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Escherichia coli O157:H7 is well known for many foodborne outbreaks that lead to fatal infections in human being worldwide. The objective of this
study was to develop a rapid and sensitive method for detection of EHEC O157:H7 from ground beef using a method that combined immunomagnetic
separation (IMS) with loop-mediated isothermal amplification (LAMP). The EHEC O157:H7 cells were separated with Dynabeads coated with anti-
EHEC O157:H7 after a short enrichment for 4 h. Then, EHEC O157:H7 was identified by LAMP assay for amplifying and detecting the rfbE gene,
which is highly conserved in all EHEC O157:H7 strains and exhibits strain-specific gene expression. The LAMP method results analyzed with real
time turbidity measurements showed a high specificity and sensitivity, with a positive detection rate of amplification of EHEC O157:H7 DNA diluted
to a minimum equivalent concentration of 1.8 x 10" CFU/mL, which was 10 times more sensitive than the conventional PCR assay. The IMS followed
with LAMP could capture and detect a bacterial concentration as low as 3x 10" CFU/mL from the meat samples, which was close to the sensitivity
of LAMP assay with pure culture. IMS combined with realistic LAMP method is a simple, rapid, highly specific gene amplification technology that
is suitable for implementing as a screening assay in basic laboratory and field test for detecting food contamination.

INTRODUCTION

EHEC OI157:H7 is an Enterohemorrhagic serotype
of the bacterium Escherichia coli, which can cause fatal in-
fection that may lead to hemorrhagic colitis (HC), hemolytic
uremic syndrome (HUS), thrombotic thrombocytopenic pur-
pura (TTP), and kidney failure [Karsh et al., 2005]. EHEC
infection diarrhea is still one of the major public health
problems world-wide and some previous studies have inves-
tigated the EHEC O157:H7 human infection causing mortal-
ity rate ranging between 0 to 10% [Mckee & O’Brien, 1995;
Gianviti ef al., 1994; Bell et al., 1997]. After the first US out-
break of EHEC O157:H7 infection in 1982, many outbreaks
and sporadic cases caused by the bacteria have been report-
ed. A recent, multistate outbreak of Shiga toxin-producing
EHEC O157:H7 infections that occurred in the US from
April to June 2014 and was linked to ground beef, has caused
an increased alarm on food safety. During 1999-2000, the Ji-
angsu, Anhui and Henan Provinces in China faced a massive
outbreak of EHEC O157:H7 which caused 177 deaths due to
hemolytic uremic syndrome [Xiong et al., 2012].

Transmission is via the fecal-oral route, typically through
consumption of contaminated food like raw leaf green veg-
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etables and undercooked meat [Onoue et al., 1999]. The mini-
mum infectious dose (MID) of EHEC O157:H7 is estimated
to be around 10 to 100 CFU compared to more than one
million CFU for other pathogenic strains of E. coli, mainly
due to their increased virulence and toxicity [Greig et al.,
2010]. EHEC O157:H7 can naturally be found in the intes-
tinal contents of some cattle [Jeon ef al., 2013] and due to
the lack of receptors, they mainly act as asymptomatic carri-
ers of the bacterium serving as an important source of infec-
tion to human [Pruimboom-Brees ez al., 2000]. Cattle is re-
garded as ‘super-shedders’ of these bacteria as they colonize
the recto-anal junction and excrete more than 10° to 10* CFU
per gram of feces and may account for more than 90% of all
E. coli O157:H7 excreted [Chase-Topping et al., 2008]. As
E. coli inhabits the intestine as a normal commensal, iden-
tification of this serotype with serological as well as molecu-
lar tests at a genetic level is mandatory to elucidate its extent
of carriage rate and source of infection to humans.

Currently, EHEC OI157:H7 diagnosis relies mainly
on traditional and immunomagnetic methods of isolation
and culture of bacteria followed by biochemical identifica-
tion, serotyping, and PCR. As most of the conventional meth-
ods require at least 2-3 days for getting the result and an-
other one week for confirmation, PCR-based methods that
target some specific virulence factor genes such as stx/, six2,
eaeA, fliC, Z3276 and hilyA, are used for detection of E.coli
O157:H7 strains [Aydin et al., 2014; Ravan et al., 2016]. Some
previously published reports from our lab and elsewhere
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have indicated that gene sequences encoding rfbE are highly
conserved among EHEC O157:H7 [Bilge et al., 1996; Des-
marchelier et al., 1998; Jiang et al., 2012]. Hence in this study,
we targeted the rfbE gene expression for specific detection
of EHEC O157:H7 by loop-mediated isothermal amplifica-
tion (LAMP) after immunomagnetic enrichment of the food
samples.

A large number of field applications showed that
the O157 immunomagnetic method greatly improved the iso-
lation rate of bacteria [Buesa et al., 2002; Wolf et al., 2007].
The clinical samples for diagnosis are initially treated with
a specific antibody-coated beads, and the target bacteria after
reaction with their specific antibody are separated from other
bacteria by immunomagnetic separation (IMS) [Bapanpally
et al., 2014; Taguchi et al., 2007]. Loop-mediated isothermal
amplification (LAMP) is a sensitive, specific, convenient
and fast nucleic acid amplification technology, which obviates
the need for expensive thermal cyclers used in conventional
PCR [Saito et al., 2005]. The LAMP was designed with four
specific primers for the six regions of the unique target gene
using strand displacement DNA polymerase activity in ad-
dition to a nucleic acid amplification activity at a constant
temperature of 60-65°C [Hara-Kudo ef al, 2008]. A final
amplification for LAMP using an additional pair of “loop
primers” yields a higher amount of DNA and scope for naked
eye screening of the amplification based on visible turbidity
due to magnesium pyrophosphate precipitation [Mori et al.,
2001; Nagamine et al., 2002]. Since its development in 2000
[Notomiet al., 2000], the LAMP technology has been widely
used in the diagnosis of clinical disease including bacterial or
viral epidemic qualitative and quantitative testing and in oth-
er various applications [Hara-Kudo et al., 2007; Kou et al.,
2014; Saito et al., 2005; Wang et al., 2012; Wang et al., 2015].

In this study, we explored the use of IMS method
and LAMP technology to establish a rapid and sensitive
method for the detection of EHEC O157:H7 from ground
beef matrices. Our research findings indicate the future pros-
pects for development of a more reliable and sensitive method
for isolation and identification of EHEC O157:H7 from im-
portant sources of infection to humans, which will be a prom-
ising requisite in low-resource or field settings, where a con-
ventional DNA or RNA extraction prior to diagnostic testing
may be impractical.

MATERIALS AND METHODS

Bacterial strains

In this study, 19 bacterial strains including 5 EHEC
O157:H7 and 14 other bacterial strains were tested using
the LAMP assay to show specificity. The EHEC O157:H7 stan-
dard strain (ATCC 43889) and four wild stains of EHEC
O157:H7 were obtained from the American Type Culture
Collection (Rockville, MD, USA) and Guangdong Provincial
Institute of Microbiology (GIM- 4 isolated strains). The non
O:157 E. coli (ATCC 25922, CMCC 44102 and SMU (South-
ern Medical University) -2 strains) and other bacterial strains
including Staphylococcus aureus (ATCC 25923 and ATCC
26003), Shigella spp. (ATCC 12022 and CMCC 51105), Sal-
monella spp. (ATCC 14028 and ATCC 10376), Vibrio para-

haemolyticus (ATCC 17802, GIM-2 strains), and Klebsiella
pneumoniae (ATCC 700603) were procured from the Guang-
dong Institute of Microbiology (GIM), China Microbiological
Culture Collection (CMCC) and also from the stock cultures
of the Department of Microbiology of Southern Medical Uni-
versity (SMU), Guangzhou, China. All bacterial strains were
cultured in Luria-Bertani broth (Huankai, China) at 37°C
overnight. DNA was extracted using a DNA Gel extraction
kit (Sangon Ltd., Shanghai, China). The DNA samples were
stored at -20°C for later use. DNA template was prepared us-
ing TaKaRa universal genomic DNA extraction kit according
to instructions.

LAMP primers and analysis of LAMP products

The EHEC O157:H7 LAMP assay required three sets
of primers (outer and inner), which were previously designed
in our lab by analyzing a conserved region of the rfbE gene
sequence published in Gene bank (GenBank: S83460.1) [Ji-
anget al., 2012]. The primer design software, Primer Explorer
5.0 was used to design the specific LAMP primers, includ-
ing two outer primers F3 and B3, two inner primers FIP,
BIP and two loop primers LB, LE Primers were synthesized
by Shanghai Sangon Biological Engineering Technology Ser-
vices Limited. Primer sequence and the gene sequence are
schematically shown in Figure 1 and Table 1.

The LAMP reaction was performed as described previ-
ously [Hill et al., 2008; Yamazaki ef al., 2008]. Each reaction
mixture (total volume of 25 uL) contained 10x Bst Ther-
moPol buffer 2.5 uL, MgCl, (25 mmol/L) 3 uL, dNTP’s
(each 2.5 mmol/L) 3 nL, betaine (5 mol/L) 2 nL, inner prim-
ers (40 umol/L) of each 1 upL, outer primers (10 wmol/L)
of each 1 uL, loop primer (10 wmol/L) of each 1 pL, Bst
DNA polymerase (New England Biolabs, Inc., Ipswich,
MA) large fragment 1 uL (8units), DNA template 2 uL,
and ddH,0x5.5uL. After mixing, the LAMP reaction mix
was subjected to analysis using the LA-500 real time turbidity
detection system (Eiken Chemical Co. Ltd., Japan).

Polymerase Chain Reaction (PCR)

The PCR assay for rfbE gene was performed using
the LAMP outer primers (F3 and B3) in a total reaction vol-
ume of 25 L to yield a product of 206 bp. The reaction mix
contains 2.5 uL  10x PCR buffer (100 mmol/L Tris-HCI,
pH 8.3, 15 mmol/L MgCl,, and 0.01% gelatin), 200 wmol/L
of each deoxynucleoside triphosphate, 200 nmol/L of each
primer (F3 and B3), 1 U of Taq polymerase, and 2 uL of sam-
ple DNA. A BiometraPCR cycler (Germany UNOII-Themob-
lockt TM) was used for amplification with reaction conditions
including heat denaturation by incubation at 94°C for 5 min,
and then 30 cycles at 94°C for 40 s, annealing at 60°C for
40 s, and extension at 72°C for 1 min, followed by the final
extension at 72°C for 7 min. PCR products (5 uL) were sub-
jected to electrophoresis in 2.5% agarose gel and visualized
by ethidium bromide staining using the GL200 gel imaging
system (US Eastman Kodak Company).

Sensitivity and specificity of LAMP assay
Sensitivity and specificity of LAMP assay was determined
by using the EHEC O157:H7 ATCC 43889 standard stain.
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901 tcaacagtcttgtacaagtccacaaggaaagtaaagatgtttttcacacttattggatgg
F3
961 tctcaattctaactaggaccgcagaggaaagagaggaattaaggaatcaccttgcagata
F2 LF Flc
1021 aactcatcgaaacaaggccagttttttaccctgtccacacgatgccaatgtactcggaaa
Blc LB

1081 aatatcaaaagcaccctatagctgaggatcttggttggcgtggaattaatttacctagtt
B2 B3

FIGURE 1. Names and locations of target sequences used as prim-
ers for loop-mediated isothermal amplification (LAMP). The sequence
of the EHEC O157:H7 rfbE gene, together with the primer name
and the location of each target sequence (in boldface) are shown. Arrows
indicate the position of the target sequences in EHEC O157:H7 rfbE gene.

A 10 fold serial dilution of the strain was made up to a final
volume of I mL to obtain a final concentration ranging from
106 to 10! colony-forming units (CFU)/mL. DNA templates
were made from each dilutions using a DNA extraction kit
as mentioned above, and 2 mL aliquots from each dilution
were subjected to LAMP and PCR amplifications. Sensi-
tivity tests were repeated three times, and the lower limits
of detection (CFU/mL) were reported. A total of 19 bacte-
rial strains, as mentioned previously, were used to determine
LAMP specificity.

Meat sample preparation for IMS

To establish immunomagnetic separation after enrich-
ment and detection by LAMP from the ground beef source,
we purchased the beef meat from Guangzhou, the farmers’
markets and supermarkets. Prior to the inoculation of EHEC
O157:H7, these meat samples were examined for natural
contamination with EHEC O157:H7 and confirmed negative
by the IMS-plating method described below in combination
with enrichment in nutrient broth. Before spiking the meat
samples, the standard inoculum of EHEC O157:H7 (ATCC
43889) was prepared by inoculating the strain into LB liquid
medium and incubating overnight at 37°C with constant shak-
ing. Meat samples were inoculated with EHEC O157:H7 at
a final concentration of 1.2x10°* CFU/500 g, after reconsti-
tuting with sterile PBS. For negative control, equal volume
of un-inoculated, sterile PBS was spiked into the meat sample.

Immunomagnetic separation (IMS) and culture onto
SMAC

IMS was performed using Dynabeads anti-EHEC O157
(Dynal, Oslo, Norway) on a 1 mL enrichment culture as de-
scribed previously [Wright ef al., 1994]. Meat sample (25 g)
in 225 mL of nutrient broth was homogenized by a Stomach-
er (Stomacher 400, Seward Medical, London, UK) for 1 min,
and enriched for 4 h before subjecting to IMS. For IMS, 1 mL
of the nutrient broth culture was mixed with 20 uL of Dyna-
beads anti-EHEC O157:H7 in an Eppendorf tube and incu-
bated at room temperature for 20 min. The beads were sepa-
rated using a magnetic particle concentrator (MPC-M™,
Dynal), washed with 1 mL of PBS containing 0.05% Tween20,
and re-suspended in 300 wL of PBS-Tiveen20 for a final wash.
Beads were re-suspended in 25 pLL of nutrient broth, plated
onto an agar plate and colony counts were made after 18 ~
24h incubation at 37°C. Sorbitol non-fermenting colonies

TABLE 1. Sequences of Loop mediated isothermal amplification primers.

Primer Sequence (5-3")

F3 ggaaagtaaagatgtttttcacac

B3 aattaattccacgccaacc

FIP(Flc+F2) gagtttatctgcaaggtgattcctt-gatggtctcaattctaactagga
BIP(Blc+B2) tcgaaacaaggccagttttttacc-atcctcagetatagggtgc
LF teetetcttteetetgegg

LB ctgtccacacgatgecaatg

were tested for agglutination with a latex test kit (DR120M,
Oxoid) for detecting EHEC O157:H7 and further confirmed
by biochemical tests (Crystal ID, Becton Dickinson, Oxford,
UK) and also by serotyping with EHEC O157:H7 rabbit anti-
serum (Mast Diagnostics, Liverpool, UK). IMS was repeated
for LAMP assay.

RESULTS

LAMP detection method

LAMP amplification was performed for two standard
strains of EHEC O157:H7 and a non-O157:H7 as a nega-
tive control. The corresponding curves of genomic DNA
detection by real time turbidity for EHEC O157:H7 EDL
933 and ATCC 43889 are shown in Figure 2A. Gel electropho-
resis of specific amplification of EHEC O157:H7 rfbE gene
using two primers F3 and B3 by conventional PCR showed
the amplification product corresponding to 206bp in EHEC
O157:H7 reference strains (Figure 2B), and not in the nega-
tive control, which is also consistent with the result obtained
with LAMP detection method.

Specificity of the LAMP assay

LAMP was tested for its specificity using 5 EHEC
O157:H7 strains and 14 other bacterial strain DNA samples.
Only the target EHEC O157:H7 DNA was amplified. No
LAMP products were detected in the reactions performed
with DNA from non-O157:H7 or any other strains (Fig-
ure 3A). Both LAMP and PCR specifically amplified rfbE
DNA from EHEC O157:H7, whereas in the negative-control,
DNA was not amplified (Figure 3B). No false positive am-
plification was observed in LAMP method, indicating high
specificity of the established LAMP assays.

Sensitivity of the LAMP assay

The LAMP method result showed a high sensitivity, with
a positive detection rate of amplification of the DNA of EHEC
O157:H7 diluted to a minimum equivalent concentration
of 1.8x10" CFU/mL (Figure 4A). On PCR amplification,
the positive result was shown with the minimum equivalent
concentration of 1.8x10>° CFU/mL EHEC O157:H7 (Fig-
ure 4B). The un-inoculated broth serving as a negative con-
trol did not show any amplification in both LAMP and PCR
method. Our result shows that LAMP assay was 10 times
more sensitive than the conventional PCR assay.
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FIGURE 2. Detection of EHEC O157: H7 standard strain by LAMP assay and PCR method. (A) LAMP assay detection analyzed by real time turbidity
measurement. The corresponding curves of genomic DNA represents EHEC O157:H7 EDL 933 and ATCC 43889 detections by LAMP amplification.
(B) EHEC O157:H7 rfbE gene amplification (206bp) by PCR (Lanes 1: Negative control) 2: EHEC O157:H7 ATCC 43889; 3: EHEC O157:H7 EDL

933, M: 100bp marker).

Comparison of sensitivity of IMS-LAMP assay and PCR
amplification with conventional SMAC agar culture
method

We have established immunomagnetic separation after
enrichment and detection of EHEC O157:H7 with LAMP as-
say from the ground beef source in order to compare the de-
tection efficacy of conventional culture method with the IMS-
LAMP amplification method. The inoculation level of EHEC
O157:H7 was 4.6x10° to 4.6x10” CFU/mL for 25 grams

of ground beef before the samples were subjected to immu-
nomagnetic separation. The EHEC were detected with differ-
ent methods including culture onto SMAC agar and colony
counts, IMS-LAMP method and conventional PCR ampli-
fication methods. On comparison of sensitivity of various
methods (Table 2), we found that IMS-LAMP method after
enrichment for 4 hours could detect the pathogen in the sam-
ples inoculated with 4.6 x 10" CFU/mL. The turbidity method
by naked eye examination could detect from the lowest level
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FIGURE 3. Specificity of LAMP assay and PCR method for detection of EHEC O157:H7. (A) Specificity of LAMP assay detection analyzed by real time
turbidity measurement. The corresponding curves of genomic DNA of 5 strains of EHEC O 157:H7 (ATCC 43899 and GIM strains 1 to 4) were marked
in the figure. Non EHEC O157:H7 strains and other bacterial strains did not give any positive curves showed 100% specificity of LAMP assay. (B) Elec-
trophoretic analysis of EHEC O157:H7 polymerase chain reaction (PCR)-amplified products. Both LAMP assay and PCR detected only the EHEC
O157:H7 and no other strains. (M: 100bp marker; Lane 1: Negative control; 2: ATCC 43889; 3: GIM1 (O157:H7); 4: GIM2 (O157:H7); 5: GIM3
(O157:H7); 6: GIM3 (O157:H7); Lane 7 to 20: 14 other non-O157 E.coli strains and other bacterial strains as mentioned in materials and methods.
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TABLE 2. Comparison of quantitative detection of EHEC O157:H7
by IMS-LAMP screening method with SMAC plating method.

W S
(CFU/mL) (CFU) Lo pégggw PCR
4.6x10° +(7) - - -
4.6x10! +(54) + - -
4.6x10? +(188) + + +
4.6x10? +(Uncountable) + + +
4.6x10* + (Uncountable) + + +
4.6x10° + (Uncountable) + + +
4.6x10° + (Uncountable) + + +
4.6x107 +(Uncountable) + + +

of 4.6x 10 CFU/mL. The PCR showed a positive result from
4.6x10> CFU/mL, same as the LAMP precipitate method.
Therefore, the detection limit of EHEC O157:H7 by combin-
ing IMS and LAMP method followed by real time turbidity
detection assay system in our study was 4.6x 10" CFU/mL.

Sensitivity of IMS-LAMP method for EHEC O157:H7
detection in artificially spiked ground beef samples
Artificial bacterial contamination of the ground beef
samples was done by spiking the ground beef samples with
an inoculum of EHEC O157:H7 as mentioned previously.

After enrichment for 4 hours, LAMP could detect the bacte-
rial DNA with a detection limit as low as 3.0 x 10' CFU/mL,
which is close to the sensitivity of LAMP assay with pure cul-
ture (Figure SA). The PCR amplification bands could be de-
tected in agarose gel electrophoresis only up to a final dilu-
tion of 3.0x 10> CFU/mL (Figure 5B). Thus, the sensitivity
of IMS-LAMP assay was 10 times more than that of the PCR.

Evaluation of IMS-LAMP assay and IMS-PCR method
for EHEC O157:H7 in practice

Finally, we have performed the field application of our
standardized IMS-LAMP assay by evaluating the contamina-
tion of meat with EHEC O157:H7 by procuring meat kept for
sale in shops around our study area. IMS-LAMP and PCR
were performed after processing the ground beef samples
for immunomagnetic separation. Out of 39 samples we have
processed, two samples turned out positive for contamination
with EHEC O157:H7 (Figure 6A & 6B). We have also ana-
lyzed the results using positive and negative controls in ac-
cordance with the National Standard Method (GB/T4789.6-
2003). The IMS-LAMP method results were consistent with
the previous results [Zeng ef al., 2014], and when compared
with the PCR and the National Standard Method (GB/
T4789.6-2003), IMS-LAMP method was rapid and showed
higher sensitivity and specificity.

DISCUSSION

EHEC O157:H7is amajor serotype of enterohemorrhagic E.
coli, which was included by the WHO as a new foodborne patho-
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FIGURE 4. Comparative sensitivity of the LAMP assay and PCR method for detection of EHEC O157:H7. (A) Sensitivity of LAMP assay de-
tection analyzed by real time turbidity measurement. The corresponding curves of genomic DNA represents five dilutions of EHEC O157:H7; 1:
1.8x10° CFU/mL; 2: 1.8x10° CFU/mL; 3: 1.8x10*CFU/mL; 4: 1.8x10° CFU/mL; 5: 1.8x 10> CFU/mL; 6: 1.8x10' CFU/mL; 7: 1.8 x10°CFU/mL.
(B) Electrophoretic analysis of EHEC O157:H7 polymerase chain reaction (PCR)-amplified products. M: 2000bp marker; 1: Negative control; 2:
1.8x10°CFU/mL; 3: 1.8x 10°CFU/mL 4: 1.8 x10*CFU/mL; 5: 1.8x 10 CFU/mL; 6: 1.8 x 10> CFU/mL; 7: 1.8x10' CFU/mL. The sensitivity of LAMP

assay was 10 times more than the conventional PCR.



120 IMS-LAMP for Screening of Meat Contamination with Escherichia coli O157:H7

0.7 7

Turbidity

M123456

1 357 9111315171921232527293133353739414345474951

Reaction time (minutes)

—6—3.0x10*5 =8—30x10"4 —&—3.0x10"3

=——30x1042 =3 0x10*1 =3 0x10°0

FIGURE 5. Comparison of sensitivity of IMS-LAMP assay with PCR in detection of EHEC O157:H7 in artificially contaminated ground beef. (A)
Sensitivity of IMS-LAMP assay detection analyzed by real time turbidity measurement. The corresponding curves of genomic DNA represents five
dilutions of EHEC O 157:H7; 1: 3.0x 10°CFU/mL; 2: 3.0x 10*CFU/mL; 3: 3.0x 10° CFU/mL; 4: 3.0x 10> CFU/mL; 5: 3.0x 10' CFU/mL. (B) Electro-
phoretic analysis of EHEC O157:H7 polymerase chain reaction (PCR)-amplified products. M: 2000bp marker; 1: Negative control; 2: 3.0x 10°CFU/
mL; 3: 3.0x10*CFU/mL 4: 3.0x10°CFU/mL; 5: 3.0x 10> CFU/mL; 6: 3.0x 10'CFU/mL. PCR amplification bands could be detected in agarose gel
electrophoresis only up to a final dilution of 3.0x 10> CFU/mL. The sensitivity of IMS-LAMP assay was 10 times more than the PCR.
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FIGURE 6. Evaluation of IMS-LAMP assay and IMS-PCR method for EHEC O157:H7 in practice. (A) IMS-LAMP assay of two positive samples
of EHEC O157:H7 with one positive control (EHEC O157: H7 ATCC 43889) from 39 meat samples analyzed. The three corresponding curves of ge-
nomic DNA corresponds to one positive control (EHEC O157: H7 ATCC 43889) and two positive samples contaminated with EHEC O157:H7. (B)
Electrophoretic analysis of IMS-PCR products. Lane M: 2000bp marker; Lane 1: Positive control, EHEC O157: H7 ATCC 43889; Lane 2 & 3: two
positive samples of EHEC O157:H7 and Lane 4: Non-O157 E.coli as negative control.

gen in 1997 [Orskov & Orskov, 1992]. EHEC O157:H7 is clini-
cally important due to its high virulence, extremely low infectious
dose, and its ability to cause serious illness after a short course
of acute infection. Identification of food source with tradition-
al detection methods based on isolation by bacterial culture
and confirmation with biotyping and serotyping is unreliable,

as it is more time consuming and often shows low sensitivity
in recovering small numbers from the samples [Chapman et al.,
2001]. As an emerging foodborne bacterial pathogen, there
is an urgent need to develop simple, rapid, sensitive and specific
detection methods to ensure food safety, effective prevention
and control of EHEC O157:H7 spread.
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For EHEC O157:H7 detection, from the food source,
three broad categories of assays are currently available.
They include, the traditional SMAC plating method [Gould
et al., 2009], enzyme immunoassays (EIAs) for Shiga toxins
and a few EHEC serogroups [CDC, 2006], and Nucleic Acid
Amplification Tests (NAATS) such as PCR and qPCR to detect
the virulence factor genes [Fratamico e al., 2011; Mori & No-
tomi, 2009; Notomi ef al., 2000]. Conventional PCR amplifi-
cation using a single set of primers, a technically-demanding
assay for the detection of EHEC O157:H7, can be a rapid
method to detect the presence of the bacteria in trace sam-
ples, but have resulted in non-specific bands questioning its
specificity and also requires special equipment, complicated
operation and lab facilities which are not cost-effective [Zhao
et al., 2010]. LAMP, which is a newer molecular technique
developed in this century, is designed for six regions of tar-
get genes with 4 kinds of specific primers, using a strand
displacement DNA polymerase (BstDNA polymerase) in iso-
thermal conditions (about 65°C) [Hara-Kudo er al, 2007
(missing in references); Mori ef al., 2001; Nagamine ef al.,
2001]. LAMP amplification method is rapid, more sensitive
and specific, and therefore can be implemented as a screen-
ing assay in the food industry as well as in clinical diagnosis
[Sen & Ashbolt, 2011]. Successful identification of pathogens
from a large variety of food products and processed samples
was reported by LAMP assay applying Bst DNA polymerase
which is less sensitive to inhibitors than Taq polymerase used
in the conventional PCR [Aydin e al., 2014; Francois et al.,
2011; Ravan et al., 2016; Sattabongkot et al., 2014].

LAMP is able to compensate, to some extent, the short-
age of traditional detection methods, but susceptible to in-
terference of certain factors in the sample, especially in meat
samples. In our study, we combined immunomagnetic sepa-
ration of pathogen after enrichment and its subsequent detec-
tion with the LAMP technique. Since the surface of immu-
nomagnetic beads coated with anti-O157:H7 antibody can
specifically capture target bacteria in samples, it could facili-
tate the removal of other bacteria causing LAMP interference
detection. Hence, our method could concentrate enrichment
sample with target bacteria and thus increase the amount
of available templates to detect the pathogen with a higher
sensitivity compared to any other existing method.

Several studies reported identification of EHEC
O157:H7 through various approaches to detect the toxin
genes like, stx1, stx2, eaeA, rfbE, Z3276, hlyA and serogroup-
specific genes wzx and wzy [Sharma & Dean-Nystrom, 2003;
Wani et al., 2007]. Most of these genes are not very unique for
the pathogenic serotypes like EHEC O157:H7. We identified
that the rfDE gene coding sequences were highly conserved
in all EHEC O157:H7 strains and exhibited strain specific
gene expression [Desmarchelieret al., 1998; Jianger al., 2012].

Out of 19 different bacterial strains we checked, only
EHEC O157:H7 (1 standard and 4 wild strains) were positive
with LAMP assay to make the specificity 100%, which is con-
sistent with the previous reports showing very high specificity
of the LAMP assay in detection of EHEC O157:H7 [Faneral.,
2012; Han & Ge, 2010; Nemoto et al., 2009]. The LAMP sen-
sitivity of 1.8 x 10" CFU/mL with the pure bacterial cultures
in our experiment was consistent with the previously reported

studies [Han & Ge, 2010]. When compared with PCR assay,
the LAMP assay resulted in a higher specificity and was 10%
more sensitive than PCR assay due to eight distinct sequences
that were required for recognition in the LAMP assay [Zeng
etal, 2014].

A previous study reported that the binding capacity de-
creased significantly when IMS was performed with ground
beef and attributed the reduced binding capacity to the high
fat content of beef, which may entrap some beads in the food
matrix [Jenikova et al., 2000]. The results of our study showed
that IMS followed by LAMP could capture and detect a bac-
terial concentration as low as 3x 10" CFU/mL from the meat
samples. This sensitivity of the IMS-LAMP assay is more
close to the sensitivity of the LAMP assay with pure bacte-
rial culture which indicates that the interference in binding
capacity due to the high fat content is obviated by combin-
ing the IMS after enrichment with LAMP assay. In future,
the use of more specific antibodies and better solutions to
block the non-specific sites of immunomagnetic beads could
further reduce the number of non-specific interactions.

Immunomagnetic enrichment of 39 ground beef samples
collected from the market around our study area detected two
positive samples contaminated with EHEC O157:H7 with
IMS-LAMP assay. On comparative analysis of the IMS-
LAMP assay results with the National Standard Method
(GB/T4789.6-2003) including positive and negative controls,
our IMS-LAMP assay was more rapid and showed higher
sensitivity and specificity.

The rapid detection of EHEC O157:H7 at a low limiting
number is very important to prevent people from being in-
fected through consumption of contaminated beef. In order
to meet this purpose, we standardized IMS-LAMP assay with
a 4 h short incubation so that the whole assay would be com-
pleted within 6 h. IMS combined with realistic LAMP method
is a simple, rapid, highly specific gene amplification technol-
ogy which does not require expensive equipment and is suit-
able for basic laboratory and field tests for detecting food
contamination. Hence, the IMS in combination with LAMP
can improve the EHEC O157:H7 detection rate in a rapid
and convenient way and, thereby, could be implemented as
a screening method.

CONCLUSION

To our knowledge, this is the first report that combined
IMS with the LAMP assay to target the species-specific
rfbE gene for the rapid detection of EHEC O157:H7 from
ground beef samples, and this assay could be implemented as
a screening assay for the inspection of meat for contamina-
tion. This novel method of detection holds great significance
in the prevention and control of EHEC O157:H7 infection
and provides a new direction of development in the field
of food hygiene inspection with broad prospects in future.
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