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Introduction

Escherichia coli 0157 : H7 was first recognized as a ma-
jor food-borne pathogen following two outbreaks in the Un-
ited States in 1982 which were epidemiologically linked to
the consumption of undercooked hamburgers'. After those
accidents, several outbreaks of E coli 0157 : H7 have been
reported in the worldwide™. Infected individuals with the
bacteria result in hemorrhagic colitis, hemolytic uremic syn-
drome and thrombotic thrombocytopenic purpura as clinical
signs'”. Unlike other serotypes of E coli, E coli 0157 : H7
do not ferment sorbitol and is negative in f-D-glucuronidase
(GUD) activity with the 4-methylumbelliferone f-D-glucuronide
(MUG) assay™’. Although selective media, sorbitol Mac-
Conkey agar and MUG medium have been used to identify
E coli 0157:H7 from meats, confirmation has been re-
quired with antisera to 0157 and H7 because of the pres-
ence of those properties in other bacteria®. Rapid and ac-
curate methods for the detection of food-borne microbial
pathogens have been required in public awareness. However,
the standard microbiological techniques have several disad-
vantages such as time-consuming and laborious. Also, the
methods have difficulties in isolation of the pathogenic bac-
teria due to overgrowth of competing microflora, limited
selectivity, and false reactions’ .

Therefore, alternative methods such as immunoassays'™",
PCR”", and DNA hybridization'™"* have been developed
to solve the problems by using difference of culture pro-
perties in sorbitol or MUG reactions with the E coli strains.
More than one genes were simultaneously amplified in one
PCR reaction using multiple pairs of designed primers'.
Especially, the method could be applicable to food industry
by the increased specificity and capability to rapidly dis-
tinguish between nonpathogenic and pathogenic species.

Virulence factors of the E coli 0157 : H7 are Shiga-like
toxins (SLT, or verotoxins) produced from the bacteria and
a 97kDa outer membrane protein, called intimin, to adhere
on the intestinal mucosa™'’. The protein is produced from
eaeA gene and associated with an attaching and effacing

(AE) lesion. The ege gene was common among clinical Shi-

ga-like toxins producing E coli (SLTEC) isolates in humans
while significantly less common among SLTEC isolates in
healthy cattle. The result suggested that eae gene could be a
better predictor for the pathogenic potential of SLTEC than
the sit genes in human'>",

Recently, a multiplex PCR assay was developed by simul-
taneous amplification of the sitI, slt Il and uid A genes of E
coli 0157 : H7. Even though E coli O157:H7 carries the
uid A gene, they can not express GUD activity because of
point mutation(T to G) at position 92 of the gene™. Thus,
the conserved base change in uid A allele might be a pow-
erful marker for the identification of E coli 0157 : H7".

Based on the knowledge, this study was carried out to de-
velop a multipex PCR by simultaneous detection of the four
different genes, sit I, sltII, uid A and eae A, which are spec-
ific characteristics of E coli 0157:H7 and directly detect

the bacteria from raw meats with the developed method.

Materials and Methods

Bacterial strains : Bacterial strains used in this study
were shown in Table 1. Fifteen reference strains of E coli O
157 :H7 were obtained from E coli reference center of
Pennsylvania State University, Pennsylvania, USA. The oth-
er strains of E coli and Enterobacteriaceae were obtained
from the International Escherichia and Klebsiella Centre of
the Statens Serum Institute, Copenhagen, Denmark. Also,
four isolates of £ coli from 40 raw beef samples in our la-
boratory were used.

Isolation and Identification of E coli from raw beef :
Forty raw beef samples were collected from several meat-
plant during August 1996 in Korca and submitted for iso-
lation and identification of E coli 0157:H7. Twenty-five
gram of each sample was aseptically removed from each
meat and minced after addition of 225ml modified EC broth
(Merck, Darmstadt, Germany) containing 20pg/ml of no-
vobiocin in a Stomach bag’. After the minced samples were
incubated at 37°C for 24h, the samples were subcultured on
modified TSB(Merck, Darmstadt, Germany) for 24h, and
then cultured on sorbitol MacConkey agar(SMAC; Merck,
Darmstadt, Germany) and CT{cefixime and potassium tellulite)-
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Table 1. Bactenial strains used in this study

Bacteria No. of tested

Origin

E coli reference strains
0157 : H7
0157 : H19
015: HI11
020: H-
055 : H-
078 : H28
0111:H-
0114:H32
0119:H27
0148 : H28
Klebsiella pneumoniae

a
G
>

»*

Salmonella cholerasuis
dublin

Citrobacter freundii

Clostridium perfringens

Yersinia enterocolitica

Edwardsiella tarda
Total

= s e e e et et et et bt bt ht e e s
I

w
—

* E coli 0157 :H7 were obtained from E coli reference center of
Pennsylvania State University, Pennsylvania, USA.

**The other strains of E coli and Enterobacteriaceae were obtained from
the International Escherichia and Klebsiella Centre of the Statens
Serum Institute, Copenhagen, Denmark.

SMAC(Merck, Darmstadt, Germany). After incubation at
37°C for overnight, about 20 sorbitol-negative colonies were
selected from each plate and tested for lactose fermentation.
Isolates that could ferment lactose within 24 hours were
screened with antiserum against E coli 0157. Biochemical
test and serotyping with E coli O and H antisera(Denka Co.
Japan) were further performed with isolates which were sor-
bitol negative and agglutinated with antiserum against E
coli 0157'.

DNA extraction : The preparation of genomic DNA from
the bacterium was performed by using CTAB(cetyl trimetyl
ammonium bromide) method®. Briefly, the bacterial strains
were cultured in LB broth overnight. The bacteria were har-
vested by centrifugation at 12,000 X g for 3 min. The har-
vested bacteria were resuspended in 567ul of TE buffer
(10mM Tris-HCl, 1ImM EDTA, pH 8.0), and the solution
was incubated at 37°C for 1h after addition of 30pl of 20%
sodium dodecyl sulfate and 3pl of proteinase K(20mg/ml in

distilled water). After incubation of the reaction mixture
with 100p] of 5M NaCl and 80p1 of CTAB-NaCl solution
(10% CTAB in 0.7M NaCl) at 65 for 10 min, the solu-
tion was extracted with phenol-chroform-iscamyl alcohol(25 :
24:1) solution and DNA was precipitated with isopropanol
by incubation at -20TC for 2h. The DNA was harvested by
centrifugation at 12,000 X g for 20 min, washed with 70%
ethanol, and resuspended in 30pl of TE buffer after vacuum
dried. RNA was removed by incubation of the solution with
RNase(1pg/ml) at 37C for 2h. The concentration of the
DNA was measured at 260nm with a spectrophotometer
(Pharmacia Biotech., Piscataway, N.Y, USA). The solution
was kept at 20T until use.

The genomic DNA from raw beef samples was purified
by boiling method”. Briefly, The minced meats, enriched
meats in mEC at 37C for 24h and subcultured samples in
mTSB after enrichment in mEC were clarified by cen-
trifugation at 2,000 X g for 3 min.

The supernatant were harvested by centrifugation at 12,
000 X g for 10 min. The harvested bacteria were washed 3
times by centrifugation, and resuspended in 100pl of dis-
tilled water. The mixture was boiled for 10 min, and the pel-
lets were removed by centrifugation at 12,000 X g for 10
min. The supematant was used as template DNA in the
PCR.

Polymerase chain reaction(PCR) : The primers for am-
plification of slt], sit1l, uid A(beta-glucuronidase) and eae
A gene of E coli were designed based on informations ob-
tained from previous reports'™'® and synthesized with a
DNA synthesizer(Applied Biosystems 392). The 100pl of
PCR reaction mixture contained 2.5mM MgCl,, 10mM Tris
HCl(pH 83), 50mM KCl, 0.2mM of dNTPs(Gibco/BRL,
Grand Island, NY, USA), 50pmole of each primer, 2.5 Un-
its of Tag DNA polymerase(Gibco/BRL, Grand Island, NY)
and 1pl to Spl of DNA template in TE buffer. The reaction
mixture was heated to 957 for 10 min followed by adding
the Tag DNA polymerase, and by overlaying with 50pl of
mineral oil. Amplification was performed in a GeneAmp
PCR system (Model 9600, Perkin Elmer Co.) for 35 cycles.
An amplification cycle was performed with denaturation at

94T for 1 min, annealing of primers at 60°C for 1 min, and
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extension at 727 for 1 min. Final extension was carried out
at 72°C for 10 min. Amplified PCR products were analysed
by 1.5% agarose gel electrophoresis and visualized under
UV illumination after staining with ethidium bromide.

Vero Cell Cytotoxic Assay : All E coli strains were test-
ed for production of SLT I and SLT II by using Vero cell
culture cytotoxic determination”. Briefly, culture filtrates ob-
tained from the trypticase soy broth after incubation at 37T
for 24h were tested for production of verotoxins. The fil-
trates were two-fold diluted with phosphate buffered saline.
Vero cells obtained from the American Type Culture Col-
lection were cultured in Eagle's minimum essential medium
(EMEM ; Gibco, Grand Island, NY, USA) supplemented
with 10% fetal bovine serum(FBS) and gentamicin(25pg/ml).

Two hundred pl of Vero cells(2.5 X 10°cells/ml) in tissue

culture medium with gentamicin and amphotericin B were
placed in each well of a 96 well tissue culture plate(Costar,
Cambridge, MA, USA) and grown in EMEM with 10%
FBS at 37C for 24h. A 50pl aliquot of the culture filtrates
was added in a well. After incubation at 37 in 10% CO,
for 3 days, cytopathic effect(CPE) of Vero cells were ex-
amined. The titer of toxins produced from the bacteria was
determined by final dilution showing 50% of CPE in the

monolayers of the Vero cells.

Results

In order to develop a rapid and accurate method in decte-

tion of E coli 0157 : H7 from raw beef, primers on 4 spec-

ific genes of the bacteria, uid A, eae A and slt1, Il genes
were designed based on informations from previous reports™
" and synthesized with a DNA synthesizer. The sequences
of the primers synthesized and used in this study are shown
in Table 2.

The specificity of the multiplex PCR for E coli 0157 : H7
was evaluated with 31 bacterial strains ; 13 SLT-producing
E coli 0157 : H7 strains, 2 SLT-negative E coli 0157 : H7
strains, 1 SLT-producing E coli 0111 : H-strain, 8 SLT-ne-
gative E coli strains, and several strains of other enteric bac-
teria. Analysis of 31 Enterobacteriaceae with the assay show-
ed that all serotypes of E coli 0157 : H7 were correctly iden-
tified with the uid A and eae A and/or sit 1, sit I genes. The
PCR products of 1,087bp(eae A), 584bp(sit IT), 348bp(sit I}
and 252bp(uid A) were successfully and simultaneously am-
plified in a single reaction, respectively(Fig 1). However,
none of other serotypes of the E coli except O111: H- and
enteric bacteria was detected to possess the uid A, eae A
and sit I, I genes with the PCR.

To determine the sensitivity of the multiplex PCR, three
raw beef samples were artificially contaminated with from 10'
to 10%ells/g levels with E coli 0157 :H7 reference strain.
The minced beef samples were enriched in mEC supplemented
with novobiocin(20pg/ml) and subcultured to mTSB to es-
tablish the multiplex PCR assay for direct detection of the
presence of E coli 0157 in raw meats. Also, the sensitivity
of the multiplex PCR assay was compared with the direct
meat enrichment in mEC and subculture in mTSB, respec-
tively. All samples subcultured to mTSB after mEC en-

Target PCR products(bp)

Primers Nucleotide sequence('5-'3)
10 CAGITAATGIGGTGGCGAAGG skl 348
LP31 CACCAGACAATGTAACCGCTG
LP43 ATCCTATTCCCGGGAGTTTACG il 584
LP44 GCGTCATCGTATACACAGGAGC
PT2 GCGAAAACTGTGGAATTGGG uid A 252
PT3 TGATGCTCCATCACTTCCTG
AEl19 CAGGTCGTCGTGTCTGCTAAA eae A 1,087
AE20 TCAGCGTGGTTGGATCAACCT




M1234567891011

8
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500 bp — W -
200 bp = e

Fig 1. Specificity of the miltiplex-PCR for detection of Escher-
ichia coli 0157 : HT7.

The PCR products were analyzed by agarose gel(1.5%) elec-
trophoresis followed by ethidium bromide staining. Lane M,
DNA size marker(100bp ladder, BRL); 1, E coli 0157:H7
strain(s/fl* & sit1"); 2, E coli 0157 : H7(slt 1" & sit11™); 3, E
coli 0157 'H7(sif1"); 4, E coli 0157 : HI(slt 1", E coli 015:
H1; 6, E coli 020: H-; 7, E coli 055 : H-; 8, E coli 078 : H28
; 9, E coli 0114:H32; 10, E coli 0119:H27; 11, E coli
0148 : H28.

richment were detected as few as 10cells/g(Fig 2), otherwise
more than 10%cells/g could be detected before and after en-
richment in mEC by the developed method. Therefore, the
PCR method applied to meats cultured in mEC and mTSB

could be more sensitive than those in mEC culture only. The

Table 3. Comparison of the multiplex-PCR and vcrocyt:)toxic assay in Escherichia coli reference and field strains

M123456

984 bp —»

615 bp — . e e —
369 bo —» - s
246 bp — e

Fig 2. Sensitivity of the multiplex PCR assay for detection of

Escherichia coli 0157:H7 on subcultured meat samples in
mTSB after enrichment on mEC. Lane M, DNA size marker
(123bp ladder, BRL); 1- 5; E coli 0157 : H7(serial 10 -fold
dilution ; from 10 to 10° CFU/g), 6 ; negative control(No tem-
plate DNA).

detection limit of the eae A gene product was lower than uid
A and sit gene products in the multiplex PCR assay.

PCR assay Cytotoxic for

E coli serotype No. of strains
. sit1

sit 1l

uid A eae A Vero celis

0157 : H7
0157 : H7
0157 :H7
0157 : H7
0157 : H19
015:HI1
020: H-
055 :H-
078 : H28
0111:H-
0114 :H32
0119 : H27
0148 : H28
06

0112

0115

0139

+

+
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As shown in Table 3, 13 reference strains of E coli 0157 :
H7 and 1 E coli 0111 : H- were identified with the SLT
types produced by each strain, and also confirmed by Vero
cell cytotoxicity assay. The type of 4 SLT-producing E coli
isolates from beef samples was identified by PCR assay ap-
parently correlated with the Vero cell cytotoxicity assay.

In the application of the developed PCR method, four
samples in 40 raw beef samples were positive for only sit 1
and sitII genes in the multiplex PCR assay(Fig 3). The iso-
lates from 4 samples were identified as E coli 06, 0112, O
115, 0139 in serological test, respectively, but E coli 0157 :

H7 serotype was not detected from raw beef samples in

Korea.

M 12345678 910111213
615bp -
246bp -

w0

Fig 3. Application for detection of Shiga-like toxins producing
Escherichia coli in beef samples by the multiplex-PCR
method.

Lane M; DNA size marker(100bp ladder, Promega), 1-13:
beef samples obtained from slaughter house.

Discussion

More than 250 food-bomme disease are now recognized,
and most of pathogens were required a specific laboratory
diagnosis. £ coli 0157 : H7 has emerged as a major food-
borne pathogen of considerable public health importance. Al-
though E coli 0157 : H7 is one of the most important en-
terohemorrhagic £ coli (EHEC) and predominantly appears
in most areas, many other £ coli serotypes produce SLTS".
Usually, SLTEC or EHEC strains have been associated with
food-borne diseases in human.

SLTEC,

methods have been develope

and DNA-based

However, at the be-

To detect immunological

8,16.22
d

ginning, most of the methods were targeted to SLTs or to

the genes involved with virulence, but were not specific for
E coli 0157:H7. Later on, oligonucleotide probe con-
taining an unique base substitution in the allele of the uid A
gene was applied to E coli 0157: H7 isolates™"”. Also, a
multiplex PCR assay was developed to detect £ coli 0157 :
H7 by simultaneous amplification of the st I, st Il and uid
A genesm.

Enteropathogenic E coli (EPEC) strains also cause di-
arrthea in human as well as domestic animals, and produce
an adhesin(intimin), but not SLTs. Intimin, a product of the
E coli eaeA gene, is also an important virulence factor both
in EHEC and EPEC. Recently, genes associated with the de-
velopment of AE lesions have been cloned and sequenced
from EPEC and EHEC strains originated from human®?
The eae A genes of EHEC and EPEC share 97% homology
at the 5' ends but are only 59% homologous over the last
800bp at the 3' terminal regions. One pair of primers with
homology to the 3' nucleotide sequence of eae from E coli
0157 : H7 appeared to be relatively specific for this O sero-
group by PCR'**
all E coli 0157 : H7 strains(H7 and H-) but not from other
SLTEC or EPEC strains, with the exception of O serogroup
145 in SLTEC and O serogroup 55 in EPEC”.

Based on the knowledge, an useful diagnostic test for
EHEC and SLTEC should be able to detect sl I, I, uid A

and eae A genes simultaneously. Therefore, in this study,

. The primers could amplify DNA from

we established the multiplex PCR assay as a rapid and spec-
ific test for detection of E coli 0157 : H7.

Fifteen reference strains of E coli serotype 0157:H7
were simultaneously amplified in the multiplex PCR assay
with the uid A and eae A andfor sit1, 1 primers. However,
none of other serotypes of the E coli except 0111 : H- and
enteric bacteria were detected to possess the uid A, eae A
and slt 1, 11 genes by the PCR assay(Fig 1). The results have
shown that the multiplex PCR could identify the type of
SLT, and confirm the eae gene associated with virulence fac-
tor, and at the same time, differentiate specifically other
SLTEC from E coli 0157 : H7.

E coli 0157 : H7 has relatively low infectious dose, there-
fore, illness can be occurred after ingestion of less than 100

organisms™”. In this study, samples subcultured to mTSB aft-
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er mEC enrichment were detected as few as 10 cells/g of E
coli Q157:H7(Fig 2) by the multiplex PCR assay. The
result of this study has indicated that the developed PCR
method is significantly sensitive to detect the microrganisms
present below the virulent level in meats.

Three Shiga-like toxin producing E coli 0157(0.78%)
have been isolated from 390 fecal samples of cattle in
Korea™. However, there was no report on E coli 0157 : H7
infection in human, and also not detected from meats in the
country. Those reports suggested that the distribution of E
coli 0157 : H7 might be very rare in domestic animals as
well as in human in Korea. Although E coli 0157 : H7 is a
common serotype of EHEC, a number of other E coli sero-
types including 026 : H11, O111: HS8, 0113 : H21, O145:
NM also cause HUS and hemorrhagic colitis in human”.
Only four samples of 40 raw beefs were positive for sit]
and sit 1T genes by the PCR method in this study, and the 4
isolates from beef samples were identified as E coli 06, O
112, 0115, 0139 in serological test, respectively. Numerous
serogroups of E coli isolates have been recognized as pro-
ducers of SLTs which can cause food poisoning in human’.
Foods of animal origin, principally from cattle, have been
linked as vehicles of SLTEC and EHEC. So, the proper hy-
gienic practices should be applied to handling foods ori-
ginated from animal to prevent the food-bomne diseases caus-
ed by SLTEC and EHEC.

These results suggested that the developed PCR could be
applied as a sensitive, specific and rapid method for the de-
tection of E coli 0157 :H7 by simultaneous amplification
of virulence genes(sit I, II, and eae A) as well as a specific
uid A gene of the bacteria. Furthermore, the PCR method
could be used to identify and differentiate the EHEC,
SLTEC and EPEC strains in epidemiology.

Conclusion

This study was carried out to establish a multiplex po-
lymerase chain reaction(PCR) which could simultaneously
amplify sit1, sitll, wid A and eae A genes of Esherichia
coli 0157:H7 and detect the bacteria directly from raw
meats with the method.

In the analysis of 31 Enterobacteriaceae with the mul-
tiplex PCR, the PCR products, 1,087bp(eae A), 584bp(sit II),
348bp(sir 1) and 252bp(uid A), were specifically and simul-
taneously amplified by the PCR method and all reference
strains of E coli serotype 0157 : H7 were identified by am-
plification of the wid A, sit1, Il or eae A genes from these
strains.

Regardless modified EC enrichment, the bacteria were de-
tected from the highly contaminated samples(more than 10°
cells/g) by the developed mutiplex PCR. However, subculture
on modified TSB following mEC enrichment was required
to detect the bacterium in samples as few as 10 cells/g.

The cytotoxicity of the E coli 0157 : H7 reference strains
possessed either st I or slt II, or both genes was confirmed
by Vero cell cytotoxicity assay. Correlation between result
of the PCR and Vero cell cytotoxicity was confirmed using
4 SLT-producing E coli isolated from 40 beef samples.

This study indicated that the developed multiplex PCR is
a specific, sensitive and rapid method for the detection of £
coli 0157 : H7 directly from beef samples.

Acknowlodgements : This work was supported by an
agricultural special grant from the Rural Development Ad-
ministraion of the Republic of Korea. We thank Dr. H.S.

Yoo for critical review of the manuscript.

References

1. Wells JG, Davis BR, Wachsmuth IK, et al. Laboratory
investigation of hemorrhagic colitis outbreaks as-
sociated with a rare Escherichia coli serotype. J Clin
Microbiol , 18:512-520, 1983.

2. Doyle MP. Escherichia coli 0157:H7 and its sig-
nificance in foods. Int J Food Microbiol , 12:289-302,
1991.

3. Karmali MA. Infection by Verotoxin-producing Escher-
ichia coli . Clin Microbiol Reviews , 2:15-38, 1989.

4. March SB, Ratnam S. Sorbitol-MacConkey medium
for detection of Escherichia coli 0157 : H7 associated
with hemorrhagic colitis. J Clin Microbiol, 23:869-
872, 1986.

5. Ojeda AV, Prado J, Martinez C, et al. Sorbitol-ne-

- 179 -



10.

11.

12.

13.

14.

15.

gative phenotype among enterohemorrhagic Escher-
ichia coli strains of different serotypes and from dif-
ferent sources. J Clin Microbiol , 33:2199-2201, 1995.

. Bettelheim KA, Evangelidis H, Pearce JL, et al. Iso-

lation of a Citrobacter frenudii strain which carries the
Escherichia coli 0157 antigen. J Clin Microbiol, 31:
760-761, 1993.

. Bettelheim KA. Identification of enterohemorrhagic

Escherichia coli by means of their production of en-
terohemolysin. J Appl Bacteriol , 79:178-180, 1995.

. Dom CR, Angrick, EJ. Serotype O157:H7 Escher-

ichia coli from bovine and meat sources. J Clin Mi-
crobiol , 29:1225-1231, 1991.

. Doyle MP, Schoeni JL. Isolation of Escherichia coli O

157 : H7 from retail fresh meats and poultry. Appl En-
viron Microbiol , 53:2394-2396, 1987.

Bennett AR, MacPhee S, Betts RP. Evaluation of
methods for the isolation and detection of Escherichia
coli 0157 in minced beef. Letters Appl Microbiol , 20:
375-379, 1995.

Kim MS, Doyle MP. Dipstick immunoassay to detect
enterohemorrhagic Escherichia coli 0157 :H7 in re-
tailed ground beef. App! Environ Microbiol, 58:1764-
1767, 1992.

Gannon VPJ, Rashed M, King RK, et al. Detection
and characterization of the eae gene of shiga-like tox-
in producing Escherichia coli using polymerase chain
reaction. J Clin Microbiol , 31:1268-1274, 1993.

Feng P. Identification of Escherichia coli serotype O
157 : H7 by DNA probe specific for an allele of uidA
gene. Mol Cell Probes, 7:151-154, 1993.

Mainil JG, Jacquemin ER, Kaeckenbeeck AE, et al.
Association between the effacing( eaze) gene and shi-
ga-like toxin encoding genes in Escherichia coli iso-
lates from cattle. Am J Vet Res, 54:1064-1068, 1993.
Willshaw GA, Scotland SM, Smith HR, et al. Hy-
bridization of strains of Escherichia coli 0157 with
probes derived from the eaeA gene of enteropatho-
genic E coli and the eze A homolog from a Vero cy-

totoxin-producing strain of E coli 0157. J Clin Mi-

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

- 180 -

crobiol , 32:897-902, 1994.

Brian MJ, Frosollono M, Murray BE, et al. Po-
lymerase chain reaction of diagnosis of en-
terohemorrhagic Escherichia coli infection and hemo-
lytic uremic syndrome. J Clin Microbiol, 30:1801-
1806, 1992.

Jakson MP. Nucleotide sequence analysis and com-
parison of the structural genes for shiga-like toxin I
and shiga-like toxin II encoded by bacteriopages from
E coli 933, FEMS Microbiol Lett , 44:109-114, 1987.
Cebula TA, Payne WL, Feng P. Simultancous iden-
tification of strains of Escherichia coli serotype 0157
and their shiga-like toxin type by mismatch am-
plification mutation assay-multiplex PCR. J Clin Mi-
crobiol , 33:248-250, 1995.

Feng P, Rum R, Chang GW. Identification of uid A
gene sequences in f-D- glucuronidase negative Escher-
ichia coli. Appl Environ Microbiol, 57:320-323,
1991.

Murray MG, Thompson WF. Rapid isolation of high-
molecular weight plant DNA. Nucleic Acids Res, 8:
4321-4325, 1980.

Olsvick O, Strockbine NA. PCR detection of heat-
stable, heat-labile and shiga-like toxin genes in Escher-
ichia coli. Persing DH, Smith TF, Tenover FC, et al.
Diagnostic molecular microbiology, 1st ed, American
Society for Microbiology, Washington DC:271-276,
1993.

Downes FP, Green JH, Greene K, et al. Development
and evalutation of enzyme-linked immunosorbent as-
say for detection of Shiga-like toxin I and Shiga-like
toxin IL. J Clin Microbiol , 27:1292-1297, 1989.

Louie M, De Azavedo JCS, Handelsman MYC, et al.
Expression and characterization of the eae A gene pro-
duct of Escherichia coli serotype 0157 : H7. Infect Im-
mun , 61:4085-4092, 1993.

Yu J, Kaper JB. Cloning and characterization of the
eae gene of enterohemorrhagic Escherichia coli 0157 :
H7. Mol Microbiol , 6:411-417, 1992.

Frantamico PM, Sackitey SK, Wiedmann M, ef al. De-



tection of Escherichia coli 0157:H7 by multiplex isolation of E coli 0157 : H7 from feces of cattle and

PCR. J Clin Microbiol , 33:2188-2191, 1995. pigs. Korean J Vet Res , 36:371-378, 1996.

26. Cha IH, Kim YH. Isolation of Escherichia coli 0157 : 27. Johnson RP, Clarke RC, Wilson JB, et al. Growing
H7 from animal feces and biochemical characteristics concerns and recent outbreaks involving non-0157: H
of Verotoxin-2 produced by these strains : I. Study on 7 serotypes of verotoxigenic Escherichia coli. J Food
the phages related to production of Verotoxin-2 and Protect , 59:1112-1122, 1996.

- 181 -



