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SUMMARY

Escherichia coli O157:H7 infection of cows and calves in a naturally-infected beef cattle herd

in Alberta, Canada, was investigated over 2 years, encompassing two calf production cycles. In

both years of the study, E. coli O157:H7 was isolated from the faeces of cows shortly after but

not before parturition in late winter : 6}38 (16%) in 1996 and 13}50 (26%) in 1997. At ! 1

week post-partum, 13}52 (25%) calves born in 1997 were shedding the organism. Faecal

shedding of E. coli O157:H7 by cows and calves continued over the 7 weeks that they were in

the calving pens, with the organism being isolated from the faeces of 2–18% of cows and

23–26% of calves during this period. Five weeks after they were moved onto a native grass

pasture, all the calves and all but one cow in 1997 had ceased shedding the organism. When

the calves were weaned in the fall, E. coli O157:H7 was isolated from the faeces of 0–1±5% of

the calves 1 week prior to weaning and from 6–14% of the calves within 2 weeks after

weaning. Parturition, calving pens and weaning appear to be important factors in maintaining

E. coli O157:H7 infections in this beef cattle herd. Isolates from cows and calves during the

immediate post-partum period were mostly of the same pulsed-field gel electrophoresis (PFGE)

type of E. coli O157:H7. Similarly, at weaning a common PFGE type of E. coli O157:H7,

which differed slightly from the post-partum PFGE type, was isolated from the calves. These

typing data suggest a common source of infection for the animals as well as demonstrate

clonal turnover of resident populations of this pathogen.

INTRODUCTION

Escherichia coli O157:H7 and other enterohemorrha-

gic E. coli (EHEC) are associated with hemorrhagic

colitis, the hemolytic uremic syndrome and throm-

botic thrombocytopenic purpura in humans [1].

Human infections with E. coli O157:H7 are frequently

associated with consumption of undercooked beef

and raw milk [2–5], however, an increasing number of

cases of infection with this pathogen have also been

* Author for correspondence.

linked to fruits, vegetables and water thought to have

been contaminated with bovine faeces [6, 7].

A substantial proportion of the Canadian beef

rearing and packing industries are concentrated in

western Canada, specifically in the province of

Alberta. Pai and colleagues [8] reported a high

incidence of haemorrhagic colitis in the Calgary area

in southern Alberta in 1984 and Doyle and Schoeni [9]

subsequently reported the isolation of E. coli O157:

H7 from 5 of 17 ground beef samples from retail

outlets in this city. Also, between 1987 and 1991, the
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incidence of human infections with VT-producing E.

coli (VTEC, mostly E. coli O157:H7) was 12±1}100000

for the province of Alberta compared with 2±0}100000

for Scotland during this same period [10].

Recent studies in Europe [11–13] and North

America [14, 15] employing improved detection

methods, have revealed much higher rates of infection

than was previously estimated, and have confirmed

that E. coli O157:H7 is widely distributed among

young beef cattle. Although weaning, diet, contami-

nated feed and water and management have been

identified as risk factors for cattle herd infections with

E. coli O157:H7 [16–24], there is little information on

the factors influencing early infection in beef breeding

herds. Laegreid et al. [25] have reported that the

majority of range-fed beef calves from herds in the

mid-western USA are infected with E. coli O157:H7

at weaning. It is likely that some of these calves will

continue to shed the organism in their faeces at

slaughter and act as an important source of beef

carcass contamination.

The objective of this study was to investigate the

epidemiology of E. coli O157:H7 in a naturally

infected beef herd at potentially important points in

the cow-calf production cycle. Faecal excretion of E.

coli O157:H7 was monitored from before calving

until shortly after weaning over two breeding and

rearing cycles. Parturition, the early post-partum

period, confinement, weaning and the age of bred

cows were identified as factors potentially influencing

the occurrence and rates of shedding of E. coli O157:

H7. The pulsed-field gel electrophoresis (PFGE)

typing information on isolates of the organism from

the cattle point to a common source of herd infection

as well as suggest clonal turnover of resident popula-

tions of E. coli O157:H7.

MATERIALS AND METHODS

Animals

Angus-Herford cross cattle from the Animal Diseases

Research Institute (Lethbridge, Alberta) research herd

were studied over a 2-year period. Cattle from this

closed beef herd were first shown to be shedding E.

coli O157:H7 in their faeces in 1995. The herd could

be conveniently sampled and has a size (ca. 100

breeding females) and management system typical of

many beef cow-calf herds in western Canada and the

mid-western USA [25]. Cows are artificially insemi-

nated in June of each year. In 1996, 38 of 81 pregnant

dams were available for study. Their faeces was

cultured for E. coli O157:H7 prior to parturition on

12 March, 1996 and then again the day following

parturition from 26 March through 16 April, 1996. In

1997, the first 50 of 87 cows that gave birth and their

52 calves (including 2 sets of twins) were studied. In

1997, dams were sampled prior to parturition (10

February) and during the first week after parturition

(26 March) and then three times again at approxi-

mately 2-week intervals (4 April, 21 April and 6 May)

and then once again on 5 June. During the calving

period, groups of up to 30 pregnant females were

maintained in two pens of 780 m# each and fed an

alfalfa silage ration. After calving, the cows and their

calves were placed into a pen of equal size which was

immediately adjacent to the birthing pen. The pre-

and post-calving pens have their own feed and water

supplies and are separated by a 10 m alleyway from

other cow-calf pens. Cows and calves were moved

from pens onto a 16 ha pasture on 2 June, 1996 and 1

May, 1997, where their diet was supplement with hay

silage. In the second week of June in both years, cows

and calves were moved onto a 81 ha native grass

pasture and then rotated through four similar sized

pastures over the summer months. In the fall (October

to November) of 1995, 1996 and 1997, calves and

cows were first placed together in pens for 1 week

before the calves were weaned. The cows and weaned

calves were maintained in separate 780 m# pens

through the fall and winter months. Approximately

20 weaned heifer calves were selected each year as

replacements for dams culled from the herd. The other

weaned calves were fed in adjacent feedlot pens until

late in the following year and then were slaughtered.

Bacteriology

Faecal samples (ca. 10 g) were collected from the

rectum of the cattle by hand using a sterile latex glove.

The samples were placed into 15 ml of Cary-Blair

transport media, placed in a cooler containing ice and

transported to the laboratory.

For detection and quantification of E. coli 0157:

H7, faecal suspensions were; (1) plated directly on

cefixime tellurite sorbitol MacConkey agar (CT-

SMAC [26], consisting of sorbitol MacConkey agar

containing 2±5 mg}l of potassium tellurite and 0±
05 mg}l of cefixime) and (2) placed into modified

trypticase soy broth (mTSB;[27]) and incubated at

42 °C for 6 h. Immuno-magnetic separation (IMS)

was performed using magnetic polystyrene beads
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coated with O157-antibody (Dynabeads anti-E. coli,

Dynal, Oslo, Norway) according to the manufac-

turer’s instructions. Following IMS a portion of the

bead suspension was plated onto CT-SMAC agar and

incubated at 37 °C overnight. Up to five sorbitol-

negative colonies were selected at random and tested

in the slide agglutination assay using anti-O157

antisera (Difco). Agglutination positive colonies were

tested using an E. coli O157:H7-specific polymerase

chain reaction assay which detects VT (�t), attaching

and effacing (eae) and flagellar (fliC) gene targets of

the organism [28]. E. coli 0157:H7 were also charac-

terized by biochemical testing and H antigen sero-

typing [29].

Bacterial sub-typing

Bacteriophage typing was carried out as described by

Ahmed and colleagues [30] and extended by Khak-

haria and colleagues [31].

Pulsed field gel electrophoresis (PFGE) was per-

formed according to the Center for Diseases Control

(CDC) manual standard 1-day protocol [32]. Briefly,

a single colony of each strain was inoculated onto

Veal Infusion Yeast Extract agar (Difco) and grown

at 37 °C for 18 h. Bacteria were harvested using a

sterile cotton swab and suspended in Cell Suspension

Buffer (100 m Tris, 100 m EDTA, pH 8±0). Next,

proteinase K was added to the cell suspension to a

final concentration of 0±1 mg}mL and the suspension

was embedded in 1±2% SeaKem Gold agarose (FMC

BioProducts, Rockland, Maine) prepared using TE

buffer (10 m Tris, pH 8±0, 1 m EDTA) containing

1% sodium dodecyl sulfate. Once solidified, the

agarose plugs were transferred to 5±0 ml of lysis buffer

(50 m Tris, pH 8±0, 50 m EDTA, 1% sarcosine,

0±1 mg}ml proteinase K) and incubated at 54 °C with

shaking for 2 h. The agarose plugs were washed with

distilled water four times for 15 min each with TE

(10 m Tris, pH 8±0; 1 m EDTA, pH 8±0) at 50 °C.

Agarose plugs were then sliced to 1mm thickness and

the slices were equilibrated with 1¬M buffer (Amer-

sham Pharmacia, Baie d’Urf, Quebec) at room

temperature for 15 min and then digested at 37 °C
overnight with 40 U of XbaI (Amersham Pharmacia)

according to the manufacturer’s instructions. Agarose

slices were next placed in 0±5¬TBE (0±89  Tris,

0±89  boric acid, 0±02  disodium EDTA, pH 8±0) for

5 min at room temperature. Electrophoresis was

performed with a CHEF DR III electrophoresis unit

(Bio–Rad, Mississauga, Ontario) with 1% Seakem

Gold agarose at 14 °C. Initial and final switch times

were 2±2 and 54±2 sec, respectively, and the total run

time was 21 h. After electrophoresis, the gels were

stained with ethidium bromide (0±5 µg}ml) and rinsed

with distilled water, then illuminated with a UV lamp

and photographed using the Geldoc 1000 System

(Bio–Rad). Interpretation of the PFGE patterns was

aided by use of the Molecular Analyst Software

Fingerprinting PLUS, v. 1.6 (Bio–Rad). Patterns were

categorized according to the criteria set out by

Tenover et al. [33]. The E. coli O157:H7 strain G5244,

obtained from the CDC, was used as the standard in

PFGE comparisons.

Statistical methods

The McNemar test was used to compare proportions

of cows shedding the organism in their faeces before

and after parturition. The Fisher’s exact test was used

to compare the proportion of cows with E. coli O157:

H7 in their faeces that also had faecal positive calves

to the proportion of cows with E. coli O157:H7 in

their faeces that had faecal negative calves. Statistical

tests were conducted using EpiCalc 2000, Version 1.0

(http:}}www.mvatt.demon.co.uk}epicalc.htm).

RESULTS

Parturition

E. coli O157:H7 was not isolated from faecal samples

of any of the cows prior to parturition in late winter

of 1996 or 1997 (Table 1). In contrast, the organism

was recovered from the faeces of 6 of 38 (15±8%) of

these dams within 1 week of parturition in 1996 and

from 13 of 50 (26%) dams within 1 week of parturition

in 1997. The difference in the isolation rate of the

organism from the faeces of the dams before par-

turition and 1 week after parturition was significant

(P! 0±05, P! 0±01) in both years. At 12 weeks post-

partum, the organism was also isolated from the

faeces of 13±2% of the cows in 1996 and at 7 weeks

post-partum from 18% of the cows in 1997. E. coli

O157:H7 was isolated from the faeces of 13 of 52

(25%) of the calves within the first week of parturition

in 1997. At 12 weeks postpartum, E. coli O157:H7

was isolated from faecal samples from 7 of 38 (18±4%)

of the calves in 1996 and at 7 weeks postpartum, from

21 of 52 (41±2%) calves in 1997.

Five weeks after the cows and calves were put onto

native grass pasture (ca. 12–16 weeks postpartum), E.

coli O157:H7 was not isolated from the faeces of
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Table 1. Faecal shedding of E. coli O157:H7 by dams and cal�es

1996 1997

Location and time Cows* Calves*† Cows* Calves*†

Drylot pens

Pre-partum

-2 to -4 weeks 0 (0±0%) NA 0 (0±0%) NA

Post-partum

! 1 week 6 (15±8%) ND 13 (26%) 13 (25%)

3 weeks ND ND 8 (16%) 14 (26±9%)

5 weeks ND ND 1 (2%) 12 (23±1%)

7 weeks 5 (13±2%) 7 (18±4%) 9 (18%) 21 (41±2%)

Pasture

5 weeks 0 (0%) 0 (0%) 1 (2%) 0 (0%)

Drylot pens

" 1 week pre-weaning NA 1 (1±5%) NA 1 (1±2%)

2 weeks post-weaning NA 4 (6±0%) NA 12 (14±1%)

NA, Not applicable, ND, Not done.

* In 1996, 38 cow-calf pairs and in 1997, 48 cows-calf pairs and 2 cows with twins

were tested.

† In 1996, 67 calves and in 1997, 85 calves were tested 1 week pre- and 2 weeks post-

weaning.

either dams or calves in 1996 and in 1997 was isolated

from the faeces of 1 of 50 dams but not from the faeces

of the 52 calves.

E. coli O157:H7 was isolated from the faeces of 5

cow-calf pairs the first sampling date after parturition

during the spring of 1997 (data not shown). However,

8 cows were culture positive but their calves were

culture negative; and 8 calves were culture positive

but their dams were culture negative. While a greater

percentage of cows from which E. coli O157:H7 was

isolated on this sampling date had calves which were

also culture positive compared with cows which were

faecal culture negative (5}13 or 38±5% versus 8}35 or

22±8%), this difference was not significant (P" 0±05).

Over the first 12 weeks post-partum in 1997, in 4

cow-calf pairs the organism was not isolated from

either the dam or its calf (data not shown). In 20 cases,

the organism was isolated from the faeces of the calves

but not their dams’, in 18 cases it was isolated from

the faeces of both the dam and at least 1 of the calves

(2 of the dams had twins), and in 7 cases the organism

was isolated from the faeces of the dam but not its

calf. Nine calves had the organism isolated from their

faeces in 2 consecutive samples, 3 in 3 consecutive

samples and 1 in 4 consecutive samples. In contrast,

only 3 dams had 2 consecutive positive samples and 1

dam had 3 consecutive positive samples.

In 1997, E. coli O157:H7 was isolated from the

faeces of 14 of 21 (66±7%) cows less than 5 years of

age and from 11 of 29 (37±9%) cows greater than 5

years of age, with 7 of 9 of the first calf heifers culture

positive (data not shown). In addition, the dams ! 5

years of age had more faecal samples positive than

older dams from the 5 sampling periods during the

first 12 weeks post-partum (22}105 or 19±0% versus

12}145 or 8±3%). Calves of young dams also had

higher faecal isolation rates for the organism than

calves from older dams, with 8}21 or 38±1% and 5}31

or 16±1% of the first post-partum faecal samples

culture positive, respectively. This was also the case

when the total number of faecal samples culture

positive for the organism from the 5 postpartum

samples were considered. Calves from dams " 5 years

of age had 34}155 or 21±9% of faecal samples positive

while calves from dams ! 5 years of age had 26}105

or 24±81% of faecal samples positive.

Direct CT-SMAC E. coli O157:H7 plating results

for cows and calves tended to parallel enrichment-

IMS culture results (data not shown). There were

more calves positive on direct plating 33}52 (63±5%)

than cows 12}50 (24%) and 5 calves had 2 consecutive

direct plating positive faecal cultures while none of the

cows had 2 consecutive direct plating positive faecal

cultures.

During the post-partum period in the spring of

1997, a total of 201 of 260 faecal samples from these

52 calves (77±3%) and 216 of 250 samples from the 50

cows (86±4%) were negative on both direct and IMS-
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Fig. 1. PFGE analysis of E. coli O157:H7 isolates from cows and calves. E. coli O157:H7 total DNA was digested with XbaI.

Lanes with PFGE types 1, 1a, 1b, 1c, 1d, 1e, 1f, 1k, 1l and 1m are identified in the photograph. Lanes labeled M are E. coli

O157:H7 G5244 total DNA digested with XbaI and run on PFGE.

enrichment culture. E. coli O157:H7 was isolated

from 32 of these samples from calves on both direct

and IMS-enrichment culture and from 13 samples

from cows using these 2 cultural methods. The

organism was isolated from 27 calf samples and from

13 cow samples on IMS-enrichment culture alone. In

all cases faecal samples positive on direct plating were

also positive by enrichment-IMS culture.

Weaning

Among the 1997 cow-calf pairs, E. coli O157:H7 was

isolated from the faeces of 1 calf prior to weaning and

7 calves post-weaning (Table 1). Six of these calves

also had the organism isolated from their faeces in the

first 7 weeks post partum but 2 did not. Only 3 of the

8 calves which were culture positive during weaning

had dams which were culture positive during the early

post partum period.

E. coli O157:H7 was not isolated from the faeces of

any of 74 calves sampled 1 week prior to weaning in

October and November of 1995, however, the or-

ganism was isolated from the faeces of 6}74 (8±1%) of

these calves 2 weeks after weaning (data not shown).

In 1996, E. coli O157:H7 was isolated from the faeces

of 1 of 67 (1±5%) calves prior to weaning and from the

faeces of 4 of 67 calves (6±0%) 2 weeks after weaning

and in 1997, from the faeces of 1 of 85 (1±2%) calves

prior to weaning and from the faeces of 12 of 85

(14±1%) 2 weeks after weaning (Table 1).

PFGE types of E. coli O157:H7

All E. coli O157:H7 isolates from the faeces of cows

and calves were phage type 87 and could be assigned

to 1 of 10 XbaI PFGE types ; 1, 1a, 1b, 1c, 1d, 1e, 1f,

1k, 1l and 1m (Fig. 1). These PGFE types did not

differ from type 1 by more than 1 or 2 bands.

The majority of E. coli O157:H7 isolates from the

faeces of cows and calves during the first 2 months

following parturition in 1997 belonged to PFGE type

1 (Table 2). E. coli O157:H7 type 1 isolates only, were

obtained one or more times from 24 of 27 cows and 20

of 22 calves during the post partum period (26 March

to 5 May, 1997). One cow initially had E. coli O157:

H7 of type 1 isolated from the faeces and subsequently

type 1d was isolated and E. coli O157:H7 type 1a and

1b were isolated from the faeces of one cow each. One

calf initially had E. coli O157:H7 type1a isolated from

its faeces and then type 1 was isolated and one calf

had E. coli O157:H7 type 1b isolated from its faeces.

While 8 cow-calf pairs had the same E. coli O157:

H7 PFGE type, type 1, isolated from the cow and the

calf on the same day, in 3 other cases the cow and the

matching calf ’s E. coli O157:H7 PFGE types differed.

On two occasions an E. coli O157:H7 type 1 and type

1a were isolated together (once from the cow and calf

and once from the calf and cow, respectively). E. coli

O157:H7 PFGE type 1 and type 1b were also isolated

together from a cow-calf pair.

At weaning in November of 1997, E. coli O157:H7
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Table 2. Pulsed-field gel electrophoresis (PFGE ) types of selected E. coli

O157:H7 isolates from cows and cal�es (1997)

PFGE type (s)

Post partum

Weaning

(March–May) (November)

Cows* Calves* Cow-calf pairs† Calves*

1 only 24 20 8 0

1a only 1 0 0 0

1b only 1 1 0 0

1c only 0 0 0 6

1d only 0 0 0 0

1e only 0 0 0 1

1}1a 0 1 2 0

1}1b 0 0 1 0

1}1c 0 0 0 0

1}1d 1 0 0 0

* Number of animals with this E. coli O157:H7 PFGE type(s) isolated from the

faeces on one or more occasion.

† Number of cow-calf pairs with this E. coli O157:H7 PFGE type or combination

of PFGE types isolated from their faeces.

isolates examined from six calves were of PFGE type

1c and one was of PFGE type 1e (Table 2). PFGE

type 1c was also isolated from 6}7 cows in late spring

of 1998 (see below). For 5 of the 6 calves with type 1c,

E. coli O157:H7 PFGE type 1 was isolated from their

faeces in the spring post partum period. The calf with

PFGE type 1e and one calf with type 1c did not have

E. coli O157:H7 isolated from their faeces in the

spring (data not shown).

In contrast to isolates from the spring of 1997, E.

coli O157:H7 PFGE type 1 was not isolated from cow

samples in 1996 or 1998. In 1996 (12 March–3 June),

6 of 9 E. coli O157:H7 isolates from cows were of E.

coli O157:H7 type1e and the 3 other isolates belonged

to PFGE types 1f, 1k and 1l. Six of 7 E. coli O157:H7

strains isolated from cows 15 June, 1998 were of

PFGE type 1c and one was PFGE type 1m. E. coli

O157:H7 was isolated from the same cows in different

years in two cases. One cow had PFGE type 1l in 1996

and type 1c in 1998, and the other cow had PFGE

types 1e and 1 in 1996 and 1997, respectively.

DISCUSSION

In this study, points in the cow-calf production cycle

were identified as important in the transmission of E.

coli O157:H7. Infection of calves appears to occur

shortly after parturition with the most likely source of

infection being their dams. Mechie and colleagues [34]

also noted that excretion rates of E. coli O157:H7 by

dairy cattle was highest after calving. The cause of this

post-partum increase in faecal shedding of the

organism is unknown but may be related to hormonal

influences, other metabolic changes related to par-

turition or to dietary stress. While Mechie and

colleagues [34] suggested that the increase in feeding

of concentrate following parturition may be respon-

sible for this effect, the diet of the dams in the present

study was not altered following parturition. They

were fed alfalfa silage throughout the pre-and post-

partum periods with no concentrate supplementation.

Recently, Laegreid and colleagues [25] noted that

100% of beef cattle dams were sero-positive in a E.

coli O157:H7 LPS blocking ELISA assay at the time

of parturition. However, no information was provided

by these workers with respect to isolation of the

organism from the faeces of these cattle. Further

study is required to more precisely characterize the

factors responsible for the post-parturient faecal

shedding of E. coli O157:H7 by dams observed in this

study.

E. coli O157:H7 was isolated from many more

faecal samples with enrichment-IMS than by direct

plating on CT-SMAC. Enrichment-IMS followed by

plating CT-SMAC is reported to detect as few as 100

colony forming units of the organism per gram of

faeces [35]. Direct plating, in contrast, is reported to

be at least 10- to 100-fold less sensitive and only

detects samples with between 10% and 10& organisms

per ml of faecal suspension [26, 36]. The relatively

https://doi.org/10.1017/S0950268802007100 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268802007100


169E. Coli O157:H7 in cows and calves

large number of positive faecal samples where the

organism was isolated from direct plating on CT-

SMAC suggests that substantial numbers of the

organism are present in the faeces of these cattle.

More dams and their calves shed E. coli O157:H7

in their faeces in pens compared to the pasture

environment. Kudva and colleagues [37] also reported

that sheep orally inoculated with E. coli O157:H7

eventually stopped shedding the organism when

allowed to graze on a Sage brush-bunch grass pasture.

It is, however, unclear if diet or the feedlot en-

vironment or both were important variables in

maintaining these infections. Hancock et al. [38]

reported that the median within-herd prevalence of

faecal shedding of E. coli O157:H7 by weaned dairy

heifers fed in drylots or allowed to graze on manured

and non-manured pastures was 1±6, 0±83 and 0±42%,

respectively. While these percentage difference in

prevalence were not significant over a 6-month period,

it was noted that the overall prevalence of faecal

shedding of the organism by the heifers in July was

much higher than in December. It is possible that

greater differences in prevalence of faecal shedding of

this pathogen in these environments may have

emerged if the analysis had been confined to a time of

the year with high prevalence. In addition, differences

in age class of the animals, management system, herd

type (dairy versus beef), sizes of pastures and regional

differences in vegetation and climate must also be

taken into account when comparing studies.

Water has been shown to be a source of the

pathogen for cattle [21] and it is also clear that the

organism can survive in certain feeds [39] and in

manure [40, 41] for considerable periods of time. This

bacterial pathogen has also been isolated from cattle

hides [15], milk [34] and from the mouths of cattle [21,

42]. Clearly, cattle distributed in a large pasture would

be expected to have decreased exposure to this human

pathogen from manure, feed and possibly water.

However, the change in diet could also play a

significant role in reducing the number of cattle

shedding and numbers of organisms shed into the

environment. A grass diet would certainly be expected

to cause a change in the intestinal microflora as well as

parameters such as volatile fatty acid species and

concentrations and the pH of the digesta. A recent

study has shown that grain feeding selects for acid-

resistant E. coli strains and that feeding Timothy hay

rapidly reduces the numbers of these organisms shed

in the faeces [23]. While this appears to be the case, the

authors of this somewhat controversial study failed to

demonstrate that E. coli O157:H7 was one of the

acid-resistant E. coli strains selected for by grain

feeding and reduced by hay feeding. Recent studies by

Hovde and colleagues [24] showed that hay feeding

increases rather than decreases faecal shedding of E.

coli O157:H7 by beef cattle which were orally

inoculated with the organism. Another possibility is

that factors other than energy content of the feed may

be involved in the hay or grain effects observed. For

example, we have observed increased faecal shedding

of E. coli O157:H7 by cattle fed a barley diet

compared to those fed a corn diet [42]. In addition,

naturally occurring antimicrobial substances in cer-

tain plants may play a role in faecal shedding of the

organism by cattle e.g. Duncan and colleagues have

shown that certain coumarins derived from plants

inhibit growth of E. coli O157:H7 [43].

E. coli O157:H7 was isolated from very few calves

immediately prior to weaning, however, once the

calves were weaned, increased faecal shedding of the

organism was again observed. Weaned beef and dairy

calves have been reported to have a higher prevalence

of infection than unweaned calves [22, 25, 44].

Cobbold and Desmarchelier [44] reported a high

prevalence of faecal shedding of E. coli O157:H7 on

a dairy farms where weaned dairy calves were in

contact with the rest of the herd. Beef calves are

weaned and reared in very large groups which provide

an excellent opportunity for them to be exposed to a

variety of pathogens. While isolation of weaned beef

calves may decrease the risk of spreading E. coli

O157:H7 to other calves in feedlots, it is unlikely that

this strategy would be widely adopted by industry

because of the costs involved in implementing this

control measure.

While it is possible that the organism was acquired

from sources in pens, it is also likely that certain of

these calves act as carriers of E. coli O157:H7 and

only excrete the pathogen in their faeces under certain

physiological conditions. Long-term faecal shedding

of this pathogen by certain cattle within herds has

been noted in several studies [21, 34, 45]. These

‘carrier ’ animals are likely to act as an important

source of infection for others in the group. It would be

helpful to more precisely define the factors which

trigger faecal excretion of the organism by these cattle

and contribute to long-term carriage of this pathogen

in the intestine. Changes in livestock density, social

stress, feed and withdrawal of milk may all play a role

in the increase in post-weaning faecal shedding of the

organism.
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A greater number of dams less than 5 years

compared with dams greater than 5 years of age shed

the organism in their faeces following parturition.

Mechie and colleagues [34] also noted a decrease in

shedding of the organism in dairy cattle with

increasing age, and in several other studies, young

cattle shed the organism more frequently and for

longer periods of time than older cattle [15, 19, 45–47].

It is tempting to suggest that this age-related difference

in faecal shedding of the organism is related to the

maturity of the intestinal immune response of these

animals. However, other explanations have also been

advanced, including changes in the anatomy and

physiology and the microflora of the digestive tract

with age and changes in feeding regimes for older

animals. In this study, the feeding regimes for the

cattle were the same regardless of age. Further study

is required to define age-related changes in the

gastrointestinal tract that influence faecal shedding of

E. coli O157:H7 by cattle.

The PFGE typing data suggest that three distinct

types of E. coli O157:H7 predominated in cows in

1996 (type 1e), cows and calves in the spring of 1997

(type 1) and weaned calves in the fall of 1997 and cows

in the spring of 1998 (type 1c). A greater variety of E.

coli O157:H7 types would be expected if faecal

shedding were to spontaneously occur in several

animals at the same time. The data, therefore, suggest

a common source of the organism such as a

contaminated feed or water or an individual carrier

animal such as described above. Other groups of

workers have also noted the predominance of single

PFGE types in specific dairy herds [21, 46, 48].

While these E. coli O157:H7 PFGE types predo-

minated in the faeces of cows and calves at specific

times, variants of these main types were also occa-

sionally encountered (1f, 1k and 1l in 1996, 1a, 1b and

1d in 1997 and 1 m in 1998). Presumably this reflects

genetic variability in the E. coli O157:H7 population

and it is possible that this pool of new types provides

a means for the emergence of a new dominant clone.

The preponderance of E. coli O157:H7 type 1c among

weaned calves, appears to reflect a group shift in the

PFGE type shed, particularly since 5 of 6 of the calves

with type 1c at weaning shed type 1 shortly after birth.

This group shift not only suggests a point source but

also that selective pressures exist to bring about an E.

coli O157:H7 type shift. Clonal turnover or shift in E.

coli O157:H7 type has been noted in individual

humans and cattle that shed the organism for long

periods of time [49–51]. Changes in the preponderance

of a particular E. coli O157:H7 type within groups of

cattle over time have also been previously noted [21].

In summary, the results of this study indicate that

post-partum shedding of E. coli O157:H7 and cow-

calf or calf-calf transmission under confined condi-

tions in the post-partum period are potentially

important factors in initial infection of beef calves.

Control of infection at this early point in the

production cycle could reduce the rate of infection of

calves and later dissemination of the organism at

weaning. Further study is required to determine if the

dynamics of E. coli O157:H7 infection of cows and

calves in this single beef cattle herd in Alberta are

generally applicable.
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