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ABSTRACT

We investigated the presence of ESBL and AmpC-producing Enterobacteriaceae

isolated from 200 rectal swabs of healthy swine and 200 samples of ground pork.

Phenotypic testing by using the double synergy differential test (DSDT) for ESBL/

AmpC-positive strains was confirmed by PCR and DNA sequence analysis. The

localization of beta-lactamase genes was established by conjugation experiments.

ESBL and/or AmpC-producing Enterobacteriaceae was found in 52.2% (95/182) of

the isolates collected from rectal swabs and 3% (3/100) of isolates obtained from

ground pork samples. Polymerase chain reaction and sequencing confirmed the

presence of blaTEM-20, blaTEM-34, blaTEM-52, blaCTX-M-1, blaSHV-12, blaTEM-11SHV-12,

blaTEM-201SHV-12, blaCMY-2, blaTEM-11 CMY-2, blaACC-1 and blaACC-2. The conjugation

assays yielded positive results, denoting a plasmid localization of the genes.

PRACTICAL APPLICATIONS

In this study, the prevalence of ESBL and AmpC-producing Enterobacteriaceae

isolated from rectal swabs of healthy swine and samples of ground pork were

determined. ESBL/AmpC-positive strains were confirmed by PCR and DNA

sequence analysis. The most frequently isolated species was E.coli, among the most

common variants detected TEM-type ESBL, TEM-52 was showed. These findings

provide new information about the presence of ESBL/AmpC at the farm level and

have important implications for assessments of risks of meat contamination

during slaughter.

INTRODUCTION

Antimicrobial agents in veterinary medicine are used to treat

bacterial infections, including life-threatening contagious

diseases. In food-producing animals, broad-spectrum antibi-

otics are also used for prophylactic and metaphylactic pur-

pose. Cephalosporins are added to feed or water to prevent

and control colibacillosis infections occurring during the

post-weaning period in pigs (Garcia-Alvarez et al. 2012). In

this regard, ceftiofur, cefquinome, cefalonium, cefoperazone,

cefovecin and cefuroxime are the most frequently used ceph-

alosporins and are worldwide approved for the treatment of

infections in veterinary medicine (Carattoli 2008; Trott et al.

2013). The massive and indiscriminate use of these antimi-

crobial agents in animal production has contributed to the

selection and spreading of multidrug resistant Enterobacter-

iaceae (Ojer-Usoz et al. 2013; Petternel et al. 2014).

Use of antibiotics in food-producing animals was widely

discussed and subjected to criticism by the scientific

community, because contaminations of antibiotic residues

in meat and milk were documented in Europe and China

(Wu et al. 2013).

In the last decade, the spread of Enterobacteriaceae resist-

ant to 3rd- and 4th-generation cephalosporins, related to

the production of extended-spectrum b-lactamase (ESBL),

plasmid-mediated AmpC and/or carbapenemase enzymes

has emerged as a global problem (EFSA 2011; EFSA 2013;
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Liebana et al. 2013). Animals and foods of animal origin are

considered as potential reservoirs of multidrug-resistance

Gram-negative bacteria (Carattoli 2008; Seiffert et al. 2013).

In European Countries, the most common ESBL genes, iso-

lated from food-producing animals and foods, are those

coding CTX-M type (i.e., CTX-M-1, 22, 29, 214, 215,

232, and 255), followed by SHV-12 and TEM-52 enzymes

(EFSA 2011; Liebana et al. 2013). Among the AmpC-type

b-lactamases, CMY-2 is the most common while ACC-1 and

DHA-1 were scarcely reported (EFSA 2011).

The production chain of swine is one of the most impor-

tant and productive strength of Modena area, as demon-

strated by the number of industries involved in the

production and transformation. Food safety, through the

quality of the product, must be the objectives for a growing

competition at national and international level. The use of

antibiotics in farms not only for therapeutic, but also for

preventive and auxin purpose, is in large part responsible for

the selection and spread of antibiotic-resistant microorgan-

isms in the environment, which can reach humans through

the food chain.

Thus, considering the adverse effects that b-lactam resist-

ant microbes can have on public and animal health, this

study focused on assessing the prevalence phenotypes and

genotypes of ESBL and AmpC-producing Enterobacteriaceae

isolated from rectal swabs of healthy pigs in some farms and

ground pork bought in different food markets. The farms

and food markets were all in province of Modena, Italy.

MATERIAL AND METHODS

Bacterial Strains

Enterobacteriaceae were isolated from 200 swine rectal swabs

(from 20 farms in Modena, Italy) and 200 samples of ground

pork (from 20 food markets in Modena, Italy) in the period

December 2013–December 2014. All farms and food markets

from which the samples were collected were randomly

chosen.

Rectal samples were seeded on MacConkey agar (bio-

Merieux, Florence, Italy), supplemented with cefotaxime

(1 lg/mL) and incubated for 24 h at 37C.

Meat samples (25 g) were placed in sterile plastic bags

with 225 mL buffered peptone water (Oxoid, Milan, Italy)

and then homogenised for 2 min in Stomacher (Lab Blender,

Seward, London, UK). One hundred microliters from the

appropriate dilutions were inoculated on MacConkey agar

(bioMerieux, Florence, Italy), supplemented with cefotaxime

(1 lg/mL) and incubated for 24 h at 37C. Up to three colo-

nies with typical Enterobacteriaceae morphology from each

sample were select and sub-cultured onto Agar MacConkey

at 37C for 24 h. The isolates were confirmed using Vitek-2

(bioMerieux, Florence, Italy).

Phenotypic Identification of ESBLs
and AmpC

Isolates were tested for ESBL/AmpC producing using the

Double Synergy Differential Test (DSDT) (Sabia et al. 2012)

including cefotaxime (CTX, 30lg; Beckton, Dickinson and

Company, Breda, Netherlands), cefotaxime with clavulanic

acid (CTX-CLA, 30/10 lg), ceftazidime (CAZ, 30 lg), ceftazi-

dime with clavulanic acid (CAZ-CLA, 30/10 lg), cefotaxime

plus boronic acid (CTX-BA) (30lg-10 mL of a 60 mg/mL

solution of benzo(b)thiophene-2-boronic acid in Dimethyl

Sulfoxide: DMSO; Sigma, Milan, Italy) and ceftazidime plus

boronic acid (CAZ-BA) (30 lg- plus 10 mL of a 60 mg/mL

solution of benzo(b)thiophene-2-boronic acid in DMSO).

For ESBL detection, results were interpreted as recom-

mended by the CLSI (2008). ESBL production was con-

firmed when the diameter of the inhibition zone around the

CTX-CLA and/or the CAZ-CLA disk was 5 mm or more

larger than that around the CTX and CLA disks, respectively.

For AmpC b-lactamase detection, results were interpreted

based on increased susceptibility to cefotaxime and/or cefta-

zidime in the presence or absence of boronate.

Polymerase Chain Reaction and Sequencing
of Extended Spectrum b-Lactamase and
AmpC Genes

Regarding the molecular tests, DNA was extracted using a

standard heat lysis protocol (Pèrez-Pèrez and Hanso 2002).

For the detection of blaTEM, blaSHV and blaCTX-M genes,

the multiplex-PCR described by Kim et al. (2009) was used.

Furthermore, primers sets described by Pèrez-Pèrez and

Hanson (2002) to detect AmpC products were used.

PCR-positive amplicons were purified by the QIAquick

PCR Purification Kit (Qiagen, Milan, Italy) and directly

sequenced using amplification primers on the 3130 Genetic

Analyzer (Applied Biosystems, Milan, Italy). Purification

and sequencing were carried out by Genex CZ, s.r.o.

Sequence alignment and analysis were performed online

using the BLAST program of the National Center for Bio-

technology Information (www.ncbi.nlm.nih.gov).

Conjugation Assay

Transferability of ESBL/AmpC genes from the isolates was

tested by conjugation to Escherichia coli J53-2 (met-, pro-,

rif R). The donor and recipient strains were inoculated in

trypticase soy broth (TSB) and incubated at 37C overnight.

After incubation, the donor and recipient were mixed (with

a ratio of 1:9) and incubated at 37C for 24 h. Transconju-

gants were selected on MacConkey agar containing cefotax-

ime (2 mg/L, Sigma, Milan, Italy) plus rifampicin (100 mg/L

Sigma, Milan, Italy). Conjugation frequency per recipient

was expressed by division of the number of transconjugants

by the initial number of recipients. Plasmid DNA extraction
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from donors and transconjugants was performed using a

plasmid midi prep kit (Qiagen, Italia S.p.A) according to

manufacturer’s instructions. The sizes of plasmids were esti-

mated by electrophoresis on 0.7% agarose gels using plas-

mids from Escherichia coli V517 as the standard markers

(Macrina et al. 1978) and the presence of beta-lactamase

genes was confirmed by PCR and sequencing, as described

above.

RESULTS AND DISCUSSION

A total of 282 Enterobacteriaceae strains were isolated and

identified by means of their biochemical properties and sub-

sequently they were confirmed with VITEK-2 (bioMerieux,

Florence, Italy).

One hundred eighty two isolates from pig rectal swabs

were recovered, with a high prevalence of E. coli (90.7%).

The other strains were identified as Citrobacter freundii

(4.4%), Enterobacter cloacae (1.09%), Hafnia alvei (1/182,

0.5%), Klebsiella ozaenae (1.6%) and Salmonella spp. subsp.

arizonae (1.6%).

One hundred isolates from meat samples were recovered

and E. coli remains the prevalent specie (42%), with Pantoea

agglomerans (27%) in second place. The other strains

were identified as Citrobacter freundii (9%), Enterobacter

cloacae (8%), Klebsiella ozaenae (3%), Serratia liquefaciens

(10%) and Salmonella spp. subsp. arizonae (1%).

All the isolated strains, were tested for both ESBL and

AmpC beta-lactamase production by DSDT. About the 182

isolated from rectal swabs, eighty-two (45%) strains, showed

an increase (�5 mm) in the inhibition zone diameter for

cefotaxime and ceftazidime in the presence of amoxicillin/

clavulanic acid (AMC) compared to when these antibiotics

were tested alone: these isolates were classified as ESBL

producers (Table 1). Thirteen isolates (7.1%) showed the

enlargement of the inhibition zone in the presence of boro-

nate and were classified as AmpC producers.

About the 100 isolated from ground meat, only three

strains (3%), exhibited an increase �5 mm of inhibition

zone diameter around CTX and/or CAZ disks for synergy

with boronate, indicating AmpC production (Table 1).

Molecular analysis of ESBL and AmpC determinants was

performed for all isolates which result positive by the DSDT

(Table 2). A clear prevalence of TEM-type ESBL was found

in E. coli isolated from rectal swabs. TEM-52 was the most

detected ESBL enzyme (48 isolates), followed by TEM-34

(16 isolates) and TEM-20 (four isolates). Gene from other

ESBL families, SHV-12, was found in combination with

TEM-20 in two isolates and with TEM-1 in one isolate.

In addiction CTX-M-1 gene was detected in five isolates.

Considering AmpC-type b-lactamases, CMY-2 was identi-

fied in combination with TEM-1 in four isolates and in five

alone. Other species, TEM-type ESBL were found in two

K. ozaenae, while CTX-M-1 was detected in four C. freundii.

Finally, CMY-2 was found in combination with TEM-1 in

three C. freundii and in one alone (Table 2).

No ESBL-producing Enterobacteriaceae was found in

ground pork; finally AmpC-type determinants ACC-1 and

ACC-2 were detected in only three ground pork isolates

(E. cloacae, Salmonella subsp. arizoane and S. liquefaciens),

respectively (Table 2).

TABLE 1. PHENOTYPE AND GENOTYPE OF ESBL/AMPC

B-LACTAMASES PRODUCERS ISOLATED FROM RECTAL SWABS

AND GROUND PORK

N8 of isolates Genotypes SYN-CLA SYN-BA

Rectal swabs (182) ESBL (82) (45,1) 82 (100)

AmpC (13) (7,1) 13 (100)

Ground pork (100) AmpC (3) (3) 3 (100)

ESBL, extended-spectrum b-lactamase; SYN-CLA, synergy with clavu-

lanic acid; SYN-BOR, synergy with boronic acid.

TABLE 2. GENOTYPE OF THE STRAINS PRODUCING ESBL AND AMPC-TYPE B-LACTAMASES,

ISOLATED FROM RECTAL SWABS AND GROUND PORK

Species Source

Genotypes

ESBLS AmpC

TEM-11SHV-12 (1) TEM-11CMY-2 (4)

E. coli Rectal swabs TEM-20 (4) CMY-2 (5)

TEM-201SHV-12 (2)

TEM-34 (16)

TEM-52 (48)

CTX-M-1 (5)

C. freundii Rectal swabs CTX-M-1 (4) TEM-11CMY-2 (3)

CMY-2 (1)

K .ozaenae Rectal swabs TEM-20 (1)

E. cloacae Ground pork TEM-34 (1) ACC-1 (1)

Salmonella subsp. arizoane Ground pork ACC-1 (1)

Serratia liquefaciens Ground pork ACC-2 (1)
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All 98 isolates were able to transfer genes encoding ESBL

or AmpC by conjugation. The transfer frequency for these

strains was 1.8 3 1026 for recipient cell. In all the original

strains the plasmids with different molecular weights were

present: one large plasmid with different-sized from 50 to

55 kb and other plasmids of low molecular weight plasmids

(from 4.5 to 17 kb). The transconjugants presented only the

large plasmid unlike the parental strains; PCR and sequenc-

ing confirmed that the transconjugants carried the TEM-20,

TEM-34, TEM-54, CTX-M-1, ACC-1, ACC-2 and CMY-2

gene. The conjugation assays yielded positive results, thus

denoting a plasmidic localization of the genes (Carattoli

et al. 2008).

Recently, ESBL/AmpC-producing organisms have been

detected in food-producing animals and food of animal ori-

gin in different EU countries, this seems the proposed man-

ner to explain the dissemination of resistance to b-lactams

in the community (EFSA 2011; Ojer-Usoz et al. 2013). The

most frequently identified species as ESBL/AmpC producer

have been E. coli and non-typhoidal salmonellae and to a

lesser extent, Klebsiella pneumoniae, Citrobacter freundii or

Enterobacter spp. (EFSA 2013). The global spread of multi-

resistant ESBL and AmpC-producing Enterobacteriaceae can

be partially explain by mobility of the resistance bearing

genetic elements e.g. plasmids, transposons and insertion

sequence elements (Caratolli et al. 2008) This fact is a major

concern in terms of epidemiology and infection control.

Transmission pathways between humans and animals are

currently a subject of active discussion (Rodriguez et al.

2009; Wieler et al. 2011).

The use of broad-spectrum veterinary cephalosporins

(especially “third-generation” and “fourth-generation” ceph-

alosporins) has been proposed as an important reason for the

occurrence of these resistant bacteria among food-producing

animals and meat products (Agersø et al. 2012; Hansen et al.

2013). Relevant are also measures to control dissemination,

for example, by implementing increased farm biosecurity

and controls on animal trade (of ESBL/AmpC carriers), by

improving hygiene throughout the food chain, and by imple-

menting other general postharvest controls for foodborne

pathogens. The effectiveness of any control measures should

be monitored on a regular basis by targeted surveys of food

animals and foods for cephalosporin-resistant bacteria, using

selective isolation methods and pre-enrichment of samples as

necessary.

CONCLUSION

This study found ESBL and/or AmpC-producing Enterobac-

teriaceae in 52.2% (95/182) isolates collected from rectal

swabs and 3% (3/100) of isolates obtained from ground

pork samples. Considering the swine isolates, our results

showed that E. coli was the prevalent ESBL producer and

TEM-52 was the most common detected TEM-type ESBL.

One the other hand, no ESBL-producing Enterobacteriaceae

were found in ground pork; only AmpC-type b-lactamase

was found in three meat samples. In Italy, few information

concerning antimicrobial susceptibility in food-borne patho-

gens and commensal bacteria isolated from food-producing

animals are available (Carattoli 2008; Stefani et al. 2014).

Further studies are required to monitor the spread of

b-lactams resistant bacteria in farm animals and foodstuffs,

in order to improve the consumer’s knowledge about expo-

sure to these bacteria and to elucidate the mechanisms of

transmission of resistant genes through the food chain.

ACKNOWLEDGMENT

The authors thank Dott. Enrico Stefani, Department of

Health Public—Veterinary Service of Modena and Sassuolo,

for his support in this work.

REFERENCES

AGERSØ, Y., AARESTRUP., F.M., PEDERSEN, K., SEYFARTH,

A.M., STRUVE, T. and HASMAN, H. 2012 Prevalence of

extended-spectrum cephalosporinase (ESC) producing Esche-

richia coli in Danish slaughter pigs and retail meat identified by

selective enrichment and association with cephalosporin usage.

J. Antimicrob. Chemother. 67, 582–588.

CARATTOLI, A. 2008. Animal reservoirs for extended spectrum

b-lactamase producers. Clin. Microbiol. Infect. 14, 117–123.

CLSI. 2008 Performance Standards for Antimicrobial Susceptibility

Testing, 18th Informational Supplement M100-S18. Wayne, PA:

Clinical and laboratory Standards Istitute

DALLENNE C, DA COSTA A, DECR�E D, FAVIER C, and ARLET,

G. 2010. Development of a set of multiplex PCR assays for the

detection of genes encoding important b-lactamases in Entero-

bacteriaceae. J. Antimicrob. Chemother. 65, 490–495.

EFSA and ECDC. 2013. The European union summary report on

antimicrobial resistance in zoonotic and indicator bacteria

from humans, animals and food in 2011. EFSA J. 11, 3196.

EFSA. 2011. Scientific opinion on the public health risks of bacte-

rial strains producing extended-spectrum b-lactamases and/or

AmpC b-lactamases in food and food-producing animals.

EFSA J. 9, 2322.

GARCIA-ALVAREZ, L., DAWSON, S., COOKSON, B. and

HAWKEY, P. 2012. Working across the veterinary and human

health sectors. J. Antimicrob. Chemother. 67, 37–49.

HANSEN, K.H., DAMBORG, P., ANDREASEN, M., NIELSEN,

S.S. and GUARDABASSI, L. 2013. Carriage and fecal counts of

cefotaxime M-producing Escherichia coli in pigs: A longitudinal

study. Appl. Environ. Microbiol. 79, 794–798.

KIM, J., JEON, S., LEE, B., PARK, M., LEE, H., LEE, J. and KIM,

S. 2009. Rapid detection of extended spectrum b-lactamase

(ESBL) for Enterobacteriaceae by use of a multiplex PCR-based

method. Infect. Chemother. 41, 181–184.

ESBL AND PLASMID-MEDIATED AMPC GENES C. SABIA ET AL.

4 of 5 Journal of Food Safety 2017; 37: e12282; VC 2016 Wiley Periodicals, Inc.



LIEBANA, E., CARATTOLI, A., COQUE, T.M., HASMAN, H.,

MAGIORAKOS, A.P., MEVIUS, D., PEIXE, L., POIREL, L.,

SCHUEPBACH-REGULA, G., TORNEKE, K., TORREN-EDO,

J., TORRES, C, and THRELFALL, J. 2013. The public health

risks of enterobacterial isolates producing extended spectrum

b-lactamases (ESBL) or AmpC b-lactamases in food and food

producing animals: An EU perspective of epidemiology, analyt-

ical methods, risk factors and control option. Clin. Infect. Dis.

56, 1030–1037.

OJER-USOZ, E., GONZ�ALEZ, D., VITAS, A.I., LEIVA, J.,

GARC�IA-JAL�ON, I., FEBLES-CASQUERO, A. and

ESCOLANO, M. 2013. Prevalence of extended-spectrum

b-lactamase-producing Enterobacteriaceae in meat products

sold in Navarra, Spain. Meat Sci. 93, 316–321.

P�EREZ-P�EREZ, J.F. and HANSON, N.D. 2002 Detection of

plasmid-mediated AmpC b-lactamase genes in clinical

isolates by using mulpiplex PCR. J. Clin. Microbiol. 40,

2153–2162.

PETTERNEL, C., GALLER, H., ZARFEL, G., LUXNER, J.,

HAAS, D., GRISOLD, A.J., REINTHALER, F.F. and FEIERL,

G. 2014. Isolation and characterization of multidrug-

resistant bacteria from minced meat in Austria. Food Micro-

biol. 44, 41–46.

RODRIGUEZ, I., BAROWNICK, W., HELMUTH, R.,

MENDOZA, M.C., RODICIO, M.R., SCHROETER, A. and

GUERRA, B. 2009. Extended-spectrum b-lactamases

and AmpC b-lactamases in ceftiofur-resistant Salmonella

enterica isolates from food and livestock obtained in

Germany during 2003–07. J. Antimicrob. Chemother. 64,

301–309.

SABIA, C., GARGIULO, R. and SARTI, M. 2012. Evaluation of a

double synergy differential test (DSDT) for differential detec-

tion of ESBL and AmpC-type b-lactamases in Escherichia coli,

Klebsiella pneumoniae and Proteus mirabilis, New Microbiol. 35,

221–225.

SEIFFERT, S., HILTY, M., PERRETEN, V. and ENDIMIANi, A.

2013. Extended-spectrum cephalosporin-resistant gram-nega-

tive organisms in livestock: An emerging problem for human

health? Drug Resist. Updat. 16, 22–45.

STEFANI, S., GIOVANELLI, I., ANACARSO, I., COND�O, C.,

MESSI, P., DE NIEDERH€AUSERN, S., BONDI, M., ISEPPI, R.

and SABIA, C. 2014. Prevalence and characterization of

extended-spectrum b-lactamase-producing Enterobacteriaceae

in food-producing animals in Northern Italy. New Microbiol.

37, 551–555.

TROTT, D. 2013. b-lactam resistance in gram-negative pathogens

isolated from animals. Curr. Pharm. Des. 19, 239–249.

WIELER, L.H., EWERS, C., GUENTHER, S., WALTHER, B. and

L€UBKE-BECKER, A. 2011. Methicillin-resistant staphylococci

(MRS) and extended-spectrum beta-lactamases (ESBL)-pro-

ducing Enterobacteriaceae in companion animals: Nosocomial

infections as one reason for the rising prevalence of these

potential zoonotic pathogens in clinical samples. Int. J. Med.

Microbiol. 301, 635–641.

WU G., DAY, M.J., MAFURA, M.T., NUNEZ-GARCIA, J.,

FENNER, J.J., SHARMA, M., VAN ESSEN-ZANDBERGEN, A.,

RODR�IGUEZ, I., DIERIKX, C. and KADLEC, K. 2013.

Comparative analysis of ESBL-positive Escherichia coli isolates

from animals and humans from the UK, the Netherlands and

Germany. PLoS One. 8, 753–792.

C. SABIA ET AL. ESBL AND PLASMID-MEDIATED AMPC GENES

Journal of Food Safety 2017; 37: e12282; VC 2016 Wiley Periodicals, Inc. 5 of 5


