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Summary

Antimicrobial resistance (AR) of commensal Escherichia coli to ampicillin, tetracycline,
sulfamethoxazole and trimethoprim remained high or even increased in food-producing animals
(veal calves, young bovines, broiler chickens and pigs). A trend analysis with data since first
monitoring in 2011 should provide an appropriate estimation of the actual evolution in AR. In
chickens, AR is also high for ciprofloxacin and nalidixic acid, but decreases since 2012. As in previous
years, AR levels are the lowest in young bovines for meat production and the highest in broiler
chickens, closely followed by veal calves. In addition, it was shown that the level of multi-resistance
(reduced susceptibility to at least 3 antimicrobial classes according to epidemiological cut-off values)
in E. coli was the highest in broiler chickens (68.9%), whereas in veal calves, the largest variety in
multi-resistance patterns is observed, with some strains being highly multi-resistant. In young
bovines, 64.2% of the strains were fully susceptible compared to only 8.4% of the chicken strains.
Nevertheless, also in bovines, AR up to 8 antimicrobial classes and a large variety in the multi-
resistant patterns are seen. This warrants for the emergence of highly efficient E. coli strains in terms
of antimicrobial resistance. Eleven strains were colistin resistant (MIC = 4 or 8 pug/ml) and they all
carried the mcr-1 or mcr-2 gene, conferring horizontally transferable colistin resistance. An increased
number of E. coli strains from broiler chickens, isolated on non-selective culture plates, displayed AR
to 3" generation cephalosporins (cefotaxime resistance equaled 4.6% and 10.2% respectively in 2015
and 2016). For the third year in a row, AR to meropenem, azithromycin and tigecycline,
antimicrobials considered as last resort for treatment of extremely drug-resistant isolates in humans,
remains rare or undetected.



Introduction

Since 2011, the Federal Agency for the Safety of the Food Chain implements a monitoring of
antimicrobial resistance in certain pathogenic and indicator bacteria from cattle, pigs and poultry. In
order to get an overview of the occurrence of antimicrobial resistance in the European Union (EU),
antimicrobial resistance monitoring became mandatory in 2014 in all Member States for Escherichia
coli, Salmonella and Campylobacter jejuni in the major food-producing animal populations (broilers,
laying hens, fattening turkeys, fattening pigs, calves) and their derived meat (Decision 2013/652/EU).
The specific monitoring of extended-spectrum beta-lactamase (ESBL)-, AmpC- and carbapenemase-
producing E. coli, as indicator bacteria was therein also foreseen, in even years for broilers and in
uneven years for pigs and veal calves. Moreover, in the future, data on the antimicrobial resistance
monitoring will ideally be combined with those on exposure to antimicrobials.

In this report information is presented on the prevalence of antimicrobial resistance in commensal E.
coli from food-producing animals in Belgium. Resistance in commensal bacteria, such as E. coli, is
thought to reflect the magnitude of the selection pressure enforced by the use of antimicrobial
agents. Antimicrobial resistance data of commensal E. coli isolated from food products from animals,
as potential sources for distribution to humans via the food chain, are reported by the Institute for
Public Health (WIV-ISP).

Materials and methods

Sampling

For the isolation of E. coli, fresh fecal samples were collected from food-producing animals, i.e.
fattening pigs, veal calves, bovines and broiler chickens. A representative sampling was performed
according to general provisions of the legislation and to detailed technical specifications issued by
EFSA (2014).

The sample collection was approximately evenly distributed over the year 2016.

Fattening pigs
Faecal material was taken at slaughter from the large intestines of fattening pigs of at least 3 months
old. One sample was representative for one farm to account for clustering.

Veal calves
Faecal material was taken at slaughter from the large intestines of veal calves.

Bovines

Faecal material was taken at the herd from the floor of barns harbouring bovines for meat
production younger than 7 months. Samples were pooled. One sample was representative for at
least 10 animals on one farm to account for clustering.

Broiler chickens

Caecal content of broiler chickens was taken at slaughter. Caeca from 10 animals were collected and
pooled. One sample originated from one farm to account for clustering.

Isolation and identification
For the isolation and identification of E. coli, faecal samples were analysed by the regional centres for
animal disease control “Dierengezondheidszorg Vlaanderen (DGZ)” in Flanders and “Association



Régionale de Santé et d’ldentification Animales (ARSIA)” in Wallonia. At DGZ, faecal material was
inoculated on McConkey agar and incubated at 37°C for 18 to 24 hours. Suspected colonies (pink,
lactose positive) were confirmed to be E. coli by MALDI-TOF. When the test outcome was positive for
E. coli a colony from the Kligler medium was inoculated on Mac Conkey agar, incubated at 37°C for
18-24 hours and sent to CODA-CERVA (Veterinary and Agrochemical Research center, the National
Reference Laboratory for antimicrobial resistance). At ARSIA, fecal material was inoculated on
Gassner medium and incubated at 37°C for 18 to 24 hours. Suspected colonies were purified on
Columbia agar supplemented with 5% sheep blood. Identification was done by the OPNG test, Ureum
test and indol test. Confirmed E. coli were sent to CODA-CERVA.

Antimicrobial susceptibility testing

Upon arrival at CODA-CERVA, strains were purified on Columbia agar with 5% sheep blood.
Antimicrobial susceptibility of the E. coli strains was tested using a micro broth dilution method (Trek
Diagnostics). To this end, 1 to 3 colonies were suspended in sterile physiological water to an optical
density of 0.5 McFarland. Ten microliter of this suspension is inoculated in 11 ml cation adjusted
Mueller Hinton broth with TES buffer.

Fifty microliter of the Mueller-Hinton broth with bacteria was brought on a micro-titer plate
containing freeze-dried antimicrobials produced by Trek Diagnostics, using the auto-inoculating
system of Trek Diagnostics. The antimicrobial substances incorporated in the antimicrobial
susceptibility testing were recommended by the European Food Safety Agency (EFSA) and included in
Commission decision 2013/652/EU. They were selected based on their public health relevance and as
representatives of different antimicrobial classes (EFSA, 2012). Table 1 shows the antimicrobial
substances tested, their abbreviations, the dilutions used, the epidemiological cut-off’s (ECOFFs) and
clinical breakpoints (CBP), established by the European Committee on Antimicrobial Susceptibility
(EUCAST) or as defined by the EU reference laboratory on antimicrobial resistance (DTU) (EUCAST,
2017). No CBP are available for azithromycine, nalidixic acid, sulfamethoxazole and tetracycline.
Plates were incubated 18-24 hours at 35°C and read. The Minimal Inhibitory Concentration (MIC) was
defined as the lowest concentration by which no visible growth could be detected. MICs were semi-
automatically recorded by the Trek Vision system using the SWIN software. Results were
automatically exported to an Excel file.



Table 1 : First panel of antimicrobial substances included in antimicrobial susceptibility testing, EUCAST epidemiological
cut-off’s (ECOFFs) and clinical breakpoints (CBPs), and concentration ranges tested in indicator commensal Escherichia
coli

Antimicrobial Concentration

(Abbreviation) range, mg/| EUCAST ECOFF EUCAST CBP
Ampicillin (AMP) 1-64 >8 >8
Cefotaxime (FOT) 0.25-4 >0.25 >2
Ceftazidime (TAZ) 0.5-8 >0.5 >4
Meropenem (MERO) 0.03-16 >0.125 >8
Nalidixic acid (NAL) 4-128 >16 NA
Ciprofloxacin (CIP) 0.015-8 > 0.064 >0.5
Tetracycline (TET) 2i 64 >8 NA
Colistin (COL) 1i 16 >2 >2
Gentamicin (GEN) 0.5i 32 >2 >4
Trimethoprim (TMP) 0.25i 32 >2 >4
Sufomethorazole a1 1024 - 64 NA
Chloramphenicol (CHL) 8-128 >16 >8
Azithromycin (AZI) 2-64 >16 NA
Tigecycline (TGC) 0.25-8 >1 >2

EUCAST: European Committee on Antimicrobial Susceptibility Testing
NA: not available

Specific monitoring of ESBL-, AmpC- or carbapenemase-producing E. coli

Specific monitoring of extended-spectrum B-lactamase (ESBL-), AmpC- or carbapenemase-producing
E. coli was performed for fattening pigs and veal calves. For the specific detection of ESBL-, AmpC-, or
carbapenemase producing E. coli, the method started with a pre-enrichment step, followed by
inoculation on McConkey agar containing cefotaxime, a third-generation cephalosporin in a selective
concentration, in accordance with the most recent version of the detailed protocol for
standardisation of the EU Reference Laboratory for Antimicrobial Resistance (DTU Food, National
Food Institute, 2015a). To specifically isolate carbapenemase-producing E. coli, selective agar plates,
validated in regard to specificity and sensitivity towards carbapenemase producing E. coli, were used
(DTU Food, National Food Institute, 2015b).

Descriptive terms used for presumptive ESBL-, AmpC- or carbapenemase-producing E. coli are those
proposed by EFSA (2012). A presumptive ESBL-, AmpC- or carbapenemase-producing E. coli isolate
obtained from each positive sample was tested for resistance to the first panel of antimicrobials
(Table 1) and submitted for extended susceptibility testing to antimicrobials of panel 2 (Table 2) if
they were found to be resistant to cefotaxime, ceftazidime or meropenem, based on the
interpretative criteria (epidemiological cut-off values) (EFSA, 2012). This panel notably includes
cefoxitin, cefepime and clavulanate in combination with cefotaxime and ceftazidime for the
detection of presumptive ESBL- and AmpC-producer, as well as imipenem, meropenem and
ertapenem to phenotypically verify presumptive carbapenemase producers.



Table 2 : Second panel of antimicrobial substances included in antimicrobial susceptibility testing, EUCAST
epidemiological cut-off’s (ECOFFs), and concentration ranges tested in indicator commensal Escherichia coli isolates
resistant to cefotaxime, ceftazidime or meropenem

Antimicrobial Concentration range, E. coli
(Abbreviation) mg/| EUCAST ECOFF
Cefoxitin (FOX) 0.5-64 >8
Cefepime (FEP) 0.06-32 >0.125
Cefotaxime + clavulanic acid (F/C) 0.06-64 >0.25
Ceftazidime + clavulanic acid (T/C) 0.125-128 >0.5
Meropenem (MERO) 0.03-16 >0.125
Temocillin (TRM) 0.5-64 >32
Imipenem (IMI) 0.12-16 >0.5
Ertapenem (ETP) 0.015-2 > 0.06
Cefotaxime (FOT) 0.25-64 >0.25
Ceftazidime (TAZ) 0.25-128 >0.5

NA: not available. EUCAST epidemiological cut-off values.

The co-resistance patterns

Clinical co-resistance of presumptive ESBL- and/or AmpC-producing E. coli to both ciprofloxacin and
cefotaxime was estimated, as these two antimicrobials are of particular interest in human medicine.
Co-resistance was addressed using clinical breakpoints (CBPs) (CIP>0.5 mg/l and FOT>2 mg/l) for
E. coli, established by EUCAST or as defined by the EU reference laboratory on antimicrobial
resistance (DTU) (EUCAST, 2017).

Data analysis and description

Data from the Excel file generated by the software of the semi-automated susceptibility equipment
(sensivision, Trek Diagnostics) were merged to the administrative data from the LIMS system at
CODA-CERVA. These files were validated for consistency.

Isolates with a MIC value above the ECOFF value were considered not to belong to the wild type
population and percentages of isolates with a reduced susceptibility, i.e. non-wild type, were
calculated. Throughout the report, isolates with a reduced susceptibility will be referred to as
‘resistant isolates’, whereas when the clinical interpretative criterion was used, the term ‘clinical
resistance’ will be used.

The number of antimicrobials to which a strain was resistant was counted and cumulative
percentages or percentiles were calculated. Graphical representations were prepared in Excel.
Throughout the report, terms used to describe the levels or occurrence of antimicrobial resistance
are those proposed by EFSA. Rare: <0.1 %', ‘very low: >0.1% to 1.0%’, ‘low: >1 % to 10.0 %/,
‘moderate: >10.0 % to 20.0 %’, ‘high: >20.0 % to 50.0 %’, ‘very high: >50.0 % to 70.0 %’, ‘extremely
high: >70.0 %’. Although these terms are applied to all antimicrobials, the significance of a given level
of resistance will depend on the particular antimicrobial and its importance in human and veterinary
medicine.

A multi-resistant isolate is one defined as resistant to at least three different antimicrobial
substances, belonging to any three antimicrobial classes represented by the antimicrobials included
in the analysis (Table 1). Resistance to nalidixic acid and resistance to ciprofloxacin, as well as the



resistance cefotaxime and ceftazidime are respectively addressed together when considering multi-
resistance.

Based on Hanon et al. (2015), for each livestock category, the weighted entropy index, was
estimated. The weighted entropy is a diversity index which describes the degree of diversity of multi-
resistance. The weighted entropy index will take higher values when multi-resistance concerns a
large number of antimicrobials. Therefore a higher weighted entropy index reflects a shift to multi-
resistance to a greater number of antimicrobials (Hanon et al., 2015).

Results
Fattening pigs

Antimicrobial resistance using non selective media

AR was high for sulfamethoxazole, ampicillin, tetracycline, trimethoprim and chloramphenicol. AR to
these antimicrobial substances increased by 7% and for ampicillin up to to 11% since 2015. AR
remained low for ciprofloxacin (and for nalidixic acid), and for cefotaxime and ceftazidime for E. coli
tested in a non-selective culture plate (Figure 1). In 2016, AR to azithromycine and colistin was seen
in 2 E. coli strains (no AR for these antibiotics in 2015). Only very low levels of AR were present to
gentamicin. AR to meropenem and tigecycline remained undetected (Figure 1).
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Figure 1 : Antimicrobial resistance prevalence for Escherichia coli (n= 174), isolated from fattening pigs at slaughter, using
non-selective media, based on epidemiological cut-off’s, according to the European Committee on Antimicrobial
Susceptibility (EUCAST) for ampicillin (AMP), azithromycin (AZI), chloramphenicol (CHL), ciprofloxacin (CIP), colistin (COL),
cefotaxime (FOT), gentamicin (GEN), meropenem (MERO), nalidixic acid (NAL), sulfomethoxazole (SMX), ceftazidime
(TAZ), tetracycline (TET), tigecycline (TGC) and trimethoprim (TMP).

ESBL-, AmpC- or carbapenemase-producing E. coli

Inoculation of the E. coli strains on MacConkey agar containing cefotaxime in a selective
concentration resulted in 171 E. coli strains identified as phenotypically ESBL and were thus
presumptive ESBL- and/or AmpC-producing E.coli (Figure 2). As in 2015, no presumptive
carbapenemase-producing E. coli were detected. Based on the results of the second panel, strains



were mainly identified as presumptive ESBL- (154 E. coli) and to a much lesser extent as a
presumptive AmpC-producing E. coli (16 E. coli) (Figure 3). Only one strain was identified as a
presumptive ESBL- and AmpC-producing E. coli. The distribution between presumptive ESBL-, AmpC-
or ESBL- and AmpC-producing E. coli is very similar to 2015. These strains were shown to be multi-
resistant and moreover, revealed higher resistance prevalences to sulfamethoxazole, trimethoprim,
ciprofloxacin, nalidixic acid, azithromycin and gentamicin, compared to non-ESBLs (Figure 2).
Furthermore, AR against these ESBLs, whether or not combined, was extremely high for
sulfamethoxazole, and very high for trimethoprim; high for tetracycline, ciprofloxacin and
chloramphenicol; moderate for nalidixic acid and azithromycine and low for gentamicin and colistin
(Figure 2). In 2016, AR to tigecycline and meropenem of phenotypically ESBLs remained undetected.
In general, AR of presumptive ESBL- and/or AmpC-producing E. coli decreased slightly compared to
2015, except for ciprofloxacin (28.6% in 2015).
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Figure 2 : Resistance prevalence for Escherichia coli (n= 171), isolated from fattening pigs at slaughter, for ampicillin
(AMP), azithromycin (AZl), chloramphenicol (CHL), ciprofloxacin (CIP), colistin (COL), cefotaxime (FOT), gentamicin (GEN),
meropenem (MERO), nalidixic acid (NAL), sulfomethoxazole (SMX), ceftazidime (TAZ), tetracycline (TET), tigecycline
(TGC) and trimethoprim (TMP), using a selective medium containing cefotaxime.
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Figure 3 : Phenotypic patterns of resistance based on the extended susceptibility testing of
171 presumptive ESBL-, AmpC- or carbapenemase-producing Escherichia coli isolates from
fattening pigs at slaughter.



Clinical resistance of non ESBL or AmpC-producing and of presumptive ESBL- and/or AmpC-
producing E. coli

Higher clinical antimicrobial resistance was seen for E. coli isolated from a selective medium,
containing cefotaxime, yet compared to 2015, differences between E. coli from a non-selective
medium and the presumptive ESBL- and/or AmpC-producing E. coli population were less
pronounced. This is due to a lower prevalence of clinically resistant presumptive ESBL- and/or AmpC-
producing E. coli, but a higher number of clinically resistant E. coli strains from a non-selective
medium.
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Figure 4 : Antimicrobial resistance prevalence for Escherichia coli, from fattening pigs at slaughter, using non-selective
media (n= 174), or isolated on a selective medium containing cefotaxime (n=171), based on clinical breakpoints (CBP),
established by the European Committee on Antimicrobial Susceptibility (EUCAST) or as defined by the EU reference
laboratory on antimicrobial resistance (DTU) (EUCAST, 2017), for ampicillin (AMP), chloramphenicol (CHL), ciprofloxacin
(CIP), colistin (COL), cefotaxime (FOT), gentamicin (GEN), meropenem (MERO), ceftazidime (TAZ), tigecycline (TGC) and
trimethoprim (TMP).

Clinical resistance of presumptive ESBL- and/or AmpC-producing E. coli to both ciprofloxacin (CIP)

and cefotaxime (FOT)

Table 3: Clinical resistance prevalence for Escherichia coli, isolated from fattening pigs at slaughter, for both
ciprofloxacin (CIP) and cefotaxime (FOT) using a selective medium containing cefotaxime (n= 175 and 171 in 2015 and
2016 respectively).



Resistance to both CIP and FOT applying clinical breakpoints®

Year (n) % resistance (n)
2015 (175) 5.7% (10)
2016 (172) 8.2% (14)

® Clinical breakpoints for ciprofloxacin and cefotaxime are 0,5 mg/l and 2 mg/I respectively (EUCAST,
2017).

It should be noticed that the clinical breakpoint for ciprofloxacin has been changed from 1 to 0.5
mg/| for ciprofloxacin (EUCAST, 2017).

Colistin resistance

Four E. coli strains showed reduced susceptibility to colistin (MIC = 4 ug/ml). Three strains were mcr-
1 positive/mcr-2 negative and one strain was mcr-2 positive/mcr-1 negative. Three colistin resistant
E. coli strains were presumptive ESBL-producers and showed multi-resistance to chloramphenicol,
sulfamethoxazole, tetracycline and trimethoprim (Table 7).

Multiple antimicrobial resistance patterns

In fattening pigs, 28.7% of E. coli was fully susceptible and 46.0% showed multi-resistance. Multi-
resistance to 5 antimicrobial classes was most frequently seen, as this was the case for 16.1% of the
tested E. coli stains. Similar percentages of E. coli showed resistance to 1, 3 or 4 antimicrobial classes
(15.5%, 14.4%, and 13.8% respectively). AR to 2 different classes was seen in 9.8% of the E. coli
strains. Two strains were resistant to 6 antimicrobial classes tested and 1 E. coli strain showed
resistance up to 7 different antimicrobial classes (Figures 15 and 16). Compared to 2015, there is a
clear tendency towards less full susceptibility (40.9% of the strains were fully susceptible in 2015)
and more multi-resistance (36.6% of the strains were multi-resistant in 2015).

Veal calves

Antimicrobial resistance using non selective media

In veal calves, AR to tetracycline increased by almost 10% since 2015 and has become extremely
high. In 2016, AR remains very high to sulfamethoxazole and ampicillin and high to trimethoprim and
chloramphenicol. AR has decreased by +/-4% for ciprofloxacin as well as for nalidixic acid. AR remains
low to azithromycin, gentamicin, cefotaxime and ceftazidime in a non-selective culture plate, and
colistin. Resistance to meropenem and tigecycline remained undetected (Figure 5).
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Figure 5 : Antimicrobial resistance prevalence for Escherichia coli (n= 174), isolated from veal calves at slaughter, using
non-selective media, based on epidemiological cut-off’s, according to the European Committee on Antimicrobial
Susceptibility (EUCAST) for ampicillin (AMP), azithromycin (AZl), chloramphenicol (CHL), ciprofloxacin (CIP), colistin (COL),
cefotaxime (FOT), gentamicin (GEN), meropenem (MERO), nalidixic acid (NAL), sulfomethoxazole (SMX), ceftazidime
(TAZ), tetracycline (TET), tigecycline (TGC) and trimethoprim (TMP).

ESBL-, AmpC- or carbapenemase-producing E. coli

The inoculation of the E. coli strains on MacConkey agar containing cefotaxime in a selective
concentration resulted in 174 E. coli strains identified as phenotypically ESBL and were thus
presumptive ESBL- and/or AmpC-producing E. coli (Figure 6). No presumptive carbapenemase-
producing E. coli were detected. Based on the results of the second panel, these strains were mainly
identified as presumptive ESBL. As in 2015, to a much lesser extent, presumptive AmpC- or AmpC
combined with ESBL-producing E. coli were detected (Figure 7), and these strains were shown to be
multi-resistant. They revealed higher resistance prevalences to all antimicrobials tested, compared to
non-ESBLs, except for colistin, meropenem and tigecycine, to which resistance was also low or rare.
Similar to the E. coli population isolated on a non-selective medium, a slight decrease in AR was seen
for ciprofloxacin (62.2% in 2015), but also AR to trimethoprim (66.5%), chloramphenicol (52.7%),
gentamicin (24.5%) and colistin (3.7%). Only AR to azithromycin increased (10.1% in 2015).
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Figure 6 : Resistance prevalence for Escherichia coli (n= 174), isolated from veal calves at slaughter, for ampicillin (AMP),
azithromycin (AZl), chloramphenicol (CHL), ciprofloxacin (CIP), colistin (COL), cefotaxime (FOT), gentamicin (GEN),
meropenem (MERO), nalidixic acid (NAL), sulfomethoxazole (SMX), ceftazidime (TAZ), tetracycline (TET), tigecycline
(TGC) and trimethoprim (TMP), using a selective medium containing cefotaxime.
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Figure 7 : Phenotypic patterns of resistance based on the extended susceptibility testing of
174 presumptive ESBL-, AmpC- or carbapenemase-producing Escherichia coli isolates from

veal calves at slaughter.



Clinical resistance of non ESBL or AmpC-producing and of presumptive ESBL- and/or AmpC-
producing E. coli
Higher clinical antimicrobial resistance was seen for E. coli isolated from a selective medium,

containing cefotaxime.
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Figure 8 : Antimicrobial resistance prevalence for Escherichia coli, from veal calves at slaughter, using non-selective
media (n= 174), or isolated on a selective medium containing cefotaxime (n= 174), based on clinical breakpoints (CBP),
established by the European Committee on Antimicrobial Susceptibility (EUCAST) or as defined by the EU reference
laboratory on antimicrobial resistance (DTU) (EUCAST, 2017), for ampicillin (AMP), chloramphenicol (CHL), ciprofloxacin
(CIP), colistin (COL), cefotaxime (FOT), gentamicin (GEN), meropenem (MERO), ceftazidime (TAZ), tigecycline (TGC) and
trimethoprim (TMP).

Clinical resistance of presumptive ESBL- and/or AmpC-producing E. coli to both ciprofloxacin (CIP)
and cefotaxime (FOT)

Table 4 : Clinical resistance prevalence for Escherichia coli, isolated from veal calves at slaughter, for both ciprofloxacin
(CIP) and cefotaxime (FOT) using a selective medium containing cefotaxime (n= 188 and 174 in 2015 and 2016
respectively).

Resistance to both CIP and FOT applying clinical breakpoints®

Year (n) % resistance (n)
2015 (188) 13.8% (26)
2016 (174) 38.5% (67)

® Clinical breakpoints for ciprofloxacin and cefotaxime are 0.5 mg/l and 2 mg/I respectively (EUCAST,
2017).

It should be noticed that the clinical breakpoint for ciprofloxacin has been changed from 1 to 0.5
mg/| for ciprofloxacin (EUCAST, 2017).

Colistin resistance

Six E. coli strains showed microbiological resistance to colistin (MIC = 4 or 8 ug/ml) and they all
harbored the mcr-1 gene (mcr-2 negative). Three mcr-1 carrying E. coli strains were also found
presumptive ESBL- and/or AmpC-producer. AR to several other antimicrobial classes was equally
seen (Table 7).



Multiple antimicrobial resistance patterns

In veal calves, only 20.11% of E. coli showed full susceptibility and 58.0% showed resistance to at
least 3 antimicrobial classes. Multi-resistance to 4 antimicrobial classes was seen in 26.4% of the
tested E. coli stains. 19.5% of the E. coli strains showed resistance to 5, 6, 7, 8 or 9 antimicrobial
classes (Figures 15 and 16). Compared to 2015, there is a small tendency towards less full
susceptibility (23.5% of the strains were fully susceptible in 2015) and more multi-resistance (51.0%
of the strains were multi-resistant in 2015). Yet, less E. coli strains were resistant to 5 or more
different antimicrobials classes compared to 2015 (26.5% in 2015 compared to 19.5% in 2016).

Bovines

Antimicrobial resistance using non selective media

AR remained high in 2016 for sulfamethoxazole and moderate for tetracycline, ampicillin,
trimethoprim and chloramphenicol. Low levels of AR were seen for ciprofloxacin, nalidixic acid,
gentamicin, azithromycine and for cefotaxime in a non-selective culture plate. AR was very low for
ceftazidime in a non-selective culture plate. One isolate showed AR to colistin in 2016. AR to
meropenem and tigecycline remained undetected (Figure 9). Only slight differences were present in
AR levels between 2015 and 2016.
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Figure 9 : Antimicrobial resistance prevalence for Escherichia coli (n= 176), isolated from bovines younger than 7 months
old at the herd, using non-selective media, based on epidemiological cut-off’s, according to the European Committee on
Antimicrobial Susceptibility (EUCAST) for ampicillin (AMP), azithromycin (AZl), chloramphenicol (CHL), ciprofloxacin (CIP),
colistin (COL), cefotaxime (FOT), gentamicin (GEN), meropenem (MERO), nalidixic acid (NAL), sulfomethoxazole (SMX),
ceftazidime (TAZ), tetracycline (TET), tigecycline (TGC) and trimethoprim (TMP).



ESBL-, AmpC- or carbapenemase-producing E. coli

E. coli showing resistance to cefotaxime in the first panel were submitted for susceptibility testing by
the second panel. Two strains were confirmed to be presumptive ESBL- producing strains based on
non-selective isolation methods (Figure 10).
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Figure 10 : Phenotypic patterns of resistance based on the extended susceptibility testing of
2 presumptive ESBL-, AmpC- or carbapenemase-producing Escherichia coli isolates from bovines
at the herd.

Clinical resistance to both ciprofloxacin (CIP) and cefotaxime (FOT)

Table 5 : Clinical resistance prevalence for Escherichia coli, isolated from bovines at the herd, for both ciprofloxacin (CIP)
and cefotaxime (FOT) using a non-selective medium (n= 180 and 176 in 2015 and 2016 respectively).

Resistance to both CIP and FOT applying clinical breakpoints®

Year (n) % resistance (n)
2015 (180) 1.1% (2)
2016 (176) 0.6% (1)

®Clinical breakpoints for ciprofloxacin and cefotaxime are 0.5 mg/l and 2 mg/I respectively (EUCAST,
2017).

It should be noticed that the clinical breakpoint for ciprofloxacin has been changed from 1 to 0.5
mg/| for ciprofloxacin (EUCAST, 2017).

Colistin resistance

One E. coli strain showed microbiological resistance to colistin (MIC = 4 ug/ml) for which the mcr-1
gene was found (mcr-2 negative). The E. coli strain was multi-resistant to 8 different antimicrobial
classes, colistin including (Table 7).



Multiple antimicrobial resistance patterns

In bovines for meat production, younger than 7 months old, 64.2% of E. coli were fully susceptible
and 15.9% showed resistance to at least 3 antimicrobial classes. AR to 1 antimicrobial was most
present (16.5%). Compared to 2015, there is a slight tendency towards less full susceptibility (70.6%
of the strains were fully susceptible in 2015) in favour of strains resistant to 1 antimicrobial class,
whereas the level of multi-resistance remains stable (16.7% in 2015) (Figures 15 and 16).

Broiler chickens

Antimicrobial resistance using non selective media

AR remained extremely high for ampicillin in 2016 and even increased compared to 2015 (75.7% in
2015), remained very high for sulfamethoxazole, ciprofloxacin, trimethoprim, and high for
tetracycline and nalidixic acid. Moderate resistance levels were seen for chloramphenicol but
increased compared to 2015 (19.1% in 2015). Low levels were seen for ceftazidime and cefotaxime in
a non-selective culture plate, for gentamicin and for azithromycin. Resistance to colistin, meropenem
and tigecycline remained undetected (Figure 11). AR decreased both to ciprofloxacin and nalidixic
acid compared to 2015 (64.5% and 62.5% respectively), but the decrease in AR was higher for
nalidixic acid compared to ciprofloxacin. AR to 3™ generation cephalosporins cefotaxime and
ceftazidime increased compared to 2015 (4.6% for both cefotaxime and ceftazidime).
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Figure 11 : Antimicrobial resistance prevalence for Escherichia coli (n= 167), isolated from broiler chickens at slaughter,
using non-selective media, based on epidemiological cut-off’s, according to the European Committee on Antimicrobial
Susceptibility (EUCAST) for ampicillin (AMP), azithromycin (AZl), chloramphenicol (CHL), ciprofloxacin (CIP), colistin (COL),
cefotaxime (FOT), gentamicin (GEN), meropenem (MERO), nalidixic acid (NAL), sulfomethoxazole (SMX), ceftazidime
(TAZ), tetracycline (TET), tigecycline (TGC) and trimethoprim (TMP).

ESBL-, AmpC- or carbapenemase-producing E. coli
The inoculation of the E. coli strains on MacConkey agar containing cefotaxime in a selective
concentration resulted in 174 E. coli strains identified as phenotypically ESBL and were thus



presumptive ESBL- and/or AmpC-producing E. coli (Figure 12). No presumptive carbapenemase-
producing E. coli were detected. Based on the results of the second panel, these strains were mainly
identified as presumptive ESBL. To a much lesser extent, presumptive AmpC- or AmpC combined
with ESBL-producing E. coli were seen (Figure 13). The strains were shown to be multi-resistant and
they revealed higher resistance prevalences to all antimicrobials tested, compared to E. coli from a
non-selective medium, except for colistin, meropenem and tigecycine, to which resistance was also
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Figure 12 : Resistance prevalence for Escherichia coli (n= 174), isolated from broiler chickens at slaughter, for ampicillin
(AMP), azithromycin (AZl), chloramphenicol (CHL), ciprofloxacin (CIP), colistin (COL), cefotaxime (FOT), gentamicin (GEN),
meropenem (MERO), nalidixic acid (NAL), sulfomethoxazole (SMX), ceftazidime (TAZ), tetracycline (TET), tigecycline
(TGC) and trimethoprim (TMP), using a selective medium containing cefotaxime.
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Figure 13 : Phenotypic patterns of resistance based on the extended susceptibility testing of



174 presumptive ESBL-, AmpC- or carbapenemase-producing Escherichia coli isolates

from broiler chickens at slaughter.

Clinical resistance of non ESBL or AmpC-producing and of presumptive ESBL- and/or AmpC-
producing E. coli

Higher clinical antimicrobial resistance was seen for E. coli isolated from a selective medium,
containing cefotaxime.
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Figure 14 : Antimicrobial resistance prevalence for Escherichia coli, from broiler chickens at slaughter, using non-selective
media (n= 167), or isolated on a selective medium containing cefotaxime (n= 174), based on clinical breakpoints (CBP),
established by the European Committee on Antimicrobial Susceptibility (EUCAST) or as defined by the EU reference
laboratory on antimicrobial resistance (DTU) (EUCAST, 2017), for ampicillin (AMP), chloramphenicol (CHL), ciprofloxacin
(CIP), colistin (COL), cefotaxime (FOT), gentamicin (GEN), meropenem (MERO), ceftazidime (TAZ), tigecycline (TGC) and
trimethoprim (TMP).

Clinical resistance to both ciprofloxacin (CIP) and cefotaxime (FOT)

Table 6: Clinical resistance prevalence for Escherichia coli, isolated from broiler chickens at slaughter, for both
ciprofloxacin (CIP) and cefotaxime (FOT) using a non-selective medium (n= 152 and 167 in 2015 and 2016 respectively).

Resistance to both CIP and FOT? applying clinical breakpoints

Year (n) % resistance (n)
2015 (152) 0.7% (1)
2016 (167) 1.8% (3)

® Clinical breakpoints for ciprofloxacin and cefotaxime are 0.5 mg/l and 2 mg/I respectively (EUCAST,
2017).

It should be noticed that the clinical breakpoint for ciprofloxacin has been changed from 1 to 0.5
mg/| for ciprofloxacin (EUCAST, 2017).

Multiple antimicrobial resistance patterns
In broiler chickens, only 8.4% of E. coli showed full susceptibility and 68.9% showed resistance to at
least 3 antimicrobial classes. Multi-resistance to 4, 5 and 6 antimicrobial classes was frequently seen




(21.6%, 21.0% and 14.4% of the tested E. coli respectively) (Figures 15 and 16). Compared to 2015,
there is a slight tendency towards less full susceptibility (11.8% of the strains were fully susceptible in

2015), whereas the number of strains showing multi-resistance remained stable (70.4% in 2015). This

is due to a higher number of strains being resistant to 2 different classes instead of 3 or more.
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Figure 15 : Percentages of Escherichia coli strains from fattening pigs, veal calves, bovines and broiler chickens showing
full susceptibility (“sus”) or resistance to at least 1 antimicrobial. Resistance to nalidixic acid and resistance to
ciprofloxacin, as well as the resistance to cefotaxime and ceftazidime are respectively addressed together.
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Figure 16. Percentiles of Escherichia coli strains from fattening pigs, veal calves, bovines and broiler chickens showing full
susceptibility or resistance to at least 1 antimicrobial. Resistance to nalidixic acid and resistance to ciprofloxacin, as well
as the resistance to cefotaxime and ceftazidime are respectively addressed together. The percentile represents the
percentage of strains that showed resistance equal to or lower than the indicated number of antimicrobials.
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Figure 17. The weighted entropy (Index of diversity) for veal calves, bovines, chickens and pigs. The higher the weighted
entropy (closer to 1) in an animal category for a certain year, the more resistance to different antimicrobial classes in the
corresponding Escherichia coli isolates.

Table 7 : Multi-resistance pattern of twelve colistin resistant Escherichia coli strains from fattening pigs and veal calves,
whether or not presumptive extended-spectrum B-lactamase (ESBL) and/or AmpC-producer

Fattening pigs 4 mcr-1 Pres. ESBL AMP-FOT-TAZ-

SMX-TET-TMP

4 mcr-2 No AMP-GEN-SMX-
TET-TMP

4 mcr-1 Pres. ESBL AMP-CHL-FOT-TAZ-
SMX-TET-TMP

4 mcr-1 Pres. ESBL AMP-FOT-TAZ-
SMX-TET-TMP

Veal calves 4 mcr-1 No AMP-CHL-CIP-GEN-

NAL-SMX-TET-TMP

4 mcr-1 No AMP-CHL-CIPNAL-
SMX-TET-TMP

8 mcr-1 No AMP-AZI-CHL-CIP-
GEN-NAL-SMX-TET-
TMP

4 mcr-1 Pres. ESBL and AMP-CIP-NAL-SMX-

AmpC TET

4 mcr-1 Pres. ESBL AMP-CHL-CIP-SMX-
TET-TMP

8 mcr-1 Pres. ESBL AMP-CIP-NAL-SMX-

TET




Bovines 4 mcr-1 No AMP-CHL-CIP-GEN-
NAL-SMX-TET-TMP

AMP: ampicillin, AZI: azithromycin, CHL: chloramphenicol, CIP: ciprofloxacin, FOT: cefotaxime, GEN:
gentamicin, NAL: nalidixic acid, SMX: sulfomethoxazole, TAZ: ceftazidime, TET: tetracycline, TMP:

trimethoprim.



Discussion

Persisting high levels of antimicrobial resistance (AR) of commensal E. coli to some specific
antimicrobials are observed in 2016 for several food-producing animals. This is the case for
ampicillin, sulfamethoxazole and tetracycline, for which the prevalence of resistant E. coli is at least
40% in broiler chickens, veal calves and pigs. In chickens, AR is also high for ciprofloxacin and nalidixic
acid (57.5% and 48.5% respectively). As in previous years, AR levels are the lowest in young bovines
for meat production and the highest in broiler chickens, followed by veal calves (CODA-CERVA,
2016a). In addition, it was shown that the level of multi-resistance (reduced susceptibility to at least
3 antimicrobial classes according to epidemiological cut-off values) in E. coli was the highest in broiler
chickens (68.9%), whereas in veal calves, the largest variety in multi-resistance patterns is shown,
with some strains highly multi-resistant. In young bovines, 64.2% of the strains were fully susceptible
compared to only 8.4% of the chicken strains. Nevertheless, also in bovines, AR up to 8 antimicrobial
classes (high weighted entropy) and a large variety in the multi-resistant patterns are seen in 2016.
This alerts for the emergence of highly efficient E. coli strains in terms of antimicrobial resistance.
The weighted entropy is globally lower for pigs compared to other species, meaning that for this
species, multi-resistance to a high number of antimicrobials is less frequent than for the others.

Although other risk factors have been described, antimicrobial use is recognized as the main selector
for AR. In Belgium, animal-specific antimicrobial usage data are currently only available for pigs. The
national data collection system Sanitel-MED, mandatory from 27" February, will provide these data
equally for the veal calve and broiler chicken industry, along with other poultry. Studies estimating
herd-level antimicrobial use in fattening pigs, veal calves and broiler chickens have already revealed
intensive antimicrobial use in these animals (Callens et al., 2012; Pardon et al., 2012; Persoons et al.,
2012). The highest usage, expressed in the number of days an animal is treated in his life, was
noticed for veal calves, followed by fattening pigs and broiler chickens (Callens et al., 2012; Pardon et
al., 2012; Persoons et al., 2012).

AR in E. coli is most often being found to ampicillin, sulfamethoxazole, trimethoprim and tetracycline
for all animal species and categories. These high levels of AR have also been found previously in
other studies and monitoring programmes implemented in several European countries (EFSA and
ECDC, 2015). The common patterns of AR to ampicillin, sulfonamides, trimethoprim and tetracyclines
and combinations thereof, often features as a component of multi-resistance patterns, and are
probably related to the presence of class 1 or class 2 integrons, which generally carry genes
conferring resistance to these antimicrobials (Marchant et al., 2013; EFSA and ECDC, 2015). The most
used classes of antimicrobials in animals are the penicillins (80.3 ton in 2015; 30.87% of total use
expressed in tons), followed by the sulfonamides in combination with trimethoprim (74.0 tons in
2015; 28.43% of total use expressed in tons), and the tetracyclines (60.1 ton in 2015; 23.1% of total
use expressed in tons) (BelVet-SAC, 2016). Guidelines for antimicrobial use in food-producing
animals, as proposed by the Belgian Centre of Knowledge on Antimicrobial Use and Resistance
(AMCRA), often place these classes as first choice antimicrobials. Their use in pigs, broiler chickens,
veal calves and bovines increases the selection pressure on isolates with predominant multi-
resistance patterns and thus facilitates further spread of these transferable elements. In 2016, AR
remained high or even increased for all or some of these antimicrobials in pigs, veal calves, bovines
and broiler chickens. A trend analysis with data since first monitoring in 2011 should provide an
appropriate estimation of the actual evolution in AR.



AR to chloramphenicol remains present in E. coli from pigs, veal calves, bovines and broiler chickens.
Chloramphenicol has been prohibited for veterinary use in Europe since January 1997 (Council
Regulation (EEC) 2377/90 and amendments 1570/98 and 508/1999). Therefore, co- and cross-
resistance selection might play a role in the current levels of chloramphenicol resistance (Blickwede
and Schwarz, 2004; Schwarz et al.,, 2004). Yet, most of E. coli strains showing resistance to
chloramphenicol are not resistant to florfenicol, indicating that the mechanism involved relies on the
persisting circulation of ‘old’ resistance genes, which do not account for resistance to all phenicols
(Schwarz et al., 2004). AR to chloramphenicol is present in the multi-resistance patterns of E. coli to
tetracyclines, sulfonamides, trimethoprim and ampicillin. Indeed, several chloramphenicol resistance
genes are located on transferable elements that confer multi-resistance in commensal E. coli to these
antimicrobials (Bisschof et al., 2005; Dowling, 2013; Szmolka and Nagy, 2013). Therefore, co-
resistance is more likely to explain the persistent chloramphenicol resistance.

An increased number of E. coli strains from broiler chickens, isolated on non-selective culture plates,
displayed AR to 3™ generation cephalosporins compared to 2015 (4.6% AR to both cefotaxime and
ceftazidime in 2015, 10.2% and 9.0% AR to cefotaxime and ceftazidime respectively in 2016). After
the reporting of a high ceftiofur resistance prevalence in 2010 (Persoons et al., 2010), the off-label
use of ceftiofur in one-day-old chickens at the hatchery is supposed to be banned. For the first time,
selective media containing cefotaxime were used for the detection of presumptive ESBL- and/or
AmpC-producing E. coli from broilers chickens. This increases the chance of detecting strains
resistant to cefotaxime and ceftazidime compared to a random sampling from non-selective culture
plates (CODA-CERVA, 2016b). As previously seen in pigs and veal calves (CODA-CERVA, 2016b), co-
resistance to other antimicrobial classes, including the critically important macrolides (resistance to
azithromycin equals 6.9%) and fluoroquinolones (resistance to ciprofloxacin equals 68.4%) is
frequently present in presumptive ESBL- and/or AmpC-producing E. coli from broiler chickens.
Nevertheless, a slight decrease in multi-resistant ESBL- and/or AmpC- producing E. coli from pigs and
veal calves were seen compared to 2015, except for ciprofloxacin in pigs. Unfortunately, selective
media have not been used in bovines. Therefore, a reliable estimation of the prevalence of
presumptive ESBL- and/or AmpC-producing E. coli can still not be made in this animal category. From
the 21% of July 2016, a new royal decree imposes severe conditions for use of 3 and 4" generation
cephalosporins and fluoroquinolones in food-producing animals in Belgium. A decreased use of these
cephalosporins should result in a decline in selection and spread of cephalosporin resistance. In the
Netherlands, AR to cephalosporins has dramatically decreased since their restricted use (Dorado-
Garcia et al; 2016). In view of their co-resistance to other antimicrobial classes, including the critically
important macrolides (azithromycin) and fluoroquinolones (ciprofloxacin), as well as to colistin, a
total reduction of antimicrobial use and not only the restriction in use of just those classes
categorized as critically important for human and/or veterinary medicine, is needed. This report
covers only phenotypic monitoring which excludes the determination of the class or exact type of -
lactamase enzyme responsible for conferring the resistance detected to third-generation
cephalosporins. Exploratory studies devoted to the ESBL and AmpC genes circulating in animal E. coli
revealed discrepancies as compared to those reported for food E. coli (data not shown). The genetic
screening of AR determinants is thus an interesting option to consider, not only for studying the
genetic diversity of ESBL- or AmpC- B-lactamases at different stages of the food chain but also to
estimate the transmittable character of the observed resistance and the associated risk for animal
and public health.



As in 2015, clinical AR is higher for presumptive ESBL and/or AmpC-producing E. coli than for E. coli
isolated on non-selective plates. Although E. coli from this monitoring study are considered as
commensal bacteria and therefore may not cause clinical disease, they are considered as indicators
for the selective pressure experienced by all bacteria and moreover, are a reservoir of resistance
genes for other commensal and pathogenic bacteria. Therefore, it can be expected that ESBL- and/or
AmpC- producing Enterobacteriaceae involved in clinical disease, might be harsher to treat at
therapeutic antimicrobial concentrations.

Clinical resistance of E. coli to both cefotaxime and ciprofloxacin showed a steep increase in veal
calves compared to the previous year. This increase was as high as when using the ‘old’ clinical
breakpoint for ciprofloxacin, 1 pg/ml, instead of the new threshold, 0.5 pg/ml. In the absence of
selective culture plates containing cefotaxime, this co-resistance was only at low prevalence in young
bovines.

AR to ciprofloxacin and nalidixic acid is still high in broiler chickens (57.5% and 48.5% respectively)
and moderate in veal calves (19.5% and 18.4% respectively). In pigs and bovines, levels are still low,
but they slightly increased compared to 2015 (increase of 3.5% and 1.2% for ciprofloxacin in pigs and
bovines respectively). A trend analysis with data since first monitoring in 2011 should provide an
appropriate estimation of the actual evolution in quinolone resistance. Development of resistance to
fluoroquinolones occurs mainly by mutations. An increase of AR to ciprofloxacin compared to a
steady AR level to nalidixic acid in pigs and a higher decrease in nalidixic acid resistance compared to
ciprofloxacin resistance in chickens suggests an increased contribution of plasmid mediated
quinolone resistance (pMQR) in the tested E. coli strains (Strahilevitz et al., 2009). The emergence of
PMQR is of concern due to the possibility of horizontal transfer (Strahilevitz et al., 2009). In Belgium,
fluoroquinolones have been widely used for individual or group treatments of pigs, veal calves and
broiler chickens (Callens et al., 2012; Pardon et al., 2012; Persoons et al., 2012). Their usage probably
contributes to the selection and facilitates the spread of pMQR in E. coli with low-level mutational
resistance and therefore account for therapeutic failure (Robicsek et al., 2006; Callens et al., 2012;
Callens et al., 2015). In accordance with 3™ and 4™ generation cephalosporin use, the
implementation of the new royal decree should discourage the use of fluoroquinolones in food-
producing animals in Belgium. A decrease in the use of both classes also should prevent a further co-
selection of resistance to 3™ and 4™ generation cephalosporin and fluoroquinolones as a
consequence of the location of the respective resistance genes on one mobile genetic element
(Szmolka and Nagy, 2013).

Resistance to colistin was detected in E. coli from veal calves (6 out of 348 E. coli strains), fattening
pigs (4 out of 346 E. coli strains) and bovines (1 out of 176 E. coli strains). Colistin resistance was
absent in E. coli from broiler chickens. Until recently, colistin resistance was only described as the
consequence of chromosomally located mutations. The existence of horizontally transferable
resistance mechanisms (mcr-1 and mcr-2) have now globally been reported in bacteria from animals,
food and humans (Arcilla et al., 2015; Hasman et al., 2015; Liu et al., 2015; Webb et al., 2015, Xavier
et al.,, 2016). In Belgium, the mcr-1 or mcr-2 genes have been found in both commensal and
pathogenic E. coli from food-producing animals (Callens et al., 2016; Malhotra-Kumar et al., 2016,
Xavier et al., 2016), and in Salmonella enterica strains from chicken meat (Nadine Botteldoorn, WIV-
ISP, personal communication). In this study, mcr-1 or mcr-2 was found in all E. coli strains showing
resistance to colistin. Moreover, 6 out of the 11 E. coli strains were presumptive ESBL-and/or AmpC-
producers. MCR-1 producing E. coli coproducing ESBL and/or AmpC has been reported (Hasman et



al., 2015). Also, the AR phenotype of colistin resistant E. coli from this report, suggests a genotypic
link between colistin resistance, expressed by mcr-1 or mcr-2, and the production of ESBLs and/or
AmpCs. Location of the mcr-1 and mcr-2 genes on mobile genetic elements is of particular concern as
it increases the risk for a rapid spread from resistant to non-resistant bacteria in animals and humans
with or without an antimicrobial selection pressure. Colistin has been used extensively in young
piglets for intervening with neonatal and post-weaning diarrhoea and oedema disease, and in veal
calves for neonatal diarrhoea (Callens et al., 2012; Pardon et al., 2012). It’s used in poultry to treat
colibacillosis, and is of particular interest in the treatment of laying hens because certain
registrations mention a withdrawal period for eggs of 0 days. Though, its use in veterinary medicine
has been decreasing since 2012 (-51%) (BelVet-SAC, 2016). In spite of this extensive use for years,
colistin resistance remains at low levels in commensal E. coli. Nevertheless, recent findings warrant
for the finding of clinical resistance, and thus whether infections with E. coli and other
Enterobacteriaceae still respond to the prescribed colistin doses. Actually, isolates with increased
MIC values, not belonging to the susceptible population, may still respond to therapeutic levels of
colistin at the site of infection. The presence of colistin resistance on transferable elements raises the
attention on the presence of colistin resistance in multi-resistance patterns. In this report, all colistin
resistant E. coli were shown to be multi-resistant. Presumptive ESBL- and/or AmpC-producing E. coli
resistant to colistin were also resistant to ampicillin, chloramphenicol, sulfamethoxazole,
tetracycline, trimethoprim, ciprofloxacin and nalidixic acid.

AR to last resort antimicrobials for humans, i.e. azithromycin, meropenem and tigecycline, has been
tested for the third year in a row. As in the two previous years, AR to meropenem and tigecycline
was not detected. Carbapenems and tigecycline, used as last resort in the treatment of ESBL infected
patients in human medicine, have no veterinary equivalent, though carbapenemase-producing
bacteria from pigs and bovines have been recorded in Germany and France (Fisher et al., 2012; Poirel
et al.,, 2012). In Belgium, the presence of carbapenem resistant bacteria from horses has been
reported (Smet et al., 2012). AR to ertapenem or imipenem, both carbapenems tested in a second
panel, was also absent in all animal species. In 2015, the second panel revealed a number of the
presumptive ESBL- and/or AmpC-producing E. coli strains being resistant to ertapenem, and one
strain showing resistance to imipenem.



Supplementary data

Table 1: Minimum Inhibitory Concentrations for Escherichia coli strains (n= 174), isolated from fattening pigs at slaughter, using non-selective media for ampicillin (AMP), azithromycin
(AZ1), chloramphenicol (CHL), ciprofloxacin (CIP), colistin (COL), cefotaxime (FOT), gentamicin (GEN), meropenem (MERO), nalidixic acid (NAL), sulfomethoxazole (SMX), ceftazidime (TAZ),
tetracycline (TET), tigecycline (TGC) and trimethoprim (TMP).

<=0.008 <=0.015 <=0.03 <=0.06 <=0.12 <=0.25 <=0.5 <=1 <=2 <=4 <=8 16 32 64 128 256 512 1024 2048
AMP - - - - - - - 3 54 32 3 |1 1 2 78 - - - -
AZ| - - - - - - - - 21 104 4 3|1 1 o - - - -
CHL - - - - - - - - - - 127 5 |16 146 6 - - -
cIp - 152 12 0 2 6 1 o o0 o0 o0 1 - - - - - -
coL - - - - - - - 172 0 |2 o - - - - - - -
FOT - - - - - 169 |1 0o 0 2 2 - - - - - -
GEN - - - - - - 14 32 o0 |lo o o o 1 - - - - -
MERO - - 173 1 0 0 0 o 0 0 0 0 - - - - - . -
NAL - - - - - - - - - 165 o0]Jo 2 o 1 - - -
SMX - - - - - - - - - - 28 32 19]8 1 1 1 1 83
TAZ - - - - - - 170 |1 1 2 o o - - - - - - -
TET - - - - - - - - 8 5 4 Jo 2 35 45 - - . -
TGC - - - - - 170 4 o lo o o - - - - - . . -
TMP - - - - - 38 52 6 0 |1 o o 1 76 - - - - -




Table 2: Minimum Inhibitory Concentrations for Escherichia coli strains (n= 171), isolated from fattening pigs at slaughter for ampicillin (AMP), azithromycin (AZl), chloramphenicol (CHL),
ciprofloxacin (CIP), colistin (COL), cefotaxime (FOT), gentamicin (GEN), meropenem (MERO), nalidixic acid (NAL), sulfomethoxazole (SMX), ceftazidime (TAZ), tetracycline (TET), tigecycline
(TGC) and trimethoprim (TMP), using a selective media containing cefotaxime.

<=0.008 <=0.015 <=0.03 <=0.06 <=0.12 <=0.25 <=0.5 <=1 <=2 <=4 <=8 16 32 64 128 256 512 1024 2048
AMP - - - - - - - o o o o Jo o 1 170 - - - -
AZI - - - - - - - - 13 8 45 6|5 4 9 - - - -
CHL - - - - - - - - - - 125 5 |11 16 7 7 - - -
cIP - 113 4 1 2 21 4 0 o0 0 7 9 - - - - - -
coL - - - - - - - 69 0 [2 o - - - - - - . -
FOT - - - - - 0 0 3 12 21 13 - - - - - - -
GEN - - - - - - 135 23 3 J» 1 1 4 3 - - - - -
MERO - - 171 10 0 0 0 o 0o o o0 0 - - - - - - -
NAL - - - - - - - - - 123 11 8|1 2 5 21 - - -
SMX - - - - - - - - - - 19 11 9|7 1 0o 1 o0 124
TAZ - - - - - - 17 |es 23 32 27 7 - - - - - - -
TET - - - - - - - - 82 4 1 |o 3 28 53 - - . -
TGC - - - - - 168 3 o lo o o - - - - - . -
TMP - - - - - 39 19 3 o0 Jo o o o0 110 - - - - -




Table 3: Minimum Inhibitory Concentrations for Escherichia coli strains (n= 174), isolated from veal calves at slaughter, using non-selective media for ampicillin (AMP), azithromycin (AZI),
chloramphenicol (CHL), ciprofloxacin (CIP), colistin (COL), cefotaxime (FOT), gentamicin (GEN), meropenem (MERO), nalidixic acid (NAL), sulfomethoxazole (SMX), ceftazidime (TAZ),

tetracycline (TET), tigecycline (TGC) and trimethoprim (TMP).

<=0.008 <=0.015 <=0.03 <=0.06 <=0.12 <=0.25 <=0.5 <=1 <=2 <=4 <=8 16 32 64 128 256 512 1024 2048
AMP : - - ; ; ; ; 2 3% 39 o0 Jo o 1 9% - - - :
AZ| : - - ; ; ; ; - 14 92 s0 114 1 2 - - - :
CHL : - - ; ; ; ; - - - 122 8 1o 5 9 20 - - :
CIP : 128 11 1 1 10 5 2 0 0 8 8 - - - - - - :
coL - - - - - - - i72 0 |2 1+ - - - - - - -
FOT - - - - - 167 |2 1 0o 0 4 - - - - - - - -
GEN - - - - - - 145 19 3 o 1 1 3 2 - - - . -
MERO - - 174 0 0 0 0 o 0 0 0 0 - - - - - - -
NAL - - - - - - - - - 1333 1|1 3 5 23 - - -
SMX - - - - - - - - - - 15 21 21]13 5 2 0 1 96
TAZ - - - - - - 69 |2 1 1 1 o - - - - . - -
TET - - - - - - - - 49 2 0 Jo 2 33 8 - - - -
TGC - - - - - 166 7 1 Jlo o o - - - - - . -
TMP - - - - - 36 9 6 2 |o o o 1 70 - - - - -




Table 4: Minimum Inhibitory Concentrations for Escherichia coli strains (n= 174), isolated from veal calves at slaughterfor ampicillin (AMP), azithromycin (AZl), chloramphenicol (CHL),
ciprofloxacin (CIP), colistin (COL), cefotaxime (FOT), gentamicin (GEN), meropenem (MERO), nalidixic acid (NAL), sulfomethoxazole (SMX), ceftazidime (TAZ), tetracycline (TET), tigecycline
(TGC) and trimethoprim (TMP), using a selective media containing cefotaxime.

<=0.008 <=0.015 <=0.03 <=0.06 <=0.12 <=0.25 <=0.5 <=1 <=2 <=4 <=8 16 32 64 128 256 512 1024 2048

AMP - - - - - - - o o o0 ©o0 |o o o 174 - - - -
AZI - - - - - - - - 10 69 59 9 |5 6 16 - - - -
CHL - - - - - - - - - - 8 7 |10 14 29 32 - - -
CIp - 59 9 1 1 16 20 3 2 3 12 48 - - - - - . -
coL - - - - - - - 170 1 |2 1 - - - - - . -
FOT - - - - - 0 1 6 5 1 161 - - - - - - - -
GEN - - - - - - 115 23 5 |7 6 4 8 6 - - - . -
MERO - - 174 0 0 0 0 o 0 O O 0 - - - - - - -
NAL - - - - - - - - - 74 16 7|1 1 6 69 - - -
SMX - - - - - - - - - - 7 10 11|3 3 o0 1 6 133
TAZ - - - - - - 14 |39 32 30 42 17 - - - - - . -
TET - - - - - - - - 22 1 o |o o 39 113 - - - -
TGC - - - - - 170 4 o Jlo o o - - - - - . -
TMP - - - - - 28 40 4 1 |1 o o o 100 - - - - -




Table 5: Minimum Inhibitory Concentrations for Escherichia coli strains (n= 176), isolated from bovines younger than 7 months old at the herd, using non-selective media for ampicillin
(AMP), azithromycin (AZl), chloramphenicol (CHL), ciprofloxacin (CIP), colistin (COL), cefotaxime (FOT), gentamicin (GEN), meropenem (MERO), nalidixic acid (NAL), sulfomethoxazole
(SMX), ceftazidime (TAZ), tetracycline (TET), tigecycline (TGC) and trimethoprim (TMP).

<=0.008 <=0.015 <=0.03 <=0.06 <=0.12 <=0.25 <=0.5 <=1 <=2 <=4 <=8 16 32 64 128 256 512 1024 2048
AMP : : - - ; ; ; 13 73 61 2 Jo o o 27 - - - -
AZ| : : - - ; ; ; ; 26 95 53 0]2 o o - - - -
CHL : : - - ; ; ; ; - - 155 3|2 o 8 8 - - -
CIP : 159 7 0 1 3 0 0 o 0 3 3 - - - - - -
coL - - - - - - - 176174 41 Joa o - - - - - - -
FOT - - - - - 174 Jo 0 o 0 2 - - - - - . -
GEN - - - - - - 138 27 4 ]2 2 0 3 o0 - - - -
MERO - - 175 0 1 0 0 0 o 0 0 0 - - - - - - -
NAL - - - - - - - - - 166 1 0o 1 1 7 - - -
SMX - - - - - - - - - - 18 45 31|35 6 2 1 7 31
TAZ - - - - - - 175175 | 10 40 00 01 00 - - - - - - -
TET - - - - - - - - 1393 0 o 1 122 220 - - - -
TGC - - - - - 176 0 0 lo o o - - - - - . -
TMP - - - - - 69 72 13 1 J[lo o o o 212 - - - - -




Table 6: Minimum Inhibitory Concentrations for Escherichia coli strains (n= 167), isolated from broiler chickens at slaughter, using non-selective media for ampicillin (AMP), azithromycin
(AZl), chloramphenicol (CHL), ciprofloxacin (CIP), colistin (COL), cefotaxime (FOT), gentamicin (GEN), meropenem (MERO), nalidixic acid (NAL), sulfomethoxazole (SMX), ceftazidime (TAZ),
tetracycline (TET), tigecycline (TGC) and trimethoprim (TMP).

<=0.008 <=0.015 <=0.03 <=0.06 <=0.12 <=0.25 <=0.5 <=1 <=2 <=4 <=8 16 32 64 128 256 512 1024 2048
AMP - - - - - - - 1 11 15 0 0 0 1 139 - - - -
AZl - - - - - - - - 13 73 69 10| 2 0 0 - - - -
CHL - - - - - - - - - - 121 4 13 9 4 16 - - -
CIp - 64 7 0 14 37 19 8 1 2 9 6 - - - - - - -
coL - - - - - - - 152167 0 o o - - - - - . . -
FOT - - - - - 150 0 1 6 3 7 - - - - - - - -
GEN - - - - - - 129 29 3 Jlo 2 3 2 o - - - - -
MERO - - 167 0 0 0 0 0 0 0 0 0 - - - - - - -
NAL - - - - - - - - - 71 7 8|2 20 20 39 - - -
SMX - - - - - - - - - - 11 17 17 | 7 1 1 1 2 110
TAZ - - - - - - 152 3 0 2 5 5 - - - - - - -
TET - - - - - - - - 80 0 1 o 1 25 60 - - - -
TGC - - - - - 160 7 0 l[lo o o - - - - - . . -
TMP - - - - - 32 31 7 2 Jlo o o o 9 - - - . -
Table 7: Minimum Inhibitory Concentrations for Escherichia coli strains (n= 174), isolated from broiler chickens at slaughter for ampicillin (AMP), azithromycin (AZzl), chloramphenicol
(CHL), ciprofloxacin (CIP), colistin (COL), cefotaxime (FOT), gentamicin (GEN), meropenem (MERO), nalidixic acid (NAL), sulfomethoxazole (SMX), ceftazidime (TAZ), tetracycline (TET),
tigecycline (TGC) and trimethoprim (TMP), using a selective media containing cefotaxime.

<=0.008 <=0.015 <=0.03 <=0.06 <=0.12 <=0.25 <=05 <=1 <=2 <=4 <=8 16 32 64 128 256 512 1024 2048
AMP - - - - - - - 0 0 0 0 0 0 0 174 - - - -
AZ| - - - - - - - - 27 97 30 8 7 4 1 - - - -
CHL - - - - - - - - - - 109 8 18 17 8 14 - - -
CIp - 44 9 2 8 40 14 11 3 5 24 14 - - - - - - -




coL ; : : 174 0 [o o - - - - . :
FOT : 0 1 13 23 29 108 - - - - - -
GEN : ; 136 21 4 Jo o 6 3 4 - - :
MERO 174 0 0 o 0o 0o o0 o0 - - - - :
NAL : ; ; - - 55 8 4|4 12 23 68 -
SMX ; : : - - - 6 9 8|5 1 1 137
TAZ : ; 20 [32 16 17 46 43 - - - - :
TET : ; ; - 62 6 0 |o 5 48 53 - -
TGC - 169 5 o lo o o - - - . . -
TMP - 33 38. 10 1 |o o o o 99 - - -
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