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In this study, avian extraintestinal Escherichia coli obtained from the liver of poultry
carcasses approved for human consumption in the State of Pernambuco-Brazil were tes-
ted for antibiotic plus serum-resistance. Liver samples (n=110) were obtained from one
slaughterhouse and 88 bacterial isolates were identified as Escherichia coli. The antibiotic-
-resistance profiles of antibiotics used in human and/or veterinary practice were accessed
by the disk-diffusion method. Phenotypes with high resistance to streptomycin (84.0%),
tetracycline (44.7%), amikacin (29.8%), gentamicin (21.3%) and ciprofloxacin (21.3%)
were identified. Resistance to antibiotics such as ceftazidime, amoxicillin-clavulanic acid
and imipenem was also recorded. Twenty isolates with distinct antibiotic-resistance and
susceptibility profiles were selected for serum resistance assays, phylogenetic characteri-
zation and detection of the iss gene. We have shown that multidrug resistant isolates were
often simultaneously resistant to broiler and human sera. Phylogenetic characterization of
serum- plus antibiotic-resistant isolates have shown three belonging to group D, eleven to
group B1, one to group B2, and five to group A. We concluded that commensal E. coli strains
isolated from the liver of healthy poultry carcasses can harbor and potentially share multi-
drug- plus virulence genes found in pathogenic pathotypes. This suspicion was not related
to specific phylogenetic groups or presence of the iss gene.

INDEX TERMS: Phylogenetic characterization, antibiotic-resistancy, Escherichia coli, poul-
try infection, Pernambuco ExPEC, colibacillosis.

RESUMO.- [Caracterizacao filogenética de Escherichia
coli extraintestinal soro- e antibidtico-resistentes iso-
ladas do figado de carcacas de frango em Pernambuco.]
Neste estudo, isolados de Escherichia coli extraintestinal
aviaria obtidos a partir do figado de carcacas de aves apro-
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vadas para consumo humano no Estado de Pernambuco-
-Brasil foram testados para resisténcia a antibioticos e
soro. As amostras de figado (n = 110) foram obtidas de um
abatedouro, sendo 88 isolados bacterianos identificados
como Escherichia coli. Os perfis de resisténcia a antibioti-
cos de uso humano e/ou veterinario foram determinados
pelo método de disco-difusdo. Foram identificados fenoti-
pos com alta resisténcia a estreptomicina (84,0%), tetra-
ciclina (44,7%), amicacina (29,8%), gentamicina (21,3%)
e ciprofloxacina (21,3%). A resisténcia a antibidticos uti-
lizados na medicina humana e/ou veterinaria, tais como a
ceftazidima, amoxicilina-acido clavulanico, estreptomicina
e imipenem também foi registrada. Vinte amostras com
perfis distintos de resisténcia/sensibilidade a antibidticos
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foram selecionadas para os ensaios de resisténcia ao soro,
caracterizacdo filogenética e deteccdo do gene iss. Foi de-
monstrado que isolados resistentes a multiplas drogas fo-
ram também simultaneamente resistentes ao soro de fran-
gos e ao soro humano. A caracterizagao filogenética desses
isolados mostraram trés pertencentes ao grupo D, onze ao
grupo B1, um ao grupo B2 e cinco ao grupo A. Conclui-se
que E. coli comensais isoladas do figado de carcagas de aves
saudaveis podem abrigar e potencialmente compartilhar
genes de resisténcia a drogas e de viruléncia encontrados
em patotipos patogénicos. Essa suspeita nao foi relaciona-
da com grupos filogenéticos especificos ou com a presenca
do gene iss.

TERMOS DE INDEXAGAOQ: Caracterizacio filogenética, Escherichia
coli, resisténcia antibiotica, frango, Pernambuco, EXPEC, colibaci-
lose.

INTRODUCTION

The inclusion of antibiotics in broiler feed is often asso-
ciated with improved growth rate, feed efficiency and in-
creased animal production. However, this practice has
been banned in developed countries due to possibility of
transferring conjugative plasmids and transposons betwe-
en bacterial strains of the gut microbiota (Aarestrup et al.
2001). Although Brazil has been the world’s largest export-
er of chicken meat since 2004, few studies were performed
to clarify the risk for human health from consuming poultry
contaminated by drug-resistant Escherichia coli. Further-
more, antimicrobials of different classes are authorized for
non-veterinary usage in the country (Brasil 2015). Since
some of these drugs are of the same class of those indicat-
ed to human use, the risk of producing multidrug-resistant
pathotypes through the food chain is significant.

The spread of infections caused by extraintestinal pa-
thogenic Escherichia coli (EXxPEC) is among the main pro-
blems of the modern poultry industry. EXPEC pathotypes
such as avian pathogenic E. coli (APEC) can cause mul-
tifactorial diseases that affect chickens, turkeys, parrots
and other bird species (Delicato et al. 2003). Virulence
mechanisms includes iron acquisition systems, produc-
tion of toxins, adhesion capacity, presence of capsular
antigens and temperature-sensitive hemagglutinins (Ro-
driguez-Siek et al. 2005). However, resistance to serum
complement is considered the hallmark of virulence for
APEC strains and serum sensitive bacteria often are una-
ble to colonize internal organs. Accordingly, the increased
serum survival gene (iss), found in ColV and ColBM plas-
mids, has been used as virulence marker together with
other candidate genes for diagnostic purposes (Johnson
etal. 2006).

Human serum resistance among ExPEC allows survival
in the host’s bloodstream and can potentially lead to disse-
minated infections. Although the potential of the APEC pa-
thotype to cause human infections through the food chain
is unclear, it can colonize the intestinal tract and enhance
virulence gene transfer to human strains. For example,
APEC strains and urogenital pathogenic E. coli (UPEC) cau-
sing human infections were shown to share large genomic
sequences (Johnson et al. 2007, Kariyawasam et al. 2007).
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In a previous study, we have shown that multidrug-resis-
tant E. coli harboring the iss gene obtained from poultry
carcasses may resist the human serum and cause patho-
genesis in the murine model (Lima-Filho et al. 2013). In
this study, avian extraintestinal Escherichia coli obtained
from the liver of poultry carcasses approved for human
consumption in the State of Pernambuco-Brazil were tes-
ted for antibiotic plus serum-resistance. Phylogenetic cha-
racterization serum- plus antibiotic-resistant isolates was
conducted.

MATERIALS AND METHODS

Sample collection. Three lots of poultry carcasses were
analyzed at random, as follows: lot 1 (n=50); lot 2 (n=30) and
lot 3 (n=30). Liver samples (n=110) without macroscopic altera-
tions and approved for human consumption were obtained from
one slaughterhouse in the state of Pernambuco, Brazil. The livers
were obtained aseptically just after the evisceration of carcasses
at one single location in the poultry processing plant. The samples
were packed in sterile Petri dishes and kept into sealed bags while
transported in isothermal food containers containing recyclable
ice. Samples were processed in the Microbiology and Immuno-
logy Laboratory (Department of Biology, Pernambuco Federal
Rural University) no longer than 120 min after collection. These
samples were macerated (1:10; w:v) in brain heart infusion broth
(BHI) for enrichment and incubated overnight at 37°C. Then, sus-
pected cultures were seeded on eosin methylene blue agar (EMB),
and were incubated overnight at 37°C. Typical colonies of green
color with metallic luster were submitted to Citrate, VM-VP and
indole biochemical tests and confirmed phenotypically to be E.
coli (Franco, de Melo, G., Landgraf 2004).

Antibiotic-resistance assays. The resistance profiles to an-
timicrobials of veterinary and/or human use were carried out by
the standard disk-diffusion method (CLSI 2012). All tests were
carried out in duplicate against twelve antimicrobials (Cecon®):
amoxicillin-clavulanic acid (10pg), cefalotin (30pg), ceftazidim
(30pg), aztreonam (30pg), imipenem (10ug), gentamicin (10pg),
amikacin (30pg), streptomycin (10pg), ciprofloxacin (5pg), levo-
floxacin (5ug), chloramphenicol (30ug), tetracycline (30pg). The
results were interpreted as sensitive (S), moderately sensitive (I)
or resistant (R). The breakpoints for resistance were those re-
commended by CLSI. Multidrug resistance was determined when
bacterial isolates were resistant to antimicrobials of at least three
different classes (Magiorakos et al. 2012). The isolates obtained
from a single sample with an identical antibiotic resistance/sensi-
tivity profile were treated as a single strain. In this case, bacterial
replicates were not conducted. Twenty isolates (2, 9, 12, 51, 52,
53,54, 56,57, 59, 60, 61, 62, 63, 64, 65, 66, 71, 72, 73) with dis-
tinct antibiotic-resistance profiles were selected for serum resis-
tance assays, phylogenetic characterization and detection of the
iss gene.

Phylogenetic characterization. Phylogenetic analysis was
performed in the Microbiology and Animal Immunology Labora-
tory (Vale do Sao Francisco Federal University, Petrolina, PE), as
follows: genomic DNA from E. coli was obtained by thermal lysis.
The primers were those described by Clermont et al. (2000):

Chua (279 bp) - Forward:5" GACGAACCAACGGTCAG GAT 3’
Reverse: 5" TGCCGCCAGTACCAAAGACA 3’
YjaA (211 bp) - Forward: 5' TGAAGTG TCAGGAGACGCTG 3’
Reverse: 5" ATGGAGAATGCGTTCCTCAAC 3’
TspE4C2 (152 bp) - Forward: 5° GAGTAATGTCGGGGCATTCA
Reverse: 5" CGCGCCAACAAAGTATTACG 3’
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The following conditions were used: denaturation for 5 min at
94°C, 30 cycles of 30s at 94°C, 30s at 55°C and 30s at 72°C, and a
final extension for 7 min at 72°C. The PCR products were visuali-
zed on 1.5% agarose gel stained with ethidium bromide.

Detection of the iss gene. Detection of the iss gene was per-
formed by PCR according to Johnson et al. (2008):

iss (323 bp) - Forward: 5° CAGCAACCCGAACCACTTGATG 3’
Reverse: 5" AGCATTGCCAGAGCGGCAGAA 3’

The following conditions were used: denaturation at 94°C 4
min, 30 cycles of 45 s at 94°C, 45 s at 55°C and 60 s at 72°C, and
a final extension time of 7 min at 72°C. The PCR products were
visualized on 1.5% agarose gel stained with ethidium bromide.

Serum-resistance assays. Serum resistance was evaluated
among selected E. coli strains (n=20) presenting distinct antibiotic
resistance/susceptibility profiles, according to the method adapted
from Samuelsen et al. (2004). Mixed preparations containing hu-
man or broiler sera (190 pL) and E. coli (10 pL, 107 CFU/mL) were
cultured together at 37°C for 6 h. At different time periods, aliquots
of 0.1 mL were plated on MacConkey agar for enumeration of the
colony forming units. A commensal human strain of E. coli (strain
EMO), sensitive to human and broiler serum was kindly provided
by Prof. Jacques Nicoli (UFMG), and used as control. All strains
were exposed to normal or heat-treated serum (57°C/ 30 min).

RESULTS AND DISCUSSION

After blind analyses of experiments, each lot of poultry car-
casses was identified as sourced from broiler raised in three
different farms (Table 1). E. coli was identified in 88 out of
110 liver samples and the highest resistance phenotypes
were to streptomycin (84.0%), tetracycline (44.7%), ami-
kacin (29.8%), ceftazidime (21.3%), gentamicin (21.3%)
and ciprofloxacin (21.3%) (Table 1). The overall drug re-
sistance varied from one to six antimicrobials. However,
multi-drug resistant strains were prevalent among isola-
tes from lots 1 (Farm 1: 24 out of 50; 48%) and 2 (Farm 2:
12 out of 30; 40 %) whereas only 2 out of 30 strains in lot
3 (Farm 3: 6.7 %; isolates 92 and 104) have shown mul-
tidrug-resistance (Table 1). Twenty isolates with distinct
antibiotic/resistance profiles were selected for serum re-
sistance assays. The phylogenetic characterization of these
E. coli strains showed three belong to group D, one to group
B2, eleven to group B1, and five to group A. But the iss gene
was confirmed in only 35% of isolates (Table 2). Simulta-
neous resistance to broiler plus human sera reached 9 out
of 10 multidrug resistant isolates (Table 2).
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Previous studies have shown a high percentage of E. coli
of avian origin with resistance phenotypes to aminoglyco-
sides, tetracyclines, cephalosporins and fluoroquinolones
(Lambie et al. 2000, Van den Bogaard et al. 2001). Our re-
sults show that the majority of avian isolates were resistant
to drugs used in both veterinary and human hospitals such
as gentamicin, amikacin, ciprofloxacin and tetracycline. Ac-
cordingly, a large number of strains were resistant to cipro-
floxacin, a fluoroquinolone that is commonly used to treat
infections in humans due to low toxicity and broad spec-
trum activity (Livermore et al. 2002, Maslow et al. 2004).
Resistance to antibiotics such as amoxicilin-clavulanic acid,
ceftazidime and streptomycin was also significant. In parti-
cular, the detection of resistance to imipenem is of concern
since this drug is often used as ultimate therapeutic choice
against severe human gram-negative infections (Morrill et
al. 2015). Nevertheless, none of antibiotics was effective
against all isolates, with levofloxacin producing the highest
overall antibiotic-susceptibility rate (87.2%).

As expected, isolates harboring the iss gene and pre-
sumptively identified as EXPEC of APEC pathotype were

Table 2. Phylogenetic characterization and serum resistance
of selected avian Escherichia coli with distinct antibiotic
resistance/susceptibility profiles

Class/ E.coli Avianserum Human serum Phylogenetic Presence

number of isolates resistance resistance Group of gene
antimicrobials (CFU/mL)*  (CFU/mL) iss
4/6 2 >1x10* >1x10* D +
5/6 9 >1x10° 21x106 A _
4/6 12 >1x10° >1x10° A _
5/6 54 >1x10° >1x10° B1 +
4/6 57 >1x10° >1x10° B1 _
4/4 51 >1x10° >1x10° B1 _
4/4 59 >1x10? >1x10° B1 _
4/4 71 >1x10° >1x10° B1 _
4/4 73 <1x10! >1x10° B1 _
3/4 72 <1x10! <1x10! D _
2/2 56 >1x10° <1x10! A _
2/2 60 21x10° 21x10° B2 +
2/2 62 >1x10° >1x10* B1 +
1/2 61 >1x103 >1x10° D +

1/1 53 <1x10! <1x10! B1

1/1 63 <1x10! >1x10* A _
1/1 65 >1x10° <1x10! B1 +
1/1 66 <1x10! >1x10° A _
0 52 <1x10! <1x10! B1 _
0 64 <1x10! >1x10* Bl +

* Bacterial cell counts following 6 h exposure to broiler or human sera.

Table 1. Antibiotic-resistance profile of avian extraintestinal Escherichia coli from the liver of poultry carcasses

Antimicrobial Antimicrobials Disc content Resistance S*% 1% R% Resistant isolates
class (ug) breakpoint (mm) Lot 1/Farm 1 Lot 2/Farm 2 Lot 3/Farm 3
Penicillin Amoxicillin- 10 <13 45.7 38.3 15.9 8,9,12,13, 26, 28, 38, 49 51,54,69,73 93,94, 101
clavulanic acid

Cephalosporin Cefalotin 30 <14 77.6 13.8 8.5 2,7,17,49 51,55,73 103

Ceftazidim 30 <17 394 36.4 21.3 6,10,12, 15, 19, 24, 54,68,71,72,74 92,98,103
38,46,47,48,49,50
Monobactam Aztreonam 30 <17 62.8 9.6 19.1 7,8,10,15, 19, 38, 54,57,59, 65, 105
48,49, 50 68,71,72,77
Carbapenem Imipenem 10 <19 46.8 404 128 6,8,12, 24,31 58,59, 76,79 92,95,104
Aminoglycoside Gentamicin 10 <12 723 6.4 21.3 2,6,7,9,11,12,13, 15, 24, 54,57, 68 106

32,38,41, 46, 48,49, 50
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resistant to avian serum (except for strain 64). But isola-
tes lacking this gene were also resistant to the human and
broiler sera, and therefore other genes may be involved in
virulence. Ewers et al. (2009), who compared strains from
diseased chickens with fecal E. coli strains from clinically
healthy chickens, found no relationship between resistan-
ce to bird serum and virulence of the APEC pathotype. On
the other hand, in this study, a significant number of mul-
tidrug resistant avian E. coli were simultaneously resistant
to human and broiler serum, which clearly demonstrates
a zoonotic risk. Extraintestinal pathogenic E. coli strains
are commonly associated with the group B2, and less of-
ten with group D (Russo & Johnson 2000). Nevertheless,
sequencing of APEC-related plasmid pAPEC-1 has shown
human ExPEC-associated genes and horizontal gene trans-
fer between human and bird strains (Moulin-Schouleur et
al. 2007). Here E. coli isolates were distributed in phyloge-
netic group B2, D, A and B1. Thus, it was clear that serum-
-resistant commensal strains, e.g., those belonging to group
A and B1, can also harbor and possibly share virulence ge-
nes such as the iss.

Previously, Rodriguez-Siek et al. (2005) observed the
presence of APEC isolates in phylogenetic group A, recog-
nized by being composed primarily of commensal strains.
Moulin-Schouleur etal. (2007) found APEC strains assigned
to group B1 and B2 whereas Ewers et al. (2009) found sim-
ilar distributions of bird serum resistant strains in phylo-
genetic group A, B1, B2, and D. Kobayashi et al. (2011) an-
alyzed E. coli isolated from chicken meat obtained in retail
shops, assigning the majority to group A. In this study, mul-
tidrug and/or human serum resistance was spread among
isolates from B1, A, and D phylogenetic groups. Although
the number of isolates submitted to serum resistant assays
and phylogenetic characterization were not high, the data
reinforce that multidrug plus serum resistant isolates have
been introduced in the food-chain.

CONCLUSIONS

Taken together, our data indicate that commensal E.
coli strains isolated from the liver of poultry carcasses in
Pernambuco-Brazil can harbor and potentially share multi-
drug- plus virulence genes found in pathogenic pathotypes.

This suspicion was not related to specific phylogenetic
groups or presence of the iss gene. Since, in the present stu-
dy, the lack of macroscopic alterations had not shown a clue
about the presence of extraintestinal Eschereichia coli and/
or colibacillosis, the implementation of more rigorous food
surveillance can potentially decrease the likelihood of food
outbreaks.
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