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Abstract. Escherichia coli O145 is a food-borne pathogen, which has a potential 
to cause outbreaks worldwide. From 100 beef samples collected from markets in 
southern Thailand during July 2016 to February 2017, 1,470 bacterial colonies were 
obtained, of which 10 were O145 from 3 beef samples. They were shown to be 
atypical enteropathogenic E. coli (aEPEC) carrying 2 pivotal genes, fimH (encod-
ing type 1 fimbrial component) and lpf (encoding long polar fimbria), suggesting 
adherence ability to human intestine. PCR-based phylogenetic group analysis 
revealed that they were members of phylogenetic group D. Five integration sites 
of stx2 phages were found intact, indicating absence of integrated prophages. 
Although aEPEC O145 strains were susceptible to 10 antimicrobial agents tested, 
the majority carried blaTEM. Surprisingly, aEPEC O145 strains, although isolated 
from different samples at different occasions, exhibited identical DNA profile 
generated by BOX- and (GTG)5-PCR, suggesting that they might be genetically 
very closely related, or even originating from the same bacterial clone. The pres-
ence of aEPEC in beef in southern Thailand indicates the possibility of outbreaks 
from these strains in this region of the country.
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namely, stx (stx1 and stx2) encoding Shiga 
toxin (Stx) responsible for hemolytic ure-
mic syndrome (HUS), and eae encoding 
intimin responsible for bacterial adher-
ence to host cells. As stx2 is brought into 
E. coli by stx2 phage, this gene can also be 
lost from EHEC either in vitro or in hu-
man intestine during infection by poorly 
understood processes (Bielaszewska et al, 
2007; Serra-Moreno et al, 2007). EHEC that 
has been cured of stx and carries only eae 
is known as atypical enteropathogenic E. 
coli (aEPEC) (Mellmann et al, 2008).

INTRODUCTION

Enterohemorrhagic Escherichia coli 
(EHEC) causes several large gastroen-
teritis outbreaks worldwide (Nataro and 
Kaper, 1998). EHEC is defined by the 
presence of two kinds of virulence genes, 



AtypicAl EPEC O145 frOm Beef, SOuthern thAilAnd

Vol  48  No. 6  November  2017 1249

Within the EHEC group, EHEC se-
rotype O157:H7 is well-known to be the 
most important serotype causing large 
outbreaks throughout the world (Rangel 
et al, 2005). However, other serotypes, 
namely, O26, O45, O103, O111, and O145, 
have the potential to cause gastroenteritis 
outbreaks (Perelle et al, 2007), in particular 
EHEC O145 that has a common lineage 
with E. coli O157:H7 (Cooper et al, 2014). 
Sources of infections and outbreaks by 
EHEC O145 were reported to include 
romaine lettuce (Taylor et al, 2013), ice 
cream (de Schrijver et al, 2008), and cattle, 
the pivotal reservoir host of EHEC (Padola 
et al, 2002; Heinikainen et al, 2007; Mainil 
et al, 2011; Oh et al, 2012). In southern 
Thailand, EHEC serotype O157:H7 was 
reported to be present at high rate in beef 
(Sukhumungoon et al, 2011a; Sirikaew et 
al, 2015), but the contamination rate of E. 
coli O145 in beef has not been described 
in this region. 

In the course of our investigation of 
EHEC, we obtained 10 aEPEC isolates 
from beef. The occurrence of aEPEC in 
beef in Thailand has been rarely reported 
(Pannuch et al, 2014). Hence, this study 
investigated the prevalence, virulence 
characteristics, antimicrobial susceptibil-
ity profiles, and genetic relatedness of 
aEPEC O145 in raw beef. The information 
should be of importance to public health 
in southern Thailand.

MATERIALS AND METHODS

Sample collection and immunomagnetic 
separation (IMS)

E. coli O145 in beef was investigated 
in 100 beef samples collected from 8 open-
markets throughout Hat Yai city, Song-
khla Province, southern Thailand once a 
week during July 2016 to February 2017. 
Samples were processed within 2 hours 

after purchased. Isolation of E. coli O145 
from raw meat samples was performed as 
described by Sirikaew et al (2015). In brief, 
50 g of sample were mixed with 450 ml of 
tryptic soy broth (TSB) (Becton Dickin-
son, Sparks, MD) and homogenized for 1 
minute in a stomacher CIR-400 (Seward, 
West Sussex, UK). The liquid portion was 
incubated at 37ºC for 6 hours and 1 ml 
aliquot of the solution was mixed with 
O145-specific antibody-coated magnetic 
beads (Dynabeads, Life Technologies AS, 
Oslo, Norway). The mixture was incubat-
ed at ambient temperature for 30 minutes 
with occasional inversion of tube. Beads 
were washed, recovered following the 
manufacturer’s instruction, streaked on 
eosin methylene blue (EMB) agar (Becton 
Dickinson) and incubated at 37ºC for 18 
hours. Fifteen green metallic sheen colo-
nies per sample were randomly selected 
and stored at -80ºC for further analysis.
PCR-based identification of O145

DNA template was prepared by a 
boiling method (Sirikaew et al, 2015). In 
short, an individual colony was inoculat-
ed into 3 ml of TSB (Becton Dickinson) and 
incubated at 37ºC for 3 hours with shak-
ing. One ml aliquot of bacterial culture 
was boiled for 10 minutes, immediately 
immersed on ice for 5 minutes and centri-
fuged at 11,000g for 10 minutes. A 10-fold 
diluted supernatant in sterile deionized 
water was used as PCR template. PCR 
was performed in a 25-µl reaction consist-
ing of 0.4 µM O145.6 and O145.B primers 
(Table 1), 0.1 mM dNTPs, 1X GoTaq DNA 
polymerase buffer, 0.5 U GoTaq DNA 
polymerase (Promega, Madison, WI) and 
2 µl of DNA template. Thermocycling 
(performed in T100tm Thermal Cycler;  
Bio-Rad, Hercules, CA) conditions were 
as follows: 95ºC for 3 minutes; 35 cycles of 
94ºC for 1 minute, 50ºC for 1 minute, and 
72ºC for 1 minute; with a final step of 72ºC 
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for 5 minutes. Amplicons were analyzed 
by 1.0% agarose gel-electrophoresis and 
visualized by ethidium bromide staining 
in an WSE-5200 Printpraph 2M gel imag-
ing system (ATTO, Tokyo, Japan). 
E. coli pathotype classification and detec-
tion of other virulence genes

Pathotype classification of E. coli O145 
was performed by PCR targeting patho- 
type-specific genes for six diarrheagenic 
E. coli (DEC) categories, namely, stx+eae 
for EHEC, bfp+eae for typical enteropatho-
genic E. coli (tEPEC), eae alone for atypical 
enteropathogenic E. coli (aEPEC); est/elt 
for enterotoxigenic E. coli, ETEC; aggR 
for EAEC, ipaH for enteroinvasive E. coli 
(EIEC), and daaE for diffusely adherent E. 
coli (DAEC) (Table 1). PCR was performed 
in a 25-µl reaction consisting of specific 
primer for each gene (Table 1), 0.1 mM 
dNTPs, 1X GoTaq DNA polymerase buffer, 
0.5 U GoTaq DNA polymerase (Promega) 
and 2 µl of DNA template. Thermocycling 
conducted in T100TM Thermal Cycler, (Bio-
Rad) with conditions as follows: 95ºC for 
3 minutes; 35 cycles of 94ºC for 1 minute, 
40ºC (for est), 50ºC (elt, aggR, stx2), 55ºC 
(stx1, eae, bfp, daaE), or 60ºC (ipaH) for 1 
minute, and 72ºC for 1 minute or 1.15 
minutes (for eae); and final step of 72ºC 
for 5 minutes. Amplicons were analyzed 
as described above. Other E. coli virulence 
genes were investigated using PCR with 
appropriate primer pairs (Table 1), reac-
tion mixture and thermocycling condi-
tions as described above except that the 
annealing temperature was 50ºC for astA 
and pet, 55ºC for fimH and lpf, 58ºC for cnf1 
and hlyA, and 67ºC for agn43. E. coli was 
identified by PCR targeting uidA (anneal-
ing temperature of 50ºC) (Table 1).
Antimicrobial susceptibility assay

Antimicrobial susceptibility was per-
formed by a disk diffusion method (CLSI, 

2014) using 10 common antimicrobial 
agents: amikacin (30 µg), cephalothin (30 
µg), chloramphenicol (30 µg), fosfomycin 
(200 µg), gentamicin (10 µg), imipenem 
(10 µg), kanamycin (30 µg), streptomycin 
(10 µg), tetracycline (30 µg), and trim-
ethoprim/sulfamethoxazole (1.25/23.75 
µg) (Oxoid, Hamshire, UK). Diameter of 
clear zone was measured with a Vernier 
caliper.
Integrity of E. coli integration sites for stx 
phages assay

The intactness of five E. coli specific 
integration sites for stx2 phages, namely, 
sbcB, wrbA, yecE, yehV, and Z2577, was 
examined by PCR (Sirikaew et al, 2015). In 
brief, PCR amplification of the insertion 
locus was carried out as described above 
using primers specific to each locus (Table 
1) with the following annealing tempera-
tures, 47ºC for wrbA, 50ºC for sbcB and 
yehV, 53ºC for Z2577, and 60ºC for yecE. 
Absence of amplicon indicates presence 
of phage integration at that locus.  
Yeast agglutination assay

Adherence of E. coli to host tissues 
often is paralleled with ability to aggluti-
nate yeast cells (Schembri et al, 2001). In 
brief, a 30 µl aliquot of an 18-hour bacte-
rial culture in Luria Bertani (LB) (Becton 
Dickinson) broth was mixed with 5% 
Saccharomyces cerevisiae in normal saline 
solution on a glass slide. Agglutination 
was monitored by eye. Positive agglutina-
tion reaction was judged within 1 minute 
after mixing. A suspension of yeast cells 
in LB broth was used as negative control. 
Phylogenetic group examination 

PCR amplification of chuA, yjaA, and 
TspE4C2 fragment were carried out in 
a reaction mixture using specific prim-
ers (Table 1) as described above, but 
employing the following thermocycling 
conditions: 95ºC for 3 minutes; 35 cycles of 
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94ºC for 50 seconds, 54ºC for 50 seconds, 
and 72ºC for 30 seconds; with a final step 
of 72ºC for 5 minutes. Amplicons were 
analyzed as described above.
Typing of E. coli O145

DNA profiling of E. coli O145 strains 
was performed using two approaches, 
namely, BOX- and (GTG)5-PCR to as-
sess the genetic relatedness among O145 
strains (Sirikaew et al, 2015; Sukkua et al,  
2017). For BOX- and (GTG)5-PCR, the 
25-µl reaction mixture containing 0.2 µM 
BOXA1R or (GTG)5 primer (Table 1), 0.2 
mM dNTPs, 1X GoTaq DNA polymerase 
buffer, 3.0 mM MgCl2, 1.25 U GoTaq 
DNA polymerase (Promega) and 50 ng 
of DNA template [prepared using glass 
fiber matrix spin column (Geneaid, Taipei, 
Taiwan)], was run in thermocycling ma-
chine, T100TM Thermal Cycler (Bio-Rad) 
as follows: 95ºC for 3 minutes; 30 cycles 
of 94ºC for 3 seconds, 92ºC for 30 seconds, 
50ºC for  BOXA1R or 40ºC for (GTG)5 
primer, for 1 minute, and 65ºC for 8 min-
utes.  Amplicons were separated by 1.5% 
agarose gel-electrophoresis and recorded 
as described above.

RESULTS

Prevalence of E. coli O145 in raw beef and 
pathotype classification

Of 1,470 bacterial colonies from 100 
beef samples, 3 samples (comprising 10 
isolates) demonstrated the presence of 
both wzxO145 and uidA (for confirming 
E. coli). DEC pathotype examination by 
PCR revealed that they carried only eae 
(Table 2). Thus, all 10 E. coli O145 isolates 
were aEPEC O145.
Virulence genes and phylogenetic group

All 10 aEPEC O145 strains possessed 
the two pivotal virulence genes, fimH 
(encoding type 1 fimbrial tip) and lpf (en-

coding long polar fimbria) but not astA, 
agn43, cnf1, pet, and hlyA (Table 2). The 
aEPEC O145 strains did not agglutinate 
S. cerevisiae (Table 2). PCR-based phylo-
genetic group analysis using chuA, yjaA, 
and TspE4.C2 fragment revealed that all 
aEPEC O145 belonged to group D (Table 
2). 
Integrity of E. coli integration sites for stx2 
phages

In order to investigate the integ-
rity of integration occupancy sites of stx2 
phages in E. coli O145 genome, five genes 
frequently occupied by stx2 phages were 
examined. All five integration sites were 
still intact, indicating that no stx2 phage 
had integrated into these sites (Fig 1). 
Antimicrobial susceptibility and presence 
of ESBL genes

All 10 aEPEC O145 strains were sus-
ceptible to the 10 antimicrobial agents 
tested (Table 2). Eight aEPEC O145 strain 
carried blaTEM and none carried blaCTX-M 
and blaSHV.

Fig 1–Intactness of five stx2 phage insertion 
sites determined by PCR in 10 aEPEC 
isolated from beef during July 2016 to 
February 2017, southern Thailand. PCR 
was performed using primer pairs listed 
in Table 1 and analyzed by 1.0% agarose 
gel- electrophoresis. Lane 1-10, PJP-1 to 
-10, respectively. 
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Table 2
Characteristics of aEPEC O145 isolated from beef during July 2016 to February 2017, 

southern Thailand.

Sample ID Strain Virulence Phylogenetic Yeast Drug ESBL gene 
(number name  trait  group  agglutination  resistance
of isolate)      

12 (1) PJP-1 eae, fimH, lpf D - SAa blaTEM
96 (2) PJP-2 eae, fimH, lpf D - SA -
 PJP-3 eae, fimH, lpf D - SA blaTEM
99 (7) PJP-4 eae, fimH, lpf D - SA blaTEM
 PJP-5 eae, fimH, lpf D - SA blaTEM
 PJP-6 eae, fimH, lpf D - SA blaTEM
 PJP-7 eae, fimH, lpf D - SA blaTEM
 PJP-8 eae, fimH, lpf D - SA -
 PJP-9 eae, fimH, lpf D - SA blaTEM
 PJP-10 eae, fimH, lpf D - SA blaTEM

aSA, susceptible to all 10 antimicrobial agents tested.     
 

Genetic relationship among the 10 aEPEC 
O145 strains

Genetic relationship among the 
aEPEC O145 strains from 3 different 
meat samples at different occasions were 
conducted by BOX- and (GTG)5-PCR. 
All 10 aEPEC O145 strains, surprisingly, 
exhibited identical DNA profiles (Fig 2). 

DISCUSSION

Prevalence of E. coli O145 in raw meat 
in this study was extremely low. Immuno-
magnetic separation technique using O145 
antibody-coated immunomagnetic beads 
was employed due to its high isolation 
efficiency (Chapman et al, 1994) and such 
immunomagnetic beads have been suc-
cessfully employed to isolate E. coli O157 
and E. coli O26 from raw meat samples 
(demonstrating 18% and 12%, respectively) 
(Sukhumungoon et al, 2011a; Sirikaew et al, 
2015). Thus, the negative result for O145 
detection in most of beef samples in this 
study reflects its low prevalence. 

Padola et al (2002) in Argentina were 
the first to isolate EHEC O145:H- during 
the course of investigating EHEC/STEC 
from 59 cattle rectal swabs. Nine EHEC 
O145:H- carrying stx1 or stx2 with two 
different random amplified polymorphic 
DNA (RAPD) profiles corresponding to 
the possession of both stx types, were de-
scribed. Heinikainen et al (2007) revealed 
an association between severe diarrhea 
and three STEC serotypes including 
O145:H28 from cattle in Finland. This 
O145:H28 was isolated from 5-year old 
boy and his mother and the causative 
strain was also isolated from the family’s 
home farm. In addition, in USA multistate 
outbreaks of STEC O145 were reported in 
April and May, 2010 with 26 confirmed 
cases and 5 probable cases from Michigan, 
Ohio, New York, Tennessee, and Pennsyl-
vania (Taylor et al, 2013). Among the cases, 
45% were hospitalized and 11% developed 
HUS. The outbreak was shown to be asso-
ciated with consumption of contaminated 
romaine lettuce. These reports affirm the 
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Fig 2–DNA profiles generated by BOX- and 
(GTG)5-PCR of aEPEC O145 isolated from 
beef during July, 2016 to February, 2017, 
southern Thailand. PCR was performed 
using primers listed in Table 1 and ana-
lyzed by 1.5% agarose gel-electrophore-
sis. Lane M, DNA size markers; lane 1-10, 
PJP-1 to -10, respectively.

importance of E. coli O145 contamination 
in food.

Highly dynamic interchange between 
aEPEC and EHEC of serotype O26 has 
been demonstrated through the loss and 
gain of stx2-encoding phages (Bielasze-
wska et al, 2007). The aEPEC strains can 
gain stx and become more virulent and 
contributing to possible outbreaks. stx2 

phage integration into yecE and wrbA is 
important in both E. coli O26 and E. coli 
O157: NM (non-motile) strains (Bielasze-
wska et al, 2007; Mellmann et al, 2008). In 
this study, we found no prophage integra-
tion into the five integration sites exam-
ined in the 10 aEPEC strains. This not only 
suggests that there is no stx2-encoding 
phage integration, but also the possibility 
of aEPEC to obtain stx2-encoding phages 
into it in the future.

Investigation of virulence genes 
carried by aEPEC O145 strains in this 
present study showed that they carried 
three virulence genes (eae, fimH and lpf) 
responsible for adherence. Intimin plays 
a key role in bacterial intimate adherence 
to its host, while type 1 fimbria confers 
adhesion and autoaggregation of bacte-
ria leading to colonization of the host’s 
intestine (Schembri et al, 2001). Lpf also 
is involved in E. coli O157:H7 and other 
pathogenic E. coli adherence both in vitro 
and in vivo (Sukkua et al, 2016). Therefore, 
aEPEC strains in this study were consid-
ered to have an effective adherent ability 
that could lead to pathogenicity of their 
host in some extent, although toxin genes 
such as cnf1, pet, and hlyA, were absent. 

Agglutination to yeast cells or eryth-
rocytes is a classical assay for monitor-
ing type 1 fimbriae-mediated adhesion 
(Schembri et al, 2000). In this present 
study, however, the lack of correspon-
dence between the presence of fimH and 
the lack of yeast cell agglutination was 
observed. One of the possible explana-
tions is that mutation in fimH, which does 
not enhance the binding between bacteria 
and yeast cell but diminish agglutination 
capacity (Schembri et al, 2000). Switching 
from fimbriated to non-fimbriated state 
through affecting the expression of fim-
brial major subunit gene might also be 

BOX-PCR

(GTG)5-PCR
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one of the factors involved in the failure 
in agglutination (Knudsen and Klemm, 
1998). Other possible explanations include 
defects in transport and assembly of FimH 
(Schembri et al, 2000). 

Antimicrobial-resistant ability can 
emerged and be transferred among bac-
terial species, and the dissemination of 
this resistance capability has become a 
worldwide problem due to the overuse of 
antibiotics for therapy of infected humans 
and animals, including for prophylaxis 
and animal growth promotion (Rasheed 
et al, 2014). Antimicrobial-resistant rates 
of DEC strains isolated from beef in this 
area have varied from study to study 
throughout this decade (Sukhumungoon 
et al, 2011a,b; Sirikaew et al, 2014; Sirikaew 
et al, 2015; Sirikaew et al, 2016; Wameadesa 
et al, 2017). Nonetheless, some susceptible 
strains, namely, STEC O157 and E. coli 
O104, also could be detected (Sukhu-
mungoon et al, 2011a,b; Wameadesa et al,  
2017). Therefore, the presence of drug sus-
ceptible aEPEC O145 strain in this study 
is not surprising. These O145 strains are 
believed to be present in the Thai envi-
ronment at low levels and are thought 
to have not intensively been exposed to 
antimicrobial agents.

Previous studies on DNA profil-
ing of DEC strains from meat samples 
in this geographical area indicated that 
the repetitive sequence-PCR is an effi-
cient tracking tool (Sirikaew et al, 2015; 
Sirikaew et al, 2016; Sukkua et al, 2017). 
BOX- and (GTG)5-PCR are PCR-based 
DNA profiling methods targeting repeti-
tive sequences that are spread throughout 
bacterial genome. In this current study, 
identical DNA profiles of aEPEC O145 
isolated from different samples and on dif-
ferent  occasions suggests the possibility 
that they share the same genome core as 
observed in the case of enteroaggregative 

E. coli (EAEC) O44 strains from different 
patients in which the EAEC O44 strains 
exhibit different virulence gene and anti-
microbial susceptibility profiles but have 
identical DNA pattern generated by BOX- 
and ERIC2-PCR (Sukkua et al, 2015). 

In summary, this study shows that 
aEPEC O145 did indeed exist in beef 
sold in southern Thai area albeit at low 
frequency and can be isolated only with 
the use of immunobead method. Identi-
cal DNA profile among the aEPEC O145 
strains isolated from different samples at 
different occasions suggests that they are 
closely related clones or originated from 
the same clone circulating in the Thai 
environment. These aEPEC O145 strains 
may not be able to play a crucial role in 
pathogenesis at this moment but they 
retain the ability to become more virulent 
in the future by acquiring stx phages. The 
data regarding the prevalence and viru-
lence characteristics of aEPEC O145 iso-
lated from raw beef in southern Thailand 
should be of benefit to the public health 
of this region of the country.
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