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In a longitudinal study in a Finnish cattle finishing unit we investigated excretion and sources of Escherichia
coli O157 in bulls from postweaning until slaughter. Three groups of 31 to 42 calves were sampled in a calf
transporter before they entered the farm and four to seven times at approximately monthly intervals at the
farm. All calves sampled in the livestock transporter were negative for E. coli O157 on arrival, whereas positive
animals were detected 1 day later. During the fattening period the E. coli O157 infection rate varied between
0 and 38.5%. The animals were also found to be shedding during the cold months. E. coli O157 was isolated
from samples taken from water cups, floors, and feed passages. E. coli O157 was detected in 9.7 to 38.9% of the
fecal samples taken at slaughter, while only two rumen samples and one carcass surface sample were found to
be positive. E. coli O157 was isolated from barn surface samples more often when the enrichment time was 6 h
than when the enrichment time was 24 h (P < 0.0001). Fecal samples taken at the abattoir had lower counts
(<0.4 MPN/g) than fecal samples at the farm (P < 0.05). E. coli O157 was isolated more often from 10-g fecal
samples than from 1-g fecal samples (P < 0.0001). Most farm isolates belonged to one pulsed-field gel
electrophoresis (PFGE) genotype (79.6%), and the rest belonged to closely related PFGE genotypes. In
conclusion, this study indicated that the finishing unit rather than introduction of new cattle was the source
of E. coli O157 at the farm and that E. coli O157 seemed to persist well on barn surfaces.

Infection with shigatoxigenic Escherichia coli O157:H7 is an
important cause of serious illness in humans. The pathogenic-
ity of shigatoxigenic E. coli is mainly mediated by genes coding
for Shiga toxins (stx1 and stx2) and attaching and effacing mech-
anisms (eae) (29). Cattle are considered a major reservoir of
this organism (8, 33). Humans acquire the infection through
ingestion of contaminated food or drinking water, via direct or
indirect cattle contact, or through person-to-person transmis-
sion. In a recent Scottish case control study, contact and likely
contact with animal feces were strong risk factors for E. coli
O157 infection (31). Surveys of cattle at slaughter have given
point prevalence values ranging from 1.3 to 28% (4, 6–8, 14, 24,
35, 40). In a 1997 Finnish survey, a low prevalence, 1.3%, was
found among cattle at slaughter (28). Elsewhere, surveys per-
formed at the farm level have shown herd prevalence values
ranging from 7.1% (15) to 28% (41). Prevalence in cattle may
be higher during the summer months and early autumn than in
the winter (7). Weaned calves and heifers reportedly shed the
agent more often than adult cattle (19) and more often than
calves that are less than 8 weeks old (18). In several longitu-
dinal studies performed in the United States it has been noted
that E. coli O157:H7 is a ubiquitous organism present on most
cattle farms (21).

Cattle finishing units receive animals from several dairy
farms and raise them until slaughter. Therefore, they might be
a continuous contamination source of E. coli O157 for meat
intended for human consumption. The herd in this study was

identified in a survey of slaughter cattle (28). Mainly indistin-
guishable pulsed-field gel electrophoresis (PFGE) genotypes
of E. coli O157 were repeatedly isolated from fecal samples
taken from the bulls at the cattle finishing unit, raising the
question of the source of infection. This study was conducted
at the farm to investigate shedding of E. coli O157 from fed
cattle from the postweaning period to slaughter in order to
explore possible seasonal variation in shedding and to discover
if introducing new animals posed a risk of transmission of E.
coli O157.

MATERIALS AND METHODS

Description of the farm. The farm studied was situated in southern Finland,
and the herd comprised about 300 cattle. Approximately 3-month-old uncas-
trated bull calves arrived on the farm after weaning, mainly in lots from dairy
farms. The pens in the calf department were routinely cleaned with a high-
pressure cleaner the day before arrival of a new lot. The bull calves in this study
were delivered by the slaughterhouse organization and first housed in a separate
calf department containing pens for four animals before they were moved later
to bigger pens for seven or eight animals. When the calves arrived, there were
always some calves from the previous group still in the calf department. There
was no empty period between the groups. The animals were housed indoors
throughout the year and were slaughtered when they were 14 to 17 months old.
The pens had a slatted concrete floor, and manure and urine were removed by
mechanical scrapes. Slurry was stored in tanks outdoors, treated by aeration, and
applied to fields with a slurry injector in the spring. The animals received
concentrated feed twice daily, and the maximum portion was 2.8 kg. The con-
centrated feed comprised barley (2 kg), turnip rape (0.6 kg), and dried mash (0.2
kg). Calcium, minerals, and salt were the only feed additives used. The animals
were treated with antimicrobial agents only if there was a veterinary medical
indication. No other medications were given. Predried grass silage (1,000 kg) was
given to the herd at each feeding, along with concentrated feed fresh mash (1,000
kg).

Sampling. (i) Farm. Individual rectal samples of fecal material were taken
with plastic gloves from new bull calves entering the farm in May 1999 (group 1,
n � 40), July 1999 (group 2, n � 21), September 1999 (group 3, n � 31), and
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December 1999 (group 4, n � 42). Samples from calves in groups 1, 3, and 4 were
obtained in a livestock transporter before the calves entered the barn, and
samples from calves in group 2 were obtained in the barn 1 day after arrival.
Individual rectal samples were taken from the bulls in group 1 from May to
November 1999, from the bulls in group 3 from September 1999 to March 2000,
and from the bulls in group 4 from December 1999 to May 2000 (Fig. 1). Samples
were obtained from the bulls in group 2 on arrival at the farm. Each time, surface
samples were also taken from the feed passages, water bowls, water nipples, and
floors of pens by using three sterile gauze pads (7.5 by 7.5 cm) that were wetted
with sterile buffered peptone water. Before the calves entered the farm, surface
samples were taken from the calf department in July, September, and December.
Samples were also taken from aerated slurry (n � 3) and nonaerated slurry (n �
6) in May and from mash (n � 1) and hay (n � 1) in August.

(ii) Abattoir. At the abattoir, samples from feces, rumen contents, and carcass
surfaces were taken after stunning, dehiding, and evisceration. Carcass surfaces
were swabbed by using wetted gauze pads similar to those used for taking surface
samples in the barn. The sampling area included the brisket, the inner and outer
sides of the thigh, and the pelvic cavity. Group 1 animals were slaughtered at
three different abattoirs between March and June 2000, group 2 animals were
slaughtered at two abattoirs between June and December 2000, and group 3
animals were slaughtered at one abattoir between August 2000 and January
2001. Samples were not obtained from group 4 animals at slaughter.

Samples. All the samples were transported immediately to the National Vet-
erinary and Food Research Institute, Helsinki, Finland, where the analysis began
on the same day. The fecal samples taken at the farm were analyzed by using a
sample size of 1 g, while the fecal samples taken at the abattoir were analyzed by
using sample sizes of 1 and 10 g. The rumen contents were analyzed by using a
sample size of 25 g.

Isolation and confirmation. Isolation was performed by using the ISO 16654
method (25), with some modifications, as described previously (28). Briefly, an
enrichment time of 6 h was used for fecal samples, and enrichment times of 6 and
24 h were used for the other samples. After enrichment in modified tryptone soya
broth (MTSB), immunomagnetic separation (IMS) was performed; after this, 50
�l was cultured on sorbitol MacConkey agar with and without cefixime and
tellurite. Serological testing of the O157 and H7 antigens was performed by using
a slide agglutination test (Denka Seiken, Tokyo, Japan). To eliminate the pos-
sibility of a false-positive O157 agglutination reaction, every isolate showing
positive agglutination was suspended in saline and boiled at 100°C for 1 h. The

agglutination test was then repeated. The enterohemolytic phenotype was de-
tected as described previously by using washed sheep blood cells (3). A blood
agar with unwashed sheep blood was used in a comparison plate.

MPN method. Quantitative determination by the most-probable-number
(MPN) method was performed for 14 fecal samples that yielded E. coli O157
after enrichment in 1-g samples from the abattoir and for 24 randomly chosen
fecal samples taken at the farm in July, September, and October. One gram of
fecal material was added to each of five tubes containing 9 ml of MTSB. Each
sample tube was diluted 1:10�6; then 1-ml portions from each dilution were
added to five tubes with MTSB, and the analysis was continued as described
above for fecal samples. The MPN was determined by determining the sum of
the positive and negative tubes by a previously described protocol (34).

Genotyping. Genotyping of the isolates was performed by using PFGE with
restriction endonuclease XbaI (28). If possible, up to five colonies per environ-
mental isolate were analyzed by PFGE. The coding system used for genotypes
was the system described previously (28). The presence of the virulence genes
stx1, stx2, and eae was studied by using a previously described PCR procedure
(28).

Statistical analyses. Enrichment times of 6 and 24 h were compared, as were
the 1- and 10-g sample sizes, by using McNemar’s test. The quantitative counts
of E. coli O157 for the fecal samples originating at the abattoir or farm were
compared. The analyses were performed with the SAS statistical program (ver-
sion 8.0; SAS Institute, Cary, N.C.).

RESULTS

Background information. The mean ages of the bull calves
on arrival were as follows: group 1, 3.4 months (standard de-
viation, 1.3 months); group 2, 2.9 months (standard deviation,
0.93 month); group 3, 3.1 months (standard deviation, 0.77
month); and group 4, 3.3 months (standard deviation, 0.56
month). The bulls (n � 134) in the four groups originated from
67 farms; the group 1 bulls originated from 27 farms, the group
2 bulls originated from 11 farms, the group 3 bulls originated
from 13 farms, and the group 4 bulls originated from 18 farms.

FIG. 1. Fecal excretion of E. coli O157 in bulls belonging to groups 1, 3, and 4 during farm sampling. A 1-g sample size was used.
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All animals were clinically healthy on arrival, although one
bull in group 1 died 13 days later. The mean ages at slaughter
were as follows: group 1, 16.1 months (standard deviation,
1.25 months); group 2, 15.4 months (standard deviation, 1.37
months); and group 3, 16.0 months (standard deviation, 1.29
months).

Shedding of E. coli O157 on the farm. Of the 688 fecal
samples taken at the farm, 110 (16%) were positive for E. coli
O157. All animals in groups 1, 3, and 4 sampled in the livestock
transporter were negative for E. coli O157 on arrival at the
farm, whereas six animals (28.6%) in group 2 sampled 1 day
after arrival were positive. During the fattening period the E.
coli O157 infection rates in groups 1, 3, and 4 varied from 10.3
to 38.5%, from 9.68 to 25.81%, and from 0 to 23.81%, respec-
tively (Fig. 1). No seasonal variation in the shedding of E. coli
O157 was found in any of the groups studied. At the times of
the peak shedding rates, the mean ages of the bulls were 8.24
months (standard deviation, 1.18 months) for group 1, 6.01
months (standard deviation, 0.77 month) and 9.17 months
(standard deviation, 0.77 month) for group 3, and 6.86 months
(standard deviation, 0.56 month) for group 4. At seven, six, and
four sampling times for the bulls in groups 1, 3, and 4, respec-
tively, 76.9, 58.1, and 26.2% of the animals, respectively, were
shedding E. coli O157 at least once (Fig. 2).

Surface samples at the farm. Of the 203 barn surface sam-
ples taken at the farm, 49 (24.6%) yielded E. coli O157. Be-
tween 9 and 21 surface samples were taken during each ses-

sion. E. coli O157 was isolated from samples taken from water
cups (18 of 74 samples; 24.3%), floors (8 of 10 samples; 80%),
and feed passages (24 of 65 samples; 36.9%). No E. coli O157
was isolated from the 51 water nipple samples. In December,
13 of 20 samples were positive, and the percentage of positive
barn surface samples varied from 0 to 55% for the different
sampling times. E. coli O157 was isolated from surface samples
more often when an enrichment time of 6 h was used than
when an enrichment time of 24 h was used (P � 0.0001).

Positive animals at slaughter. At the abattoir, E. coli O157
was isolated more often from the 10-g fecal samples than from
the 1-g fecal samples (P � 0.0001). Samples were taken from
38 bulls in group 1, from 18 bulls in group 2, and from all 31
animals in group 3 (Table 1). E. coli O157-positive samples
were obtained most often from animals in group 2 (38.9%) and
least often from animals in group 3 (9.7%). E. coli O157 was
isolated from 9 of 11 samples taken in August and from 10 of
41 samples taken in June, whereas only 1 of the 27 samples
taken from October to January was positive. Two rumen sam-
ples were positive, one in May and the other in August. Both
animals with positive rumen samples also had positive fecal
samples. Only one carcass surface sample was positive (group
2, August).

MPN analysis. For five abattoir and two farm samples, the
counts were below the detection limit (�0.2 MPN/g), while the
highest count exceeded 1.6 � 105 MPN/g (Table 2). Low
counts (�0.4 MPN/g) were encountered more often in the

FIG. 2. Fecal excretion of E. coli O157 in bulls belonging to groups 1, 3, and 4 during farm sampling. Group 1 was sampled seven times, group
3 was sampled six times, and group 4 was sampled four times.
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samples from the abattoir than in the samples from the farm
(odds ratio, 7.00; 95% confidence interval, 1.13 to 50.76; P �
0.02). The samples were stored refrigerated for 8 to 157 days
(mean, 45.6 days; standard deviation, 46.3 days). The levels in
19% of the samples (7 of 37 samples) were below the detection
limit even when the samples were positive as determined by the
qualitative analysis.

Characterization of the isolates. Of the 113 fecal isolates
from the farm, 90 (79.6%) belonged to PFGE genotype 1.1, 17
(14.9%) belonged to PFGE genotype 1.1*, 5 (4.4%) belonged
to PFGE genotype 1.45, and 1 (0.88%) belonged to PFGE
genotype 1.65 (Table 3 and Fig. 3). All of the PFGE genotypes
of the farm fecal isolates were closely related (Fig. 3). A PFGE
genotype 1.62 isolate that clearly differed from the other ge-
notypes was isolated from the rumen contents and fecal sample
of the same bull. A PFGE genotype 1.63 isolate was detected
in a sample from the rumen contents of a bull whose fecal
isolate was a genotype 1.1 isolate. Bulls that excreted E. coli
O157 more than once tended to have isolates with indistin-
guishable PFGE genotypes from repeated samplings, although
a closely related genotype was detected at least once for 8 of 30
bulls with more than one positive isolate (Table 4). The farm
surface isolates were PFGE genotype 1.1, 1.1*, and 1.45 iso-
lates. A mean of 3.02 colonies (standard deviation, 1.09 colo-
nies) was analyzed from each positive farm surface sample. In
six of 49 cases (12.2%), two different PFGE genotypes were
identified from the farm surface sample. All isolates had stx2

and eae genes and the enterohemolytic phenotype. Two fecal
isolates from samples taken in February yielded Shiga toxin 1
and 2 genes; the PFGE genotype of one isolate was PFGE
genotype 1.1, and the PFGE genotype of the other was PFGE
genotype 1.45. Both animals yielded only stx2 in either previous
or later samples. Of the 134 fecal isolates, 6 (4.5%) were
nonmotile.

DISCUSSION

Our investigations revealed that the calves most probably
acquired E. coli O157 infections at the farm; the organism

could not be isolated from any of the 113 animals sampled in
the livestock transporter before arrival, whereas 6 of the 31
calves in group 2 sampled 1 day after arrival were shedding E.
coli 0157. It should be noted, however, that the transporter
surfaces were not sampled, nor were the group 2 animals.
Moreover, a majority of the isolates obtained from calves dur-
ing the fattening period belonged to PFGE genotype 1.1, and
the rest belonged to closely related genotypes which were all
also found in surface samples taken at the farm before the
animals arrived. This is further evidence that the source of
infection was at the farm. In contrast to our findings, 3.8% of
the calves entering an Italian heifer raising operation (13 of
341 calves) were positive for E. coli O157 on arrival (11), and
6.9% of calves in a United States range beef herd were shed-
ding E. coli O157 at weaning (26). Most bull calves entering
cattle finishing units in Finland arrive from dairy herds that are
rather closed, with only a few new animals entering the farm,
which might explain why the calves were not shedding on
arrival. In a cohort study on dairy farms, the animals first tested
positive when they were moved from individual housing to
group housing (38).

The swab samples taken from the barn surfaces before in-

TABLE 1. E. coli O157 in fecal samples taken at the abattoir
from bulls belonging to groups 1, 2, and 3

Month No. of
samples Groupa

No. positive
for E. coli
O157 with: PFGE

geno-
type

Positive for
E. coli 0157

1-g fecal
sample

10-g fecal
sample

Total
no. per

mo

% per
mo

May 8 1 1 1 1.62 1 12.5
June 30 1 4 10 1.1b 10 24.4
June 11 2 0 0
August 7 2 6 7 1.1 7 63.6
August 4 3 0 2 1.1
October 23 3 1 1 1.1 1 4.3
November 1 3 0 0 0 0.0
January 3 3 0 0 0 0.0
Total 38 12 (31.6)c 21 (55.3)

a One group 1 animal and three group 2 animals were not sampled.
b A rumen isolate from one bull was a PFGE genotype 1.63 isolate.
c The numbers in parentheses are the percentages of samples positive for

E. coli O157.

TABLE 2. Counts of E. coli O157 in fecal samples from bulls at
the farm and abattoir as determined by the MPN method

Bull no. MPN/g Group Mo of
isolation

Sampling
site

2117 7,900 1 June Farm
2117 22 1 July Farm
2735 �1,600 1 June Farm
7511 33 1 June Farm
2735 1,100 1 July Farm
2735 2.3 1 June Abattoir
782 �160,000 1 September Farm
782 1,300 1 October Farm
8837 0.4 1 September Farm
1412 �0.2 1 June Farm
1412 26 1 October Farm
804 11,000 1 October Farm
6247 17 1 October Farm
4188 �0.2 1 June Abattoir
6981 22 1 October Farm
6981 13,000 1 June Abattoir
3072 1,700 1 October Farm
4261 4.9 1 May Abattoir
9967 1.4 1 September Farm
6248 240 1 September Farm
8837 1,300 1 October Farm
2259 �0.2 1 June Abattoir
3533 22,000 1 June Abattoir
7969 �0.2 2 July Farm
7970 9 2 July Farm
5611 54 2 July Farm
1004 140 2 July Farm
4265 900 2 July Farm
7373 1,100 2 July Farm
3197 �0.2 2 August Abattoir
4014 �0.2 2 August Abattoir
2264 0.4 2 August Abattoir
4265 0.4 2 August Abattoir
5612 1.3 2 August Abattoir
6898 11 2 August Abattoir
8947 �0.2 3 October Abattoir
7965 17 3 October Farm
7061 13 4 October Abattoir
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troduction of new animals showed that the washing procedures
had failed to remove E. coli O157. The pens were emptied and
washed by using a high-pressure cleaner, but they were not
disinfected the day before arrival of the new calves. Thus, the
washing procedure and especially the empty period of approx-
imately 1 day were not sufficient to destroy E. coli O157; the
floor was still visibly wet when the new calves arrived. In ad-
dition, the calf department was not completely vacated be-
tween the different calf lots as in each case some of the animals
from the previous lot remained, even though calves from dif-
ferent lots were not mixed in the same pens.

A total of 59 (52.2%) of all the bulls studied shed E. coli
0157 at least once during the fattening period. Other longitu-
dinal studies have also found high percentages of animals ex-
creting this pathogen; for example, a Czech study found that 72
(19.7%) of 365 cattle from which individual fecal samples were
obtained were positive for E. coli O157 (10), and an Italian
study found that 138 (10.7%) of 1,293 cattle from which indi-
vidual fecal samples were obtained were positive for E. coli
O157 (11). In studies in which pat samples have been used,
much lower percentages of positive samples have been found,
ranging from 0.26 to 3.6% (16, 19, 22, 23, 39). Pat sampling
might underestimate the true herd prevalence because nega-
tive samples dilute the numbers of E. coli O157, and the sur-
vival of E. coli O157 may also decrease in pat samples.

Comparison of results from different prevalence studies is
also complicated by the variety of microbiological methods
used. In the earliest studies, direct culture without enrichment
on a selective medium was used (19), and in some studies IMS
was not used (39). Sample sizes have also varied in different
studies, from cotton swabs to 1- or 10-g samples. By use of 10-g
samples, enrichment and IMS before selective culture have
been shown to increase the sensitivity of the method several-
fold (2, 9, 13, 37, 41). Our findings also revealed that a sample
size of 10 g gave significantly more positives than a sample size
of 1 g.

High percentages of the bulls (26 to 77% in groups 1, 3, and
4) shed at least once. The barn surfaces were continuously
contaminated, and spreading of the infection was possible.
Horizontal transmission has been demonstrated experimen-
tally (5). Although the other groups were not sampled as many
times as group 1, it is likely that a higher percentage of shed-
ders would also have been noted in them with more sampling.
Thus, the status of shedding in an individual animal cannot be
estimated from just one sampling. Persistent shedders were not

common. Four of 113 animals (3.53%) were shedding E. coli
O157 at four sampling times on the farm, and 13 (11.5%) of
these animals were shedding E. coli O157 at three sampling
times. This might reflect continuous exposure. Shedding in
dairy herds has been found to have a duration of less than 1
month (2).

We found that the animals were also shedders in the colder
months. The outside temperature during the sampling in Oc-
tober was 3°C, and in November the outside temperature was
0°C. The shedding increased in the calves during the study
period; it was lowest 1 month after arrival and highest when the
bulls were 6 to 9 months old. The animals were not on pasture
but were fed grass during the summer months (June to Au-
gust). In a longitudinal study of Wisconsin dairy herds, sea-
sonal shedding was not observed (38), whereas in a British
longitudinal study no excretion was detected in a dairy herd
between November and May (32). Higher prevalence values
were obtained for other herds tested during the summer

FIG. 3. PFGE genotypes of E. coli O157 isolates obtained from
bulls at the farm and abattoir and from barn surfaces. Lanes 1 and 8
from left, low-range PFGE marker 350 (New England Biolabs, Bev-
erly, Mass.); lane 2, strain 363; lane 3, strain 376; lane 4, strain 422;
lane 5, strain 531; lane 6, strain 556; lane 7, strain 461.

TABLE 3. Distribution of PFGE genotypes of E. coli O157 isolates (n � 194) taken from bulls in groups 1 to 4 and from barn surfaces

PFGE type

No. of isolates

Group 1 Group 2 Group 3 Group 4
Barn surfaces Total

Farm Abattoir Farm Abattoir Farm Abattoir Farm Abattoir

1.1 45 10 6 9 27 3 12 2a 34 146
1.1* 17 0 0 0 0 0 0 0 5 22
1.45 2 0 0 0 0 0 3 0 17 22
1.62 0 2 0 0 0 0 0 0 0 2
1.63 0 1b 0 0 0 0 0 0 0 1
1.65 1 0 0 0 0 0 0 0 0 1
Total 65 13 6 9 27 3 15 0 56 194

a One rumen isolate and one fecal isolate from one bull.
b One rumen isolate.
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months than for the herds tested during the spring (17), as well
as in a heifer raising operation in Italy (11).

In our study the shedding rate at slaughter seemed to be
higher during the warmer months. There were no significant
differences in slaughter ages among the groups. A high per-
centage of the animals were shedding at slaughter: 31.6% as
determined with the 1-g samples and 55.3% as determined
with the 10-g samples. Most shedders were detected in August.
The reason for seasonality in shedding at slaughter remains to
be determined. A higher point prevalence in summer was also
noted in a Finnish survey of slaughter cattle (28).

The farm surface samples, especially those from water cups
and feed passages, were positive. In an experimental study, E.
coli O157 was isolated from tonsils (12). E. coli O157 has been
isolated from drinking water used for cattle (20, 38, 39), and
water has been suggested to be a vehicle for transmission on
farms. The bacterium can survive in water for weeks (30). In
our study the drinking water of bulls and farmers came from
the same source, although the farm family had not experienced
episodes of diarrhea. Even though we did not analyze the water
for the presence of E. coli O157, it is unlikely that water was
the source.

Carcass surfaces were seldom found to be contaminated;
only one positive carcass swab sample was detected. The ani-
mals were very clean on visible antemortem inspection, and
their hides were dry and clean at the farm. In a United States
study much higher percentages of carcasses were positive for
E. coli O157, and they seemed to be contaminated by neigh-
boring carcasses (14). Differences in slaughter hygiene and
farm management, as well as in sampling sites and techniques,
may explain such disparities. The animals in the present study
were housed indoors and not washed before slaughter; car-
casses are minimally washed and not sprayed at Finnish abat-
toirs. These procedures might decrease cross-contamination
between carcasses and survival of the bacterium in the farm
environment.

The MPN in fecal samples taken at abattoirs were lower
than the MPN in samples taken on the farm. In an experimen-
tal study, calves shed higher numbers of E. coli O157 (ex-
pressed as CFU per gram) than adult animals shed (12), which
could explain why the bulls in our study shed lower numbers at
the abattoir than at the farm. The MPN method is the only
possible method for quantitative analysis when enrichment and
IMS are used. The MPN method used in this study detected
low counts (�0.2 MPN/g). In previous studies counts have
been detected by direct plating of diluted samples. Direct plat-
ing detects samples with concentrations of �102 cells/g, so it
would have detected organisms in only 13 (30%) of 37 samples
in our study. Differences in methods mean that counts ob-
tained in other studies cannot be directly compared to our
results. In another study in which direct plating was used, the
numbers of E. coli O157 in the feces of calves ranged from 103

to 105 CFU/g, and 15 (48%) of 31 fecal samples were positive
with enrichment only; the population sizes were �102 CFU/g
(41). Our MPN counts were possibly lower than the true values
because the samples were stored refrigerated for 8 to 157 days
(mean, 45.6 days; standard deviation, 46.3 days) and only
counts were analyzed when the qualitative results were ob-
tained. This might explain why the levels for 7 (19%) of 37

samples were below the detection limit even when the samples
were positive in the qualitative analysis.

An enrichment time of 6 h was better than an enrichment
time of 24 h for analyzing the environmental samples. How-
ever, when samples with stressed cells are analyzed, the longer
enrichment time is superior. In highly contaminated samples,
the shorter enrichment time results in more positives because
the bacterium grows rapidly and contaminants are suppressed.

Most isolates in our study were members of a single PFGE
genotype or a closely related PFGE genotype. PFGE genotype
1.1 has been one of the predominant genotypes in Finnish
cattle (27, 28) and in humans too (36). In other studies one
genotype (38) or very similar genotypes (15) were found. How-
ever, in a longitudinal study of a dairy herd, different PFGE
types were present simultaneously (2). This might suggest that
the sources on farms can be either single or multiple. In our
study only one colony from each positive fecal sample was
analyzed because during previous samplings at this farm a
mean of 4.5 colonies from 44 positive fecal samples were an-
alyzed and the PFGE genotypes were similar. In 12.2% of the
cases at least one parallel colony from the farm surfaces had a
different PFGE genotype, but on most occasions the genotypes
of the parallel colonies were indistinguishable. Multiple colo-
nies analyzed from single fecal enrichments have usually been
shown to have a single PFGE genotype (2). However, other
closely related or completely different genotypes could be iso-
lated from parallel enrichments of the same sample, as more
than one genotype, even though closely related, was isolated
from repeated samples from some bulls in our study. One
PFGE genotype (PFGE genotype 1.62) isolated from feces and
rumen contents of a bull at slaughter differed considerably
from the other genotypes and was never isolated from any of
the sampling sites in the present study. The strain with this
genotype could have been acquired during the transfer or from
the abattoir.

In conclusion, this study showed that the finishing unit and
not introduction of new cattle seemed to be the source of
E. coli O157 at the farm studied, although the possibility that
transporter surfaces were the infection site could not be ruled
out. E. coli O157 seemed to persist well on barn surfaces. In
order to decrease the numbers of E. coli O157 at the farm,
proper cleaning and disinfection and a longer empty period
between lots would be needed. The surfaces should be dry
before introduction of new animals, and the production system
should preferably be an all in-all out system. Seasonal variation
in the shedding of E. coli O157 was detected in bulls at slaugh-
ter, but there was no absence of shedding at the farm during
the cold months. Older animals had lower counts of E. coli
O157 than young animals. The counts shed by bulls varied
from very low (less than 10 CFU/g) to 105 CFU/g, which
emphasizes the importance of using sensitive detection meth-
ods.
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