
antibiotics

Article

Susceptibility of Commensal E. coli Isolated from Conventional,
Antibiotic-Free, and Organic Meat Chickens on Farms and at
Slaughter toward Antimicrobials with Public Health Relevance

Laura Musa 1,† , Patrizia Casagrande Proietti 1,*,†, Maria Luisa Marenzoni 1 , Valentina Stefanetti 1 ,
Tana Shtylla Kika 2 , Francesca Blasi 3, Chiara Francesca Magistrali 3 , Valeria Toppi 1, David Ranucci 1,
Raffaella Branciari 1 and Maria Pia Franciosini 1

����������
�������

Citation: Musa, L.; Proietti, P.C.;

Marenzoni, M.L.; Stefanetti, V.; Kika,

T.S.; Blasi, F.; Magistrali, C.F.; Toppi,

V.; Ranucci, D.; Branciari, R.; et al.

Susceptibility of Commensal E. coli

Isolated from Conventional,

Antibiotic-Free, and Organic Meat

Chickens on Farms and at Slaughter

toward Antimicrobials with Public

Health Relevance. Antibiotics 2021, 10,

1321. https://doi.org/10.3390/

antibiotics10111321

Academic Editor: Alexandro

Rodríguez-Rojas

Received: 22 September 2021

Accepted: 25 October 2021

Published: 29 October 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Veterinary Medicine, Via S. Costanzo 4, 06126 Perugia, Italy;
laura.musa@studenti.unipg.it (L.M.); marialuisa.marenzoni@unipg.it (M.L.M.);
valentina.stefanetti@unipg.it (V.S.); toppivaleria@gmail.com (V.T.); david.ranucci@unipg.it (D.R.);
raffaella.branciari@unipg.it (R.B.); maria.franciosini@unipg.it (M.P.F.)

2 Department of Veterinary Public Health, Faculty of Veterinary Medicine, Agricultural University of Tirana,
Koder Kamez, 1029 Tirana, Albania; tana.shtylla@ubt.edu.al

3 Istituto Zooprofilattico Sperimentale dell’Umbria e delle Marche ‘Togo Rosati’, 06124 Perugia, Italy;
f.blasi@izsum.it (F.B.); c.magistrali@izsum.it (C.F.M.)

* Correspondence: patrizia.casagrandeproietti@unipg.it
† These authors contributed equally to this work.

Abstract: The spread of resistant bacteria from livestock to the food industry promoted an increase
of alternative poultry production systems, such as organic and antibiotic-free ones, based on the
lack of antimicrobial use, except in cases in which welfare is compromised. We aimed to investigate
the antibiotic susceptibility of commensal Escherichia coli isolated from organic, antibiotic-free, and
conventional broiler farms and slaughterhouses toward several antimicrobials critically important for
human health. To assess antimicrobial susceptibility, all E. coli isolates and extended spectrum beta-
lactamase (ESBL) E. coli were analysed by the microdilution method. The prevalence of tigecycline,
azithromycin and gentamicin E. coli-resistant strains was highest in organic samplings. Conversely,
the lowest prevalence of resistant E. coli strains was observed for cefotaxime, ceftazidime and
ciprofloxacin in organic systems, representing a significant protective factor compared to conventional
systems. All E. coli strains were colistin-susceptible. Contamination of the external environment by
drug-resistant bacteria could play a role in the presence of resistant strains detected in organic systems.
Of interest is the highest prevalence of cephalosporin resistance of E. coli in conventional samplings,
since they are not permitted in poultry. Our results suggest that monitoring of antibiotic resistance of
the production chain may be helpful to detect “risks” inherent to different rearing systems.

Keywords: broiler chicken; antimicrobial susceptibility; microdilution test; commensal E. coli; organic
system; antibiotic-free system; conventional system

1. Introduction

Over the years, the rapidly increasing demand for livestock products by the human
population has led to the development of intensive production of food animals, such
as cattle, poultry and pigs [1], and the increase of antimicrobial resistance, due to the
uncontrolled use of antimicrobials [2,3] for the prevention and treatment of infections,
promotion of growth and improvement in production [4].

Furthermore, waste from hospitals and livestock producers containing antimicrobial
residues have facilitated the selection of resistomes in the environment with potential diffu-
sion to animals and humans [5]. In this context, Escherichia coli, along with Salmonella and
Campylobacter [6,7], is one of the bacteria most responsible for resistant gene co-circulation
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among the environment, animals and humans. In addition to resistance against clas-
sical molecules that have been overused in the zootechnical sector, there has been an
increase in the prevalence of resistance toward antimicrobials prevalently used in human
medicine, such as extended-spectrum cephalosporins (ESC), including the third- and fourth-
generation cephalosporins [8], neomycin, apramycin and tigecycline [9,10]. Tigecycline
with colistin is considered to be a last resort defence against infections due to carbapenem-
resistant Enterobacteriaceae and multidrug resistant (MDR) Gram-negative bacteria [11,12].
Decreased susceptibility to colistin and tigecycline are justified by encoded intrinsic re-
sistance and the presence of mobile colistin and tigecycline resistance genes [13,14]. A
transferable plasmid-derived colistin resistance gene mcr-1 was found to be responsible
for resistance occurrence worldwide [15,16]. It should be considered that colistin has been
widely administered for the prevention, treatment, metaphylaxis and growth promotion
in veterinary medicine for years [17,18]. Among food-producing animals, several studies
have reported a notable prevalence of colistin resistance in poultry [19–21]. It should be
stressed that there has been an alarming increase of bacteria resistant to third-generation
cephalosporins, which reinforces the suspicion of possible “non-official” use in chicks at
hatch [22,23]. Actually, it is known that the use of cephalosporins in poultry and other
species was prohibited by the Food and Drug Administration [24], since they could be
responsible for triggering resistance to these classes of antimicrobials in humans. During
the last decade, a progressive increase in ESBL E. coli associated with a multi-resistance
profile has also been documented on chicken farms [25]. This, in turn, has caused concern
for public health, as poultry meat is widely consumed, both for its nutritional characteris-
tics and the economic benefits related to low costs [26]. Moreover, the diffusion of ESBL
could result in unsuccessful therapeutic treatment in human infections and also require the
use of “last resort antibiotics” (e.g., carbapenems) causing an increased resistance to these
antibiotic classes [27,28]. In this scenario, poultry producers have turned to alternative
production systems, such as organic (O) and antibiotic-free (AF) farming, based on the lack
of antimicrobial use, unless animal welfare is at risk [29]. In our work, we aimed to investi-
gate the antibiotic susceptibility of commensal E. coli, especially towards antimicrobials
used in human therapy, isolated in organic, antibiotic-free and conventional (C) broilers on
farms and at slaughter. The diffusion of ESBL E. coli was also assayed.

2. Results

With respect to antimicrobial susceptibility, O and AF samplings showed higher
prevalence of E. coli-resistant strains to tigecycline than C (29.3% in O, 20.7% in AF, and
10.3% in C) (Figure 1) with an odds ratio (OR) of 3.59 (p = 0.01) for O (Table 1). All E. coli
strains isolated from O, AF and C had minimal inhibitory concentration (MIC) values for
tigecycline within 1–4 µg/mL (Table S1). The O samplings showed the highest prevalence
of E. coli-resistant strains for azithromycin (29.3% vs. 10.3% in AF and 6.9% in C) with
OR = 4.39 (p = 0.001), and for gentamicin (32.8% vs. 22.4% in AF and 12.1% in C) with
OR = 2.34 (p = 0.02) when compared to the C systems (Figure 1 and Table 1). The MIC
values for the most azithromycin-resistant E. coli strains isolated from O samplings were
greater than 64 µg/mL (Table S1). The O samplings exhibited the lowest prevalence of
resistance of E. coli to cefotaxime and ceftazidime-resistant strains. The prevalence rates
of E. coli cefotaxime-resistant strains were 29.3% in O, 36.2% in AF and 51.7% in C with
OR = 0.39 (p = 0.01) and the prevalence of ceftazidime-resistant strains was 8.6% in O, 10.3%
in AF and 31% in C with an OR of 0.36 (p = 0.02) (Figure 1 and Table 1).
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Figure 1. Prevalence of antimicrobial-resistant E. coli strains in conventional, organic and antibiotic-free systems. * p ≤ 0.05;
** p ≤ 0.01; *** p ≤ 0.001.

Table 1. Multivariate logistic regression analysis for ESBL E. coli, MDR E. coli strain prevalence and E. coli antimicrobial
susceptibility (only significant ORs, and their 95% confidence interval, are reported in the table).

Outcome Explanatory Variable Level OR *
95 % Confidence Interval

p-Value
Lower Limit Upper Limit

ESBL strains

Type of rearing

Conventional ref a - - -

Organic 0.13 0.04 0.37 <0.001

AF 0.33 0.14 0.76 0.009

Site of sampling Farm ref - - -

Slaughterhouse 2.72 1.23 6.02 0.01

MDR strains

Type of rearing

Conventional - - -

Organic - - - 0.17

AF - - - 0.76

Site of sampling
Farm ref - - -

Slaughterhouse - - - 0.85

Tigecycline

Type of rearing

Conventional ref - - -

Organic 3.59 1.3 9.93 0.01

AF - - - 0.13

Site of sampling
Farm ref - - -

Slaughterhouse - - - 0.15

Colistin

Type of rearing

Conventional 1 ref - - -

Organic - - - 1.00

AF - - - 1.00

Site of sampling
Farm ref - - -

Slaughterhouse - - - 1.00
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Table 1. Cont.

Outcome Explanatory Variable Level OR *
95 % Confidence Interval

p-Value
Lower Limit Upper Limit

Meropenem

Type of rearing

Conventional ref - - -

Organic - - - 1.00

AF - - - 0.98

Site of sampling
Farm ref - - -

Slaughterhouse - - - 0.61

Cefotaxime

Type of rearing

Conventional ref - - -

Organic 0.39 0.18 0.83 0.01

AF - - - 0.09

Site of sampling
Farm ref - - -

Slaughterhouse - - - 0.55

Ceftaxidime

Type of rearing

Conventional ref - - -

Organic 0.36 0.15 0.83 0.02

AF - - - 0.44

Site of sampling
Farm ref - - -

Slaughterhouse - - - 0.85

Ampicillin

Type of rearing

Conventional ref - - -

Organic - - - 0.14

AF - - - 0.16

Site of sampling
Farm ref - - -

Slaughterhouse - - - 0.60

Nalidixic acid

Type of rearing

Conventional ref - - -

Organic - - -

AF 2.32 1.07 5.07 0.03

Site of sampling
Farm ref - - -

Slaughterhouse - - - 0.48

Ciprofloxacin

Type of rearing

Conventional ref - - -

Organic 0.46 0.22 0.97 0.04

AF - - - 0.06

Site of sampling
Farm ref - - -

Slaughterhouse - - - 0.17

Tetracycline

Type of rearing

Conventional ref - - -

Organic - - - 0.07

AF - - - 0.23

Site of sampling
Farm ref - - -

Slaughterhouse - - - 0.45

Azitromycin

Type of rearing

Conventional ref - - -

Organic 4.39 1.86 10.39 0.001

AF - - - 0.99

Site of sampling
Farm ref - - -

Slaughterhouse - - - 0.05
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Table 1. Cont.

Outcome Explanatory Variable Level OR *
95 % Confidence Interval

p-Value
Lower Limit Upper Limit

Gentamicin

Type of rearing

Conventional ref - - -

Organic 2.34 1.13 4.85 0.02

AF - - - 0.13

Site of sampling
Farm ref - - -

Slaughterhouse - - - 0.89

Sulfamethoxazole

Type of rearing

Conventional ref - - -

Organic - - - 0.2

AF - - - 0.24

Site of sampling
Farm ref - - -

Slaughterhouse - - - 0.94

Chloramphenicol

Type of rearing

Conventional ref - - -

Organic 0.42 0.2 0.9 0.03

AF 0.3 0.14 0.64 0.002

Site of sampling
Farm ref - - -

Slaughterhouse - - - 0.22

Trimethoprim

Type of rearing

Conventional ref - - -

Organic - - - 0.38

AF - - - 0.85

Site of sampling
Farm ref - - -

Slaughterhouse - - - 0.36

* Odds ratio. Only the significant values are reported. a Reference category. p ≤ 0.05.

The lowest prevalence for E. coli ciprofloxacin-resistant strains was detected in O
samplings (39.7% vs. 58.6% in C and 41.4% in AF with OR = 0.46, (p = 0.04) (Figure 1 and
Table 1). The highest prevalence of E. coli chloramphenicol-resistant strains was found in C
samplings (67.2% in C, 46.6% in O and 37.9% in AF) (Figure 1). The prevalence of nalidixic
acid-resistant E. coli in the AF, C and O systems was 58.6%, 56.9% and 46.6%, respectively
(Figure 1). The majority of the resistant strains displayed MIC values ≥ 128 µg/mL for
nalidixic acid (Table S1). All E. coli strains isolated from the O and C samplings were
susceptible to meropenem (Table S1). We isolated 10.3% of susceptible, increased expo-
sure [30] E. coli to meropenem from AF samplings at slaughter with 4 µg/mL MIC values.
All E. coli strains were colistin-susceptible (MIC range, 0.5–1 µg/mL) (Table S1). The lowest
prevalence of ESBL E. coli was found in the O and AF samplings (8.6% in O, 20.7% in
AF and 43.1% in C) (Figure 1, with an OR of 0.13 (p < 0.001) and OR = 0.33 (p = 0.009),
respectively (Figure 1 and Table 1). Farm, when compared to slaughterhouse, resulted in a
protective factor for the presence of ESBL E. coli strains (OR = 2.72; p = 0.01) (Table 1).

No statistical differences were found in the multi-resistance among the E. coli isolates
from the three systems. Most of the E. coli strains were resistant to five (AF, 22.1%; O, 30.6%;
and C, 28.9%) and six antimicrobials (AF, 23.8%; O, 23.8%; and C, 17.0%) (Table S2).

3. Discussion

Escherichia coli is a normal constituent of the intestinal microbial flora of poultry, al-
though it is also a potential pathogen associated with serious diseases, such as colibacillosis.
Moreover, it can also represent a potential source of resistant genes transferable to humans,
posing a public health threat [31]. In this context, we aimed to investigate if the different ty-
pology of farming can influence the antimicrobial susceptibility of E. coli isolated on farms
and at slaughter. Our study revealed that the organic and antibiotic-free samplings showed
the highest prevalence of E. coli-resistant strains to tigecycline. The conventional system
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resulted in a significant protective factor for the presence of the tigecycline-resistant strain
of E. coli when compared to organic and antibiotic-free management. Tigecycline is a broad-
spectrum glycylcycline synthesised to overcome tetracycline resistance [32]. Its use has
indeed developed in response to increasing resistance of Staphylococcus aureus, Acinetobacter
baumannii, and E. coli to a majority of antimicrobials [33]. In order to maintain tigecycline
efficacy, the European Commission (EC) requested that the European Medicine Agency
(EMA) provide scientific advice on the impact of its use in animals on human health and
recommend the restricted use of glycylcyclines in veterinary medicine. Tigecycline has not
really been used on conventional poultry farms and the high prevalence of E. coli-resistant
strains found in organic systems could likely be dependent on the resistant strains present
in the external environment. Recently, Sun et al. [34] demonstrated a significant presence of
tigecycline-resistant E. coli strains from raw meat bearing the tet (X) gene. It should also be
highlighted that in our investigation, all E. coli strains were susceptible to colistin differently
than what was observed in other studies [35–37]. However, it should be specified that
colistin, after being administrated for a long time as a prophylactic and therapeutic agent,
is currently in off-label use in Italy and it was banned as a growth promoter [35]. The large
use in poultry has been favoured by the lack of withdrawal time for eggs and meat [38,39].
Moreover, colistin, though considered efficient against human Enterobacteriaceae infections,
was replaced because of its systemic toxicity [40]. Recently, the emergence of the MDR
(multidrug resistant ) bacteria, responsible for severe infections and deaths in humans, have
led to addressing the reconsideration of the colistin as a last-resort antibiotic against these
“superbug” bacteria [12]. Additionally of interest are the results related to the prevalence
of azithromycin and gentamicin-resistant E. coli strains, which were found to be higher in
organic samples than in antibiotic-free and conventional ones. It should be considered that
azithromycin has not been used in poultry and the results observed in organic samples
could also be justified by external contamination likely due to wildlife [41,42]. Recently,
azithromycin became the first choice drug for the treatment of enterotoxigenic E. coli (ETEC)
infections in human medicine since a progressive resistance has been described for nalidixic
acid, ampicillin, sulphonamides and tetracycline [43]. Gentamicin has been used against
poultry diseases, such as respiratory diseases and necrotic enteritis [44,45]. At present, this
medication is largely administered in industrial poultry production due to poor intestinal
absorption and the lack of residues in edible chicken tissues [39,46]. The prevalence of
ceftazidime and cefotaxime E. coli-resistant strains were highest in the conventional sam-
plings. Thus, the organic system represented a significant protective factor for the presence
of cefotaxime, ceftazidime and ciprofloxacin-resistant strain E. coli when compared to C
management. Several E. coli strains have acquired the capability to inactivate a large num-
ber of β-lactam antibiotics, including penicillin and extended-spectrum cephalosporins,
such as third- and fourth-generation cephalosporins [47]. Furthermore, in the last years
ESBL/AmpC E. coli has been frequently found as a contaminant in broiler meat [48].
It should be mentioned that the increased use of amoxicillin and ampicillin in poultry
therapy might have promoted the rise of ESBL E. coli. In particular, these antimicrobials
have been used against enteric disorders associated with an overgrowth of Clostridium
perfringens [49,50] following the ban of the use of antibiotics as feed growth promoters
in industrial chickens [51]. Our results showed that antibiotic-free and organic systems,
that had not used antimicrobials, were protective factors for ESBL presence if compared to
conventional management.

Furthermore, we observed the highest prevalence of chloramphenicol-resistant E. coli
strains in conventional samples. The use of chloramphenicol in livestock has been banned
in Europe since 1997 [29]. In our work, the resistance to chloramphenicol described in the
conventional samplings could be explained by the possible effects of repeated antibiotic
treatments with amoxicillin, as described for broilers [52]. Recently, Burow et al. [53]
have experimentally demonstrated an increase in resistance towards several antimicro-
bials (tetracycline, ciprofloxacin, nalidixic acid, gentamicin) after oral administration of
amoxicillin, which is commonly used in poultry practice. Finally, ESBL E. coli strains were
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higher at slaughter than in the farm. A cross-contamination mechanism can occur during
scalding and/or evisceration and dressing, although contamination with ESBL-producing
Enterobacteriaceae may be due to workers responsible for the contamination of live animals,
carcasses or organs, as occurs in pigs [54]. With respect to the detection of MDR strains, five
and six patterns of multi-resistance were found, although no statistical differences in preva-
lence were seen among the different rearing systems. Previous works have demonstrated
that meat products from conventionally raised poultry exhibited MDR bacteria more fre-
quently than meat products from antibiotic-free or organic chickens [55,56], although some
exceptions [57,58] have been reported.

4. Materials and Methods
4.1. Sampling

A total of 174 strains were collected from samplings performed on conventional
(C), organic (O) and antibiotic-free (AF) chicken farms (cloacal swabs and environmental
samples) and at slaughter (caecal contents and skin samples). In particular, 58 strains
of E. coli were collected for each typology of farming: in C (25 and 33 on farm and in
slaughterhouse, respectively), in O (31 and 27 on farm and in slaughterhouse, respectively)
and in AF (25 and 33 on farm and in slaughterhouse, respectively).

4.2. Isolation and Identification of E. coli

All samples were placed in a pre-enrichment medium consisting of buffered peptone
water (BPW) at a ratio of 1:10 and then incubated at 37 ◦C for 18–24 h in aerobiosis, after
which 0.1 mL from each diluted sample was plated on MacConkey agar with an added low
concentration (1 mg/L) of cefotaxime (Thermo Fisher Scientific, Milan, Italy). The plates
were incubated for 24 h at 37 ◦C under aerobic conditions. All colonies with typical E. coli
morphology were selected and confirmed by biochemical tests [59].

4.3. Antibiotic Susceptibility Testing and ESBL E. coli Detection

To assess antimicrobial susceptibility, all E. coli isolates were analysed by the broth mi-
crodilution method. Pure cultures were suspended in 4 mL of 0.90% sterile saline solution (fi-
nal concentration: 5 × 107 CFU/mL CFU/mL−1), equivalent to a 0.5 McFarland turbidity level
(Vitek, bioMérieux Inc., Durham, United States). Ten microlitres of bacterial suspension was
transferred to 11 mL of cation-adjusted Mueller Hinton broth (Thermo Fisher Scientific, Milan,
Italy) and 50 µL of bacterial suspension was dispensed into each well of Euvsec microtitre
plates (Thermo Fisher Scientific, Milan, Italy) with scalar concentrations of the following
antibiotics: sulfamethoxazole (SMX) (8–1024 µg/mL), trimethoprim (TMP) (0.25–32 µg/mL),
ciprofloxacin (CIP) (0.03–8 µg/mL), tetracycline (TET) (2–64 µg/mL), meropenem (MERO)
(0.06–16µg/mL), azithromycin (AZI) (2–64 µg/mL), nalidixic acid (NAL) (4–128 µg/mL),
cefotaxime (FOT) (0.25–1 µg/mL), chloramphenicol (CHL) (8–128 µg/mL), tigecycline (TGC)
(0.25–8 µg/mL), ceftazidime (TAZ) (2–8 µg/mL), colistin (COL) (1–16 µg/mL), ampicillin
(AMP) (1–64 µg/mL), and gentamicin (GEN) (0.5–32 µg/mL). After inoculation, the plates
were incubated for 24 h at 37 ◦C under aerobic conditions. Susceptibility to colistin was
evaluated using the FRCOL Plates (0.12–128 µg/mL) (Thermo Fisher Scientific, Milan,
Italy). For all E. coli, ESBL production was confirmed by the double-disc synergy test
(DDST) [59] and the microdilution method using Sensititre™ ESBL plates (Thermo Fisher
Scientific, Milan, Italy). E. coli ATCC 25922 was used as the quality control strain. The re-
sults were evaluated according to the breakpoints established by the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) [60], with the exception of sulfamethox-
azole, tetracycline, azithromycin and nalidixic acid, for which breakpoints published by
the Clinical and Laboratory Standard Institute (CLSI) were applied [61].
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4.4. Statistical Analysis

Logistic regression was used to weigh the overall effect of the types of rearing systems
(C, AF and O) or the effect of the sampling on farm or at slaughterhouse level on antibiotic
resistance. These variables were examined separately for their association with antibiotic-
resistant E. coli strains and the presence of EBSL E. coli. Variables scoring p ≤ 0.20 in an
early univariate analysis were included in the regression model. Non-significant variables
were manually removed from the model. ORs and corresponding 95% confidence intervals
(CIs) were obtained by means of logistic regression. Data were analysed by commercial
software R, version 2.8.1 (R, Development Core Team 2007). A value of p ≤ 0.05 was
considered statistically significant for the analysis.

5. Conclusions

Our research evidenced that rearing systems can influence the antimicrobial suscep-
tibility of E. coli, as seen in the organic system for resistance to some antibiotics, such
as tigecycline and azithromycin, used in human therapy. The organic system represents
a protective factor if compared to conventional system for the lowest prevalence of E.
coli-resistant strains to cefotaxime and ceftazidime. Our data evidenced that the environ-
ment can represent an important source of resistant bacteria for organic farming. Wild
animals [62], insects [63], wastewater, and zootechnical waste [64] used as fertilizers are
described to contaminate the environment in relation to the geographical area. Based on
our data it is not still possible to be conclusive in individuating the “ideal farming” in
relation to antibiotic-resistance relevance. There are also numerous components influencing
the choice of the system, such as the geographical area and the economic factors. Farming
is generally a protective factor if compared to slaughterhouse, in relation to the prevalence
of ESBL E. coli strains. Thus, particular attention must be paid to the hygiene of the slaugh-
tering process to avoid cross-contamination that can influence the best practices adopted at
the farm level to reduce the prevalence of ESBL and antibiotic resistance bacteria in poultry
meat. Continuous epidemiological monitoring of the antibiotic resistance of the production
chain could be helpful to notice situations of “risk” inherent to different types of farming
systems in order to apply corrective factors to various categories of production (control of
the breeders) and different rearing systems (i.e., control of wildlife and environment for
organic farming), as well as at slaughter (carcasses and environmental contamination), in
order to optimise final production and guarantee food safety for consumers.
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