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Abstract. Beef and its products are potential vehicles of Escherichia coli 0157, the
most important serotype implicated in many large outbreaks of diarrheal infection
in humans worldwide. There is a need for rapid detection of contaminated food
in order to implement appropriate and effective control measures. In this study,
repetitive sequence (rep)-PCR, using three different primers, BOXA1R, ERIC2
and (GTG),, singly and in combinations, were employed to compare the genetic
relatedness among E. coli O157 group with other diarrheagenic E. coli strains as
controls. Although a combination of BOXAIR + ERIC2 + (GTG), primers gener-
ated a rep-PCR profile containing the highest number of amplicon bands among
the DEC strains tested, dendrogram (at 80% similarity) exhibited the lowest DEC
classification of 5 clusters, whereas that from BOXAIR or BOXAIR+ (GTG), rep-
PCR profiling produced 8 clusters. Nevertheless, focusing E. coli O157 strains were
grouped into 4 clusters irrespective of the rep-PCR profiles analyzed, and all 14
but two, PSU60 and PSU132, E. coli O157 strains isolated from beef in southern
Thailand during 2012 to 2014 fell into a single cluster. Thus, rep-PCR profiling
generated with BOXAIR or BOXAIR + (GTG), is sufficient for distinguishing
among DEC strains, including E. coli 0157 in southern Thailand.
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INTRODUCTION

Shiga toxin-producing Escherichia coli
(STEC) is a food-borne pathogen associ-
ated with outbreaks of food poisoning
worldwide (Michino et al, 1999; Rangel
et al, 2005). STEC carries stx, or stx, or
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both encoding Stx isoforms, which upon
release, bind to the specific receptor, glo-
botriaosylceramide (Gb3) (de Sablet et al,
2008) and then are internalized into target
cells where they cause the elimination of
an adenine residue from 28S ribosomal
RNA of eukaryotic ribosome, resulting
in inhibition of protein biosynthesis (Na-
taro and Kaper, 1998). Although over 40
serotypes of STEC have been reported to
cause severe forms of diseases (Paton and
Paton, 1996), E. coli O157:H7 (E. coli O157)
is the most important serotype implicated
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in many large outbreaks, causing massive
economic losses and public health costs
(Michino et al, 1999; Xiong et al, 2012). En-
terohemorrhagic E. coli (EHEC) is defined
by the possession of stx together with eae
coding for intimin, a crucial protein re-
sponsible for bacterial attachment to host
cells (Nataro and Kaper, 1998).

As cattle are reservoir hosts of E. coli
0157, beef and its products constitute a
potential vehicle for transmission of E.
coli O157 infection (Rangel et al, 2005).
Ground beef frequently has been reported
to be implicated in a number of outbreaks
worldwide (Rangel et al, 2005).

Establishment of the association of E.
coli 0157 with food and clinical symptoms
is needed to be uncovered rapidly in order
to limit the spread of the infectious agent.
An important technique in tracking bac-
terial strains is repetitive sequence-PCR
(rep-PCR) as enterobacterial repetitive
intergenic consensus (ERIC), repetitive
BOX elements (BOX) and repetitive poly-
trinucleotide (GTG), sequences are con-
served in several specific bacterial species
including E. coli (Versalovic et al, 1994).
Profiles generated by PCR amplification
of these DNA regions have proven to be
reliable and reproducible for individual
bacteria strains (Versalovic et al, 1994).
Furthermore, the protocol to generate
the DNA profiles is simple and not time
consuming.

Thus, we employed rep-PCR to
compare the above mentioned repetitive
sequences in E. coli O157 from beef in
southern Thailand during 2012-2014 in or-
der to elucidate their genetic relatedness.

MATERIALS AND METHODS

Diarrheagenic E. coli (DEC) strains
Fourteen E. coli O157 (PSU2-PSUBS,
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PSU53-PSU60, PSU132) isolates from
beef during 2012 to 2014 and a clinical
stx-negative E. coli O157 isolated from
a diarrheal patient (PSU120), Hat-Yai
Hospital, Songkhla Province, Thailand,
were studied (Table 1). E. coli O157 strain
EDL933, a clinical EHEC O157 from USA
was used as a control strain, and four
diarrheagenic E. coli pathotypes, namely,
STEC O8 strain PSU1, enteropathogenic E.
coli (EPEC) O111 strain PE-27, enterotoxi-
genic E. coli (ETEC) 0169 strain PSU192,
and enteroaggregative E. coli (EAEC) O44
strain PSU280, were also included for
comparative purposes.

Rep-PCR profile and dendrogram construc-
tion

Anindividual bacterial colony grown
on tryptic soy agar (TSA) (Becton, Dick-
inson, San Jose, CA) was inoculated into
5 ml of tryptic soy broth (TSB) (Becton,
Dickinson) and incubated at 37°C for 6
hours with shaking. One ml aliquot of
bacterial culture was subjected to genomic
DNA (gDNA) extraction process using a
glass fiber matrix spin column (Geneaid,
New Taipei City, Taiwan). Quantification
and intactness of extracted gDNA were
performed using 0.8 % agarose gel-electro-
phoresis with standard DNA size markers
(2-log DNA Marker; NEB, Ipswich, MA).
Rep-PCR was performed using primers
ERIC2 (5'- AAGTAAGTGACTGGGGT-
GAGCG-3') (Versalovic et al, 1991),
BOXAIR (5'- CTACGGCAAGGCGAC-
GCTGACG-3) (Versalovicet al, 1994), and
(GTG), (6'- GTGGTGGTGGTGGTG-3')
(Versalovic et al, 1991). In addition, vari-
ous combinations of these specific prim-
ers were performed, namely, BOXAIR
+ (GTG),, BOXAIR + ERIC2, (GTG), +
ERIC2, and (GTG), + ERIC2 + BOXAIR.
PCR was carried out in a 25-ul reaction
mixture composed of 1.0 uM each primer
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pair, 0.2 mM dNTPs, 1X GoTag DNA
polymerase buffer, 3.0 mM MgCl,, 1.25
U GoTag DNA polymerase (Promega,
Madison, WI) and 50 ng of gDNA. Ther-
mocycling (conducted in T100 Thermal
Cycler; Bio-rad, Hercules, CA) conditions
were as follows: 95°C for 3 minutes; fol-
lowed by 30 cycles of 94°C for 3 seconds,
92°C for 30 seconds, 40°C for 1 minute for
(GTG); or 50°C for 1 minute for BOXAIR,
ERIC2 and BOXA1R + ERIC2 or 45°C for
(GTG), + BOXAIR, (GTG), + ERIC2 and
(GTG),+ERIC2 + BOXAIR, and 65°C for 8
minutes. Amplicons (15 ul) were analyzed
by 1.5% agarose gel-electrophoresis (In-
vitrogen, Carlsbad, CA) for 1 hour at 100
V, staining with ethidium bromide and
visualizing using WSE-5200 Printgraph
2M gel imaging system (ATTO, Tokyo,
Japan). Dendrograms were constructed
using unweighted pair-group method of
arithmetic average (UPGMA) (BioProfile
software, Waltham, MA).

RESULTS

Rep-PCR profiles

Among E. coli O157 strains, rep-PCR
profiles generated by a combination
of (GTG)5 + ERIC2 + BOXAIR primers
gave the highest numbers of DNA bands
(ranging from 22 to 26), with sizes of
~120-3,000 bp (Fig 1G and Table 2), while
the lowest number (11) of DNA bands
was generated using ERIC2 primer, with
sizes of 350-3,500 bp (Fig 1C). BOXA1IR
or (GTG), primer alone showed distinctly
higher number of DNA bands compared
to ERIC2 primer (Table 2). Correspond-
ing results were obtained when all DEC
strains were analyzed (Fig 1).

Dendrograms
Dendrograms were analyzed at 80%
similarity. Rep-PCR profiles generated us-
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ing BOXA1R and BOXAIR + (GTG), prim-
ers provided the highest discriminatory
power, classifying all DEC strains into 8
distinguishable clusters (Fig 2). ERIC2,
BOXAIR + ERIC2, and (GTG), + ERIC2
rep-PCR produced 7 clusters, (GTG), gen-
erated 6 clusters and, surprisingly, only
5 clusters were obtained from (GTG)5 +
ERIC2 + BOXAI1R primer combination.
All primers used presented a similar set
of members in such specific clusters. For
instance, STEC O8 strain PSU1, EHEC
0157 strain PSU60 and EHEC O157 strains
from beef together with EHEC O157 strain
EDL933 always belonged to different
clusters using every primer and primer
combination.

The 16 E. coli O157 strains could be
classified into 4 distinct clusters (for exam-
ple by BOXA1R classifying into cluster II,
I1I, V, and VI) using rep-PCR profiles pro-
duced from any of the primers, singly or in
combination (Fig 2). All E. coli O157 strains
from beef samples of southern Thailand
(PsU2-PSU6, PSU53-PSU59, PSU132)
belonged to cluster II except EHEC 0157
strain PSU60 that was located distantly
related. One of the factors affecting the
divergence of this PSU60 strain is the
presence of Q,,, (coding for Q,,, protein
responsible for strong anti-termination
activity resulting in downstream gene
expression) derived from bacteriophage
933 together with Q,, in its chromosome
while the other O157 strains possessed
only Q,, (data not shown).

The stx-negative E. coli O157 strain
PSU120 and PSU132 (stx, stx,, eae’),
which exhibited different rep-PCR pro-
files, fell into different cluster, such as
cluster V and VI by BOXA1R and cluster
IV and Il by (GTG),, respectively (Fig 2).
It was clear also that these stx-negative
E. coli O157 lineages had genetically
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Fig 1-Rep-PCR amplicon profile of E. coli O157 strains isolated from beef and humans. (A) BOXA1R,

60

(B) (GTG),, (C) ERIC2, (D) BOXAIR + (GTG),, (E) BOXAIR + ERIC2, (F) (GTG), + ERIC2,
and (G) BOXAIR + ERIC2 + (GTG),. PCR protocols and primer sequences are described in
Materials and Methods. Lane M, DNA size markers; lane 1, STEC O8 strain PSU1; lanes 2-15,
EHEC O157 strains PSU2, PSU3, PSU4, PSU5, PSU6, EDL933, PSU53, PSU54, PSU55, PSU56,
PSU57, PSU58, PSU59, and PSU60; lane 16, EPEC O111 strain PE-27; lane 17, E. coli O157 strain

PSU120; lane 18, E. coli O157 strain PSU132; lane 19, ETEC 0169 strain PSU192; lane 20, EAEC
044 strain PSU280.
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Fig 2-Dendrograms of E. coli O157 isolated from beef and standard DEC strains based on rep-PCR
profiles. Dendrograms are constructed using unweighted pair-group method of arithmetic
average (UPGMA) (BioProfile software). The data are analyzed at cut-off of 80% similarity.
Primers used in rep-PCR are indicated in the diagram. BOX = BOXAIR.

shown by dendrogram analysis (80%
similarity) ranked the lowest among the
7 primers (single and in combination) uti-
lized. It is assumed that the combination
of the three primers in the same PCR re-
action does not perturb the amplification
reactions of each other, and no significant
primer dimers are generated so as to com-
promise the overall rep-PCR efficiency.
Our results are in agreement with those
of Yoke-Kqueen et al (2013) who showed
that among rep-PCR profiling of Vibrio
parahaemolyticus strains carrying tdh and
trh using ERIC, RAPD, and BOX primers
and their combinations, ERIC + RAPD
combination produces the highest dis-
criminatory power regardless of percent
similarity.

In conclusion, based on rep-PCR pro-
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filing with BOXAIR, ERIC2, and (GTG);
primers, alone and in combinations,
revealed all but two of 14 E. coli O157
strains isolated from beef in southern
Thailand are derived from the same clone,
whereas stx-negative E. coli O157 is not
closely related genetically. In addition,
combinations of rep-PCR primers may
not be always increase the discriminatory
power for E. coli O157 differentiation, but
only one or two appropriate primers are
sufficient for strain typing. As regards
to genotyping of E. coli O157 from beef
in southern Thailand, rep-PCR employ-
ing BOXA1R primer is sufficient enough,
with the discriminatory power and clear
amplicons profile, and should be used for
investigating genetic relatedness of E. coli
0157 in future work.

63




SOUTHEAST AsIAN ] TrRor MED PuBLic HEALTH

ACKNOWLEDGEMENTS

This study was supported in part by
Prince of Songkla University, fiscal year
2015 (grant no. SCI580246d) and by the
Department of Microbiology, Faculty of
Science, Prince of Songkla University. The
authors thank Prof Mitsuaki Nishibuchi
for kindly providing EPEC strain PE-27
and EHEC strain EDL933, and Sutima
Preeprem for assistance in the dendro-
gram analysis.

REFERENCES

Adiguzel G, Gulluce M, Bozoglu C, et al. Mo-
lecular characterization of Escherichia coli
0157:H7 from retail beef in Erzurum, Tur-
key. ] Pure Appl Microbiol 2012; 6: 1033-41.

de Sablet T, Bertin Y, Vareille M, et al. Differ-
ential expression of stx, variants in Shiga
toxin-producing Escherichia coli belonging
to seropathotypes A and C. Microbiology
2008; 154: 176-86.

Healy M, Huong ], Bittner T, et al. Microbial
DNA typing by automated repetitive-
sequence-based PCR. ] Clin Microbiol 2005;
43: 199-207.

Huang Y, Runge M, Michael GB, Schwarz S,
Jung A, Steinhagen D. Biochemical and
molecular heterogeneity among isolates
of Yersinia ruckeri from rainbow trout (On-
corhynchus mykiss, Walbaum) in northwest
Germany. BMC Vet Res 2013; 9: 215.

Michino H, Araki K, Minami S, et al. Massive
outbreak of Escherichia coli O157:H7 infec-
tion in schoolchildren in Sakai city, Japan,
associated with consumption of white
radish sprouts. Am J Epidemiol 1999; 150:
787-96.

Mohapatra BR, Broersma K, Mazumder A.
Comparison of five rep-PCR genomic fin-
gerprinting methods for differentiation of
fecal Escherichia coli from humans, poultry
and wild birds. FEMS Microbiol Lett 2007;
277: 98-106.

Nataro JP, Kaper JB. Diarrheagenic Escherichia

64

coli. Clin Microbiol Rev 1998; 11: 142-201.

Paton JC, Paton AW. Enterobacter cloacae produc-
ing a Shiga-like toxinII-related cytotoxin
associated with a case of hemolytic-uremic
syndrome. | Clin Microbiol 1996; 34: 463-5.

Rangel JM, Sparling PH, Crowe C, Griffin PM,
Swerdlow DL. Epidemiology of Escherichia
coli O157:H7 outbreaks, United States,
1982-2002. Emerg Infect Dis 2005; 11: 603-9.

Reid SD, Betting DJ, Whittam TS. Molecular de-
tection and identification of intimin alleles
in pathogenic Escherichia coli by multiplex
PCR. ] Clin Microbiol 1999; 37: 2719-22.

Riley LW, Remis RS, Helgerson SD, ef al. Hem-
orrhagic colitis associated with a rare
Escherichia coli serotype. N Engl ] Med 1983;
308: 681-5.

Sirikaew S, Patungkaro W, Rattanachuay P, Suk-
kua K, Sukhumungoon P. Enterotoxigenic
Escherichia coli O169:HUT from a diarrheal
patient: phylogenetic group and antimi-
crobial susceptibility. Southeast Asian | Trop
Med Public Health 2014; 45: 1376-84.

Sukhumungoon P, Nakaguchi Y. Shiga toxin
2-converting bacteriophages occupy
sbcB gene as a primary integration site in
bovine-origined Escherichia coli O157:H7
and non-O157 from Thailand. Life Sci |
2013; 10: 2334-40.

Sukkua K, Patungkaro W, Sukhumungoon P.
Detection and molecular characterization
of enteroaggregative Escherichia coli from
diarrheal patients in tertiary hospitals,
southern Thailand. Southeast Asian | Trop
Med Public Health 2015; 46: 901-10.

Sukkua K, Rattanachuay P, Sukhumungoon P.
Ex vivo adherence to murine ileal, biofilm
formation ability and presence of adher-
ence-associated of human and animal diar-
rtheagenic Escherichia coli. Southeast Asian
J Trop Med Public Health 2016; 47: 40-54.

Themphachana M, Nakaguchi Y, Nishibuchi M,
et al. First report in Thailand of a stx-neg-
ative Escherichia coli O157 from a patient
with diarrhea, Thailand. Southeast Asian
] Trop Med Public Health 2014; 45: 881-9.

Vol 47 No. 1 January 2016



REP-PCR PRrROFILING OF EscHERICHIA coLl O157, THAILAND

Versalovic J, Koeuth T, Lupski JP. Distribution Xiong Y, Wang P, Lan R, et al. Anovel Escherichia

of repetitive DNA-sequences in eubacte- coli O157:H7 clone causing a major hemo-
ria and application to fingerprinting of lytic uremic syndrome outbreak in China.
bacterial genomes. Nucleic Acids Res 1991; PLOS One 2012; 7: e36144.
19: 6823-31. Yoke-Kqueen C, Teck-Ee K, Son R, Nakaguchi
Versalovic J, Schneider M, de Bruijn FJ, Lupski Y, Nishibuchi M. Molecular characteriza-
JR. Genomic fingerprinting of bacteria us- tion of Vibrio parahaemolyticus carrying tdh
ing repetitive sequence-based polymerase and trh genes using ERIC-, RAPD-, and
chain reaction. Methods Mol Cell Biol 1994; BOX-PCR on local Malaysia bloody clam
5: 25-40. and Lala. Int Food Res ] 2013; 20: 3299-305.

Vol 47 No. 1 January 2016 65



