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SUMMARY

A total of 46 Escherichia coli O157:H7 isolates were obtained from sequential faecal samples
from seven cattle collected over periods of 2 months. Nine closely related genetic subtypes,
determined by pulsed-field gel electrophoresis types using three kinds of restriction
endonuclease were observed among the isolates. Distinguishable, but closely related genetic
subtypes can be isolated from one farm, or from one cow, should be considered when

undertaking an epidemiological survey.

Escherichia coli O157:H7 is recognized as an im-
portant foodborne pathogen in many countries and
cattle are suspected to be one of the most important
sources of this agent [1]. In the outbreaks reported to
the Centers for Disease Control and Prevention in the
United States up to and including 1994, ground beef
was identified as the vehicle of this pathogen in 58 %
of the foodborne outbreaks [1]. Not only foodborne
infection, but also direct transmission from cattle to
humans were also reported [1-3]. In these cases, the
correspondence of molecular types of isolates from
cattle and humans was the primary evidence of the
transmission.

Pulsed-field gel electrophoresis (PFGE) is widely
used for genetic subtyping of this pathogen because of
its high discriminatory power and good reproducibility
[4-10]. The PFGE analysis of E. coli O157:H7 isolates
from cattle has been reported [7,9-11]. Most of
these isolates were, however, collected at one time
point and the extent of variation of PFGE patterns in
the course of carriage is not clear. We attempted the
sequential culture of faeces obtained from the seven
naturally infected cattle on one farm and performed
the genetic subtyping of the isolates based on PFGE.

Faecal samples were collected from 670 cattle of
farm A in Japan on 20 September or 3 October 1996.
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Non-sorbitol fermenting colonies were selected by
direct plating on MacConkey sorbitol agar (Difco,
Detroit, MI, USA) plates with cefixime (50 ng/ml)
(Dynal, Oslo, Norway) and tellurite (2-5 pg/ml
(Dynal) (SMAC-CT) and further identified as E. coli
0O157:H7 by routine diagnostic methods [7]. E. coli
O157:H7 isolates were detected from seven cattle at
the time points. Three of these were 3- to 6-month-old
Holsteins and four were 5- to 15-month-old Japanese
Black breed. All animals were clinically normal.
Sequential faecal samples of these cattle were collected
every week from 30 October to 4 December 1996.
Faecal culture was performed by using the following
method. About 1 g of faeces were inoculated to 10 ml
of broth enrichment media (mEC; Kyokuto Pharma-
ceutical Co., Tokyo, Japan) with novobiocin (20 ug/
ml) (Sigma Chemical Co., St Louis, MO, USA) and
incubated for 20 h at 42 °C. After concentration by
immunomagnetic separation (Dynabeads [anti-E. coli
0157:H7]; Dynal), the media were spread on SMAC-
CT and incubated overnight at 37 °C. Up to 12 non-
sorbitol fermenting colonies were selected and identi-
fied as E. coli O157:H7 by routine diagnostic methods
[7].

Thirty-nine E. coli O157 isolates were obtained
from nine positive faecal samples collected from 30
October to 20 November. Together with seven isolates
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Table 1. Genotypic characteristics of E. coli O157: H7 isolates

PFGE type

Bovine Date of Genetic

no. Isolate  isolation Stx2  Xbal  Binl Spel  subtype

1 1-0 3 Oct 1996 + 1 1 1 I

2 2-0 3 Oct 1996 + 1 1 1 I

3 3-0 20 Sep 1996 + 1 1 1 I
3-1-1 30 Oct 1996 + 1 2(H)* 1 I1
3-1-2 30 Oct 1996 + 1 1 1 I
3-1-3 30 Oct 1996 + 1 1 1 I
3-1-4 30 Oct 1996 + 1 1 1 I
3-1-5 30 Oct 1996 + 1 1 1 I
3-1-6 30 Oct 1996 + 1 1 1 I
3-1-7 30 Oct 1996 + 1 1 1 I
3-1-8 30 Oct 1996 + 1 1 1 I
3-1-9 30 Oct 1996 + 1 1 1 I
3-1-10 30 Oct 1996 + 1 1 1 I
3-1-11 30 Oct 1996 + 1 1 1 I
3-2-1 6 Nov 1996  + 1 1 1 I
3-2-2 6 Nov 1996  + 1 1 1 I
3-3-1 13 Nov 1996  — 1 3(2) 2(2) 111
3-3-2 13 Nov 1996  — 1 3 2 111
3-3-3 13 Nov 1996  — 1 4(3) 2 v
3-3-4 13 Nov 1996  — 1 3 2 111
3-3-5 13 Nov 1996  — 1 3 2 111
3-3-6 13 Nov 1996  — 1 3 2 I11
3-3-7 13 Nov 1996  — 1 3 2 111
3-4-1 20 Nov 1996  + 1 1 1 I
3-4-2 20 Nov 1996  + 1 1 1 I
3-4-3 20 Nov 1996  + 1 1 1 I
3-4-4 20 Nov 1996  + 1 1 1 I
3-5-1 27 Nov 1996  — 2(2) 3 2 A%
3-5-2 27 Nov 1996  — 2 5(2) 2 VI
3-5-3 27 Nov 1996  — 2 5 2 VI
3-5-4 27 Nov 1996  — 2 5 2 VI

4 4-0 20 Sep 1996 + 1 1 1 I
4-4-1 20 Nov 1996  + 1 1 1 I

5 5-0 20 Sep 1996 + 1 1 1 I

6 6-0 3 Oct 1996 + 3(7) 3 3(5) VII
6-4-1 20 Nov 1996  + 1 1 1 I
6-4-2 20 Nov 1996  + 1 1 1 I
6-4-3 20 Nov 1996  + 1 1 1 I
6-4-4 20 Nov 1996  + 1 1 1 I

7 7-0 3 Oct 1996 + 4(3) 1 4(2) VIII
7-2-1 6 Nov 1996  + 1 6(3) 1 IX
7-2-2 6 Nov 1996  + 1 6 1 IX
7-4-1 20 Nov 1996  + 1 1 1 I
7-4-2 20 Nov 1996  + 1 1 1 I
7-4-3 20 Nov 1996  + 1 1 1 I
7-4-4 20 Nov 1996  + 1 1 1 I

* Number of band of sizes different from those in type 1.

from faecal samples collected on 20 September and 3
October, a total of 46 E. coli O157 isolates were

analysed by PFGE and PCR.

All isolates were subtyped using pulsed-field gel
electrophoresis patterns. Genomic DNA of each
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isolates were prepared by the method of Izumiya and
colleagues [10] with minor modification. In brief, all
isolates were grown in Lauryl-broth for 16 h at 37 °C.
100 ul of bacterial culture was centrifuged at 14000 g
for 3 min, and the bacterial pellets were embedded in
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low-melting-temperature agarose (Bio-Rad Labora-
tories, Richmond, CA, USA). After the pellets were
lysed with lysozyme and digested with proteinase K
under the appropriate condition, restriction endo-
nuclease digestion was performed with 30U of Xbal,
Binl, or Spel (Takara Shuzo Co., Kyoto, Japan) at
37 °C for 4 h. Electrophoresis was performed with a
1% agarose gel using CHEF DR III apparatus (Bio-
Rad Laboratories) in 0-5 x trisborate-EDTA buffer at
10 °C at 200 V. The pulse time for Xbal was increased
from 2 to 50 s for 20 h. For separation of bands less
than 100 kb, a constant switching time of 4s was
applied for 16 h. Pulse time for Binl was increased
from 2 to 50 s for 20 h. And pulse time for Spel was
increased from 10 to 20 s for 22 h.

Among the 46 E. coli O157:H7 isolates, 4, 6 and 4
PFGE patterns were observed by Xbal, Blnl and Spel
digestion, respectively (Table 1). We named the
dominant PFGE pattern as type 1 in each restriction
endonuclease. A total of nine genetic subtypes were
observed by a combination of these PFGE types
(Table 1). The number of fragment differences from
type 1 was less than four in each enzyme except the
isolate 6-0 (Table 1). As these differences can be
theoretically explained by less than two genetic events,
these isolates may be derived from a common parent
[12]. The isolate 6-0 might have different origin than
the other isolates.

We observed continuous faecal shedding of E. coli
0O157:H7 for more than 2 months in one cow (no. 3).
We also observed a shift of PFGE profile in the
isolates from this cow. Especially after 6 November,
changes in the genetic group of the isolates were
observed every week. While we detected the szx2 gene,
but not szx1 by PCR using the method of Pollard and
colleagues [13] from the most of the isolates used in
this study, neither gene was detected from the 11
isolates belonging to genetic subtypes III, IV, V and
VI from cow no. 3 (Table 1). Karch and colleagues
[14] observed a similar phenomena in human patients.
That is, the shift of PFGE profile and the loss of stx2
gene were observed among E. coli O157:HT7 isolates
from three of seven long-term human shedders. They
suggested that the loss of stx2 gene could be resulted
from the genetic changes detectable by PFGE. It is
not clear that the shift of PFGE pattern in the isolates
from cow no. 3 was represented by a reinfection from
the environment, a double infection, or a result of
genetic changes and clonal replacement on the
dominant genetic subtype within the cow. Since all
but one isolate used in this study, however, were
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highly related, we assumed that a single strain that
colonized cattle on this farm could have mutated
slightly during either carriage by cattle, or in the farm
environment.

The shift of PFGE pattern was also observed in two
other cattle. The fact that the shift of genetic subtype
was observed in three of the four cattle from which E.
coli O157:H7 were isolated more than twice, including
the examination of 20 September or 3 October, is
important for investigators who wish to make in-
ferences regarding genetic relatedness of E. coli
0O157:H7 isolates using PFGE patterns.

Faith and colleagues [7] observed up to three
distinguishable, but closely related PFGE patterns
among multiple isolates from the same cow. Keene
and colleagues [11] also observed seven distinguish-
able PFGE patterns in three homology groups which
differed by less than three bands among human and
dairy herd E. coli O157:H7 isolates in a prolonged
outbreak caused by raw milk. The authors suggested
that outbreaks are not necessarily marked by a single
pattern. Our results corroborate this opinion. Simi-
larity, rather than exact matching, arguably gives a
better understanding of the outbreak of E. coli
O157:H7.
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