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RESUMO.- [Genotipagem e resistência antimicrobiana 
de Escherichia coli em carcaças suínas.] O incremento de 
resistência frente aos antimicrobianos, observado em bacté-
rias isoladas de humanos e animais, tem sido motivo de pre-
ocupação mundial e levado ao monitoramento dos perfis de 
resistência em bactérias patogênicas e comensais. O objetivo 
desse estudo foi avaliar o perfil de resistência em Escherichia 
coli isolada de carcaças suínas e descrever a ocorrência de 
alguns genes de resistência relevantes. Um total de 319 iso-
lados de E. coli foi testado quanto à suscetibilidade frente a 

diversos antimicrobianos. A presença de isolados produtores 
de β-lactamases (ESBL) de espectro estendido e β-lactamase 
induzível do tipo ampC foi também investigada. Dezoito ce-
pas multirresistentes foram escolhidas para investigação de 
genes de resistência e caracterização por macro-restrição 
(PFGE). Os resultados demonstraram que a resistência a anti-
microbianos está disseminada, pois 86,2% dos isolados de E. 
coli foram resistentes ao menos a um antimicrobiano e 71,5% 
apresentaram perfil de multirresistência. Uma cepa de E. coli 
produtora de ESBL e nenhuma produtora de ampC induzível 
foram identificadas. Os genes strA (n=15); floR (n=14);aac(3)-
-IVa (n=13); tetB (n=13); sul2 (n=12); tetA (n=11); aph(3’)
Ia (n=8); sul3 (n=5) foram detectados por PCR. A análise de 
PFGE demonstrou que cepas de E. coli multirresistentes apre-
sentaram similaridade inferior a 80% entre si. Concluiu-se 
que cepas multirresistentes de E. coli são frequentes em car-
caças de suínos e apresentam uma alta diversidade genotípi-
ca, bem como de fenótipos e genes de resistência.
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INTRODUCTION
Antimicrobial agents are essential for the treatment and con-
trol of bacterial infections. Therefore, the increasing antimi-
crobial resistance observed worldwide in bacteria isolated 
from humans and animals is a matter of extreme concern 
(FAO/WHO/OIE 2008). The selection of antimicrobial resis-
tant bacteria in human medicine, mainly in hospital settings, 
directly affects the success of the treatment of critical patients 
(WHO 2001). Moreover, the intensification of animal produc-
tion and greater reliance on antimicrobials to control infec-
tious diseases and promote animal growth has emerged as an 
important factor in contributing to the selection of resistant 
bacteria in the community (Wyrsch et al. 2016). Resistant 
bacteria that colonize animals can be transmitted to humans 
via consumption and handling of contaminated food, direct 
contact with animals and even through the release of resis-
tant bacteria into the environment (FAO/WHO/OIE 2008). 
As a consequence, antimicrobial resistance monitoring of 
pathogenic and commensal bacteria has been put in place in 
many countries (Brasil 2008, EFSA 2008, NARMS 2013). In 
a number of monitoring programs, commensal bacteria such 
as Escherichia coli and Enterococcus spp. have been adopted 
as indicators of the selection pressure exerted in the gut flora 
following antimicrobial administration (EFSA 2008).

Escherichia coli is a widespread and abundant bacteria 
which although capable of causing a wide range of gastroin-
testinal and extra-intestinal diseases, also forms part of the 
intestinal commensal microbiota of animals and humans. 
Therefore, it is considered a suitable bacteria for comparing 
the effects of selective pressure in all relevant populations 
and useful as an early alert system for tracking emerging 
resistant bacteria in livestock and their possible spread to 
animal-derived food (EFSA 2008). An additional concern 
is the transfer of antimicrobial resistance genes carried by 
commensal bacteria from the animal host to humans throu-
gh the food chain or environment (FAO/WHO/OIE 2008). 
Thus, several resistance genes have been investigated in 
order to identify common resistance genes in bacteria from 
animals, food, the environment and humans (Krueger et al. 
2011, Mendonça et al. 2016, Stange et al. 2016).

In Brazil, pig farming practices have increased in scale 
over the last decades (ABPA 2015), which has led to an in-
creased use of antimicrobials of several classes, including 
some that are also used in the treatment of human dise-
ases. Until now, although Salmonella antimicrobial resis-
tance has often been reported in pig carcasses and pork 
products (Spricigo et al. 2008, Kich et al. 2011, Lopes et al. 
2015), no monitoring program for antimicrobial resistance 
in zoonotic bacteria transmitted by pork has been conduc-
ted in Brazil. To the best of our knowledge, no data for anti-
microbial resistance in commensal E. coli isolated from pig 
carcasses has been reported in Brazil. Therefore, the aim 
of this study was to evaluate the antimicrobial resistance 
profile in E. coli species and to assess the occurrence of a 
number of relevant resistance genes.

MATERIALS AND METHODS
Sample collection. Samples were collected in three commer-

cial slaughterhouses, denoted A, B and C, which process 1,500 to 
2,000 pigs per slaughter shift. According to the animal transpor-
tation form from each slaughterhouse batch, all pigs had received 
amoxicillin, ceftiofur, colistin, florfenicol and tiamulin on farm. 
Each slaughterhouse was visited twice and 14 carcasses were 
collected per visit. The first carcass was selected randomly and 
the following ones at 10-minute intervals. A total of 84 carcasses 
were sampled. Sponges (Nasco®) were used to swab a 100cm2 
area from each ham, back, belly and jowl (Brasil 2007). Sponges 
taken from each carcass were pooled and put in sterile plastic 
bags containing 40 mL of buffered peptone water (BPW, Merck). 
Aliquots from each sample pool were streaked on violet red bile 
lactose agar (VRBA, Oxoid). After incubation (35°C±2; 24 h), three 
to five typical colonies were transferred to MacConkey agar plates 
and confirmed as Escherichia coli by biochemical tests (Quinn et 
al. 2011).

Antimicrobial susceptibility testing. Escherichia coli iso-
lates were tested for antimicrobial susceptibility against eight 
different antimicrobial agents. The agar disc diffusion method 
was performed and evaluated according to the specifications of 
the Clinical and Laboratory Standards Institute (CLSI) documents 
VET01-S3 and M100S (CLSI 2013; CLSI 2016). The following 
discs (Oxoid) were used: ampicillin (10μg), cefotaxime (30μg), 
ceftazidime (30μg), florfenicol (30µg), gentamicin (10μg), nali-
dixic acid (30μg), sulfonamides (300μg) and tetracycline (30μg). 
Escherichia coli ATCC© 25922 was used as a reference strain for 
quality control purposes. Isolates displaying resistance against 
cefotaxime and/or ceftazidime (extended-spectrum β-lactamase 
producers screening test) were subjected to ESBL-confirmatory 
testing by agar-diffusion test using disks containing cefotaxime 
or ceftazidime combined with clavulanic acid (CLSI 2016). Anti-
microbial multi-resistance was defined as resistance to three or 
more classes of antimicrobial agents (CLSI 2016). Multi-resistant 
isolates were tested against ten additional antimicrobials: amika-
cin (30μg); cefoxitin (30μg); chloramphenicol (30μg); kanamy-
cin (30μg); ertapenem (10μg); streptomycin (10μg); fosfomycin 
(200μg); netilmicin (30μg); nitrofurantoin (300μg); tobramycin 
(10μg); and trimethoprim (5μg). In multi-resistant strains dis-
playing resistance to nalidixic acid, the minimum inhibitory con-
centration (MIC) for ciprofloxacin was screened by agar dilution 
following the recommendations of CLSI document M07-A9 (CLSI 
2012). Strains presenting an MIC of 4 µg.mL-1 ciprofloxacin were 
considered resistant (CLSI 2012). Cefoxitin resistant strains were 
investigated for inducible ampC-β-lactamase production by the 
phenotypic test using cefoxitin-EDTA disks as described by Black 
et al. (2005).

Antimicrobial resistance gene profiling and macro-re-
striction analysis. Eighteen multi-resistant E. coli strains, dis-
playing profiles with ≥9 antimicrobials, were chosen, indepen-
dently of slaughterhouse origin, and investigated for the presence 
of several resistance genes previously reported in this genus. 
Genomic DNA for the PCR assay was prepared using the Nucle-
oSpin© Tissue Kits (Macherey-Nagel). Genes coding resistance to 
aminoglycosides [strA, strB, aac(3)IVa, aph(3)Ia, ant(2)Ia], tetra-
cyclines [tetA, tetB and tetG], sulfonamides (sul1, sul2, and sul3), 
and phenicols (catA1, floR) were investigated by PCR assay, using 
the primers listed in Table 1.

DNA from the same eighteen multi-resistant strains was sub-
jected to pulsed-field gel eletrophoresis (PFGE) analysis, follow-
ing Pulse-Net procedures (http://www.cdc.gov/pulsenet/patho-
gens/pfge.html). The DNA samples were first digested with XbaI 
(Promega) and electrophoresis was performed on a 1% agarose 
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gel using 0.5X Tris-borate-EDTA buffer in a CHEF DR-II system 
(BioRad Laboratories) at 6 V/cm for 21 h at 14oC with an initial 
switch time of 6.76s and a final switch time of 35.38s. After PFGE, 
the gel was stained with ethidium bromide (2mg/ml, Sigma) and 

photographed under UV transillumination; image digitalization 
was processed using the Kodak 2200 system (Rochester). PFGE-
banding patterns were compared using the Gel-Compar II soft-
ware package (Applied Maths). Similarities between profiles were 
calculated using the Dice coefficient, with 1.7% optimization sets 
and tolerance. The patterns were clustered using the unweighted 
pair group method with arithmetic averages (UPGMA), and den-
drograms were constructed.

Statistical analysis. The antimicrobial resistance frequencies 
of E. coli isolates from the different slaughterhouses were com-
pared by chi-square test (c2) using the Stata Data Analysis and 
Statistical Software, version 12.0. A P value of <0.05 was consid-
ered significant. For the purpose of this study, isolates with inter-
mediate susceptibility were categorized as susceptible for statis-
tical analysis.

RESULTS
Escherichia coli was detected in all sampled carcasses, re-
sulting in 319 strains, which were tested for antimicrobial 
resistance. A total of 44 (13.8%) were fully susceptible to 
the antimicrobials tested in this study, while 16 (5.0%) 
and 31 (9.7%) presented resistance to one and two anti-
microbial classes, respectively. Single and double resistan-
ces were mostly to ampicillin (21/47; 44.7%), tetracycline 
(20/47; 42.5%), sulfonamide (12/47; 25.2%) and nalidixic 
acid (12/47; 25.2%). In slaughterhouse A, no E. coli strain 
was fully susceptible to the antimicrobials tested in this stu-
dy, while in B and C this group of strains accounted for 20% 
of the total. Strains resistant to one or two antimicrobials 
represented 12.7%, 18.0% and 12.7% in slaughterhouses 
A, B and C respectively.

A total of 228 (71.5%) E. coli strains presented multi-
resistance profiles, and were tested against ten additional 
antimicrobials. In line with the profiles presented by the 

Table 1. Antimicrobial resistance genes investigated by PCR in Escherichia coli strains from pig carcasses: 
amplicons, primers and references

 Antimicrobial class Resistance gene Amplicon (pb) Primers (5’ - 3’) Reference

 Tetracycline tetA 953 fw: GTAATTCTGAGCACTGT Frech & Schwarz 2000
    rv: CCTGGACAACATTGCTT
  tetB 1169 fw: ACGTTACTCGATGCCAT Frech & Schwarz 2000
    rv: AGCACTTGTCTCCTGTT
  tetG 1141 fw: CTGCTGATCGTGGGTCT Frech & Schwarz 2000
    rv: TTGCGAATGGTCTGCGT
 Phenicol catA1 551 fw: GGCATTTCAGTCAGTTG Kikuvi et al. 2007
    rv: CATTAAGCATTCTGCCG
  floR 1291 fw: AGGGTTGATTCGTCATGACCA Kadlec et al. 2007
    rv: CGGTTAGACGACTGGCGACT
 Aminoglycoside aac(3)IVa  627 fw: GTGTGCTGCTGGTCCACAGC Jensen et al. 2006
    rv: AGTTGACCCAGGGCTGTCGC
  aph(3)Ia 669 fw: AACGTCTTGCTCGAGGCCGCG Jensen et al. 2006
    rv: GGCAAGATCCTGGTATCGGTCTGC
  ant(2)Ia 328 fw: GGGCGCGTCATGGAGGAGTT Jensen et al. 2006
    rv: TATCGCGACCTGAAAGCGGC
  strA 645 fw: TGACTGGTTGCCTGTCAGAGG Kehrenberg & Schwarz 2001
    rv: CCAGTTGTCTTCGGCGTTAGCA
  strB 510 fw: ATCGTCAAGGGATTGAAACC Kikuvi et al. 2007
    rv: GGATCGTAGAACATATTGGC
 Sulfonamide sul1 839 fw: TGGTGACGGTGTTCGGCATTCTGA Grape et al. 2003 
    rv: CTAGGCATGATCTAACCCTCGGTCT
  sul2 703 fw: ACAGTTTCTCCGATGGAGGCC Kehrenberg & Schwarz 2001
    rv: CTCGTGTGTGCGGATGAAGTC
  sul3 803 fw: GAGCAAGATTTTTGGAATCG Grape et al. 2003
    rv: ATCTGCAGCTAACCTAGGGCTTTGGA

Table 2. Resistance frequency in Escherichia coli  
multi-resistant strains from pig carcasses sampled at three 

slaughterhouses (A,B,C) located in Santa Catarina state, 
according to the antimicrobial classes

  % Resistance
  A B C Total P value
  (n=89) (n=75) (n=64) (n=228)

 Aminoglycosides
 Gentamicin 6.7 10.7 14.1 10.1 0.326
 Tobramycin 5.6 16.0 9.4 10.1 0.087
 Amikacin 0 1.3 0 0.4 0.359
 Kanamycin 30.3 38.7 26.6 32.0 0.285
 Netilmicin 2.2 5.3 7.8 4.8 0.276
 Streptomycin 68.5 70.7 56.2 65.8 0.159
 Quinolone
 Nalidixic acid 79.8 76.0 70.3 75.9 0.402
 β-lactams
 Ampicillin 82.02 84.0 76.5 81.1 0.516
 Cefotaxime 0 2.7 1.6 1.3 0.321
 Cefoxitin 0 1.3 3.1 1.3 0.531
 Ceftazidime 0 2.7 0 0.9 0.128
 Phenicols
 Florfenicol 95.5 88.0 39.1 77.2 < 0.001
 Chloramphenicol 97.7 88.0 68.7 86.4 < 0.001
 Tetracycline
 Tetracycline 96.6 97.3 100 97.8 0.352
 Nitrofuran
 Nitrofurantoin 1.1 1.3 1.6 1.3 0.973
 Folate pathway
 inhibitor/sulfonamide
 Trimethoprim 66.3 56.0 45.3 57.0 0.035
 Sulfonamide 88.8 77.3 89.1 85.1 0.071
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multi-resistant strains (Table 2), tetracycline (97.8%), 
chloramphenicol (86.4%), sulfonamide (85.1%) and ampi-
cillin (81.1%) were the most frequent resistances observed. 
All multi-resistant strains were susceptible to ertapenem 
and fosfomycin. The resistance frequency to antimicrobi-
als was not significantly different among the isolates ob-
tained from the three slaughterhouses, except for the class 
of phenicols, to which E. coli isolates from slaughterhouse C 
were significantly less resistant (P<0.001). Among the 172 
multi-resistant E. coli strains displaying resistance to nali-
dixic acid, thirty (17.4%) were also resistant to ciprofloxa-
cin (Table 3). From the five strains displaying resistance to 
ceftazidime or cefotaxime, only one was positive in the con-
firmatory test for ESBL-production. Resistance to cefoxitin 
was also low (3/228; 1.3%), and no strain presented a pos-
itive reaction in the inducible ampC-β-lactamase produc-
tion test.

Ia and strB. Eight other resistance genes were detected at 
the following frequencies: strA (n=15); floR (n=14); aac(3)
IVa (n=13); tetB (n=13); sul2 (n=12); tetA (n=11); aph(3)
Ia (n=8); sul3 (n=5). Six E. coli strains carried both tetA and 
tetB genes, and in seven strains the three aminoglycoside 
resistance genes investigated (strA, aac(3)Iva aph(3)Ia) 
were detected. The PFGE analysis of the 18 multi-resis-
tant E. coli strains showed a high diversity of pulsotypes, 
and most strains presented similarity percentages of less 
than 80% among them (Fig.1). In slaughterhouses B and 
C, E. coli strains displaying indistinguishable pulsotypes, 
and similar phenotypic and genotypic resistance profiles, 
were detected. These strains were isolated from different 
carcasses belonging to the same slaughter batch.

DISCUSSION
The results presented here on E. coli isolated from pig car-
casses show that resistance to antimicrobials is widespre-
ad, since of a total of 319 E. coli strains analyzed, 71.5% dis-
played multi-resistance profiles, while 86.2% were found 
to be resistant to at least one antimicrobial. The most likely 
origin of these resistant strains is the intestinal tract of the 
slaughtered pigs; therefore these bacteria may actually re-
flect the selection pressure that occurs following on-farm 
antimicrobial administration. Moreover, PFGE analysis of a 
group of multi-resistant E. coli revealed that they were ge-
notypically diverse even among strains from the same slau-
ghterhouse. Only four strains from B and three strains from 
C, which were isolated from different carcasses belonging 
to common slaughter batches displayed same pulsotypes 
and resistance profiles. In these cases, cross-contamination 
during the dressing process may have been the cause of the 
dissemination of the multi-resistant strains. Therefore, a 
parallel selection of multiple E. coli groups belonging to the 
intestinal microbiota following exposure to antimicrobials 

Fig.1. Macro restriction profiles and multi-resistant Escherichia coli isolated from pig carcasses from three slaughterhouses (A,B,C). 
Groups of related isolates (≥70% similarity) are marked with brackets. Amp = ampicillin, Kan = kanamycin, Cef = cefoxitin, Chl = 
chloramphenicol, Ctx = cefotaxime, Gen = gentamicin, Net = netilicin, Str = streptomycin, Flo = florfenicol, Nal = nalidixic acid, Sul = 
sulfonamide, Tet = tetracycline, Tob = tobramycin, Tri = trimethoprim.

Table 3. Distribution of Escherichia coli strains resistant to 
nalidixic acid isolated from pig carcasses according to the 
Minimal Inhibitory Concentration (MIC) of ciprofloxacin

 Total  Number of isolates  according to ciprofloxacin MIC(µg.mL-1)
  0.012 0.024 0.048 0.097 0.125 0.19 0.39 0.78 1.56 3.12 4.68 6.25 9.37

 172 2 2 3 3  78 43 9 1 1  30

The vertical line depict the breakpoint for resistance according to CLSI 
(2012).

The multi-resistant isolates presented profiles that con-
ferred resistance to between three and 11 antimicrobials. 
From a total of 85 different resistance profiles identified, 
50 were displayed by only one strain. The most frequent 
resistance profile in slaughterhouses A and B was [Amp-
ChlFloNalStrSulTetTri], while in C it was [AmpChlSulTet]. 
Five genes were not detected in the 18 E. coli strains inves-
tigated for resistance genes by PCR: sul1, catA1, tetG, ant(2)
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seems to be a more plausible scenario than the selection 
and transfer of resistant clones at the slaughterhouses. The 
selection pressure exerted by antimicrobial use is in turn 
reflected in the multi-resistance profiles, and in our study 
profiles of resistance of up to eleven antimicrobials were 
identified.

According to the animal transportation forms that were 
presented at the slaughterhouse for each pig batch, anti-
microbials of the β-lactam class (amoxicillin and ceftiofur), 
florfenicol and tiamulin were administered to the animals 
on farm. The frequency of resistance to most antimicro-
bials did not differ greatly among E. coli strains isolated 
from slaughterhouse A, B and C. And ampicillin (81.1%), 
sulfonamide (85.1%) and tetracycline (97.8%) figured 
among the antimicrobials with the highest percentage of 
resistant strains in all slaughterhouses. Resistance to am-
picillin, tetracycline and sulfonamide is a common finding 
in monitoring program reports, and resistance frequencies 
between 37% and 57% in commensal E. coli isolated from 
pigs have been reported in countries of the European Union 
(EFSA 2008). Investigations conducted on E. coli isolated 
from pork also reported the highest frequency of resistan-
ce against these same three antimicrobials in Greece (68.6 
to 78.4%), the United States (15 to 51%), Canada (12.2 to 
31.7%,) and Germany (21.7 to 28.3%), demonstrating that 
this is a widespread resistance profile (Gousia et al. 2011, 
Kaesbohrer et al. 2012, Sheikh et al. 2012, Zhao et al. 2012), 
which is believed to be associated with the massive use of 
these antimicrobials on pig farms. Particularly, the admi-
nistration of high doses of tetracycline, sulfonamides, ma-
crolides and penicillin in combination or stand-alone treat-
ments has been reported in high pork-producing countries 
such as the United States (Apley et al. 2012) and China 
(Krishnasamy et al. 2015). Even in countries of the Euro-
pean Union, where antimicrobial use for growth promotion 
was withdrawn, tetracycline and penicillin were still repor-
ted as the most used antimicrobials in animals in the year 
2011 (Garcia-Migura et al. 2014).

Consequently, genes such as bla, tet and sul, which are 
involved in resistance to β-lactams, tetracycline and sul-
fonamide, respectively, feature among the most often re-
ported in E. coli (Sunde et al. 1998, Abraham et al. 2014, 
Mendonça et al. 2016, Wyrsch et al. 2016). In most cases, 
multiple resistance genes of these groups form part of gene 
cassettes carried by transposons and plasmids, which ena-
ble the persistence of resistance to specific antimicrobials 
even after their withdrawal (Garcia-Migura et al. 2014). In 
fact, the 18 multi-resistant E. coli strains analyzed in our 
study carried genes tetA and tetB in addition to sul2 and 
sul3. The concomitant detection of sul2 and tetA occurred 
in nine multi-resistant E. coli strains; in seven other strains 
different combinations were observed (sul2 and tetB or 
sul3 and tetA/B). Since the location of the resistance genes 
was not investigated, we can only hypothesize the linkage 
of the aforementioned genes in one gene cassette or mobile 
element. The aforementioned genes are, in turn, frequen-
tly reported and highly prevalent in E. coli isolated from 
humans and the environment, demonstrating the dissemi-
nation of resistance genes and the circulation of resistant 

strains between the environment and human or animal 
hosts (Bryan et al. 2004, Tadesse et al. 2012, Yahiaoui et al. 
2015, Stange et al. 2016).

In our study, chloramphenicol (86.4%) and florfenicol 
(77.2%) also feature among the antimicrobials to which high 
frequency of resistance is shown. Although chloramphenicol 
is prohibited for animal use in Brazil (Brasil 1999), florfe-
nicol is frequently administered for the treatment of swine 
diseases (Barcellos et al. 2009). Whilst florfenicol is not ad-
ministered to humans, E. coli strains resistant to this antimi-
crobial often carry the floR gene (Schwarz et al. 2006), whi-
ch also confers resistance to chloramphenicol. In our study, 
concomitant resistance to these antimicrobials was obser-
ved in 176 (88.0%) of 200 strains resistant to the group of 
phenicols. Moreover, in 14 of the 18 multi-resistant strains 
subjected to genotyping, resistance to both antimicrobials 
was observed and the floR was detected. In the four remai-
ning strains, which presented this resistance phenotype wi-
thout the detection of floR, other previously described me-
chanisms (Schwarz et al. 2006) could be involved. Therefore, 
we hypothesize that commensal E. coli in the pig gut may act 
as a reservoir of resistance genes such as floR, which confers 
cross-resistance to chloramphenicol. However, this drug still 
represents the therapy of choice for important human infec-
tions in certain geographic areas (WHO 2011).

In response to the increasing concern about resistance 
in bacteria, the World Health Organization (WHO) develo-
ped criteria to rank antimicrobials (WHO 2005). The anti-
microbials were categorized according to the relative im-
portance in human medicine as: critically important, highly 
important and important. According to the latest revised 
edition of the document (WHO 2011), tetracycline and sul-
fonamide are ranked as highly important, while penicillins, 
phenicols and aminoglycosides feature among the critically 
important, stressing the relevance of the resistance profiles 
detected in this study among E. coli strains obtained from 
pig carcasses.

Streptomycin resistance is a common finding in E. coli 
isolated from food animals and animal products (Kaesbo-
hrer et al. 2012, Tadesse et al. 2012) and together with am-
picillin, features among the resistance phenotypes that are 
often co-transferred with sulfonamide resistance in E. coli 
(Wu et al. 2010). In our study, 65.8% of the multi-resistant 
E. coli strains were resistant to streptomycin and 32% to 
kanamycin. However, the tested strains presented much lo-
wer frequencies of resistance (0.4 to 10.1%) to the other 
tested aminoglycosides. Resistance to aminoglycoside is 
related to the enzymatic inactivation of the drug, and a ple-
thora of N-acetyltransferases, O-phosphotransferases and 
O-nucleotidyltransferases involved in this inactivation have 
been described (Ramirez & Tomalsky 2011). Among the re-
sistance genes, strA-strB stand out as being widely disse-
minated in gram-negative bacteria isolated from humans, 
mammals and farmed fish (Sundin & Bender 1996, Sunde 
et al. 1998, L’Abée-Lund & Sorum 2001, Ramirez & Tomal-
sky 2011, Abraham et al. 2014). In this study strA was the 
most frequently detected gene in the multi-resistant E. coli 
strains analyzed, followed by aac(3)IVa and aph(3)Ia. The-
se genes code for enzymes of O-phosphotransferase (APH) 
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and N-acetyltransferase (AAC) types, which are able to 
modify streptomycin and kanamycin (APH) or gentamycin 
(AAC) (Shaw et al. 1993). The enzymatic profile in turn is in 
agreement with the most frequent resistance phenotypes 
detected in our study.

More recently, the critically important antimicrobials 
were further divided according to a prioritization based on 
the volume of antimicrobial usage, revealing that transmis-
sion of resistant bacteria from non-human sources is alre-
ady occurring (WHO 2011). The analysis resulted in four 
groups of drugs of highest priority among the critically im-
portant antimicrobials: fluoroquinolones, third and fourth 
generation cephalosporins, macrolides and glycopeptides. 
The first two groups are active against enterobacteria and 
have been included in monitoring programs that use E. coli 
as indicator of antimicrobial exposure (EFSA 2008, NARMS 
2013), and were also investigated in our study.

Quinolone resistance is most often associated with mu-
tations in the gene coding for DNA gyrase and topoisome-
rase IV in E. coli, although other mechanisms may also be 
involved (Karczmarczyk et al. 2011). The mutations facili-
tate the selection of mutants resistant to high levels of qui-
nolones which may also present an enhancement in MICs 
of fluoroquinolones such as ciprofloxacin (Jacoby 2005). 
In our study, nalidixic acid resistance was highly frequent, 
being detected in 75.9% of the E. coli strains. When the 
resistant strains were tested against ciprofloxacin, 17.4% 
presented an MIC of ≥4µg.mL-1, which is the breakpoint for 
clinical resistance (CLSI 2012). Besides these already re-
sistant strains, 95.9% presented MIC values greater than 
0.064 µg.mL-1, which is the concentration breakpoint of 
strains already showing a degree of resistance mutation 
(EUCAST 2016). In this sense, strains able to survive in hi-
gher concentrations of ciprofloxacin are more likely to un-
dergo additional mutations and become fully resistant to 
fluoroquinolones (Jacoby 2005). Therefore, the MIC profi-
les identified in the E. coli strains from pig carcasses in this 
study suggest that more ciprofloxacin resistant strains may 
emerge in the future.

Beta-lactam antimicrobials are still the most frequently 
used antibiotics in the treatment of bacterial infections. Ho-
wever, continuous exposure to antimicrobials of this class 
has contributed to the emergence and selection of resistant 
bacteria carrying genes coding for β-lactamases (Shaikh et 
al. 2015). Extended-spectrum β-lactamases (ESBLs), which 
confer resistance to monobactams and all β-lactams, except 
those combined with β-lactamase inhibitors, have gained 
importance worldwide. In our study, only 1.3% and 0.9% 
of the strains analyzed presented resistance to ceftazidime 
or cefotaxime, which are used to screen for ESBL produ-
cers. Among the already low numbers of resistant strains, 
only one has been confirmed to be ESBL producer by the 
phenotypic test. In agreement with the group of E. coli 
strains analyzed here, the frequencies reported for ESBL 
producers in animals have generally been below 1% (EFSA 
2008). Nonetheless, ceftiofur, which belongs to the group 
of third generation cephalosporins, is frequently used in 
pig farms in Brazil and might exert a selection pressure on 
the microbiome, highlighting the importance of constant 

monitoring for resistance development in pathogens and 
commensal bacteria.

More recently, inducible ampC-β-lactamases, which pos-
sess broad-spectrum cephalosporinase action in addition 
to being capable of hydrolyzing penicillins and β-lactamase 
inhibitor-β-lactam combinations, have been detected in E. 
coli. Due to the clinical importance of these drugs and the 
location of the resistance gene on plasmids, screening and 
confirmation tests have been developed (Black et al. 2005). 
Of these, we used the cefoxitin disk diffusion test for scree-
ning purposes, while the identification of resistant strains 
was confirmed using cefoxitin-EDTA disks. No inducible 
ampC-β-lactamase producer was found among the E. coli 
strains isolated from pig carcasses in this study. This result, 
together with the absence of strains resistant to ertape-
nem and fosfomycin, is encouraging, since these drugs are 
highly important for the treatment of humans. Moreover, 
their administration should be avoided in animals.

Although the relationship between the withdrawal of 
a given antimicrobial from animal use and the decrease in 
resistance to it in humans is not straightforward, eviden-
ce indicates that the single most important driver for the 
emergence and increased resistance in the microbiome 
is the use of antimicrobial agents in humans and animals 
(Aarestrup 2015). Therefore, the high frequency of multi-
-resistant E. coli strains in pig carcasses demonstrates that 
these bacteria are subjected to permanent contact with a 
number of classes of antimicrobials. In particular, the use 
of oral treatment for extended periods of time of whole 
animal herds, adopted for practical reasons in animal hus-
bandry, is recognized as exerting high selection pressure 
on bacterial populations (Ungemach et al. 2006). There-
fore, the prudent and responsible use of antimicrobials in 
animals is of utmost importance in the control of antimi-
crobial resistance. Measures, including the use of antimi-
crobials only when necessary, according to instructions, 
after appropriate disease diagnosis, and, when possible, 
following resistance tests, form the basis for the prudent 
use of antimicrobials. The results of this study indicate that 
antimicrobial resistance should be prioritized in the dis-
cussion concerning antimicrobial administration in swine 
production.

CONCLUSIONS
Escherichia coli isolated from pig carcasses are hi-

ghly resistant to antimicrobials belonging to the class of 
β-lactams, tetracyclines, sulfonamides, phenicols, amino-
glycosides and quinolones; moreover, they frequently dis-
play multi-resistance profiles.

Resistance to antimicrobials of high priority in human 
medicine, such as third and fourth generation cephalospo-
rins, monobactams and fosfomycin, is rare or even absent. 
E. coli strains resistant to fluoroquinolones are, however, 
found in pig carcasses.

Antimicrobial resistant E. coli strains present highly 
diverse resistance phenotypes, genotypes and pulsotypes, 
indicating that they most likely come with each animal en-
tering the slaughterhouse rather than being resident resis-
tant clones transferred by cross contamination.
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