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ABSTRACT

A total of 1060 samples of raw milk and fecal from cattle and sheep were collected from farms in the Taiwan area between September
1997 and June 1998. Shigatoxin-producing E. coli (STEC) strains were isolated based on the demonstration of Vitek automicrobic system
and shiga toxin-PCR after enrichment and selective procedures. The results showed that 0.4% of 231 raw milk samples were contaminat-
ed with STEC. Among the 829 fecal samples of cattle and sheep, 9% tested positive for STEC. A total of 121 STEC strains were selected
and further analyzed for biochemical tests, serotype and pathogenic genes of eaeA (attaching and effacing) as well as hlyA (enterohe-
molysin). Results reveaed that only 3% of strains lacked 3-D-glucuronidase activity and 4% of strains were unable to ferment sorbital.
Thirteen percent of strains were typed as 06, 08, 015, 078, O112ac, 0128, 0157 and 0159 with 43 O-antisera. The remaining strains
were non-typeable with O-antisera. Thirty one percent of strainswere determined asH2, H7, H10, H16, H19, H21, H42, H45 and H51 with
22 H-antisera. Three types of shigatoxin genes were detected with different rates, namely slt1, 39%; slt2, 33% and slt1+sIt2, 28%. Seventy
percent of STEC strains harbored hlyA gene and 1.6% possessed hlyA and eaeA genes. In addition, one E. coli O157:H7 strain, isolated
from feces of domestic sheep, carried slt2, hlyA and eaeA genes. This study indicates that the feces of cattle and sheep were most likely the

source of STEC in the Taiwan area.

Key words: Shiga toxin-producing E. coli, cattle, sheep, Taiwan

INTRODUCTION

Enterohemorrhagic E. coli (EHEC) belongs to one of 6
subgroups of Enterovirulent E. coli (EEC)(1-3). It is named as
a verotoxin-producing E. coli (VTEC) since it is capable of
producing verotoxin, an E. coli Shiga-like toxin (SLT) which
could be neutralized by Shigatoxin of rabbit serum. Theterm
VTEC isreplaced by Shiga toxin-producing E. coli (STEC).
The pathogenic factors of STEC are so far very controversial.
Those factors, in most cases, are related to production of
verotoxin, enterohaemolysin and a mechanism of attachment
and effacement(®. STEC can generate many toxins(49),
including Shiga-like toxin 1 (SLT1 or VT1) and Shigalike
toxin 2 (SLT2 or VT2). SLT1 istoxic to both HeLa and Vero
cells. It can be neutralized by shigatoxin-antiserum(9 and is
composed of one big molecule A and five small molecule B.
The molecule B binds to a receptor of cell, while the mole-
cule A penetrates through cell and combines with ribonucle-
us to inhibit protein synthesis that could terminate cell life.
SLT2 isaso cytotoxic to HeLa and Vero cells. In contrast to
the antigenicity of SLT1, it can not be neutralized by shiga
toxin-antiserum(19), VT2e can only be toxic to Vero cell. Its
antigenicity is similar to SLT2(19), E. coli O157: H7 possess-
es 65 mdal of plasmid (a H-antigen expression), which
allows the strain to attach to small intestines cells™). The
enterohaemolysin gene of E. coli O157: H7 islocated at abig
plasmid. The relationship between the enterohaemolysin
gene and the pathogenicity of E. coli O157: H7 needs to be
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further studied®2.

The above strains can cause diarrhea (not including
white blood cell), convulsions, abdominal pain, bloody
stools, hemorrhagic colitis (HC), fever, hemolytic uremic
syndrome (HUS), and thrombotic thrombocytopenic purpura
(TTP). Children and old people are susceptible to infec-
tions®.

A few serotypes of STEC including O157: H7, O157:
H-, 026: H11, O104: H21, O111: H8, O111: NM, 048: H21,
and O48: H~ have been known to be closely related to food
poisoning®. Food poisoning outbreaks caused by E. coli
0157: H7 have been widespread in Japan, USA, Canada,
UK, Scotland, Welsh, and Africa since 1982. Among those
outbreaks, the occurrence in Japan that occurred from May to
November, 1996 is the largest in scope(’3). In October 1996,
the apple juice produced by a company in the USA was also
declared to be contaminated with E. coli O157: H7. The
infection dosage of E. coli O157: H7 isin the range of 10-100
CFU®@. Unlike other E. coli strains, E. coli O157: H7 lacks 5
D-glucuronidase activity and is not capable of fermenting
sorbitol®). However, some variants possess the above abili-
ties. Many non-H7 serotypes of E. coli 0157 including
0157:H3, 0157:H12, O157:H16, O157:H38, 0O157:H43,
0157:H45 are often detected in food(*4. They are not capa-
ble of producing toxin. Some food poisoning outbreaks in
Taiwan caused by bacteria was also isolated with some E.
coli 0157 strains. Those strains were found to be non-H7
serotype and did not carry the Shiga toxin genel®). E. coli
0157: H8 belongs to EPEC and can beisolated from diarrhea
patients16),
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The major route of STEC infection is via consuming
undercooked ground beef(* 1. According to a report from
the USA, the ratios of STEC contamination in raw beef and
mutton were up to 63% and 48%, respectively®. Among the
feces samples of health animals (cattle, sheep, goats, chick-
ens, dogs, cats, and pigs), sheep feces were found to be the
top one in STEC detection rates (66.6%), followed by goat
feces (56.1%) and cattle feces (21.1%). Sixty percent of the
above samples were detected to be the same serotypes as the
STEC'sisolated from humans(18). Several reports have point-
ed out that various serotypes of STEC can be isolated from
raw beef, raw milk, and patients’9. The report from Kudva,
1996 showed that 31% sheep feces were found to be contam-
inated with E. coli 0157: H7(29). Furthermore, E. coli O157:
H7 was detected from the 4.9-5.3% of cattle less than 4-
month-old in US dairy farms, and 22-50% of the above test-
ed US dairy farms were shown to be contaminated with this
straint@), This shows that STEC contamination sources are
mostly from animal products. During slaughtering, this strain
could contaminate beef and be mixed into ground beef asthe
contaminated beef was ground. People who consume under-
cooked ground beef may be thus infected. Some outbreaks
which have occurred in the US and Canada were due to con-
suming undercooked ground beef(®.

Theinvestigation data showed that livestock productsin
Taiwan could possibly be contaminated with STEC(22),
According to the World Health Organization report, the food
poisoning prevention focused on 4 kinds of bacteria: STEC,
Yersinia, Listeria, and Campylobacter. A food train from
farms, anima dlaughtering, and transportation to marketing
was investigated to search for the sources of contamination.
It was found that the above 4 kinds of bacteria were the
pathogens that can be transmitted between humans and ani-
mals19. The outbreak prevention should focus on how to
block the sources of contamination. Many studies have
shown that E. coli O157: H7 has caught the world’s attention.
The purpose of our study was to investigate the STEC distri-
bution in the feces of domestic cattle and sheep in Taiwan in
order to monitor the hygiene safety and to establish the local
STEC-related data. In this study, milk and feces of cattle and
sheep were collected and STEC was isolated. The pathogen-
ic genes of STEC were also tested.

MATERIALSAND METHODS
|. Materials
(I Chemicals
Novobiocin was purchased from Sigma (St. Louis,
Missouri, USA). Glycerol was obtained from Merck
(Darmstadt, Germany).

(1) Instruments

A microorganism auto-analyzer (model: Vitek Auto
Microbic System) was purchased from bioMerieux Vitek,
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Inc. (Hazelwood, Missouri, USA). A PCR reactor with
Programmable Thermal Controller, PTC-100 was made by
MJ Research (Water Town, Massachusetts, USA).

(111) PCR Primer and Reagents

Five primers specific to dt1, dt2, hlyA, and eaeA genes
of EHEC (Table 1) were synthesized by TIB Molbiol (Berlin,
Germany). DynaZyme DNA Polymerase kit was purchased
from Finnzyme (Espoo, Finland).

(1V) Pathogenic E. coli Serum and Gram Negative
I dentification Card

Forty-three pathogenic E. coli O-antiserums and 22 H-
antiserums were obtained from Denka Seiken (Tokyo,
Japan). Gram negative identification card was supplied by
Vitek Systems (Hazelwood, Missouri, USA).

(V) Culture Media and Agar

The following culture media and agar were used in this
study: EC Broth, EMB Agar, Tryptic Soy Agar (TSA)
(Difco, Detroit, Michigan, USA), Sorbitol MacConkey Agar
(Oxoid, Hampshire, England), Fluorocult E. coli O157:H7
Agar (Merck, Darmstadt, Germany), and Agarose (Amresco,
Solon, Ohio, USA).

(VI) Test Strains

E. coli CCRC 14824, which possesses eaeA and hlyA
genes and is capable of producing SLT1 and SLT2, was used
asreference strain of EHEC. It was obtained from the Culture
Collection and Research Center at Food Industry Research &
Development Institute.

(V1) Test Samples

In total, 1060 test samples of feces and raw milk were
collected from 273 cattle or sheep farmerslocated in 15 geo-
logical areas of Taiwan (Taipei, Taoyuan, Hsinchu, Miaoli,
Taichung, Changhua, Nantou, Yunlin, Chiayi, Tainan,
Kaohsiung, Pingtung, Taitung, Hualien, and Ilan) and
Penghu island from September 1997 to June 1998. Three
feces and one raw milk samples were collected from every
each farm. Ten farms for each cattle and sheep collection
were selected from each region. The collected samples were
immediately stored in arefrigerator and shipped to our labo-
ratory waiting for analysis.

I1. Methods
(1) Isolation and Identification of STEC
The test methods described in FDA Bacteriological

Analytical Manual( were followed. Test samples (10 g)
were transferred into a 90 mL TSB broth containing 20 mg/L
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novobiocin and then incubated at 42°C for 12-18 hrs. After
enrichment, 0.5 mL of culture broth was transferred into a
10-mL TSB enrichment broth and incubated at 35°C
overnight. The second TSB enrichment cultures (0.5 mL)
were then tested by PCR reaction (including dlt1, and slt2
genes). The second enrichment cultures (0.5 mL) for PCR
reaction were centrifuged and the suspension was removed.
The precipitate was washed with sterile water twice and re-
suspended in 300 L of sterile water. Twenty uL of which
was then tested by PCR reaction. The test samples, which
showed positive result as tested by a toxin gene-PCR analy-
sis, were further streak cultured on EMB media at 35°C
overnight. Twelve strain colonies with typical characteristics
were then transferred to TSA culture medium and incubated
at 35°C overnight for further performing a toxin gene-PCR
analysis. The strains showing sltl or dt2 toxin gene were
selected for biochemical and serotyping identification.

(I1) Confirmation of Pathogenic Gene in STEC

A PCR method(?3-26) was carried out for pathogenic
gene confirmation. The primerslisted in Table 1 wereused in
this study. PCR reagent was prepared by mixing 63.8 L of
water with DynaZyme DNA Polymerase kit, which was com-
posed of 10 pL of 10-folds buffer solution containing 1.5
mM Mg?*, 1.5 uL of dNTPs (200 uM), DNA polymerase
(0.5 unit), and 1 pL of each primer (100 uM). PCR reaction
was performed by transferring one loop of colony to amicro-
centrifugation tube, which contained 300 pL of sterile water,
placed in boiling water for 10 min. After cooling, 20 pL of
resulting solution was transferred to another centrifugation
tube where the PCR reagent and one drop of mineral oil were
added. The centrifugation tube was then incubated in a PCR
thermocycler under the following program: 94°C for 4 min
followed by 94°C for the another 1 min, 60°C for 2 min, and
finally 72°C for 2 min (in total, 35 cycles of above program
was performed). The PCR products were analyzed using a
2% agarose gel electrophoresis and the DNA-bands were
checked. The above conditions were followed for the PCR
reaction of other primers used in this study.

(111) Biochemical and Serotype Tests

The test strains identified to be E. coli, as analyzed by

Table 1. Primers used in PCR of EHEC

£ [TiREIEE

& ] www.angle.com.tw

41

using Vitek microbial auto-anayzer, were sero-typed using
43 O- and 22 H-antiserums of pathogenic E. coli.

A biochemical test was carried out by streak culturing
the strains on a sorbitol MacConkey Agar at 37°C for 18-24
hrs. Thetypical E. coli strain shows pink in color. The strains,
which are not capable of fermenting sorbitol show light gray
in color. The strainswith 3-D-glucuronidase activity perform
florescence bluein color under UV at 365nm after streak cul-
turing on a Fluorocult E. coli O157: H7 Agar at 37°C for 18-
24 hrs.

(IV) Culture Preservation

The cultures, which were confirmed to be E. coli strains,
were preserved at -70°C. Prior to preservation, the coloniesin
TSA culture medium were transferred into a TSB broth vial
containing 20% glycerol.

RESULTS AND DISCUSSION

Thefirst E. coli O157: H7 outbreak occurred in the US,
1982. In 1995, a food poisoning outbreak took place in
Australia is caused by E. coli O111. The outbreak that
occurred in Japan during May to November, 1996 is the
largest in scopel’3). The food poisoning caused by STEC is
received great attention worldwide and is becoming a focus
of prevention. STEC includes various pathogenic serotypes.
Therefore, it is unwise to single out O157 serotype as the
only target for disease prevention and inspection strategy.
The inspection of al STEC is therefore necessary.

In this study, cattle and sheep feces and raw milk sam-
ples were collected from 15 areas of Taiwan and Penghu for
investigation of STEC contamination. Originally, feces or
raw milk samples were to sampled from 10 farmersin every
area, however, this intention was not achieved. Yunlin and
Chiayi lacked cattle feces and raw milk samples, while
Taoyuan area was short of raw milk samples. The Hualien
area could only provide sheep feces and raw milk samples. In
consideration of the difficulty in sampling and transportation,
the raw milk samples were not collected in the Penghu area.

|. Isolation of STEC from Raw Milk or Feces Samples of
Cattle and Sheep in the Taiwan Area

Primer Sequence 5'-3' Specificity Amplicon (bp) Reference
LP30 CAGTTA ATG TGG TGG CGA AGG stl 348 23
LP31 CAC CAGACA ATGTAA CCGCTG
LP43 ATCCTATTCCCG GGA GTTTACG dt2 584 23
LP44 GCG TCA TCG TAT ACA CAGGAGC
hlyAR AAT AGC CAA GCT GGT TAA GCT 70-603 of hlyA 534 24
hlyAF GCA TCA TCA AGC GTA CGT TCC
eaeAF GAC CCG GCA CAA GCATAAGC 27-410 of eacA 384 25

eaeAR CCA CCT GCA GCA ACA AGA GG

AE19 CAG GTCGTC GTG TCT GCT AAA 1959-3047 of eaeA 1087 26

AE20 TCA GCG TGG TTG GAT CAA CCT
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In total, 1060 test samples including 122 cattle and 109
sheep raw milk samples and 407 cattle and 422 sheep feces
samples, were collected from 273 farmersin the Taiwan area
and Penghu area. All raw milk samples of cattle showed neg-
ative results on STEC detection and only 1 (1%) out of 109
raw milk samples of sheep was detected to be positive (Table
2). Interms of feces detection, 8 (2%) out of 407 cattle feces
and 69(16%) out of 422 sheep feces samples showed positive
results (Table 2). With respect to STEC distribution, 8(6%)
out of 131 farmers from Miaoli, Kaohsiung, Taitung,
Hualien, and Penghu areas were detected to be positive in
cattle feces, and 56 (39%) out of 143 farmers from all select-
ed areas, except for Hualien where sheep feces were not col-
lected, showed positive on STEC detection in sheep feces.

Most of the cattle dairy farms in Taiwan are equipped
with one or two stainless steel tanks with refrigeration capa-
bility. However, the equipment for sheep milk production in
Taiwan tends to be small-scale. Some farms even pack the
sheep milk with large sterile bags instead of stainless steel
tanks. The milk samples used in this study were directly
obtained from collecting tanks and stored in a refrigerator
after sampling. In total, 231 raw milk samples were collected
from 220 dairy farms and 0.4% samples were detected to be
positives. A Canadian investigation report revealed that con-
tamination rates of Listeria monocytogens, Salmonella spp,
Campylobacter spp. and STEC in 1720 raw milk samples of
cattle were 2.73%, 0.17%, 0.47%, and 0.87%, respective-
ly@?). In general, the major route of milk contaminationisvia
the milking process. It was confirmed by STEC detection of
cattle and sheep feces that milk could be contaminated with
STEC if hygiene for milking is not given attention. The feces
of domestic cattle showed alower STEC contamination rate
(2%) than that of domestic sheep. STEC was not found in cat-
tle milk. It was found that only one raw milk sample of sheep
was contaminated with STEC. However, the sheep feces
sampled from the farm, which was detected to be contami-
nated with STEC in the sheep milk sample, showed negative
in STEC detection. The sampling technique could lead to a
different result. The results of the domestic and Canadian
cases as described above indicate that raw milk islikely to be
contaminated with microorganisms that may lead to food
poisoning. Therefore, a pasteurization process is necessary
for raw milk treatment before sending it to market.

The STEC contamination rate (2%) of cattle feces is
much lower than that (16%) of sheep feces. A report from
Germany showed that STEC contamination rates of sheep
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and goat feces were 66.6% and 56.1%, respectively(1®), and
21.1% and 10.8% feces of healthy cattle were found to be
contaminated with STEC(18. 28)_ A report from the US
revealed that E. coli O157: H7 could be isolated from 31%
sheep feces?), In 1995, 4914 cattle feces samples in Japan
were tested for STEC using 026, 0111, 0128, 0143, and
0157 antiseren and Verotoxin-PCR methods. Results showed
that 0.2% test samples were found to contain the above
serotypes of STEC(9), Some cattle feces samples were even
found to contain 2 to 3 serotypes of STEC(18), In Australia,
1.8%, 14%, and 19% feces samples from 279, cattle, calves
and sheep were detected to carry STECS9, |n Canada, 46%
and 0.6% cattle feces samples were detected to be positivein
STEC and E. coli. 0157: H7GD. The above data show that
STEC contamination in Taiwan is far less than that in other
countries. This explains why there has no been an E. coli.
0157: H7 outbreak in Taiwan. To prevent domestic animal
products from being contaminated with imported products,
smuggling prevention should be enforced.

The investigation data in STEC contamination could
vary among countries. The following factors may result in
these differences: animal age, species, farm scale (eg. breed-
ing method or farm system), and sampling methods. Besides,
the health condition of animal, growing zones, and detection
method may lead to different detection rates®D. In 1996, 3
STEC strainswereisolated from domestic frozen sheep prod-
ucts in our laboratory. A cross-contamination from sheep
feces was proposed(@?). Our study suggested that STEC con-
tamination of domestic sheep products may result from sheep
feces.

Principally, the statistical comparison was not carried
out because the sample sizes of cattle or sheep feces from dif-
ferent areas of Taiwan are different. In this study, the feces
collected from all areas of Taiwan were milk cattle feces
except for the Penghu area. In Taiwan, the milk sheep and
meat sheep are not well differentiated when it comesto feces
sampl e collection. The cattle feces collected from the Penghu
all belonged to farm cattle because no milk cattle were bred
in that area. The STEC detection rates of cattle feces in the
Penghu area were higher than those in the Taiwan area. This
result might be due to cattle species, breeding area, or breed-
ing way differences but the actual reason is unclear. Three
different breeding ways were investigated for comparison of
the E. coli. O157: H7 detection rate. They were in-house hay
breeding and put out to pasture (including 30 days grass-
unfertilized ahead of pasturing and grass-fertilization before

Table 2. Occurrence of shigatoxin-producing E. coli isolated from raw milk and fecal samples of sheep and cattle in Taiwan

Sample source

STEC

Positive of farm/No. of tested farm

% Positive of sample/No. of tested sample %

Raw  Cattle 0/111 0 0122 0
milk  Sheep 1/109 1 1/109 1
Total 1/220 05 1/231 04
Feces Cattle 8/131 6 8/407 2
Sheep 56/143 39 69/422 16
Total 641273 23 77/829 9
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pasturing). Results showed that no significant difference in
E. coli. O157: H7 detection among those sampleswith differ-
ent breeding ways(3?. With respect to STEC detection in
sheep feces, STEC were found to exist in sheep feces wher-
ever collected from the Taiwan or Penghu areas.

I1. The Characteristics of Biochemistry, Serotypes, and
Pathogenic Gene of Domestic STEC Strains

STEC (250 strains) were isolated from 1060 tested sam-
ples collected from 273 farmers in the Taiwan and Penghu
areas. The test samples might be repeatedly collected; there-
fore, only 121 strains of STEC were selected for biochemi-
cal, serotyping, and pathogenic gene testing. There are some
controversia in STEC pathogenic factors by now. In general,
those factors might be related to Verotoxin, entero-
haemolysin and attachment and effacement mechanisms®.
The pathogenic genes, dlt, hlyA, and eaeA, which were con-
sidered to relate to above pathogenic factors, were tested in
this study.

Among the 121 STEC, 4 (3%) of them lacked 3-D-glu-
curonidase activity and 5 (4%) strains were not capable of
fermenting sorbitol. This result is similar to that of a report,
which showed 4% E. coli to be tested lacking B-D-glu-
curonidase activity and 5% E. coli not capable of fermenting
sorbitol. The only strain O157: H7 isolated in this study also
showed lacking [B-D-glucuronidase and unable to ferment
sorbitol, the same character as E. coli 0157: H7 .

Three serotypes or toxin types of 4 STEC isolated from
domestic sheep milk were determined to be O?. H?/dlt1, O?:
NM/dltl, and O?: H2/dt1+dt2. The STEC (106 strains) iso-
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lated from sheep feces were determined to contain 3 toxin
types (dt, slt2, and dt1+st2), 8 serotypes O (06, 08, 015,
078, Ol12ac, 0128, 0157, and 0159), and 9 serotypes H
(NM, H?, H2, H7, H10, H16, H19, H42, and H45). The
unidentified serotype O is designated as O?. A combination
of the above serotypes O and H, 17 serotypes of STEC from
domestic sheep feces as follows were obtained: O?:NM,
O?H?, O72H2, O?:H16, O?H19, O?:H42, O?:H45, 0O6:H10,
08:H?, 08:H19, 015:H?, 015:H16, O78:H?, O112ac:H?,
0128:NM, 0157:H7, and O159:H? aslisted in Table 3. It has
been shown that STEC strains consist of more than 100
serotypest. In this study, we found that 3 types of STEC
could beisolated from the same sheep feces sample. Thesim-
ilar result was reported by Beutin et al. that 2 to 4 serotypes
of STEC could be found in same sheep feces(18),

STEC (11 strains) isolated from cattle feces were aso
belonging to the above three toxin types. 0128 was the only
serotype O found in STEC from cattle feces, which however
contained 7 serotypes H including NM, H?, H7, H16, H19,
H21, and H51. Combination of serotypes O and H gave 8
types of STEC from domestic cattle feces. They were
O?NM, O?H?, O?H7, O?H16, O?.H19, O?.H21, O?:H51,
and O128:NM (Table 3). A report from Germany showed
that 58% of isolated STEC (57 strains) from cattle feceswere
tested to be O116:H21, 0O82:H8, 0113:H21, and O136:H12.
One of the O?:H16 serotype found in this study was also iso-
lated according to above report(28). Two different types of
STEC strain could al so be found in the same cattle feces sam-
ple8). Our study revealed that 2 types of STEC, O2:NM and
0O?:H16, were found in the feces of the same cattle in Penghu
area

Table 3. Serotype, shiga-toxin types, and other pathogenic genes of STEC isolated from raw milk and fecal samples of cattle and sheep in Taiwan

Serotype Source No. of Typeof gt hlyA eaeA
strain (%) dtl dt2 dt 1+dt2

O?&NM MC, S, C© 24 (20) 12 4 8 22 1
O?H?P M,S,C 48 (40) 18 13 17 41
O?H2 S 13 (11) 7 5 1 5
O?H7 C 1(1) 1
O?H16 S, C 5 (4) 4 1 1
O?H19 S C 9 (7 5 4 7
O7H21 C 1(1) 1
O?:H42 S 1 (1) 1
O?H45 S 2(2 2 2
O?H51 C 1(1) 1
06:H10 S 1 (1 1 1
08:H? S 3 (2 3 1
08:H19 S 1(1) 1
015:H? S 1(1 1 1
015:H16 S 1(1) 1 1
O78:H? S 1(1) 1
0O112ac:H? S 1(1) 1
0128:NM S C 5 (4) 5 1
0O157:H7 S 1(1) 1 1 1
0159:H? S 1(1) 1 1

Total 121 47 40 34 85 2

2(07?: non-typable with 43 O-antisera.
b H?: non-typable with 22 H-antisera.
¢M (raw milk of sheep), S (feces of sheep), C (feces of cattle).
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Among the 121 domestic STEC strainsto be tested, only
16 (13%) strains could be identified using 43 commercial O-
antiserum kits and 37 (31%) strains were capable of being
identified using 22 H-antiserum kits. Thus, 20 serotypes of O
and H as follows could be obtained: O?NM, O?:H?, O?H2,
O?:H7, O?:H16, O?:H19, O?:H21, O?:H42, O?:H45,
0O?:H51, 06:H10, 0O8:H?, O8:H19, O15:H?, O15:H16,
0O78:H?, O112ac:H?, O128:NM, O157:H7, and O159:H~.
Pathogenic E. coli. has been known involving 173 serotypes
O and 60 serotypes H. However, there are only 43 O-anti-
serum and 22 H-antiserum kits commercialy available. O?
and H? represent 2 meanings:. the O or H serotypes other than
the typesto be tested in this study, or new O or H serotypesto
befound. They could bethe strainswithout flagella (or H-) or
non-motile (NM).

Three types of the SLT toxins, dtl (47 strains, 39%),
slt2 (40 strains, 33%), and slt1+dlt2 (34 strains, 28%) from
121 STEC strainswereisolated in this study. STEC canyield
8 types of toxins. However, not all the STEC strains can pro-
duce al toxins. Their toxin producing ability is strain depen-
dent(*9),

Further, the investigation of other important pathogenic
genes showed that 85 (70%) strains of STEC possessed hlyA
gene. According to a German report, 62.8%, 90%, and 57.6%
of STEC isolated from sheep, goats, and cattle feces, respec-
tively, carried hlyA gene after detecting 7 animal feces sam-
ples. The STEC isolated from feces of dogs, pigs, chickens,
and cats carried much less hlyA gene(8). Pierand et al. found
that only 21 (31%) out of 67 STEC strains isolated from raw
meat samples possessed the haemolysin gene(33).

Two STEC strains, E. coli O?:NM/slt2 and E. coli
0157:H7/slt2 was found to carry the eaeA gene. A PCR
analysis reveaed that the eaeA gene sequences of the above
2 strains at 3'-terminal were inconsist. The eaeA gene
sequence at 5'-terminal was more conserved but there was a
significant difference at 3'-terminal(?9), In this study, the
primers AE19 and AE20, which sequences located at 3'-ter-
minal, were used. These primers are highly specific tothe 3'-
terminal of eaeA genein E. coli O157: H7. The eaeA genein
E. coli O?:NM was not detected by using above primers.
However, the above 2 strains could be detected to contain
eaeA gene when eaeAF and eaeAR primers, which was near
by 5 -terminal, were used@). It has been reported that 3% of
STEC dtrains isolated from beef or mutton could carry eaeA
genel®3), The pathogenic mechanism of eaeA geneis unclear.
Some eaeA-free serotypes, such as 022: H8 and O153: H25,
was still capable of inducing some complications like HC or
HUS®4),

In this study, one E. coli O157: H7 strain was found to
contain pathogenic genes, dlt2, eaeA, and hlyA. This strain
was lack of [B-D-glucuronidase activity, nor possessed sor-
bitol-fermenting ability. It showed anegative result in E. coli
0157 H7 detection when the same farm originally checked
with positive was re-examined. The results of our study
showed that the domestic STEC detection rate was signifi-
cantly lower than other countries since only one E. coli
0157: H7 strain was found. This indicates that a good
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hygiene environment is well maintained in Taiwan.
Therefore, the STEC contamination from abroad should be
avoided to keep the health of residentsin Taiwan.

ACKNOWLEDGEMENTS

We would like to thank the Livestock Section of the
Bureau of Agriculture, Animal Disease Control Center, Milk
and Goat Milk Marketing Cooperative Association, and
some related dairy product companies for sampling. We
would like to thank Dr. C.-W. Chen for his trandlation.

REFERENCES

1. Hitchins, A. D., Feng, P, Watkins, W. D., Rippey, S. R.
and Chandler, L. A. 1998. Escherichia coli and the col-
iform bacteria. In “Bacteriological Analytical Manual”.
8th ed. pp. 4.01-4.29. Food and Drug Administration.
Washington D. C., U.SA.

. Gray, L. D. 1995. Escherichia, Samonella, Shigella and
Yersinia. In “Manua of Clinical Microbiology”. 6th ed.
Murray, P. R., Baron, E. J., Pfaller, M. A., Tenover, F. C.
and Yolken, R. H. ed. American Society for
Microbiology. Washington D. C., U.S.A.

.Varnam, A. H. and Evans, M. G. 1991. Foodborne
Pathogens. pp. 101-128. Wolfe, England.

. Advisory committee on the microbiological safety of
food working group on verocytotoxin-producing
Escherichia coli: Report on verocytotoxin-producing
Escherichia coli. 1995. pp. 15, 32-34, 64-65, 95-98, 120.
HM SO, England.

. Feng, P. 1995. Escherichia coli serotype O157:H7 novel
vehicles infection and emergence of phenotypic variants.
Emerg. Infect. Dis. 1: 47-52.

. Padhye, N. V. and Doyle, M. P. 1992. Escherichia coli
0O157:H7: Epidemiology, pathogenesis, and methods for
detection in food. J. Food Prot. 55: 555-565.

. Tyler, S. D., Johnson, W. M., Lior, H., Wang, G. and
Rozee, K. R. 1991. Identification of verotoxin type 2
variant B subunit genes in Escherichia coli by the poly-
merase chain reaction and restriction fragment length
polymorphism analysis. J. Clin. Microbiol. 29: 1339-
1343.

. Pierard, D., Muyldermans, G., Moriau, L., Stevens, D.
and Lauwers, S. 1998. |dentification of new verocytotox-
in type 2 variant B-subunit genes in human and animal
Escherichia coli isolates. J. Clin. Microbiol. 36: 3317-
3322

. Schmidt, H., Scheef, J., Morabito, S., Caprioli, A.,

Wieler, L. H. and Karch, H. 2000. A new Shiga Toxin 2

variant (Stx2f) from Escherichia coli isolated from

pigeons. Appl. Environ. Microbiol. 66: 1205-1208.

O'brien, A. and Holmes, R. K. 1987. Shiga and Shiga-
Like Toxins. Microbiol. Review. 51: 206-220.

Blanco, J. E., Blanco, M. J., Blanco, M. A., Balaguer, L.,

Mourino, M., Juarez, A. and Jansen, W. H. 1996. O

serogroups, biotypes, and eae genes in Escherichia coli

10.

11.



ST

O

HER TR

Journal of Food and Drug Analysis, Vol. 10, No. 1, 2002

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

strainsisolated from diarrheic and healthy rabbits. J. Clin.
Microbiol. 34: 3101-3107.

Fratamico, P. M., Sackitey, S. K., Wiedmann, M. and
Deng, M. Y. 1995. Detection of Escherichia coli
0157:H7 by Multiplex PCR. J. Clin. Microbiol. 33:
2188-2191.

National Institute of Health and Infectious Disease
Control Division, Ministry of Health and Welfare of
Japan. 1996. Outbreaks of enterohemorrhagic
Escherichia coli serotype O157:H7 infection, 1996,
Japan. Infectious Agents Surveillance Rep. 17:180-181.
Feng, P. 1997. Current research on strain E. coli O157:H7
in FDA. personal communication.

Shih, D. Y. C., Wang, J. Y. and Chiueh, L. C. 1997.
Infection by verotoxin-producing E. coli. Epidemiology
Bulletin. 13: 171-186.

Scotland, S. M., Willshaw, G. A., Cheasty, T. and Rowe,
B. 1992. Strains of Escherichia coli O157:H8 from
human diarrhoea bel ong to attaching and effacing class of
E cali. J. Clin Pathol. 45; 1075-1078.

Borczyk, A. A., Karmali, M. A, Lior, H. and Duncan, L.
M. 1987. Bovine reservoir for verotoxin-producing E.
coli O157:H7. Lancet i: 98.

Beutin, L., Geier, D., Steinrick, H., Zimmermann, S. and
Schentz, F. 1993. Prevalence and some properties of
verotoxin (shiga-like toxin)-producing E. coli in seven
different species of healthy domestic animals. J. Clin.
Microbiol. 31: 2483-2488.

WHO Consultation On Emergency Foodborne Diseases.
1995. Berlin, Germany.

Kudva, I. T., Hatfield, P. G. and Hovde, C. J. 1996.
Escherichia coli O157:H7 in microbial flora of sheep. J.
Clin. Microbiol. 34: 431-433.

Zhao, T., Doyle, M. P, Shere, J. and Garber, L. 1995.
Prevalence of Enterohemorrhagic Escherichia coli
0157:H7 in a survey of dairy herds. Appl. Environ.
Microbiol. 61: 1290-1293.

Chiueh, L. C., Tsai, J. H., Chu, S. Y. and Shih, D. Y. C.
1999. Prevalence of E. coli, enterovirulent E. coli and
verotoxin-producing E. coli inretail raw beef and lambin
Northern Taiwan. J. Chin. Agric. Chem. Soc. 37: 246-
254.

Cebula, T. A., Payne, W. L. and Feng, P. 1995.
Simultaneous identification of strains of Escherichia coli
serotype O157:H7 and their shiga-like toxin type by mis-
match amplification mutation assay-multiplex PCR. J.
Clin. Microbiol. 33: 248-250.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

EZE [ TRBIREE ] www.angle.com.tw

45

Schmidt, H., Beutin, L. and Karch, H. 1995. Molecular
analysis of the plasmid-encoded hemolysin of
Escherichia coli O157:H7 strain EDL933. Infect.
Immun. 63: 1055-1061.

Yu, J. and Kaper, J. B. 1992. Cloning and characterization
of the eae gene of enterohaemorrhagic Escherichia coli
O157:H7. Mol. Microbiol. 6: 411-417.

Gannon, V. P. J,, Rashed, M., King, R. K. and Thomas, E.
J. G. 1993. Detection and characterization of the eae gene
of shiga-like toxin-producing Escherichia coli using
polymerase chain reaction. J. Clin. Microbiol. 31: 1268-
1274,

Steele, M. L., Mcnab, W. B., Poppe, C., Griffiths, M. W.,
Chen, S, Degrandis, S. A., Eruhner, L. C., Larkin, C. A.,
Lynch, J. A. and Odumeru, J. A. 1997. Survey of Ontario
bulk tank raw milk for food-borne pathogens. J. Food
Prot. 60: 1341-1346.

Montenegro, M. A., Buelte, M., Trumpf, T., Aleksic, S.,
Reuter, G., Bulling, E. and Helmuth, R. 1990. Detection
and characterization of fecal Verotoxin-producing
Escherichia coli from healthy cattle. J. Clin. Micrabiol.
28: 1417-1421.

Kanda, T., Nishina, T. and Iwata, M. 1995. Isolation of
Verocytotoxin-producing Escherichia coli from cattle
feces. J. Jpn. Vet. Med. Assoc. 48:; 978-980.
Desmarchelier, P. M. 1997. Enterohemorrhagic
Escherichia coli-The australian perspective. J. Food Prot.
60: 1447-11447.

Wilson, J. B., Johnson, R. P, Clarke, R. C., Rahn, K.,
Renwick, S. A., Alves, D., Karmali, M. A., Michdl, P,
Orrbine, E. and Spika, J. S. 1997. Canadian perspectives
on Verocytotoxin- producing Escherichia coli infection.
J. Food Prot. 60: 1451-1453.

Hancock, D. D., Rice, D. H., Herriott, D. E., Besser, T. E.,
Ebel, E. D. and Carpenter, L. V. 1997. Effects of farm
manure-handling practices on Escherichia coli 0157
prevaencein cattle. J. Food Prot. 60: 363-366.

Pierard, D., van Damme, L., Moriau, L., Stevens, D. and
Lauwers, S. 1997. Virulence factors of Verocytotoxin-
producing Escherichia coli isolated from raw meats.
Appl. Environ. Microbiol. 63: 4585-4587.

. Johnson, R. P, Clarke, R. C., Wilson, J. B., Read, S. C.,

Renwick, S. A., Sandhu, K. A., Alves, D., Karmali, M.
A., Lior, H., Mcewen, S. A., Spika, J. S. and Gyles, C. L.
1996. Growing concerns and recent outbreaks involving
non-0157:H7 serotypes of verotoxigenic Escherichia
coli. J. Food Prot. 59: 1112-1122.



ST  BEEEETHEE -

46

il

Z [ TIBEIBES ] www.angle.com.tw

Journal of Food and Drug Analysis, \ol. 10, No. 1, 2002

REF~ Fa@R LA FShigamrH A AN
RIGHFAZ o
BREEIN* 20580 s

17 Bbe i A5 S8y R ik g =)
b v RS T 161-2 57

(Ifcfg « April 9, 2001 ; 27 : August 15,2001 )

w OB

A RAAA1997 59 A 199946  » H & EX27T3 P 4 FAEEH E1060 4 FA ALK E £ 4
B @¥HEA > B RAVitek A B B4 TR - KFHE BShigadk £ A B —PCR RJE » it 47Shiga
FFAEAM KGR (shiga toxin-producing E. coli, STEC ) 4z « & R#aw » #A231 44 F 4 JLin i
0.4% 5 % STEC ; 82944 4 ¥ #F 4 8E & > 9% o #k i STEC o i 121 4k STEC - i — A3 HL A& fL4FIE
B E MR (eaeA) fixd (hlyA) $BmAR - ARERLEAIN Wk B-HAEFE (5-D-
glucuronidase ) &M > 4% P44k T AL B B2 AL 4 B2 (sorbitol ) » yA43 480 A o 548 B 2 35 A 506 ~ O8 -
015 - O78 ~ Ol12ac - 0128 - O157 20159 - {2 {4 13% @tk B A AT o iF A » HAR B R4ER h o H i
R B A22 5 H A g B 2% 0 2HA731% HiAk 4R 0 A 8] AH2 « H7 « H10 <~ H16 « H19 « H21 « H42 « H45
A H51 - Shiga&Z M A 23 =48 > ik £ A9t > 39% ; slt2 » 33% ; sltl+slt2 » 28% - 70%STEC 8] A4
hiyAZ B > 2 1.6% 4k Bl Fl ok 22 A hlyA ReaeA L B - % 4 # A+ ¥ 58k —4kE. coli O157:H7 » &
Bl A dt2 ~ eaeA R hlyA S 58z K - 2ol > MR EEHEZ F FERTHRALSTECZ T 4R -

BB - Shiga k& 2 AMKBIRE £ %> &%



