No resistance in E. coli from fallow, red deers and bisons




Plasmid-mediated quinolone resistance
in E. coli isolated from wild boars

wild boars (n = 278)

100
80+
60+

% NwT

40+

20+

0 T
AMP CAZ CTX GEN KAN STR NAL CIP  SMX THP COL CHL FLR TCY

2\

PCR: gnrS
Sequencing: gnrS1/53

No Nal NWT
Two Cip NWT




Prevalence of cephalosporin
resistance in E. coli from wildlife

Cephalosporin-

Source _ . . :
(No of samples) isolation | resistant E. coli
rate | No. | prevalence_

fallow deer 24 21 87,5% 1 4,2%
wild boar 332 278 83,7% 9 2,7%
red deer 225 176 78,2% 1 0,4%
roe deer 76 64 84,2% 0,0%
European bison 100,0% 0,0%

mm-
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Cephalosporin-resistant pathogenic Enterobacteriaceae
in humans are multidrug-resistant
What about wildlife isolates?

12

Resistance in cephalosporin-resistant E. coli
few other resistances

(n=11)
in wildlife isolates

PMQR »

AMP CAZ CTX GEN KAN STR NAL CIP SMX TMP 'COL ‘CHL ‘ FLR TCY

10

o N R Lo T v

Identification of cephalosporin resistance
mechanisms (PCR):

e ampC = blaCMY-2 (N = 8)
e ESBL = blaCTX-M (N = 3)
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Cephalosporin resistance background
in E. coli from wild boars

Plasmids (kb;
ﬂ e - S1+B&D)

039B AmpCtxCazGenKanNalCip Tem-1, Cmy-2 104;40; 10,0; 2,5
358B AmpCtxCazSmxTetTmpCip Ctx-M-15 104, 7, 3.9 IncK, IncY, IncB/O

364B AmpCtxCazNalCip Tem-161, Cmy-2 90; 7,0; 5,2; 3,1 IncIl-alpha, IncY
IncX1, Incl1-alfa,

479B AmpCtxCazCip Tem-1, Cmy-2 104; 90; 54

IncFII
Incl1-alpha, IncFIC
_ . . . 9 9 ’

480B AmpCtxCaz Cmy-2 90; 80; 60; IneFII
481B AmpCtxCaz Ctx-M1/61 140; 85; ? Incl1-alpha, IncFII
482B AmpCtxCazTet Tem-1,Cmy-2  140: 85; ;4,8  ncll-alpha, IncHIl,

IncF (FIB), IncFII
483B AmpCtxCaz Ctx-M1/61 140; 85; 3,5 ?

Incl1-alfa, IncF
(FIB), IncFII, IncB/O

_— food animals: blaCTX-M-1; blaCMY-2 Wasyl et al. Microb Drug Resist 2012, 18: 79-82
humans: blaCTX-M3 Gotebiewski et al. AAC, 2007, 51(11): 3789-95

486B AmpCtxCaz Tem-1, Cmy-2 200;100; ?



Transferability of cephalosporin resistance

Plasmids (kb;
ﬂ e S1+B&D)

358B AmpCtxCazSmxTetTmpCip Ctx-M-15 104, ?, 3,9 IncK, IncY, IncB/O

Incl1-alpha, IncHI1,

_ ~ . . 9.

482B  AmpCtxCazTet Tem-1, Cmy-2 - 140;85 %48 11 CF (FIB), IncFII
Trans

A0 Amp Ctx Caz Cmy-2 85 IncIl1-alpha
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PMQR in cephalosporin

m R-profile bla

039B AmpCtxCazGenKanNalCip Tem-1, Cmy-2
358B AmpCtxCazSmxTetTmpCip Ctx-M-15

364B
479B
480B
481B
4828
483B
486B

<§E PlWet

resistant E. coli

AmpCtxCazNalCip Tem-161, Cmy-2

SGGTGCGACGTTCAGTGGTTCAGAWCTCTCCGGCGGCGAGTTTTCGACTTTCGACTGGCGRRERGCA!

AmpCtxCazCip Tem-1, Cmy-2

AmpCtxCaz Cmy-2
AmpCtxCaz Ctx-M1/61 gnrS1 /3
AmpCtxCazTet Tem-1, Cmy-2
AmpCtxCaz Ctx-M1/61
AmpCtxCaz Tem-1, Cmy-2
MICROBIAL DRUG RESISTANCE MECHANISMS - - ‘ .| ;I s ' - ‘
\,fob]:\r:g?‘}‘l\ll-l:eﬂ;téenr'?:é2014 ontents lists available at ScienceDirect %
DOI: 10.1089/mdr.2014.0061 Veterinary Microbiology “
+
. . . . journal homepage: www.elsevier.com/locate/vetmic h
Prevalence and Characterization of Quinolone Resistance
Mechanisms in Commensal Escherichia coli Isolated
from Slaughter Animals in Poland, 2009-2012 Prevalence and characterisation of quinolone resistance @L“ )

mechanisms in Salmonella spp.

Dariusz Wasyl Dariusz Wasyl ", Andrzej Hoszowski, Magdalena Zajac
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039B
358B
364B
479B
480B
481B
4828
483B
486B
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Pathogenicity of cephalosporin
resistant E. coli

AmpCtxCazGenKanNalCip
AmpCtxCazSmxTetTmpCip
AmpCtxCazNalCip
AmpCtxCazCip
AmpCitxCaz
AmpCitxCaz
AmpCtxCazTet
AmpCitxCaz
AmpCitxCaz

PCR: pathogenicity markers
o STEC(stx1/stx2)

 EPEC (eae, bfpA)

e EIEC (ipaH)

e ETEC (elt, est)

 EAEC (aggR)

Aranda, et al. FEMS Microb.

Letters, 2007. 267(2): 145-50




Cephalosporin resistant E. coli from
wild boars

antimicrobial
selection pressure?

Two different
mechanism in 8 of
11 cephalosporin

resistant E. coli

] 0000000 2957 isolated from,

[ 28 4253 respectively 2 and 6
[ 4254 -5560 .
B s c1 - 501 boars hunted in 13

— g Nov and 3 Dec 2013,
I 100,77 - 155,42 .
approximately 100

B red deer/blaCMY-2 km from each other

:" faIIowdeer/bIaCMY-Z 0 40 80 160 Kilometers
[ 1 wild boar/blaCTX-M Lo 1)
@ I wild boar/blaCMY-2




Antimicrobial resistance in other
wildlife

Invasive turtle species as a source and vector of animal and
human pathogens (NCN project No. 2013/11/B/NZ7/01690)

no Escherichia coli,
but
numerous isolates of:
* Acinetobacter spp.,
7 o (Citrobacter spp.,
* Pseudomonas spp.,

* Shewanella spp.,
* Aeromonas spp.




Antimicrobial resistance in wildlife

Salmonella from
* invasive alien turtles
* European grass snakes (Natrix natrix)

resistance is sparse (mainly streptomycin)



<§E PIWet

Conclusions

E. coli in wild animals (boars) might be considered a
reservoir and vector (transferable) of resistance
determinants (environmental gene pool), but not the

pathogen themselves (no pathogenicity markers
found)

Resistance to cephalosporins and quinolones (PMQR)
are presumably of environmental origin — the
prevalence might be enhanced by selective pressure
of antimicrobial usage in agriculture (i.e.
manure/slurry)

s it safe to hug a boar?
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