
Vol.:(0123456789)1 3

World Journal of Microbiology and Biotechnology (2019) 35:134 
https://doi.org/10.1007/s11274-019-2712-z

ORIGINAL PAPER

Characterization of non‑O157 Shiga toxin‑producing Escherichia coli 
(STEC) obtained from feces of sheep in Brazil

João Pedro Rueda Furlan1   · Inara Fernanda Lage Gallo1 · Anna Carolina Leonelli Pires de Campos2 · 
Armando Navarro3 · Renata Katsuko Takayama Kobayashi2 · Gerson Nakazato2 · Eliana Guedes Stehling1,4 

Received: 5 April 2019 / Accepted: 8 August 2019 / Published online: 20 August 2019 
© Springer Nature B.V. 2019

Abstract
Shiga toxin-producing Escherichia coli (STEC) are zoonotic pathogens and may induce severe diarrheagenic diseases 
in humans and other animals. Non-O157 STEC have been emerging as important pathogens causing outbreaks world-
wide. Bacterial resistance to antimicrobials has become a global public health problem, which involves different ecological 
spheres, including animals. This study aimed to characterize the resistance to antimicrobials, plasmids and virulence, as 
well as the serotypes and phylogenetic groups in E. coli isolated from sheep in Brazil. A total of 57 isolates were obtained 
and showed different antimicrobial resistance profiles. Nineteen isolates presented acquired antimicrobial resistance genes 
(ARGs) (blaCTX-M-Gp9, qnrB, qnrS, oqxB, oqxA, tetA, tetB, tetC, sul1 and sul2) and plasmid families (F, FIA, FIB, I1, K, 
HI1 and ColE-like). The stx1, stx2 and ehxA virulence genes were detected by PCR, being 50 isolates (87.7%) classified as 
STEC. A great diversity of serotypes was detected, being O176:HNM the most predominant. Phylogenetic group E was the 
most prevalent, followed by B1, A and B2. To the best of our knowledge, this is the first report in the world of blaCTX-M-Gp9 
(O75, O114, O100, O128ac and O176 serogroups), qnrB and oqxB genes in non-O157 STEC in healthy sheep. The results 
obtained in the present study call attention to the monitoring of antimicrobial-resistant non-O157 STEC harboring acquired 
ARGs worldwide and indicate a zoonotic risk due to the profile of virulence, resistance and serotype found.
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Introduction

Shiga toxin-producing Escherichia coli (STEC) are zoonotic 
pathogens related to the hemolytic uremic syndrome (HUS) 
and hemorrhagic colitis. STEC isolates colonize the gastro-
intestinal tract of sheep and bovine without causing any dis-
ease; however, may induce severe diarrheagenic diseases in 
humans and other animals (Ferens and Hovde 2011; Kumar 
et al. 2012). Outbreaks of STEC have been reported world-
wide since the STEC O157:H7 is responsible for the most 
serious outbreaks; however, non-O157 STEC has emerged 
as important pathogens (Folster et al. 2011; Etcheverría and 
Padola 2013).

Bacterial resistance to antimicrobials has become a global 
public health problem, which involves different ecological 
spheres, including animals. This concern occurs due to the 
emergence of multidrug-resistant (MDR) bacteria, including 
E. coli. Increased attention has been given and more studies 
involving animal sampling have taken place because animals 
act as reservoirs and disseminators of acquired antimicrobial 
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resistance genes (ARGs) (Salyers and Shoemaker 2006; 
Toner et al. 2015).

Antimicrobial-resistant STEC obtained from differ-
ent sources, including animals, and belonging to different 
serotypes have been reported worldwide, which is worrying 
(Martin et al. 2015; Mukherjee et al. 2017). Therefore, this 
study aimed to characterize the resistance to antimicrobials, 
plasmids and virulence as well as the serotypes and phyloge-
netic groups in E. coli isolated from sheep in Brazil.

Materials and methods

Obtaining isolates

Fecal samples were collected between 2016 and 2017 from 
healthy sheep in two farms located in São Paulo State, Bra-
zil. The farm A is 43 km away from Farm B with no reports 
of antimicrobials use in both farms. One gram of each fecal 
sample was added in 5 mL of sterile saline solution (0.9% 
NaCl). Then, the samples were seeded using disposable 
inoculating loops (10 µL) on MacConkey Agar (Oxoid, UK) 
and incubated at 37 °C for 18–24 h. Finally, the isolates 
with morphological characters of E. coli were selected and 
stocked at − 80 °C in Brain Heart Infusion broth (Oxoid, 
UK) with 15% glycerol for further identification by sequenc-
ing of the 16S rDNA gene.

Extraction of genomic DNA, PCR conditions 
and amplicon sequencing

Genomic DNA extraction was performed using the GenEl-
ute™ Bacterial Genomic DNA Kit (Sigma-Aldrich, USA) 
according to the manufacturer’s recommendations. All 
PCR reactions were performed using the 1.25U (2 μL) of 
JumpStart™ Taq DNA Polymerase (Sigma-Aldrich, USA), 
5 μL of 10X PCR buffer without MgCl2, 25 mM (3.5 μL) 
of MgCl2, 10 mmol L−1 (1 μL) of deoxynucleotide solu-
tion mix, 25 μM (2 μL) of each primer, 100 ng (5 μL) of 
DNA and 29.5 μL of ultrapure water, totalizing a reaction 
mixture of 50 μL on a ProFlex™ PCR Thermocycler Sys-
tem (Applied Biosystems, Singapore). Positive and negative 
controls were used in all PCR reactions.

The amplicons were purified using the Illustra™ GFX™ 
PCR DNA and Gel Band Purification Kit (GE Healthcare, 
UK). The sequencing was performed on an ABI 3500xL 
Genetic Analyzer (Applied Biosystems, USA) using the 
BigDye™ Terminator v3.1 Cycle Sequencing Kit (Thermo 
Fisher Scientific, USA). The sequences were analyzed using 
tools available in GenBank (https​://blast​.ncbi.nlm.nih.gov/
Blast​.cgi).

Identification of isolates

The isolates were identified by sequencing of the 16S rDNA 
gene using the following primers: fD1 (5′-AGA​GTT​TGA​TCC​
TGG​CTC​AG-3′) and rP2 (5′-ACG​GCT​ACC​TTG​TTA​CGA​
CTT-3′) (Weisburg et al. 1991).

Antimicrobial susceptibility testing

The antimicrobial susceptibility testing was performed as rec-
ommended by the Clinical and Laboratory Standards Insti-
tute (CLSI 2017) using the disk diffusion method. A total 36 
antimicrobials was tested for each isolate, including ampicil-
lin, amoxicillin-clavulanate, ampicillin-sulbactam, piperacil-
lin-tazobactam, ticarcillin-clavulanate, cefazolin, cefoxitin, 
cefuroxime, cefaclor, ceftazidime, ceftriaxone, cefotaxime, 
cefepime, aztreonam, ertapenem, imipenem, meropenem, gen-
tamicin, tobramycin, amikacin, nalidixic acid, lomefloxacin, 
ofloxacin, ciprofloxacin, norfloxacin, levofloxacin, streptomy-
cin, tetracycline, doxycycline, minocycline,, trimethoprim-sul-
famethoxazole, sulfonamide, trimethoprim, chloramphenicol 
and nitrofurantoin. E. coli ATCC​® 25922 and Pseudomonas 
aeruginosa ATCC​® 27853 strains were used as control.

Detection of acquired ARGs

Acquired ARGs were screened by PCR in non-susceptible 
(intermediate or resistant) isolates for β-lactams (blaCTX-M 
groups 1, 2, 8 and 9, blaSHV, blaCMY and blaOXA-1-like), tet-
racyclines (tetA, tetB, tetC, tetD, tetE, tetG, tetJ, tetL, tetM, 
tetO, tetS, tetP, tetQ and tetX), quinolone and fluoroquinolones 
(qnrA, qnrB, qnrS, qepA, oqxA and oqxB), aminoglycosides 
(aac(3′)-Ia, aac(3′)-IIa, ant(2″)-Ia, aac(6′)-Ih, aph(3′)-VI, 
aac(6′)-Ib and aph(3′)-Ia) and sulfonamides (sul1, sul2 and 
sul3) (Noppe-Leclercq et al. 1999; Ng et al. 2001; Kerrn et al. 
2002; Perreten and Boerlin 2003; Cattoir et al. 2007; Dallenne 
et al. 2010; Karczmarczyk et al. 2011; Chen et al. 2012).

Detection of virulence genes

Detection of the diarrheagenic virulence genes was performed 
by PCR. The genes ipaH stx1, stx2, ehxA, aaiC, aatA, eaeA, 
bfpA, aggR, elt est, aap, aggR and AA probe were detected 
using the primers described by Schmidt et al. (1995), Paton 
and Paton (1998), Aranda et al. (2007), Lima et al. (2013) and 
Cerna et al. (2003).

Plasmid replicon typing

Twenty plasmid families (IncHI2, IncHI1, IncI1, IncFIB, 
IncFIA, IncFIC, IncF, IncFIIA, IncL/M, IncW, IncP, IncA/C, 
IncK, IncN, IncY, IncT, IncX, IncU, IncR and ColE-like) 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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were researched by PCR-based replicon typing according 
to Carattoli et al. (2005) and García-Fernández et al. (2009).

Escherichia coli serotyping

Escherichia coli serotyping was performed using rabbit anti-
sera against antigens [O1 to O187 somatic (O) and 53 flagel-
lar (H)] by agglutination assays using 96-well Microtiter™ 
microplates (Thermo Scientific, USA) according to Orskov 
and Orskov (1984) and Scheutz et al. (2004).

Phylogenetic group determination

Phylogenetic groups (A, B1, B2, C, D, E and F) were deter-
mined using the phylo-typing method according to Clermont 
et al. (2013). The phylogenetic groups were determined 
using the quadruplex genotype (arpA, chuA, yjaA, TspE4.
C2), being A ( + − −), B1 ( + − + ), B2 (− +  + −, − +  +  + or 
− + − + ) and F (− + –). C- and E-specific primers (trpA 
and arpA) were used for classification of phylogenetic 
groups C ( + − + −, C + ), D ( +  + – or +  + − + , E-) and E 
( +  + – or +  + − + , E + ).

Results

Isolates, genes and phylogenetic groups

In this study, 57 bacterial isolates were obtained, being 42 
from farm A and 15 from farm B. These isolates showed 
different antimicrobial resistance profiles, several acquired 
ARGs and different plasmid families, including ColE-like, F, 
FIB, FIA, I1, K and HI1. The stx1, stx2 and ehxA virulence 
genes were detected, being 50 isolates (87.7%) classified 
as STEC and a great diversity of serotypes was observed, 
being O176:HNM the most prevalent. Four phylogenetic 
groups were detected (A, B1, B2 and E) and four isolates 
(A4, A5, A6 and A27) were not classified into any phyloge-
netic group, being denominated as unknown (Tables 1, 2).

The results were divided into two groups for a better 
presentation. In the first one were reported the isolates 
that presented acquired ARGs, which also presented non-
susceptibility for several antimicrobials and the presence 
of plasmids. In group 2 were gathered the isolates with no 
acquired ARGs, being some of them susceptible to all tested 
antimicrobials and other non-susceptible to at least one anti-
microbial. The sequences obtained from the 16S rRNA and 
acquired ARGs were deposited in the GenBank (www.ncbi.
nlm.nih.gov/Genba​nk) with accession numbers MK506922-
MK506978, MK532862-MK532896, MK543886 and 
MK543887.

Characterization of Group 1

Group 1 has 19 isolates [Farm 1 (15) and Farm 2 (4)], being 
11 (57.9%) non-susceptible to sulfonamide, nine (47.3%) to 
ampicillin, cefazolin, cefoxitin and cefaclor, seven (36.8%) 
to tetracycline and doxycycline, five (26.3%) to ciprofloxa-
cin, levofloxacin, norfloxacin, lomefloxacin and ofloxacin, 
and four (21%) to trimethoprim-sulfamethoxazole, nali-
dixic acid, streptomycin and trimethoprim. A total of 38 
amplicons from different acquired ARGs were detected and 
according to this profile, the blaCTX-M-Gp9 (9) was the most 
prevalent, followed by tetB (6), qnrS (5), tetA (4), qnrB (4), 
sul1 (2), sul2 (2), oqxB (2), oqxA (2) and tetC (1) (Table 1).

Seven plasmid families were found in the group 1, being 
the ColE-like (12) the most prevalent, followed by FIB (7), 
F (6), I1 (4), K (4), FIA (1) and HI1 (1). The stx1 gene was 
detected in 12 isolates, followed by ehxA (11) and stx2 (1) 
genes. Twelve isolates were classified as STEC. Thirteen 
serotypes were detected in this group, including O154:H9 
(4), O176:HNM (3), O185:HNM (2), O70:HNM (1), 
O75:HNM (1), O86:H2 (1), O100:H21 (1), O114:H14 (1), 
O129:H20 (1), A128ac:H2 (1), O176:H19 (1), O185:H16 
(1) and ONT:HNM (1). Seven isolates were classified into 
phylogenetic group B1, four into A and unknown, three into 
E and one into B2 (Table 1).

Characterization of Group 2

In group 2, 38 isolates were gathered [Farm 1 (27) and 
Farm 2 (11)]. Among them, 24 (63.1%) were non-suscep-
tible to sulfonamide, 14 (36.8%) to cefazolin, 12 (31.5%) 
to cefaclor, three (7.9%) to ampicillin, and one (2.6%) to 
chloramphenicol, cefuroxime, gentamicin, tobramycin and 
amikacin. The stx1 gene was detected in all isolates, fol-
lowed by ehxA (31) and stx2 (5) genes. Thus, all isolates 
were classified as STEC. The O176:HNM (24) serotype was 
the most prevalent, followed by O91:HNM (3); O75:HNM 
(2), O48:H16 (1), O88:H4 (1), O88:H25 (1), O114:H4 (1), 
O93:H52 (1), O139:H19 (1), O75:H8 (1), O8:H19 (1) and 
ONT:HNM (1) The majority of isolates was classified into 
phylogenetic group E (25), followed by B1 (11), A (1) and 
B2 (1) (Table 2). In general, it was observed that isolates 
belonging to the group 1 presented a higher resistance pro-
file, while the group 2 showed a greater virulence potential, 
with all isolates classified as STEC since the eaeA gene was 
not detected.

Discussion

The majority of outbreaks caused by STEC are related to the 
consumption of contaminated products with animal feces, 
including sheep. STEC produces Shiga toxins 1 (Stx1) and 

http://www.ncbi.nlm.nih.gov/Genbank
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2 (Stx2), which are encoded by stx1 and stx2 genes, respec-
tively. In addition, some virulence markers such as entero-
hemolysin (ehxA) may be associated with these toxins and 
some studies have reported that Stx2 is more commonly 
reported in cases of HUS (Paton and Paton 1998; Ferens 
and Hovde 2011; Kumar et al. 2012; Etcheverría and Padola 
2013).

The Center for Disease Control and Prevention report 
(CDC 2015) showed an increase in the incidence rate of 
infections caused by non-O157 STEC between 1996 and 
2015 in the United States, especially in children aged 1 to 
4 years and Tseng et al. (2016) also reported a significant 
increase of non-O157 STEC cases over time. Among the 
large diversity of reported non-O157 STEC serotypes are 

Table 1   Characteristics of non-O157 STEC that presented acquired ARGs

a STP streptomycin, TET tetracycline, DOX doxycycline, SUL sulfonamide, NAL nalidixic acid, SXT trimethoprim-sulfamethoxazole, TRI tri-
methoprim, CFC cefaclor, CFZ cefazolin, CFO cefoxitin, AMP ampicillin, CIP ciprofloxacin, LVX levofloxacin, NOR norfloxacin, LMX lome-
floxacina, OFX ofloxacina
b NT non-typeable, HNM nonmotile
c According to Clermont et al. (2013)

Isolate Farm Resistance profilea Acquired ARGs Virulence genes Pathotype Serotypeb Plasmid family Phylogeneticgroupc

A3 1 STP, TET, DOX, 
SUL

tetB ehxA, stx1 STEC O70:HNM K Unknown

A4 1 TET, DOX, SUL tetA, tetB ehxA, stx1 STEC ONT:HNM FIB, K, ColE-like Unknown
A5 1 AMP, CFZ, CFO, 

CFC, STP, TET, 
DOX, SUL

blaCTX-M-Gp9, tetB ehxA, stx1 STEC O185:H16 ColE-like Unknown

A12 1 AMP, CFZ, CFO, 
CFC, SUL

blaCTX-M-Gp9 ehxA, stx1 STEC O176:HNM FIB, ColE-like E

A16 1 AMP, CFZ, CFO, 
CFC

blaCTX-M-Gp9 ehxA, stx1 STEC O176:HNM ColE-like E

A17 1 AMP, CFZ, CFO, 
CFC

blaCTX-M-Gp9 ehxA, stx1 STEC O75:HNM FIB, ColE-like B1

A23 1 AMP, CFZ, CFO, 
CFC

blaCTX-M-Gp9 – – O114:H14 FIB, ColE-like B2

A25 1 AMP, CFZ, CFO, 
CFC, TET, DOX, 
SUL

blaCTX-M-Gp9, tetA, 
tetC

– – O100:H21 F B1

A27 1 CIP, LVX, NOR, 
LMX, OFX

qnrS stx1 STEC O129:H20 F, FIB, ColE-like Unknown

A34 1 AMP, CFZ, CFO, 
CFC

blaCTX-M-Gp9 ehxA, stx1, stx2 STEC O128ac:H2 F, FIA, FIB, I1, K B1

A38 1 TET, DOX tetA, tetB – – O86:H2 F B1
A46 1 CIP, LVX, NOR, 

LMX, OFX, NAL, 
SXT, SUL, TRI

sul2, qnrB, qnrS – – O154:H9 F, ColE-like A

A47 1 CIP, LVX, NOR, 
LMX. OFX, NAL, 
SXT, SUL, TRI

sul2, qnrB, qnrS – – O154:H9 F, ColE-like A

A48 1 CIP, LVX, NOR, 
LMX, OFX, NAL, 
SXT, SUL, TRI

sul1, qnrB, qnrS, 
oqxA, oqxB

– – O154:H9 I1, ColE-like A

A83 1 AMP, CFZ, CFC, 
CFO, SUL

blaCTX-M-Gp9 ehxA, stx1 STEC O176:HNM HI1 B1

A50 2 CIP, LVX, NOR, 
LMX, OFX, NAL, 
SXT, SUL, TRI

sul1, qnrB, qnrS, 
oqxA, oqxB

– – O154:H9 I1, ColE-like A

A54 2 STP, TET, DOX tetA, tetB ehxA, stx1 STEC O185:HNM FIB, K B1
A55 2 AMP, CFZ, CFO, 

CFC
blaCTX-M-Gp9 ehxA, stx1 STEC O176:H19 F, ColE-like E

A68 2 STP, TET, DOX, 
SUL

tetB ehxA, stx1 STEC O185:HNM K B1
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O8, O70, O75, O86, O88, O91, O93, O100, O114, O128, 
O129, O154 and O185, which are the same reported in the 
present study.

Amézquita-López et al. (2016), Kusumoto et al. (2016) 
and Ghanbarpour and Kiani (2013) reported non-O157 
STEC obtained from animals, including sheep, which 

were non-susceptible to several antimicrobials, such as 
β-lactams, tetracyclines, aminoglycosides, fluoroquinolo-
nes and sulfonamides. In Brazil, similar results were also 
reported with strains collected from animals and humans 
(Cergole-Novella et al. 2011).

Table 2   Characteristics of non-
O157 STEC susceptible and 
non-susceptible to at least one 
antimicrobial tested

a STP streptomycin, SUL sulfonamide, CFC cefaclor, CFZ cefazolin, CRX cefuroxime, AMP ampicillin, 
GEN gentamicin, TOB tobramycin, AMI amikacin, CLO chloramphenicol
b NT non-typeable, HNM nonmotile
c According to Clermont et al. (2013)

Isolate Farm Resistance profilea Virulence genes Pathotype Serotypeb Phylo-
genetic 
groupc

A2 1 STP, SUL stx1, stx2 STEC O88:H4 A
A13 1 CFZ, CFC ehxA, stx1 STEC O114:H4 E
A18 1 SUL ehxA, stx1 STEC O176:HNM E
A19 1 – ehxA, stx1 STEC O176:HNM E
A20 1 – ehxA, stx1 STEC O176:HNM E
A21 1 – stx1 STEC O91:HNM B1
A22 1 CFZ, CRX ehxA, stx1 STEC O176:HNM E
A28 1 – stx1 STEC O88:H25 E
A30 1 CFZ, SUL ehxA, stx1, stx2 STEC O176:HNM E
A33 1 CFC ehxA, stx1 STEC O176:HNM E
A35 1 – stx1 STEC O48:H16 E
A37 1 – stx1 STEC O93:H52 B1
A40 1 CFZ ehxA, stx1 STEC O176:HNM B1
A42 1 CFZ ehxA, stx1, stx2 STEC O75:H8 B1
A82 1 CFC, SUL ehxA, stx1 STEC O176:HNM E
A84 1 AMP, SUL ehxA, stx1 STEC ONT:HNM B2
A86 1 CFZ, CFC, GEN, TOB, AMI, SUL ehxA, stx1 STEC O176:HNM E
A87 1 CFZ, CFC, SUL ehxA, stx1 STEC O176:HNM E
A88 1 SUL ehxA, stx1 STEC O176:HNM E
A89 1 CFZ, SUL ehxA, stx1 STEC O176:HNM E
A90 1 AMP, CFC, SUL ehxA, stx1 STEC O176:HNM B1
A93 1 SUL ehxA, stx1 STEC O75:HNM E
A94 1 CFZ, CFO, CFC, SUL ehxA, stx1 STEC O176:HNM B1
A96 1 CFC, SUL ehxA, stx1 STEC O176:HNM E
A97 1 SUL ehxA, stx1 STEC O8:H19 B1
A98 1 CFZ, SUL ehxA, stx1 STEC O176:HNM E
A99 1 CFZ, SUL ehxA, stx1 STEC O176:HNM B1
A53 2 – ehxA, stx1 STEC O139:HNM E
A56 2 CFC ehxA, stx1 STEC O176:HNM E
A57 2 AMP, CFC ehxA, stx1 STEC O176:HNM E
A60 2 – ehxA, stx1 STEC O75:HNM B1
A66 2 SUL stx1, stx2 STEC O91:HNM B1
A69 2 SUL ehxA, stx1 STEC O176:HNM E
A70 2 CFZ, SUL stx1, stx2 STEC O91:HNM B1
A73 2 SUL ehxA, stx1 STEC O176:HNM E
A74 2 SUL ehxA, stx1 STEC O176:HNM E
A75 2 CFZ, CFC, SUL, TRI, CLO ehxA, stx1 STEC O176:HNM E
A79 2 CFZ, CFC, SUL, SUL ehxA, stx1 STEC O176:HNM E
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Many studies have characterized the phenotypic pro-
file of antimicrobial resistance in non-O157 STEC iso-
lates; however, there are few reports of acquired ARGs. 
β-lactamases belonging to CTX-M-group stand out among 
ESBLs because of their spectrum of action and dissemina-
tion in isolates from a variety of sources, including animals 
(Cantón et al. 2012). Some non-O157 STEC have already 
been detected carrying blaCTX-M-group in serogroups not 
detected in this work, such as O5, O104, O111 and O145 
(Valat et al. 2012; Ewers et al. 2014; Ferdous et al. 2016). 
However, this is the first report of blaCTX-M-Gp9 in non-
O157 STEC belonging to O75, O114, O100, O128ac and 
O176 serogroups.

There are few descriptions of non-O157 STEC carry-
ing multiple acquired ARGs worldwide. Bai et al. (2016), 
Ferdous et al. (2016) and Srinivasa et al. (2011) reported a 
diversity of non-O157 STEC carrying acquired resistance 
genes for fluoroquinolones (qnrS and oqxA), tetracyclines 
(tetA, tetB, tetC, tetM) and sulfonamides (sul1 and sul2) 
associated with different plasmid families, but there are no 
reports of qnrB and oqxB in non-O157 STEC.

Some plasmid families are correlated with the presence of 
acquired ARGs in STEC as well as in non-STEC, including 
those detected in the present study (Carattoli 2013; Ewers 
et al. 2014). Among the plasmid families, ColE-like and 
IncF are prevalent and have been detected worldwide car-
rying blaCTX-M-groups, plasmid-mediated quinolone resist-
ance genes (PMQR), tet genes and sul genes (Pallecchi et al. 
2010; Carattoli 2013; Lyimo et al. 2016; Yang et al. 2015).

A diversity of phylogenetic groups was detected (A, B1, 
B2 and E) in STEC isolates resistant and susceptible to 
antimicrobials obtained of two Brazilian farms, including 
that classified as unknown. Stoppe et al. (2017) showed that 
there is no correlation between geographic location, date or 
feeding habits and phylogenetic groups in isolates obtained 
worldwide, even in Brazil. Mora et al. (2012) and Carlos 
et al. (2010) reported that phylogenetic group B1 was the 
most prevalent in STEC and non-STEC isolates from differ-
ent sources, including sheep, and that phylogenetic groups 
A and B2 were also reported. Interesting, the majority of 
STEC isolates from the present study was classified into 
phylogenetic group E, which is probably less reported due 
to its recent identification (Clermont et al. 2013).

The results found in the present study call attention to the 
monitoring of antimicrobial-resistant non-O157 STEC har-
boring acquired ARGs worldwide. These isolates can spread 
to different sources, as humans and animals, and disseminate 
ARGs through horizontal gene transfer to other pathogens. 
To the best of our knowledge, this is the first report in the 
world of blaCTX-M-Gp9 (O75, O114, O100, O128ac and O176 
serogroups), qnrB and oqxB genes in non-O157 STEC in 
healthy sheep. The results indicate a zoonotic risk due to the 
profile of virulence, resistance and serotype found.
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