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ARTICLE INFO ABSTRACT

Keywords: Extended-spectrum cephalosporins (ESCs) are critically important antibiotics for humans and their use in ani-
Chicken mals poses a potential threat for public health. Chicken represents an increasing part of the human diet and has
Meat also been regarded as a source of ESC-resistant Enterobacteriaceae because of the worldwide off-label use of

ESBL ceftiofur, a broad-spectrum cephalosporin. Thus, numerous studies pointed out chicken as a reservoir of ESBL/
Icnj;)fl'M'l PAmpC genes, plasmids and/or clones at risk for humans. In France, late 2011, strong political pressure led to a

drastic reduction of ceftiofur use and all other antibiotics in chicken production. Here, we ascertained the po-
tential impact of those efforts on the prevalence of ESC-resistant E. coli in retail chicken. From October 2015 to
January 2016, of 48 unrelated pieces of meat (chicken legs) belonging to four different brands, 44 (91.7%) were
positive for ESC-resistant E. coli. The blacrx.m.1 gene was highly prevalent (68/74, 91.9%), mostly located on
IncI1/ST3 plasmids (65/68, 95.6%). Other ESBL/pAmpC genes (blargm.s2, blasyy.12, blacmy.2) were carried by
IncX1, IncI1/ST36, Incl1/ST95, IncA/C or IncK plasmids. The positive isolates were non-clonal, suggesting a
horizontal spread of the ESBL/pAmpC genes. Obviously, the strong decrease of antimicrobial use in chicken
farms had no impact yet on the ESBL/pAmpC prevalence in retail chicken meat in France. A human source of
these ESBL/pAmpC genes is unlikely as blacrx.m.1 IncIl/ST3 plasmids are dominant in animals and rare in
humans. Our data question the real impact of the decrease of antimicrobial use in chicken production on ESBL
contamination of chicken meat and point out the risk of ESBL/AmpCs human transfer through the food chain.

1. Introduction

Resistance to extended spectrum cephalosporins (ESCs) in
Enterobacteriaceae is mostly mediated by Extended-Spectrum Beta-
Lactamases (ESBLs) or plasmidic AmpC (pAmpC), and constitutes a
major issue in both human and veterinary medicine. In particular, ESCs
have been considered as critically important antibiotics (CIA) in human
medicine, and national and international guidelines have also been set
up in the veterinary sector in order to prevent inappropriate use of ESCs
in animals. Very recently, a Joint Opinion from the European Medicines
Agency (EMA) and the European Food Safety Authority (EFSA) was
issued on measures to reduce the need to use antimicrobial agents in
animal husbandry in the European Union, and the resulting impacts on
food safety (EMA, 2017).

After the emergence of ESC-resistant Enterobacteriaceae in food-
producing animals globally in the 2000s, numerous studies have spe-
cifically focused their interest on the poultry sector, and revealed the
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presence of ESBLs/pAmpCs at different levels in the broiler production
pyramid, as well as on the surface of chicken carcasses or meat thereof,
including at retail (Borjesson et al., 2013; Dierikx et al., 2013). It has
been now commonly admitted that the selection of ESBL/pAmpC-pro-
ducers in chicken has mainly resulted from the worldwide off-label use
of ceftiofur — a broad-spectrum cephalosporin of veterinary use — di-
rectly administered in ovo (Dutil et al., 2010). Of note, high prevalence
rates of ESBL/pAmpC-producing Enterobacteriaceae were also reported
in countries with very low antibiotic pressure but that had imported
contaminated chicken from countries using ceftiofur (Egervarn et al.,
2014). Globally, the focus on chicken is of particular concern since
chicken meat represents a substantial proportion of the human diet
(14.52 kg per person in 2011 in Europe, according to the Food and
Agriculture Organization) (FAO, 2015), which is expected to rise dra-
matically in the future.

In addition, several studies investigated the possible poultry-to-
human transfer of ESBL/pAmpC producers and suggested chicken as a
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reservoir of ESBL genes, plasmids and/or clones at risk for humans.
Indeed, similar or identical ESC-resistant isolates or ESBL/pAmpC
plasmids were found in chicken meat and patients in Denmark and the
Netherlands (Huijbers et al., 2014; Kluytmans et al., 2013; Leverstein-
van Hall et al., 2011; Overdevest et al., 2011). Even though there has
been still no final scientific consensus on this question, the EFSA de-
clared the presence of ESBL-producing E. coli in poultry meat a sig-
nificant hazard to public health (Efsa Panel on Biological Hazards et al.,
2012).

In the recent years, there has been a strong scientific and political
pressure in Europe in order to decrease the use of antibiotics in veter-
inary medicine, and especially in food-producing animals.
Subsequently, and particularly in France, the off-label use of ceftiofur in
the chicken production was drastically reduced. More globally, the total
number of tons of all antibiotics (including non CIA) used in this sector
also significantly decreased, from 254.41 tons in 2007 to 156.67 tons in
2013 (38.4% reduction), thus limiting the risk of co-selection of ESC-
resistant bacteria by the use of non-beta-lactams (ANSES, 2014). As a
probable consequence, and thanks to the all-in all-out mode of pro-
duction together with the very short period of chicken rearing (less than
two months), the ESBL/pAmpC prevalence in clinical samples from
chicken also decreased remarkably from 22.5% in 2010 to 2.5% in 2015
in France (www.resapath.anses.fr). In this context, a reasonably low
ESBL/pAmpC prevalence would have been expected in chicken meat as
well. Our goal was thus to assess the prevalence of ESC-resistant E. coli
in chicken meat samples at retail and to characterize molecularly the
collected isolates.

2. Material and methods
2.1. Bacterial isolation and identification

Based on the hypothesis of an ESBL prevalence around 50% in
chicken meat, with a required precision of 10%, a sample size of 97
chicken meat pieces was needed. The main commercial centers from the
Lyon, France area were identified and, starting in October 2015, 4 to 6
(depending on availability of products) packed chicken legs from four
different commercial brands (A to D) were bought each week. Specific
attention was paid to be sure that all pieces presented a different lot
number, to have unrelated chicken meat pieces. All pieces of meat had a
French origin as stated on the packaging.

Two 10 g samples of each piece of meat were aseptically partitioned
and then submitted to two different protocols in order to maximize the
chances of selecting ESBL/pAmpC-producing isolates. For protocol A,
10 g of meat were incubated overnight in 100 mL of Brain Heart
Infusion (BHI) broth supplemented with cefotaxime (2 mg/L), and
100 pL were then plated on MacConkey agar with cefotaxime (2 mg/L).
For protocol B, 10 g of meat were incubated overnight in 100 mL of BHI
broth and 100 pL were then plated onto selective ChromID ESBL plates
(Biomérieux, Marcy I'Etoile, France). One presumptive E. coli of each
morphology was collected from both ChromID ESBL and MacConkey
plates, and identification was performed using a MALDI-TOF (Brucker).

2.2. Antibiotic susceptibility testing

Susceptibility testing was performed by disc diffusion using com-
mercially available discs (MAST, Amiens, France) according to the
guidelines of the Antibiogram Committee of the French Society for
Microbiology (CA-SFM; www.sfm-microbiologie.org). Susceptibility to
32 beta-lactams and non beta-lactams of veterinary and human interest
was tested, and ESBL production was confirmed by the double-disc
synergy test. E. coli ATCC 25922 was used as quality control.

2.3. Beta-lactamase and cephalosporinase genes identification

The blacrx.m genes were detected using a CTX-M group-specific
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multiplex PCR (Shibata et al., 2006), while the blatgy, blasyy and
blacyy.» genes were screened by simplex PCRs (Dallenne et al., 2010).
For the CTX-M-1 group, an additional PCR was performed using ex-
ternal primers (ISEcplLl, 5-CAGCTTTTATGACTCG; P2D, 5-CAGCG-
CTTTTGCCGTCTAAG) to detect the ISEcpl upstream to the blacrx..1
genes. All positive amplicons were sequenced (Genewiz, London,
United Kingdom).

2.4. Transferability of the blagsg; /pampc genes and plasmid characterization

Plasmids were transferred by broth mating to E. coli rifampicin-re-
sistant K-12 J53 recipient strains and rep-typed using a PCR-based re-
plicon typing (PBRT) commercial kit (Diatheva, Fano, Italy). The sizes
of plasmids of native strains were determined by S1-Pulsed-field gel
electrophoresis (PFGE) gels (Dierikx et al., 2010). Southern blot hy-
bridizations were performed with blacrx.y, blargy, blasyy or blacyy
probes, and probes corresponding to the various replicon types found,
either on transconjugants when successfully obtained, or on native
strains. Plasmid subtypes for IncI1 replicons were determined using the
plasmid Multi-Locus Sequence Typing (pMLST; http://pubmlst.org/
plasmid/).

2.5. Typing of the bacteria

Phylogenetic grouping of the E. coli isolates was performed and
subgrouped as previously described (Doumith et al., 2012). A PCR
specific for the detection of the ST131 clone was performed on all B2
isolates (Clermont et al., 2009). PFGE was performed using the re-
striction enzyme Xbal. The software BioNumerics™ (Applied Maths,
Sint-Martens-Latem, Belgium) was used for dendrogram construction
and clustering, based on the band-based Dice similarity coefficient and
the unweighted pair group method using arithmetic averages
(UPGMA). Isolates were considered to belong to the same cluster when
similarity coefficient was = 90%.

2.6. Statistical analysis

The 95% confidence interval of the prevalence was calculated using
exact confidence intervals for a binomial proportion.

3. Results and discussion
3.1. Bacterial isolates and antibiotic susceptibility testing

As the required precision (10%) was reached rapidly due to the
considerably high prevalence of ESBL-positive isolates, the sampling
was stopped at 48 pieces of chicken meat in January 2016. Indeed, of
the 48 pieces of chicken meat tested, 44 (n = 44/48, 91.7%; 95%
confidence interval: [80.0-97.7]) were positive for ESC-resistant E. coli
on selective plates. This prevalence is among the highest reported in
Europe but comparable to what has been described in the Netherlands
(94% ESBL-producing E. coli out of 98 chicken breasts; (Leverstein-van
Hall et al., 2011)) and Spain (93.3% ESBL-producing E. coli out of 15
chicken meat samples; (Egea et al., 2012)). This still very high pre-
valence of ESC-resistant E. coli on chicken meat at retail in 2015/2016
is surely surprising as it suggests that the efforts made to decrease the
use of antibiotics in poultry would not have a direct impact on the
contamination of chicken meat by ESBLs/pAmpCs.

The vast majority of the isolates displayed an ESBL phenotype (74/
77, 96.1%) while only three isolates presented a pAmpC phenotype (3/
77, 3.9%). The predominance of ESBL- over pAmpC-producers was
expected since the pAmpC phenotype in European chicken meat was
reported in a more limited number of cases compared to ESBLs, such as
in Sweden importing contaminated chicks from the UK or in the UK
importing raw meat from South America where AmpCs are highly
prevalent (Dhanji et al., 2010; Egervarn et al., 2014; Warren et al.,
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Table 1
Characteristics of the 77 ESBL/pAmpC-producing E. coli isolates.
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ESBL gene Nr of isolates Phylogroup Plasmid types/subtypes
IncIl IncFII IncA/C IncK IncX1
ST3 ST26 ST95
blacrx-m-1 68 A 20 - - 2 - - -
Bl 19 - - 1 - - -
B2 2 - - - - - -
D 24 - - - - -
blacmy.2 3 A - - - - 1 - -
B2 - - - - 1 - -
D - - - - - 1 -
blasiy-12 1 Bl - - 1 - - - -
blargm.s2 A - 2 - - - - -
Bl - - - - - - 2
D - - - - - - 1

2008). Most isolates displayed additional resistances to sulfonamides
(65/77, 84.4%), tetracyclines (58/77, 75.3%), trimethoprim (40/77,
51.9%), quinolones (32/77, 41.6%), aminoglycosides (23/77, 29.9%),
phenicols (11/77, 14.3%) and fluoroquinolones (16/77, 20.8%), but all
of them remained susceptible to ertapenem and colistin. The highest
prevalence of resistance was for those antibiotics mostly used to treat
poultry by the oral route in France, i. e. tetracyclines, aminoglycosides
and sulfonamides. Of note, colistin is also widely used to treat animals
but no resistant isolate was detected here. The dissemination of ESC-
resistant E. coli might thus also be mediated by co-selection through the
use of old but still widely-used veterinary-licensed molecules.

The two protocols used (see Materials and methods section) allowed
recovering a total of 93 isolates. Based on the PFGE profiles and mo-
lecular characteristics of these isolates, 26 meat samples (59.1%) pre-
sented at least two different E. coli clones and a final total of 77 non-
clonal isolates were kept for further studies (Table 1). There was no
significant difference in the ESBL/pAmpC prevalence in meat of dif-
ferent commercial brands. In 15 ESBL/pAmpC-positive meat samples
(15/44, 34%), only one protocol was successful (Table S1). However,
both were equally effective since protocol B allowed the detection of 7
positive meat samples that were negative with protocol A, whereas
protocol A alone allowed the detection of 8 positive meat samples that
were negative with protocol B. The reasons of this divergence remain
unknown but may be due to a particularly low bacterial load in these
samples, which lowers the chances of finding ESBL-positive E. coli. In
any case, this highlights the recurrent difficulty of comparing studies
and being accurate in the detection of resistant sub-populations, even
using an enrichment step (Randall et al., 2016).

3.2. ESBL/pAmpC genes and characterization of the ESBL/pAmpC genes-
carrying plasmids

Among the ESBL isolates, the blactx.m.1 gene was by far the most
prevalent (68/74, 91.9%), even though blargy.se (5/74, 6.8%) and
blaspv.12 (1/74, 1.4%) genes were also sporadically found (Table S1).
Almost all blacrx.n.1 genes (65/68, 95.6%) were harbored by IncI1/ST3
plasmids that were mostly conjugative and whose size ranged from 97
to 120 kb (with the exception of one 195 kb-sized plasmid). The re-
maining blacrx.1 genes (3/68, 4.4%) were carried by 120-150 kb
IncFII plasmids. Three out of the five blargy.so genes were harbored by
small (~45 kb) IncX1 plasmids, whereas the two last ones were carried
by ~100 kb IncI1/ST36 plasmids. The blagyy.1» gene was harbored by a
130 kb IncI1/ST95 plasmid. Only three isolates presented a pAmpC
phenotype due to the presence of the blacyy.o gene (3/77, 3.9%). Two
blacymy.2 genes were harbored by 165 kb IncA/C plasmids, and the third
one by a 90 kb IncK plasmid.

The higher prevalence of the blacrx.m.1 gene was expected and our

results are in line with other European studies showing a high pre-
valence of blacrx.m.1 in the retail poultry meat (Leverstein-van Hall
et al., 2011; Mnif et al., 2012; Overdevest et al., 2011; Zurfluh et al.,
2014). The presence of this gene was also reported in French poultry
and French broiler meat imported to Denmark (Bergenholtz et al.,
2009; Girlich et al., 2007). Finally, the blacrx..1 gene has mainly dis-
seminated on plasmids, and IncI1/ST3 has been repeatedly identified as
the most prevalent vehicle. IncI1/ST3 was frequently reported in
Europe, but not only. Indeed, blactx.1 Incll/ST3 plasmids seem to
have a peculiar animal tropism with numerous reports in both pets and
food-producing animals (Accogli et al., 2013; Bergenholtz et al., 2009;
Grami et al., 2013; Haenni et al., 2014; Rodrigues et al., 2013).

In addition to blacrx.m.1, blarem.se and blagyy.1o were also recur-
rently reported to confer the ESBL phenotype in European poultry
isolates (Leverstein-van Hall et al., 2011). The blatgm.s2 gene has also
been reported in diarrheic veal calves in France, although at a very low
frequency (Haenni et al., 2012). Interestingly, two E. coli from the same
supplier A displayed a blargy.s» gene that was carried by an IncI1/ST36
plasmid, thus confirming this frequent gene-plasmid combination. In
parallel, IncX1 plasmids were also proved to spread blatgy.s2 here, and
those plasmids were interestingly found in E. coli isolates recovered
from the same supplier D. Moreover, two of them were isolated from E.
coli isolates found on the same meat sample (Table S1). This may
suggest the presence of an IncX1-carrying contaminant in the supplier
D's production processes, and an IncIl plasmid in the supplier A's
process, possibly at the growing, slaughtering or partitioning stages of
the animals.

3.3. Typing of the isolates

All isolates were non-clonally related, as revealed by their different
PFGE profiles (Fig. 1). This clearly indicates that the blactx..1 gene has
disseminated horizontally and not through clonal spread. Only five E.
coli isolates of phylogroup D, which all presented a blacrx.y.1-carrying
IncIl plasmid of 110 kb, were collected from five different meat sam-
ples that were sold by two unrelated suppliers and clustered with 94.5%
of similarity.

Globally, 27 (35.0%) E. coli belonged to the phylogroup D, 25
(32.5%) to A, 22 (28.6%) to B1, and 3 (3.9%) to B2. None of the B2
isolates belonged to the widespread ST131 human clone, as proved by
the absence of ST131-specific amplification using the previously de-
scribed PCR (Clermont et al., 2009). Recent studies showed slight
variations among the prevalence of phylogroups A, B1 and D in E. coli
isolates from poultry settings, but B2 was generally reported at the
lowest frequency (Egea et al., 2012; Huijbers et al., 2014; Kluytmans
et al., 2013).
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Antimicrobial susceptibility profile Strain 5:::“0" Brand :;‘gﬁ bla gene Plasmid Plasmid
size Inc type
ox283zE BusBisEE
H B B W #1707 26102015 B B1 CTXM1 120 11
(1 ] 41766 0501/2016 C D CTX-M-1 105 1
[ ] 41740 30112015 B D CTXM1 195 11
[ | | [ | 41710 09/11/2015 B B1 CTX-M-1 10 1
[ ] 41738 30112015 D A CIXM1 110 11
[ ] W #1736 30112015 D A CTXM1 110 11
[ ] 09112015 B A CTXM1 105 11
[ ] 09112015 B A CTXM1 105 11
[ ] 30112015 B A CTXM1 120 11
09112015 D A CIXM1 100 11
[ ] 41742 30112015 A Bi CIXM1 110 11
H B W #1723 16112015 B D CTX-M-1 10 1
H B W #1759 o0s012016 B D CIXM1 110 11
H B W #1762 05012018 B D CTX-M-1 10 1
H B W #1744 30112015 C¢ D CIXM1 110 11
H B [ 20678 05102015 B D CTXM1 110 11
H B W #1741 30112015 B D CTX-M-1 15 N
H B 41706 26102015 A D CcIXM1 118 11
H B BN s 05102015 A B CTXM1 120 11
H B 41756 050012016 D D CIXM1 110 11
H Bl 41765 050012016 A Bi CTXM1 110 11
[ ] 05012016 B D CIXM1 110 11
[ ] 41763 05012016 B D CTXM1 110 11
[ ] 07122015 B D CTXM1 105 11
] 07122015 D D CIXM1 110 11
|| H B 23112015 B D CTXM-1 110 11
23/11/2015 [ A CTX-M-1 110 "
[ ] 161112015 A Bl CTXM1 105 11
[ ] 23112015 D Bi CTXM1 110 11
09112015 B Bi CIXM1 110 11
[ ] 16/11/2015 D Bt CTXM1 115 11
. 07/12/2015 A B1 CTX-M-1 115 "
23112015 D D TEM-52 45 X1
[ ] 07122015 B D CTXM1 105 11
HE HE BEEE 09112015 B B2 cMY-2 160  AC
30112015 D D TEM-52 45 X1
[ | 23112015 B A CTXM1 120 11
[ ] 07122015 C A CTXM1 110 11
23112015 B A CTXM1 110 11
161112015 B B2 CIXM1 110 11
|| 07122015 D A CTXM1 105 11
. 16/11/2015 D D CTX-M-1 110 "
[ ] 07122015 A D CTXM1 105 11
[ ] HER 16112015 D A cMY-2 170 AC
[ ] 07122015 C D CTXM1 120 11
[ ] 07122015 B A CTXM1 100 11
. 16/11/2015 B B1 CTX-M-1 110 "
[ ] 07122015 B B2 CTXM1 105 11
. 09/11/2015 A B1 CTX-M-1 100 "
05012016 B A CIXM1 110 11
[ ] [ ] 05012016 B A CTXM-1 110 1
[ ] 26102015 D A cTXM1 o7 1"
05102015 D Bi CTXM1 120 Fil
| ] [ ] 05102015 B D CTXM-1 100 11
[ ] 26102015 D D CIXM1 120 11
] 261012015 A Bi CTXM1 120 11
[ ] [ ] 051102015 D A XM 110 1
[ ] 161112015 B D CIXM1 110 11
05012016 C  B1 CTXM1 105 11
| | H B 16/11/2015 D B1 SHV-12 130 1
] 05102015 A A TEM-52 T
161112015 D D cMy-2 0 K
| | H B 05012016 D A CTXM-1 110 1
05012016 A A TEM-52 %5 1"
H HEE W :69 26102015 D A CTX-M-1 100 1
] B | ] 41703 261012015 B A CTX-M-1 146 FI
[ ] HEE 573 05102015 C Bt CTXMA 100 1
H B B N« 26102015 ¢ B1 CTX-M-1 18 N
H B 4714 09112015 A D CTXM-1 97 1"
H B 41731 23112015 A Bi CIXM1 110 11
[ ] | ] 40670 051012015 B A CTX-M-1 10 1
| ] 41753 071212015 C D CTX-M-1 105 1
H B 41701 261012015 D B1 CTX-M-1 120 1
41735 30112015 D Bi TEM-52 45 X1
40672 05102015 C  Bi CTXM1 100 11
41700 261012015 D A CTXM1 o7 1"
| ] H Bl 41743 30112015 C A CTX-M-1 150 FI

Fig. 1. PFGE, antimicrobial susceptibility profile and characteristics of the 77 E. coli isolates. S, streptomycin ; K, kanamycin ; AN, amikacin ; APR, apramycin; GM, gentamicin; TM,
tobramycin; NET, netilmicin; C, chloramphenicol ; FFC, florfenicol; TE, tetracycline; CS, colistin; SSS, sulfonamides; TMP, trimethoprim; NA, nalidixic acid; ENR, enrofloxacin; OFX,

ofloxacin.
4. Conclusions

This study investigated the prevalence and molecular features of
ESBL/pAmpC producers in retail chicken meat in France in a context of
a major decrease of the use of all antimicrobials - including the off-label
use of ceftiofur - in poultry in this country, in accordance to the national
strategic action plan set up late 2011 in the animal sector. The im-
portance of this study relies on the surprising discrepancy observed
between the reduced use of ESC and other antibiotics globally and the

still considerable ESBL/pAmpC prevalence in retail chicken meat.
These findings raise several questions as follows. It may be argued
that the poultry meat samples originate from living chicken — or be
themselves — introduced in France from countries with less responsible
practices towards antibiotic use (Egervarn et al., 2014; Warren et al.,
2008). However, imported chicken or chicken meat cannot be blamed
since all poultry producers indicated a French origin of the animals.
Moreover, in France, imported chicken meat is never sold raw but al-
ways processed with other food products. Also, the animal or human
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origin of the ESBL producers may be questioned, since chicken meat
contamination with ESC-resistant bacteria may either reflect an anti-
biotic use in animals or result from human transfers through food
handling and processing. However, our data rather suggest an animal
origin since IncI1/ST3 plasmids carrying blacrx.m.1 have been massively
reported in animals and only sporadically in humans (Madec et al.,
2015). Also, none of the E. coli isolates were of the B2 phylogroup,
which includes most ESBL genes and clones in humans (and mainly the
CTX-M-15-producing ST131 clone), but rarely blacrx.m.1-

In all, these data make us believe that, despite a probable limited
exposure of poultry to ESC since 2011/2012 in France, ESBL/pAmpC
producers are still present at a high frequency in the sub-dominant gut
flora of the animals in 2015/2016. Similar observations were made in
human beings after exposure to antibiotics (Carlet, 2012). This is also in
line with the current high ESBL/pAmpC prevalence in poultry in Europe
when measured using selective media. These results question the routes
of dissemination of these bacteria through the poultry pyramid and
along the meat processing chain. The fact is surprising as the very short
period of chicken production (< 2 months) and the all-in all-out pro-
duction system should have favored a rapid elimination of ESBL/
pAmpC producers from poultry farms after stopping using ESCs. It is
also alarming considering the potential transmission of ESBL/pAmpC
producers to humans via the food chain, which may not be sufficiently
counteracted by the current measures in place in the animal sector in
Europe.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ijffoodmicro.2017.07.005.
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