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Abstract
Background: In Sweden, a particular subtype of verocytotoxin-producing Escherichia coli (VTEC)
O157:H7, originally defined as being of phage type 4, and carrying two vtx2 genes, has been found
to cause the majority of reported human infections during the past 15 years, including both
sporadic cases and outbreaks. One plausible explanation for this could be that this particular
subtype is better adapted to colonise cattle, and thereby may be excreted in greater concentrations
and for longer periods than other VTEC O157:H7 subtypes.

Methods: In an experimental study, 4 calves were inoculated with 109 colony forming units (cfu)
of strain CCUG 53931, representative of the subtype VTEC O157:H7 (PT4;vtx2;vtx2c). Two un-
inoculated calves were co-housed with the inoculated calves. Initially, the VTEC O157:H7 strain
had been isolated from a dairy herd with naturally occurring infection and the farm had previously
also been linked to human infection with the same strain. Faecal samples were collected over up
to a 2-month period and analysed for VTEC O157 by immuno-magnetic separation (IMS), and IMS
positive samples were further analysed by direct plating to elucidate the shedding pattern. Samples
were also collected from the pharynx.

Results: All inoculated calves proved culture-positive in faeces within 24 hours after inoculation
and the un-inoculated calves similarly on days 1 and 3 post-inoculation. One calf was persistently
culture-positive for 43 days; in the remainder, the VTEC O157:H7 count in faeces decreased over
the first 2 weeks. All pharyngeal samples were culture-negative for VTEC O157:H7.

Conclusion: This study contributes with information concerning the dynamics of a specific
subtype of VTEC O157:H7 colonisation in dairy calves. This subtype, VTEC O157:H7
(PT4;vtx2;vtx2c), is frequently isolated from Swedish cattle and has also been found to cause the
majority of reported human infections in Sweden during the past 15 years. In most calves,
inoculated with a representative strain of this specific subtype, the numbers of shed bacteria
declined over the first two weeks. One calf could possibly be classified as a high-shedder, excreting
high levels of the bacterium for a prolonged period.
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Background
Cattle are regarded as the main reservoir of verocytotoxin-
producing Escherichia coli (VTEC) O157:H7 [1-3], and
play a significant role as a source of human VTEC infec-
tions [4-7]. The number of reported domestic human
cases of VTEC O157:H7 infection in Sweden between
2000 and 2008 ranged from 28 to 134 annually, the inci-
dence being highest in the southwestern part of the coun-
try (personal communication, Sofie Ivarsson, Swedish
Institute of Infectious Disease Control (SMI)). Among the
human cases of VTEC O157:H7 reported to the SMI, a par-
ticular subtype of VTEC O157:H7 has predominated for at
least 15 years [8,9]. This particular subtype, that originally
was defined as being of phage type (PT) 4, with a particu-
lar RFLP pattern of the vt-phage, and carrying the vtx2 and
vtx2c genes [8] hereafter designated VTEC O157:H7
(PT4;vtx2;vtx2c).

More than 2/3 of the VTEC O157:H7 isolates from
domestic cases during 2001- 2007 belonged to VTEC
O157:H7 (PT4;vtx2;vtx2c) (personal communication, Sven
Löfdahl, SMI). It has also been the causative agent in two
large food-borne outbreaks in Sweden; one outbreak in
2003 due to cold fermented sausages including 30
reported cases [10] and one outbreak in 2005 where 135
cases, including 11 HUS patients, were culture positive for
VTEC O157:H7 after consumption of fresh lettuce [11].

Studies in Sweden have shown that the prevalence of
VTEC O157:H7 in faecal samples collected from cattle at
slaughter is 3.4% [12] and that, similar to the human inci-
dence, the prevalence in cattle is highest in southwestern
Sweden [13,14]. Furthermore, it has been established that
high cattle density is a risk factor for human VTEC
O157:H7 infection [14]. Generally, calves have a higher
prevalence of VTEC O157:H7 colonisation, excrete the
agent at greater concentrations than adult cattle [15,16]
and the shedding declines with increasing age [12,17].

Several experimental studies have found that the faecal
shedding of VTEC O157:H7 varies in magnitude and
duration among individual animals [15,18-21]. It has
been suggested that persistence of infection within a cattle
herd may require the presence of one or several animals
that shed large numbers of the bacterium over an
extended period of time, and that identification and isola-
tion of these animals is necessary to prevent and control
VTEC O157:H7 at farm level [22]. Such animals would
also pose a high risk of direct and foodborne transmission
of the infection from animals to man. A suggested defini-
tion for high-shedding is a count of at least 103 colony-
forming units (cfu) per gram of faeces, persisting for at
least 2 weeks [22]. It has earlier been reported findings of
VTEC O157:H7 from the pharynx in cattle [23]. However,
in another study [24] VTEC O157:H7 was not isolated

from the oral cavity. In view of those contrasting findings
it would be interesting to investigate the occurrence of the
bacterium in the oral cavity in cattle further.

Currently, there is an ongoing discussion in Sweden about
how to prevent the spread of VTEC O157:H7, for example
by a control programme that will lower risk of transmis-
sion by restricting animal trade from "high-risk farms"
(VTEC O157:H7 detected in environmental samples) to "
low-risk farms" (VTEC O157:H7 not detected in environ-
mental samples). Therefore, knowledge about the magni-
tude and duration of shedding of the specific subtype
VTEC O157:H7 (PT4;vtx2;vtx2c) and whether it is similar
to that reported for other VTEC O157 in other studies, is
of importance. The aim of this study was to investigate the
magnitude and duration of faecal excretion in calves
experimentally infected with VTEC
O157:H7(PT4;vtx2;vtx2c) and of transmission of the bacte-
rium between calves.

Methods
Experimental animals
Seven preweaned castrated bull calves of the Swedish red-
and-white breed, aged between 6 and 9 weeks, were
obtained from a conventional dairy farm belonging to the
Swedish University of Agricultural Sciences, Uppsala,
Sweden. All calves were deemed healthy by clinical exam-
ination and haematological analyses (haemoglobin level,
white blood cell count and differential leukocyte count;
data not shown). Furthermore, faecal samples were tested,
with negative results, for coronavirus and rotavirus (21
and 13 days pre inoculation), Cryptosporidium sp. (13 days
pre inoculation), Salmonella spp. (5 days pre inoculation)
and three times for VTEC O157:H7 (13, 7 and 1 days pre
inoculation). To assess health status during the experi-
ment, general condition and rectal temperature were
monitored daily, and body weight once a week. The ani-
mals were fed on concentrate appropriate to their age and
breed, and had free access to hay as well as water of drink-
ing quality through water nipples. Ethical approval was
obtained from the Ethical Reviews Committee (Uppsala,
Sweden).

Experimental design and housing facilities
The study was performed during a 2-month period and
throughout the experiment the calves were housed in a
bio-containment level 3 facility at the National Veterinary
Institute, Uppsala, Sweden. They were randomly assigned
to three groups, housed under loose conditions in three
separate stalls, and were given identification numbers I-
VII; calves I, II, III in stall A, calves IV, V, VI in stall B and
calf VII in stall C as a negative control. Transmission of
bacteria via water, feed, manure, ventilation, tools or
instruments between the stalls was impossible, and per-
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sonnel changed boots and protective clothing between
stalls.

Before the experiment started the calves were acclimatised
to the isolation facility over a 10-day period. Each stall
had a floor area of 12 m2, individual floor drain and sep-
arate ventilation system. The bedding material was saw-
dust. The stalls were cleaned twice a day, in the morning
by removing all sawdust and faeces from the floor, and
hosing the floor and walls with warm water; in the after-
noon only faeces and wet spots were removed from the
floor.

Of the calves, 2 from each stall were randomly assigned
(calves II and III in stall A and calves IV and V in stall B)
to be inoculated with 109 cfu of VTEC O157:H7. On day
42 pi, calf V was re-inoculated and calf VI was inoculated
for the first time, both with 109 cfu of the same strain.
Calves were euthanized on day 14 pi (calves III and IV),
day 48 pi (calf VII), day 49 pi (calves I and II) and on day
55 pi (calves V and VI).

Bacterial strain
The VTEC O157:H7 isolate used in this experiment was
obtained in 1999 from faeces of a 10-month-old calf on a
conventional Swedish dairy farm. The farm was impli-
cated in a human VTEC O157:H7 infection in 1997. Gen-
otyping with Pulsed-Field Gel Electrophoresis (PFGE), as
described by Gautom [25] showed that the strain, present
over time in faecal samples from calves on the farm,
belonged to the genetic cluster of VTEC O157:H7
(PT4;vtx2;vtx2c) that has predominated in human infec-
tions in Sweden, as described above. The strain has been
deposited in the Culture Collection of Gothenburg Uni-
versity (Göteborg, Sweden) and been assigned accession
number CCUG 53931.

Inoculation of animals
To prepare the inocula, the strain CCUG 53931 was culti-
vated at 37°C for 18 hours in nutrient broth (Oxoid, Bas-
ingstoke, England) supplemented with 10% bovine
serum. The concentration of VTEC O157:H7 in the enrich-
ment broth was tested to be 1 × 109 cfu/ml by serial dilu-
tion and plating. Four inocula were prepared by
transferring 1.0 ml of the broth to 25 ml 0.1% peptone
water (Oxoid) and immediately administered to the
calves by peroral gastric intubation.

Sampling
Faecal samples were collected every second day the first 2
weeks after inoculation, followed by sampling twice a
week for the remainder of the experiment. Also, samples
from the pharynx were collected once a week. Faecal sam-
ples were collected by digital rectal retrieval and pharyn-
geal samples by using a sterile cotton-tip swab

(Transystem, Amies with charcoal, Copan Italia, Brescia,
Italy). All samples were collected in the afternoon and
stored in refrigerated state. The analyses were started
within 24 h of sampling.

Isolation and typing of VTEC O157
VTEC O157:H7 was isolated from faeces by immunomag-
netic separation (IMS) on 10 g faeces, as described else-
where [13]. Isolation of VTEC O157:H7 from swab
samples was effected by pre-enriching each swab in 5 ml
pre-warmed (37°C) BPW for 6-8 h at 37°C. Isolates were
confirmed by PCR for the presence of verocytotoxin 2,
intimin, enterohaemorrhagic E. coli-hemolysin genes, as
described by Paton and Paton [26] and the flagellar anti-
gen H7 gene according to Gannon et al [27]. PFGE was
carried out on altogether 28 isolates. Samples for PFGE
analyses from the calves in stall A were taken on days 3, 9,
19, 33 and 47 pi. The first two samplings included all
calves, and the three latter, calves II and III. From stall B,
samples subjected to PFGE were sampled on days 3 and 9
pi (all calves) and on days 2, 4, 6 and 8 pi re-infection
(calves V and VI).

Quantitative analysis
The quantitative analysis was initiated within 24 h of sam-
pling on samples culture-positive on IMS. Enumeration of
E. coli O157-positive faecal samples was performed by
serially diluting 10 g faeces in 0.1% peptone water. Dupli-
cate aliquots of 0.1 ml from different dilutions, selected
according to the results of the previous count, were plated
onto CHROMagar O157 plates (CHROMagar, Paris,
France) supplemented with potassium tellurite (1.25 mg/
ml), hereafter called ChromO157, and incubated at 37°C
for 21-24 h. Numbers of presumptive E. coli O157 colo-
nies were recorded and five such colonies from each sam-
ple were confirmed by latex agglutination with O157
antiserum. The detection limit by this method was esti-
mated to 1 × 102 cfu/g faeces (data not shown). Results
from samples deemed culture-positive by IMS, but nega-
tive by the quantitative analysis, were considered positive
by IMS, while samples culture negative by IMS were
deemed negative.

Results
Experimental animals
All calves remained healthy throughout the study period
and maintained a normal appetite, normal rectal temper-
ature, were alert and responsive, and had a normal growth
curve (data not shown).

Isolation of VTEC O157:H7 in faeces
All 4 inoculated calves were culture positive for VTEC
O157:H7 strain CCUG 53931 in faeces within 30 h pi,
rates ranging from 7.7 × 103 to 6.3 × 105 cfu/g faeces (Fig.
1). Maximum shedding ranged from 1.3 × 105 to 8.4 × 106
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Time course of faecal excretion of VTEC O157:H7, strain CCUG 53931, in experimentally inoculated calvesFigure 1
Time course of faecal excretion of VTEC O157:H7, strain CCUG 53931, in experimentally inoculated calves. 
Excretion is shown for calves I, II and III in stall A (upper panel) and for calves IV, V and VI in stall B (lower panel). Calf I was left 
un-inoculated. Calf VI was inoculated for the first time on day 42. On that same day, calf V was re-inoculated. Samples negative 
on counting but culture-positive on IMS are denoted as IMS positive (grey bar), while samples culture-negative on IMS are 
denoted as IMS negative. The calves were euthanised after the last shown result of sampling.
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cfu/g for the different calves, taking place between day 1
and day 7 pi. The numbers of VTEC O157:H7 shed in fae-
ces decreased over the first 15 days pi. Calf II was culture-
positive in faeces for 43 days (16 consecutive samplings).
The 2 un-inoculated calves, I and VI, turned culture-posi-
tive on days 3 and 1 pi, respectively.

On day 42 pi, when the 2 remaining calves in stall B (V
and VI) had been culture-negative for 8 and 10 consecu-
tive samplings respectively, they were inoculated with 109

cfu of the same VTEC O157:H7 strain. Both calves were
culture-positive the next day (43 pi). The shedding rate
decreased quickly and on day 54 pi (day 12 after second
inoculation) both calves were negative. Calf VII, the con-
trol calf kept in stall C, was negative on all sampling occa-
sions.

Isolation of VTEC O157:H7 in pharyngeal samples
Altogether 30 swab samples from pharynx were analysed
for VTEC O157:H7 and all were negative.

PFGE typing of isolates
Altogether 28 isolates from the experimentally infected
calves were subjected to PFGE. Of these 28 isolates, 26
had pulsotypes identical to the inoculum strain (CCUG
53931). For two isolates, from faecal samples of calf V and
calf VI on day 5 after the second inoculation, a slightly dif-
ferent pulsotype was observed (Fig. 2).

Discussion
In this experimental study, the shedding pattern of a spe-
cific strain of VTEC O157:H7 in cattle was investigated.
The strain was chosen as a representative of the VTEC
O157:H7 (PT4;vtx2;vtx2c) subtype, and was isolated from
cattle on a farm previously linked to direct transmission of
infection to man. This particular subtype of VTEC
O157:H7 is prevalent among cattle in Sweden [12] and
predominates among the human cases reported to the
SMI [8]. There have been two larger human outbreaks of
VTEC O157:H7 in Sweden, both caused by this subtype of
VTEC O157:H7 [10,11].

In the present study the shedding patterns following
experimental infection in different calves were very simi-
lar, and for most of the calves shedding ceased within two
weeks. Previous experimental and field studies have
shown large variations in the magnitude and duration of
VTEC O157:H7-shedding in beef and dairy cattle. How-
ever, in most studies the same pattern is observed; after an
intial period of shedding in high levels there is a decline
towards lower levels whitin 2-3 weeks, except for a small
subset of animals where shedding may persist at high lev-
els for longer periods [15,20,28,29]. One of the experi-
mentally infected calves shed the bacterium for 43 days.
For practical reasons, a high-shedding animal has been

defined as excreting enough bacteria to be detected by
direct plating, i.e. between 103 and 104 cfu/g faeces [30].
With this definition, the long-term shedder in the study
would qualify as a high-shedder. It has previously been
observed that calves colonised by direct contact transmis-
sion from calf to calf excrete E. coli O157:H7 at levels rang-
ing from <30 to 106 cfu/g for up to 6 weeks [19]. This was
supported in the present study, where both of the non-
inoculated calves began faecal excretion after a few days.
One of these calves shed bacteria in similarly high num-
bers and for a similarly long period as the inoculated
calves.

At a point when no positive samples had been obtained
from Stall B for three weeks, Calf V was re-inoculated with
an equally high dose of CCUG 53931 as used in the first
inoculation. Calf VI in the same stall, which had been nat-
urally infected and had shed intermittently at low levels,
was also challenged with the same infectious dose. After

Macrorestriction profiles following XbaI cleavage and Pulsed-field gel electrophoresisFigure 2
Macrorestriction profiles following XbaI cleavage and 
Pulsed-field gel electrophoresis. Macrorestriction pro-
files following XbaI cleavage and Pulsed-field gel electro-
phoresis of calf isolates of VTEC O157:H7. Two distinct 
pulsotypes are seen. R represents size standards lambda lad-
der; New England Biolabs. Pulsotype 1: lanes 1-2 and 5-9; 
Pulsotype 2: lanes 3-4.
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challenge, Calf V shed the bacterium for a similar period
as after the first inoculation; approximately 11 days. How-
ever, after the first inoculation the shedding persisted at
levels of approximately 105 cfu/g for 7 days (even with a
small initial upturn) whereas after re-inoculation the
numbers shed declined more rapidly and within 3 days
reached levels of approximately 104 cfu/g. Thus, there is
some indication that the total number of bacteria shed
after re-infection was reduced compared to the first chal-
lenge. This is consistent with results obtained by Naylor et
al [28] who demonstrated that re-infection of calves with
a homologous strain led to a humoral response that could
reduce the number of bacteria shed. On the other hand,
after the high challenge dose, calf VI exhibited no shed-
ding pattern indicative of any protective immunity. We
therefore speculate that the first exposure, which led to the
natural infection with intermittent low-level shedding
from calf VI, only induced a transient colonisation that
was insufficient to produce a protective immunity.

In this study the bacterium was administered orally. It has
been suggested that the recto-anal junction mucosa (RAJ)
is the site of E. coli O157:H7 colonisation in cattle [31]
and that rectal administration of a high dose E. coli
O157:H7 in cattle more effectively produces an experi-
mental colonisation than does oral administration [32].
All calves in this experiment shed the bacterium following
oral administration in numbers indicative of prolifera-
tion. It is difficult to determine if this is equivalent with
colonisation. However, the shedding pattern observed in
calf II indicates that this calf was successfully colonised.

Occasionally, a positive faecal sample was obtained from
a previously culture-negative animal. This might have
been because the calf excreted bacterial numbers below
the detection limit of the IMS method, which was calcu-
lated to approx. 1 cfu/g faeces under these experimental
conditions (unpublished data). It could also have been
caused by intermittent excretion or to spontaneous re-
infection by direct contact transmission from the other
calves or the environment.

There were no findings of VTEC O157:H7 in samples
from the pharynx, thus corroborating another study [24]
where E. coli O157:H7 was not isolated from the oral cav-
ity. In view of the findings in the present study, i.e. that
some animals at the same time were faecal culture-posi-
tive, the inoculation dose was high and the environment
was contaminated with VTEC O157:H7, one would
expect to find VTEC O157:H7 in the pharynx. However, if
shedding is intermittent, presence in the oral cavity may
also be intermittent. In contrast to the present study, Keen
and Elder reported that E. coli O157 was detected in more
than 70% of samples collected from the oral cavity of beef

cattle in one feedlot [23], but results from feedlot cattle
may not be readily applicable to Swedish dairy calves.

A method for enumerating VTEC O157:H7 was developed
by direct plating of dilutions of faeces on ChromO157
plates supplemented with potassium tellurite. VTEC
O157:H7 was recovered in satisfactory numbers and the
background flora was suppressed so that the VTEC
O157:H7 colonies became prominent and showed a dis-
tinct morphological pattern with pink colour that could
readily be recognized and counted on the agar plate. A
very close correlation between VTEC O157:H7 and the
formation of pink-coloured colonies on ChromO157
plates has been described earlier [33]. Direct plating on
Sorbitol McConkey agar plates supplemented with cefix-
ime and potassium tellurite (CT-SMAC) is a common
method for counting E. coli O157:H7 in experimental
studies [29,34,35]. In the present study however, CT-
SMAC was found to restrain the growth of the strain sub-
stantially and was rejected for that reason (unpublished
data). The method described here has only been evaluated
for the particular bacterial strain used in this study, and
with calves from one single farm. A general method for
counting VTEC O157:H7 in cattle faeces by direct plating
on ChromO157 plates, would be interesting to investigate
further.

PFGE was performed on selected isolates throughout the
experiment, to ascertain that the excreted bacteria ema-
nated from the inoculated strain (CCUG 53931). Twen-
tysix out of 28 of the isolates subjected to analysis
exhibited the same pulsotype as the inoculum. One possi-
ble explanation for finding slightly differing PFGE profiles
in two isolates, from 2 calves on day 5 pi of the re-inocu-
lation, is that the original bacterial strain may have
changed during passage through the GI tract of one of the
calves. There are reports of clonal turnover of VTEC
O157:H7 colonising cattle [36,37]. The finding that both
calves in stall B harboured the differing pulsotypes could
be due to contact transmission from one calf to the other.
Interestingly, when VTEC O157:H7 (PT4;vtx2;vtx2c) is iso-
lated from Swedish human cases a predominant pulso-
type is found, but many closely related subtypes to this
pulsotype have also been demonstrated [8]. Possibly,
these different subtypes arise due to clonal turnover
within the GI tract of colonised cattle. Likewise, the clonal
turnover may also take place in the human GI tract.

Conclusion
This study contributes with information concerning the
dynamics of a specific subtype of VTEC O157:H7 coloni-
sation in dairy calves. This subtype, VTEC O157:H7
(PT4;vtx2;vtx2c), is frequently isolated from Swedish cattle
and has also been found to cause the majority of reported
human infections in Sweden during the past 15 years. In
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most calves, inoculated with a representative strain of this
specific subtype, the numbers of shed bacteria declined
over the first two weeks. One calf could possibly be classi-
fied as a high-shedder, excreting high levels of the bacte-
rium for a prolonged period.

The overall results agree with other experimental infection
studies in cattle. Thus, this VTEC O157:H7 subtype prob-
ably does not exhibit any differences in shedding pattern,
neither in number of bacteria shed, nor in duration of
shedding, compared to other VTEC O157:H7 described in
the literature. Further investigations are needed to estab-
lish if this particular subtype harbours certain traits that
distinguish it from other VTEC O157:H7 strains.
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