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Abstract: Non-O157 Enterohaemorrhagic Escherichia coli (EHEC) has become
a major public health concern all around the globe. This study investigated the
E. coli serogroup O45 from raw meats in southern Thailand using the
immunomagnetic separation approach (IMS). Forty-nine E. coli O45 strains
were obtained from 13 positive meat samples (13/105), showing the prevalence
of O45 contamination as 12.4%. They were not members of EHEC. Exploration
of other virulence genes exhibited that fimH, responsible for bacterial
adherence, was found in all strains, while astA encoding for EAST-1 toxin was
63.2% of the strains. Moreover, Ipf encoding long polar fimbriae was found as
30.6%. Phylogenetic group analysis revealed that the majority of E. coli O45
belonged to group D (88%), followed by group A (8%) and group B1 (4%).
However, none belonged to group B2. The intactness of stx2-phage integration

sites showed that sbcB was occupied by prophages at the highest rate, followed
by the Z2577 site. Antimicrobial susceptibility assay demonstrated relatively
high bacterial resistance to cephalothin (78%), streptomycin (51%),
cotrimoxazole (39%), tetracycline (31%), and chloramphenicol (23%).
Furthermore, multi-drug resistant ability was uncovered in O45 strains at 49%.
DNA profiling of E. coli O45 by BOX-PCR analyzed at 80% genetic similarity
revealed 5 distinguishable clusters. More importantly, the strains from
different samples and time intervals showed identical DNA fingerprints,
suggesting that they may have originated from the same bacterial clone.
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1. Introduction

Diarrheal disease plays an important role as a public health problem,
accounting for about 11% of child deaths worldwide, making diarrhea the
second leading cause of mortality among children under 5 years of age [1].
Among the diarrheagenic E. coli (DEC) group, enterohaemorrhagic E. coli
(EHEC) is the most important pathotype in human infections, showing the
most devastating effect on the host. Only < 100 cells of EHEC are enough to
cause illness [2].

EHEC, containing the cardinal virulence factors Shiga toxins (Stxs), is
capable of causing food poisoning outbreaks in both the western and eastern
hemispheres [3-5]. The symptoms of patients infected by EHEC vary from
bloody diarrhea to renal failure and death [6]. Renal failure occurs when Stx is
internalized into kidney cells through the cellular membrane-specific receptor
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globotriaosylceramide (Gb3). After one adenine residue from 285 ribosomal RNA of 60S ribosomal subunit is
removed, it inhibits protein synthesis [7].

Even though the EHEC serotype O157:H7 is the most crucial, EHEC in serotypes other than O157:H7
has recently attracted attention and is involved with severe human diseases [8]. There are 6 important EHEC
serotypes (also called the big six) that have been demonstrated to carry stx genes, 026, 045, 0103, 0111, O121,
and O145. These EHEC serotypes show a striking ability to cause sporadic infections and outbreaks in many
countries worldwide. Although EHEC O45 infections were less found than serotype O157, the strain that
carries stx is also thought to cause severe morbidity and mortality.

Natural reservoir hosts of EHEC are ruminants, especially cattle, that carry EHEC in their gut without
pathological symptoms [9]. There are many routes of EHEC transfer from animals to humans, and the
contamination through raw meats during slaughtering processes is one of the potential routes transferring
EHEC to humans. Thus, raw meats, especially beef, are the important EHEC vehicles [10].

Although several EHEC serotypes are well-studied, a lack of information regarding the prevalence
and characteristics of EHEC serotype O45 is documented in Thailand. Thus, this study aimed to investigate
its prevalence, virulence profile, antimicrobial susceptibility, and the genetic similarity of EHEC O45 strains
from meats marketed in southern Thailand. The data obtained in this study could provide information on
possible infections and outbreaks of EHEC O45 in the southern area of Thailand and neighboring countries.
This is essential from a public health standpoint.

2. Materials and Methods

2.1 Sample collection and immunomagnetic separation (IMS) of E. coli O45 from raw meats

To obtain E. coli O45 from raw meats, the IMS technique was carried out as previously described [11].
Raw meat samples, e.g., beef, chicken, and pork, were collected from 8 fresh markets throughout Hat-Yai City,
Songkhla province, Thailand, and processed within 2 hours after collection. Briefly, 50 g of raw meat was
homogenized with 450 ml of tryptic soy broth (TSB) for 1 minute. The liquid phase was obtained aseptically
in a sterile bottle and incubated at 37°C for 6 hours statically. Afterward, 1 ml of the enriched culture was
transferred to a 1.5 ml sterile tube and mixed with 15 pl O45-specific immunomagnetic beads (Dynabeads,
Thermo Scientific, USA) for 30 minutes with a gentle tube inverted every 5 minutes. The magnetic concentrator
harvested the immunomagnetic beads-bacteria complex and washed it with 500 pl of phosphate buffer saline,
pH 7.4 (PBS). Subsequently, it was re-suspended in 100 pl PBS, streaked on eosin methylene blue (EMB) agar,
and incubated at 37°C for 18 hours. For further analyses, ten to twenty green metallic sheen colonies were
selected and kept at -80°C (using 10% (v/v) glycerol as a cryoprotectant).

2.2 Genomic DNA preparation

Bacterial genomic DNA (gDNA) was extracted using boiling [12]. In brief, a single bacterial colony
was grown in 3 ml of TSB at 37°C for 3 hours with aeration (150 rpm orbital shaking). One ml of bacterial
culture was boiled for 10 minutes, immediately immersed on ice for 5 minutes, then centrifuged at 11,000 g for
5 minutes. To prepare the PCR template, a ten-fold dilution of boiled supernatant was carried out using sterile
deionized water (10-pl boiled supernatant: 90-ul sterile deionized water).

2.3 Identification of E. coli O45

For the identification of E. coli 045, PCR targeting the wzyO45 gene was performed. A 25-ul PCR
reaction mixture was composed of 3.0 mM MgCl2, 0.1 mM of dNTPs, 0.4 uM of forward and reverse primers
(Table 1), 1X GoTaq Flexi green buffer, 0.5 unit of GoTaq DNA polymerase (Promega, USA) and 2 pl of DNA
template. Thirty-five cycles composing denaturation at 94°C for 1 min, annealing at 50°C for 1 min, and
extension at 72°C for 1 min were carried out in T100™ Thermal Cycler (Bio-Rad, Hercules, CA, USA).
Amplicons were analyzed in 1.0% agarose gel electrophoresis, stained with ethidium bromide, and visualized
under the WSE-5200 Printpraph 2M gel imaging system (ATTO Corp., Tokyo, Japan). The uidA gene specific
for E. coli was also performed to confirm the being of E. coli.
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2.4 E. coli pathotype classification and detection of virulence genes

Pathotype classification was investigated since E. coli in serogroup O45 tend to be a member of
enterohaemorrhagic and Shiga toxin-producing E. coli (STEC). Indicator genes for 6 DEC categories were
examined by PCR as following criteria, stx+eae for EHEC; bfp+eae for typical enteropathogenic E. coli (tEPEC)
or eae alone for atypical enteropathogenic E. coli (aEPEC); est/elt for enterotoxigenic E. coli, ETEC; aggR for
enteroaggregative E. coli, EAEC; ipaH for enteroinvasive E. coli, EIEC; daaE for diffusely adherent E. coli, DAEC
(Table 1). Thermal cycling conditions were as follows: pre-heated at 95°C for 3 minutes followed by 35 cycles
of denaturation at 94°C for 1 minute, annealing at 40°C (for est), 50°C (elt, aggR, stx2), 55°C (stx1, eae, daaE), 60°C
(for ipaH), and extension at 72°C for 1 minute except for eae for 70 seconds. The reactions were finalized at 72°C
for 5 minutes. Amplicons were analyzed as described above. Other E. coli virulence genes of astA, agn43, cnfl,
hlyA, fimH, and Ipf were investigated using PCR with appropriate primer pairs (Table 1). PCR components
and conditions were the same as mentioned above except the annealing temperature as follows: 50°C (for
astA), 55°C (fimH, Ipf), 58°C (cnfl1, hlyA), and 67°C (for agn43) for 1 minute.

2.5 Phylogenetic group classification of E. coli 045

The phylogenetic group might indicate the virulence capability of E. coli to some extent. Therefore, E.
coli O45 was investigated for their phylogenetic groups in this study. Determination of the phylogenetic group
was performed as described previously [23]. PCR targeting chuA, yjaA, and TspE4.C2 fragment was employed.
The thermal cycling condition was pre-heated at 95°C for 3 minutes, followed by 35 cycles of denaturation at
94°C for 50 seconds, annealing at 54°C for 50 seconds, and extension at 72°C for 30 seconds. The reaction was
finalized at 72°C for 5 minutes. PCR products were analyzed as described above. Bacterial phylogenetic group
classification was interpreted, followed by Clermont et al. [23].

2.6 Investigation of stx:-phages occupancy in E. coli O45

Five E. coli genes, sbcB, wrbA, yecE, yehV, and Z2577, are essential sites for stx>-phages to insert [32].
Thus, the intactness of all 5 genes was investigated by PCR using the components and condition described
above except the different primers (Table 1) with the following annealing temperatures: 47°C for wrbA, 50°C
for sbeB and yehV, 53°C for 72577, and 60°C for yecE. The PCR products were analyzed by agarose gel
electrophoresis as described above. If the stx2 phage occupied a particular locus, PCR amplification was not
allowed because of the large stx2 phage genome.

2.7 Antimicrobial susceptibility assay

The disk diffusion method explored the antimicrobial susceptibility profile [33]. Briefly, a single
colony was grown in 3 ml of Mueller-Hinton broth (MHB) at 37°C for 3 hours with aeration. Then, the culture
was centrifuged at 8,000 g for 30 seconds to obtain the cell pellet. The solution was adjusted to 0.5 McFarland
turbidity standards (approximately 1.5 x 108 cfu/ml) by densitometer (Biosan, Latvia) using 0.85% (w/v)
sodium chloride solution (NSS). The adjusted bacteria were swabbed on the surface of Mueller-Hinton agar
(MHA). Ten crucial antimicrobial agents, amikacin (30 ug), cephalothin (30 ug), chloramphenical (30 ug),
fosfomycin (200 ug), gentamicin (10 pg), imipenem (10 pg), kanamycin (30 pg), streptomycin (10 ug),
tetracycline (30 pg) and trimethoprim/sulfamethoxazole (25 pg) were applied. The plates were incubated at
37°C for 18 hours. Vernier caliper measured clear zone and interpreted followed CLSI [33].
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2.8 Genetic relationship of E. coli 045

DNA profiling of E. coli O45 was investigated by BOX-PCR [34]. Genomic DNA (gDNA) was obtained
using a mini-prep spin column (Geneaid, Taipei, Taiwan). BOX-PCR was carried out in a 25-ul reaction
mixture consisting of 0.2 uM of BOXAIR primer (Table 1), 0.2 mM dNTPs, 1X GoTaq Flexi green buffer, 3.0
mM of MgCl2, 1.25 units of GoTaq DNA polymerase, and 50 ng of DNA template. The thermal cycler condition
was set with an initial denaturation (95°C for 3 minutes) followed by 30 cycles of denaturation at 94°C for 3
seconds and 92°C for 30 seconds, annealing at 50°C for 1 minute, and extension at 65°C for 8 minutes. The
amplification products were analyzed using 1.5% agarose gel electrophoresis for 1.5 hours at 90V and imaging
as described above. Dendrograms for O45 were constructed using an unweighted pair-group method of
arithmetic average (UPGMA) (Bioprofile software, France).

2.9 Statistical analysis

Data were analyzed using SPSS for Windows version 11.0 (SPSS, USA). One-way ANOVA was
employed to analyze significant differences in E. coli O45 prevalence among meat types. Significance was set
at p-value < 0.05.

3. Results and Discussion

3.1Prevalence of E. coli O45 in raw meat samples

1,890 suspected isolates were obtained from 105 meat samples during E. coli O45 investigation by IMS.
It exhibited that 49 of 1,890 from 13 samples (prevalence of 12.4%) were positive for E. coli O45 (Table 2). The
rate of IMS-associated O45 detection in this study was in concordance with the work from Sirikaew et al. [32]
and Wamaedesa et al. [35] that investigated the presence of E. coli O26 and O104 from raw meats by IMS and
found the high prevalence of 12% and 17%, respectively. Therefore, these results suggest that E. coli in the
serogroup O45 exists in southern Thailand in relatively high prevalence. The higher prevalence of E. coli 045
in chicken samples (29.6%) over pork (14.3%) and beef (2%) in this study is thought to be varied, depending
upon individual study [32]. In this study, IMS was employed to assist in isolating E. coli O45 from meat
samples. This IMS method is approximately 100-fold more effective than the conventional culture method for
isolating target microorganisms [36]. Lozinak et al. [37] investigated the existence of Shiga toxin-producing E.
coli (STEC) from several food samples, including raw meat in the United States, using real-time PCR and found
E. coli O45 and O111 from raw chicken. The Ct value of E. coli O45 was much lower than E. coli O111, suggesting
that E. coli O45 may be predominant in the culture. Nevertheless, at such contamination rates, the conventional
culture method may not isolate E. coli O45 from the samples. Therefore, the IMS method using an antibody-
coated magnetic bead is an essential process and must be applied for EHEC/STEC isolation.

3.2 Pathotype classification and virulence gene of E. coli 045

Even though E. coli O45 in this study did not belong to any DEC pathotypes, but they were possibly
equipped with some other virulence genes. Thus, E. coli O45 strains were examined for their virulence genes,
and the results revealed that fimH (encoding type 1 fimbrail tip responsible for bacterial adherence) was found
in all O45 strains (100%). The astA gene encoding for enteroaggregative heat-stable enterotoxin 1 (EAST-1) was
63.2% (31 of 49 isolates). Additionally, Ipf encoding long polar fimbriae was found at 30.6% (15 of 49 isolates)
(Figure 1A). FimH is a virulent factor conferring autoaggregation, leading to the colonization of bacteria by
the host [38]. At the same time, the long polar filaments play a crucial role in bacterial adhesion in E. coli
0157:H7, including other pathogenic E. coli strains [39, 40]. These two virulence factors are very important for
the early step of bacterial pathogenesis. Our results are in concordance with the study of Tiba et al. [41] and
Van et al. [42] that revealed the high prevalence of fimH as 97.5% of 162 UPEC strains isolated from patients
with cystitis and 92.1% of 38 multidrug-resistant strains isolated from raw meats and shellfishes sold in
Vietnam. In addition, EAST-1, widely distributed among diarrheagenic E. coli, has been implicated in many
outbreaks [43]. This suggests that although some E. coli strains are absent in indicative genes for DEC, they
may carry other virulence genes responsible for pathogenesis. Hence, the presence of these genes in E. coli O45
in our study is noteworthy; they are virulent strains and potentially cause problems after consumption.
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Table 2. Prevalence of E. coli O45 in raw meats, Hat-Yai, Thailand.

Serotype Source Number of positive samples/ Number of positive isolates/

Total number of samples (%) Total number of isolates (%)
045 Beef 1/50% (2) 2/933 (0.2)
Chicken 8/275 (29.6) 41/495 (8.3)
Pork 4/2848 (14.3) 6/462 (0.9)
Total 13/105 (12.4) 49/1,890 (2.6)

Uppercase letters (A, B, AB) indicate significant differences (p-value < 0.05) among 3 types of raw meat in E. coli O45.

A 60 - B
49 Group A
o 29 4 isolates Group B1
© (8%) 2 isolates
g4 31 / (4%)
-
S 30
A
<
-E 20 15 Group D
=]
=

43 isolates
10 — o
0 0 0 (88%)
0

agn43 astA cnfl  fimH hiyA  Ipf

Virulence gene

C e B Intact D
48 49 ; — 38(78
50 47 Not intact g 40 (78)
o 39 2 %
5 40 - 36 3 30
2 2 o5 25 (51)
s 30 5 19 (39)
5 B 20
3 2 16 (33) 15 (31)
£ 20 13 s 15 !
3 10 o) 11(23)
= 5 10
10 - g
1 2 £ 3(8)
0 ES5 o 1@ 0
0 - -_— Z 9 — i
wrbA  yecE  yehV  sbeB  Z2577 AK C CN FOSIPM K KF S SXT T
Six, phage integration site Antimicrobial agent

Figure 1. Investigation of virulence genes (A), phylogenetic group classification (B), determination of stx2-
phage integration intactness (C), and examination of antimicrobial susceptibility profiles (D) of 49 E.
coli O45 from meats. AK, amikacin; C, chloramphenicol; CN, gentamicin; FOS, fosfomycin; IPM,
imipenem; K, Kanamycin; KF, cephalothin; S, streptomycin; SXT, cotrimoxazole; T, tetracycline.

3.3 Phylogenetic group classification of E. coli O45

The phylogenetic group could, in part, indicate the virulence capability of E. coli. The results
demonstrated that the majority (43 of 49 strains) of E. coli O45 belonged to group D (88%) followed by group
A (4 of 49 strains, 8%) and B1 (2 of 49 strains, 4%) but none belonged to group B2 (Figure 1B). Based on the
phylogenetic group study from Dezfulian et al. [44], they demonstrated that the virulent strains of
extraintestinal pathogenic E. coli (EXPEC) isolated from animal foods were found mainly to belong to groups
B2 and D. In contrast, commensal strains belonged to group A and B1. This criterion was also applied to E. coli
strains in this current study. Focusing on E. coli non-O157 in our previous studies, although some non-O157
groups such as E. coli O26 and EAEC O104 were found to be avirulent strains (most of the strains are members
of phylogenetic group A and B1, respectively) [32, 35], E. coli O45 strains in this present study are thought to
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be virulent. This result concurs with aEPEC O145 isolated from the same geographical area belonging to
phylogenetic group D [45].

3.4 Investigation of stx2 phages occupancy in E. coli O45

The stx2-phage carries the stx2 gene to the genome of E. coli through specific integration sites and
makes it become EHEC/STEC. Once stx2-phage occupies a specific site, no other phages can occupy such a site
again. In this study, we investigated the intactness of 5 specific genes reported to be frequently occupied by
stx2-phage using PCR. The results revealed that in E. coli O45, the highest non-intact gene was sbcB (47 strains),
followed by Z2577 (13 strains) and wrbA (10 strains), suggesting that these sites had been occupied by some
prophages (Figure 1C). However, yecE, and yehV were still intact in most O45 strains. A high number of
occupied sbcB genes in this study is in harmony with our previous work that showed E. coli O157:H7 strains
from beef had sbcB gene occupied [46]. In the study, 41 bovine-origin E. coli O157 and non-O157 strains from
Thailand from 1998 to 2012 were investigated for intactness of stx2-phage integration sites and found that 40
strains (97.56%) revealed the sbcB gene occupancy. Integration of prophages is reported to play a key role in
E. coli O157:H7 evolution and can increase its pathogenesis [47]. Prophage integration occurs through site-
specific recombination or transposition. Housekeeping genes or regions close to tRNA genes are uncovered to
be the sites for prophage integration [48]. It was reported that prophages preference integration sites in E. coli
0157:H7 from Spain and sorbitol-fermenting E. coli O157: NM (non-motile) are yehV and yecE, respectively
[49, 50]. However, in the current study, yecE and yehV are still intact in most O45 strains, suggesting the
possible integration of stx>-phage into these sites, reinforcing the O45 strains to be more powerful.

3.5 Antimicrobial susceptibility of E. coli O45

A widespread antimicrobial resistance is a big trouble for public health. In this current study, the
results exhibited a high proportion of E. coli O45-resistant strains. Most of the strains were found to be resistant
to cephalothin (78%), followed by streptomycin (51%), cotrimoxazole (39%), gentamicin (33%), tetracycline
(31%), and chloramphenicol (23%), (Figure 1D). Additionally, when focused on the multi-drug resistant
(MDR) strains, defined by the capability of resisting at least 3 antimicrobial classes, we found an MDR of 49%,
which was considered relatively high. Antimicrobial-resistant capability can be emerged and transferred
among bacterial species. The spread of this resistant capability is now becoming a problem worldwide owing
to the frequent use of therapy, including prophylaxis and animal growth promotion [51]. The high level of
antimicrobial-resistant phenotypes in E. coli O45, especially cephalothin, and tetracycline, in this current study
is not surprising. Kim & Woo [52] demonstrated the antimicrobial resistance of E. coli collected from
conventional and organic vegetables. They showed high cephalothin resistance at 67.8% and 71% in organic
and conventional vegetables, respectively. In addition, streptomycin, cotrimoxazole, and tetracycline
resistance were detected at high rates.

Due to the inexpensiveness of tetracycline, it has been extensively used for prophylaxis and illness
therapy of humans and animals. Also, at sub-therapeutic levels, it is used as an animal growth promoter [53].
The study from Vietnam demonstrated that tetracycline was the most frequent antimicrobial resistance in raw
meats [42]. More importantly, tetracycline-resistant genes are effectively transferred among bacterial species.
Therefore, the ineffectiveness of this antimicrobial agent for treatment should be addressed in the case of
infection by E. coli from meat consumption.

3.6 Genetic relationship of E. coli 045

The genetic relationship of E. coli O45 strains in this study was carried out using BOX-PCR as a source
tracking tool (Figure 2). It was found that E. coli O45 could be distinguished into 5 distinct clusters based on
80% genetic similarity (Figure 3). Dendrogram analysis exhibited identical DNA fingerprints among strains
from beef, pork, and chicken collected from different samples and time intervals, suggesting that they were
closely related or may have originated from the same bacterial clone. Such a clone may circulate in the Thai
environment throughout a period.

In bacterial typing, interspersed repetitive-element PCR (rep-PCR) is extensively employed since
repetitive elements dispersed throughout the bacterial genome are highly conserved. Among repetitive
elements, BOX elements help generate reliable and reproducible fingerprints. Of the BOX subunits comprising
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boxA (57 bp), boxB (43 bp), and boxC (50 bp), only boxA is highly conserved among different bacterial species
[31]. Therefore, in this study, a specific nucleotide primer BOXAIR targeting boxA was applied in BOX-PCR.
A fluorescent-BOX-PCR has also been developed for subtyping E. coli and Bacillus cereus [54], exhibiting

resolution power and discriminatory power higher than traditional BOX-PCR.

M1 2 3 4 56 7 8 9 10 11121314 151617 181920 2122 2324 M

3.0kb By BE-BEEES S bl

—uaaiﬁ“i...ﬁ&n -l e

M%—------:----—nnn—nu-n—n—~—

GND D G0 N0 G g T VT N e L Bl -l

s B~ SeoYeessse """ wu""eo

oo o
0.3 kb

0.1 kb

Figure 2. A DNA fingerprint was generated by BOX-PCR of 24 different surrogates of E. coli O45 isolated from
raw meat samples collected in Hat-Yai, southern Thailand. PCR was performed using primers listed
in Table 1 and analyzed by 1.5% agarose gel electrophoresis. Lane M, 2-log DNA markers; lane 1 to
24 are M48.5, C57.1, C57.2, C57.9, C58.18, P60.5, P63.5, C64.5, C64.6, C64.8, C71.6, C72.7, C72.19,
P76.4, P76.20, C78.6, C78.10, C78.16, C80.1, C80.4, C80.15, C80.18, C87.1, P95.1, respectively. C,

Chicken sample; P, Pork sample; B, Beef sample.
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Figure 3. BOX-PCR-based dendrogram of 24 surrogates E. coli O45 strains from raw meat samples collected in
Hat-Yai, Songkhla, southern Thailand. DNA profiles were generated by BOX-PCR using boxA. The
dendrogram was constructed using an unweighted pair-group method of arithmetic average
(UPGMA) (BioProfile software; Vilber Lourmat, Torey, France) and cut off at 80% similarity.
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4. Conclusions

There is a contamination of E. coli O45 in meats at high levels. Even though O45 strains in this study
are not in the EHEC/STEC group, some contain virulence factors and belong to phylogenetic group D,
indicating the potential to cause illnesses. Moreover, they are resistant to numerous antimicrobial agents, and
almost half of them show a multi-drug resistant phenotype and the possibility of gaining a stx2-phage that
makes them more dangerous in the future. These data are important from a public health standpoint.
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