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A B S T R A C T

Worldwide infections by Shiga toxin-producing Escherichia coli (STEC) in humans have been reported after
consumption of mainly beef, but also deer meat. Not only the consumption of contaminated deer meat represents
a risk, but also the transmission of STEC between deer and domestic animals should be considered. Within the
framework of a telemetry study of roe deer (Capreolus capreolus) the aim was to analyse the occurrence of STEC.
Due to the chance to sample some animals several times it was possible to obtain data on the repeated shedding
of STEC in roe deer. In total 124 faeces or rectal swabs of 77 live trapped roe deer were collected. The isolates
obtained were characterized for stx subtypes, different virulence genes, the so-called top-five serogroups, phy-
logenetic groups, PFGE-types and antimicrobial susceptibilities.

The majority of roe deer were stx-positive whenever sampled. Twenty-eight animals were sampled more than
once and were used to examine the duration of shedding STEC. The time interval of 6 persistently stx-negative
tested animals was between 6 and 440d (median 49d, interquartile range (IQR) 17-258d). Ten animals excreted
undistinguishable STEC strains in intervals between 4 and 778d (median 42d, IQR 22-79d).

Most of the isolates were stx2b-positive, eae-negative and frequently ehlyA-positive. None of the isolates
belonged to serogroup O26, O103, O111, O145 and O157, respectively. All isolates were sensitive to the anti-
microbial substances tested. Although the duration of each shedding event could not be determined the results
indicate long-term excretion of STEC in roe deer. This is an important consideration for the observance of good
hygiene practice while field dressing of deer and preparing deer meat.

1. Introduction

Shiga toxin-producing Escherichia coli (STEC) are among the re-
levant foodborne diseases with zoonotic potential. In 2017, 6073
people became infected by STEC in the EU (EFSA and ECDC, 2018).
Humans suffering from an STEC infection can show symptoms ranging
from mild diarrhoea to haemolytic-uremic syndrome (HUS). The
human pathogenicity of STEC depends, among other parameters, on the
toxin type, virulence genes and the serotype. Shiga toxin genes are
subdivided into stx1a, stx1c, stx1d and stx2a-stx2 g (Scheutz et al.,
2012). Patients with HUS are frequently tested positive for STEC with
stx2a and stx2d (Scheutz et al., 2012). Important virulence genes are eae
and e-hlyA, which are often isolated in STEC strains from patients suf-
fering from haemorrhagic colitis (HC) or HUS (Beutin and Fach, 2014).
The STEC-autoagglutinating-adhesin gene (saa) exists more probable in
eae-negative STEC strains (Ferdous et al., 2016). Although several STEC

serogroups were detected in patients, the so-called top-five STEC ser-
ogroups, which are often linked to human diseases, were O26, O103,
O111, O145 and O157 (EFSA and ECDC, 2018).

Escherichia (E.) coli can be divided into 8 phylogenetic groups (A,
B1, B2, C, D, E, F, cryptic clade I) providing an indication of the pa-
thogenicity of the strains. E. coli causing extra-intestinal diseases are
mostly belonging to the phylogenetic groups B2 and D (Clermont et al.,
2000, 2013). STEC from calves were mostly part of group B1 but also
other groups were described (A, B2, C, E, unknown) (Coura et al.,
2017).

The transmission of STEC strains is possible through direct contact
between humans, between animals or between animals and humans,
but occurs primarily through consumption of contaminated food pro-
ducts (Henderson, 2008; Beutin and Fach, 2014). Ruminants, especially
cattle, are the main reservoir of this pathogen (Lim et al., 2010). The
average duration of shedding of serotype O157:H7 of cattle is about 30
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days, with variable time frames of a few days to a whole year
(Henderson, 2008). Similar time intervals are described for children
with diseases caused by O157 and other serogroups as well (Dabke
et al., 2014; Matussek et al., 2015).

Some studies have dealt with the occurrence of STEC in wild ru-
minants in Europe (Kemper et al., 2006; Lehmann et al., 2006; Sánchez
et al., 2009; Bardiau et al., 2010; Eggert et al., 2012; Mora et al., 2012;
Obwegeser et al., 2012; Laaksonen et al., 2017). However, none of these
studies paid attention to the duration of shedding STEC. Fischer et al.
(2001) were able to examine the duration of shedding for serotype
O157:H7 at inoculated white-tailed deer (Odocoileus virginus) in
Georgia, USA, over a period of 26 days. Singh et al. (2015) observed the
shedding of STEC in 12 white-tailed deer over a period of 3 month
during a transmission study of STEC between cattle and white-tailed
deer in Michigan, USA. To the best of our knowledge no further studies,
neither on inoculated nor on naturally colonized deer, exist.

Therefore the samples available for this study provided the oppor-
tunity to get first data on the repeated shedding of STEC in healthy wild
roe deer. Additionally, obtained isolates were characterized for stx
subtypes, different virulence genes, so-called top-five serogroups, phy-
logenetic groups and PFGE-types. Although antimicrobial treatment of
STEC infections is commonly not recommend, the incidence of resistant
STEC with varying prevalence has been reported (Mora et al., 2005).
For this reason, the antimicrobial sensibility of STEC isolates from deer
to 14 different antimicrobial effective substances was tested.

2. Methods

2.1. Samples

Within the framework of a telemetry study of roe deer (Ciuti, 2018),
124 samples of faeces and rectal swabs of live roe deer were collected in
the Bavarian Forest National Park and adjacent shoot territories. A
description of the research area and the wildlife management is avail-
able in Möst et al. (2015). The wild living roe deer was lured into live
catch traps for single animals by feeding. Which animal or the number
of times an animal was captured could not be influenced.

The first 23 faeces samples were taken in February, March and
August 2010 from the ground of a live catch trap for single animals.
From November 2010 until March 2011, 46 rectal swabs, from
November 2011 until March 2012, 47 rectal swabs and from January
until March 2013, 8 rectal swabs were taken from the trapped animals.

Due to organisational reasons the faeces samples from the first
period have been frozen at - 20 °C, while the swabs were placed in 10ml
buffered peptone water (3M™ Swab-Sampler with Buffered Peptone
Water Broth; 3M, Neuss, Germany) and refrigerated until analysis.

2.2. Detection of the stx genes

The faeces samples (1 g) were enriched in 90ml buffered peptone
water (BPW; Merck, Darmstadt, Germany) for 20 h at 37 °C. The rectal
swabs with buffered peptone water were enriched for 20 h at 37 °C.
Prior to incubation one loop of the enrichment broth was directly
streaked onto sorbitol-MacConkey agar plate (SMAC; Merck) and in-
cubated for 24 h at 41.5 °C. After overnight enrichment, DNA extraction
was performed directly from 100 μl of rectal swab broth with
InstaGene™Matrix (Bio-Rad, Munich, Germany) according to the man-
ufacturer’s protocol. For the faecal sample analysis one loop of the
overnight enrichment was streaked onto SMAC agar plate and in-
cubated for 24 h at 41.5 °C. Afterwards the DNA was extracted from the
first streaking area of each of these SMAC agar plate. Therefore, the
material was suspended in 100 μl molecular biology grade water and
the DNA was extracted by heating (99 °C, 10min). After centrifugation,
the supernatant was used as DNA template.

The multiplex real-time PCR for the detection of stx1 and stx2 with
an inhibition control was carried out in 20 μl volumes containing 10 μl

SsoFast™EvaGreen® Supermix (BioRad, Munich, Germany), 200 nM of
each primer pair (stx1 forward+ reverse, stx2 forward+ reverse
(Sharma and Dean-Nystrom, 2003), IPC fw+ re (Messelhäusser et al.,
2007)), 1 μl pUC19 (1 fg/μl) and 1 μl of the DNA template. All real-time
PCRs were performed in a CFX Cycler (Bio-Rad). Thermal cycling
consisted of denaturation (98 °C for 5 s), annealing and extension (58 °C
for 15 s), performed in 40 cycle steps. Melting curve analysis ranged
from 65 °C to 95 °C with 0.5 °C intervals.

2.3. Isolation of STEC

The corresponding rectal swabs enrichment cultures of stx-positive
samples were diluted 1:1 000 000 and faecal enrichment cultures of stx-
positive samples were diluted 1:100 000. A total of 100 μl of the dilu-
tion was plated onto SMAC agar and incubated for 24 h at 41.5 °C. From
each directly streaked out agar plate and after overnight enrichment
and dilution plated agar plate, 2–10 colonies (sorbitol-positive and
-negative) were randomly chosen and analysed for stx1 and stx2 by
multiplex real-time PCR. The PCR assays were carried out in 20 μl vo-
lumes containing 10 μl SsoFast™EvaGreen® Supermix, 200 nM of each
primer pair (stx1 forward+ reverse, stx2 forward+ reverse (Sharma
and Dean-Nystrom, 2003)), 5 μl molecular biology grade water and 1 μl
of the DNA template. Thermal cycling was performed like described
above with an annealing and extension of 56 °C for 15 s. Colonies which
were stx-positive were further subcultured.

Stx-positive isolates were confirmed as E. coli by API® 20E
(bioMérieux, Nürtingen, Germany). Pure cultures were investigated for
stx1a, stx1c, stx1d, stx2a, eae, e-hlyA and saa by real-time and for stx2b,
stx2c, stx2d by conventional PCR. The real-time PCR assays were car-
ried out in 20 μl volumes containing 10 μl SsoFast™EvaGreen®
Supermix, 200 nM of the respective primer pair (stx1a-F1+R2, stx1c-
F1+R1, stx1d-F1+R2, stx2a-F2+R2+R3 (Scheutz et al., 2012), eae-
F2+R, ehec-F+R, Saa-F+R (Nielsen and Andersen, 2003)), 7 μl
(stx2a: 3 μl) molecular biology grade water and 1 μl of the DNA tem-
plate. Thermal cycling consisted of denaturation (98 °C for 10 s (eae, e-
hlyA and saa: 5 s)), annealing and extension (66 °C for 40 s (eae, e-hlyA
and saa: 56 °C for 15 s)), performed in 40 cycle steps. Melting curve
analysis ranged from 65 °C to 95 °C with 0.5 °C intervals. The conven-
tional PCR assays were carried out in 25 μl volumes containing 0,25 μl
Go Taq® G2 Flexi DNA Polymerase (Promega, Mannheim, Germany),
200 nM of the respective primer pair (stx2b-F1+R1, stx2c-F1+R2,
stx2d-F1+R1+R2 (Scheutz et al., 2012)), 2,5 μl dNTP´s (2mM, Pro-
mega), 2 μl MgCl2 (25 nM, Promega), 5 μl Green Go Taq® Flexi Buffer
and 1 μl of template from pure stx-positive cultures. The PCR was
performed in an iCycler (Bio-Rad). Thermal cycling consisted of dena-
turation (95 °C for 30 s (stx 2b: 15 s)), annealing and extension (60 °C
for 30 s (stx 2b: 15 s) and 72 °C for 30 s (stx 2b:10 s)), performed in 35
(stx 2b: 30) cycle steps. Agarose Gel was 1% (stx 2b: 2%).

2.4. Serotyping

The analysis of the isolates for the serogroups O26, O103, O111,
O145 and O157 was performed using real-time PCR assays in 20 μl
volumes containing 10 μl SsoFast™EvaGreen® Supermix, 200 nM of the
respective primer pair (wzx (O26) f+ r, wzx (O103) f+ r, wbdI (O111)
f+ r, ihp1 (O145) f+ r, rfbE (O157) f+ r (European Food Safety
Authority (EFSA, 2009)), 7 μl molecular biology grade water and 1 μl of
template from pure stx-positive cultures. The PCR was performed in a
CFX Cycler. Thermal cycling consisted of denaturation (98 °C for 5 s),
annealing and extension (59 °C for 20 s) in 40 cycle steps. Melting curve
analysis ranged from 65 °C to 95 °C with 0.5 °C intervals.

2.5. Antimicrobial susceptibility

The antimicrobial susceptibility testing of the isolates was per-
formed using commercial broth microdilution tests (CMV3AGNF
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Sensititre® (TREK Diagnostic Systems, East Grinstead, UK) or.
VetMIC™GN-mo (SVA, Uppsala, Sweden)). The Tests were used ac-
cording to the manufacturers’ protocol and evaluated as described be-
fore (Drees, 2012). The phenotypic sensitivity of following 14 anti-
microbial substances was examined: cefoxitin, azithromycin,
chloramphenicol, tetracycline, ceftriaxone, amoxicillin / clavulanic
acid 2:1 ratio, ciprofloxacin, gentamicin, nalidixic acid, ceftiofur, sul-
fisoxazole, trimethoprim / sulfamethoxazole, ampicillin and strepto-
mycin or. ampicillin, ciprofloxacin, nalidixic acid, gentamicin, tetra-
cycline, streptomycin, sulfamethoxazole, trimethoprim, florfenicol,
colistin, kanamycin, chloramphenicol, cefotaxim and ceftazidim.

2.6. Phylogenetic groups

To affiliate the isolates to the phylogenetic group as described by
Clermont et al. (2000) and Clermont et al. (2013), three real-time PCR
approaches were performed for chuA, yjaA, TSPE4.C2 and a conven-
tional PCR for arpA. The real-time PCR assays were carried out in 20 μl
volumes containing 10 μl SsoFast™EvaGreen® Supermix, 200 nM of the
respective primer pair (ChuA.1+ 2, YjaA.1+2, TspE4C2.1+ 2
(Clermont et al., 2000)), 7 μl molecular biology grade water and 1 μl of
template from pure stx-positive cultures. The PCR was performed in a
CFX Cycler. Thermal cycling consisted of denaturation (98 °C for 5 s),
annealing and extension (60 °C for 30 s), performed in 40 cycle steps.
Melting curve analysis ranged from 65 °C to 95 °C with 0.5 °C intervals.
The conventional PCR assays were carried out in 25 μl volumes con-
taining 0.25 μl Go Taq® G2 Flexi DNA Polymerase, 200 nM of the
primer pair AceK.f+ArpA1.r (Clermont et al., 2013), 2.5 μl dNTP´s
(2mM, Promega), 2 μl MgCl2 (25 nM, Promega), 5 μl Green Go Taq®
Flexi Buffer and 1 μl of template from pure stx-positive cultures. The
PCR was performed like described above.

2.7. PFGE

The PFGE Analysis was performed as previously described (Eggert
et al., 2012). The pulse time were ramped from 6.75 to 35.38 s over
21 h. The obtained data was analysed by BioNumerics Version 7.6.2
(Applied Maths, Sint-Martens-Latem, Belgium). Percentages of simi-
larity between fingerprints were determined using the band-based Dice
coefficient and a 5% band position tolerance. The Unweighted Pair
Group Method with Arithmetic mean (UPGMA) on a matrix resulting
from comparison of PFGE-XbaI patterns was used for generating a
dendrogram.

3. Results

3.1. Occurrence of STEC

In total, 124 samples were collected from 77 roe deer (Table 1).
From 49 of these 77 animals, only one sample could be examined,
because these animals got trapped only a single time. Out of the 28 roe
deer captured more than once, 17 animals were captured two times and
11 animals more than twice (7 animals three times, 2 animals four

times, 1 animal five times and 1 animal 7 times). In time intervals from
4 up to 778 days in total 75 samples were obtained (Table 2–4) for this
subgroup. Six of these animals (15 samples) remained stx-negative from
6 up to 440 days (Table 4). Sixteen animals were stx-positive in every
sample (intervals from 4 up to 778 days) (Table 2). Six animals were
tested both stx-positively and stx-negatively. In 5 cases the first sample
was stx-negative and the following samples were stx-positive and one of
these animals was stx-negative in the last sample again. In one case, an
animal (#69) was stx2-positve at first, became stx-negative in the
second sample and then stx1-positive for two times (Table 3).

3.2. Isolation of STEC

Out of the 16 persistently stx-positive tested animals, 67 isolates
could be obtained from 35 stx-positive samples. It was not possible to
gather an isolate out of four stx-positive samples (Table 1). Out of the
six animals with both stx-positive and stx-negative samples, 29 isolates
could be obtained from 13 stx-positive samples. It was not possible to
gather an isolate out of one stx-positive samples and seven samples
were stx-negative. All 96 isolates were sorbitol-positive.

3.3. Virulence gene profile

Seventy-seven isolates were positive for the stx2 gene and 19 of the
96 isolates were tested positive for stx1 gene (animals #69, 82, 124,
187) (Table 2, 3). One stx1-positive isolate could be further subtyped to
the two subtypes stx1a and stx1c (#82). The remaining 18 stx1-positive
isolates could be further subtyped to stx1c. Subtyping of the stx2-posi-
tive isolates resulted in the detection of three different subtypes: stx2b,
stx2c and stx2d. Of these, two isolates (#94) were stx2c- and stx2d-
positive, while stx2b was detectable in the remaining 75 stx2-positive
isolates. None of the isolates were tested positive for the subtypes stx1d
and stx2a. The virulence gene e-hlyA was present in 43 isolates (44.8%).
Saa was detected in six isolates (5.8%) from four animals (#69, 94, 124,
183). None of the isolates carried the virulence gene eae.

3.4. Analysis of the serogroup

None of the 96 isolates belongs to one of the analysed O-types (O26,
O103, O111, O145 and O157).

3.5. Antimicrobial susceptibility

All 96 isolates were sensitive in the examination of antimicrobial
susceptibilities.

3.6. Phylogenetic groups

All 96 isolates could be matched to the phylogenetic groups B1 or
B2 (Table 2, 3). All stx1c-positive isolates were member of the phylo-
genetic group B1.

Table 1
Overview about single and repeatedly sampled animals and the obtained isolates.

samples stx-positive samples STEC isolates

animals total stx-negative stx-positive without isolates with isolates total stx1-positive stx2-positive

total 77 124 34 90 13 77 143 21 122
single sampled 49 49 12 37 7 30 47 2 45
repeatedly sampled 28 75 22 53 5 48 96 19 77
persistently stx-negative sampled 6 15 15 0 – – – – –
persistently stx-positive sampled 16 39 0 39 4 35 67 8 59
stx-negatively and stx-positively sampled 6 21 7 14 1 13 29 11 18
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3.7. PFGE patterns

The 96 isolates yielded 31 different XbaI profiles. From the samples
of four deer (#82, 107, 120, 151) only one isolate was obtained. Each of
these isolates had PFGE-XbaI types which did not match with any other
isolate. Isolates obtained of ten animals (#66, 69, 94, 108, 158, 159,

163, 168, 183, 187) had undistinguishable isolate bands at various
times (Table 2, 4). Animal #69 first carried isolates of PFGE-XbaI type F
(stx2) and after a negative sample several isolates with PFGE-XbaI type
G or G1 (stx1) could be obtained. All stx1c positive isolates samples of
the deer #69, 124, 187 had the PFGE-XbaI type G, G1 or G2 with un-
distinguishable bands either with one or two different bands.

Table 2
Sample results of 16 persistently stx-positive tested roe deer.

(continued on next page)
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4. Discussion

This study tried to analyse the excretion time of STEC of randomly
sampled wild roe deer. Twenty-eight animals were sampled more than
one time and could, therefore, be used to give a first indication on the
duration of shedding. It was shown that 10 animals excreted probably
the same strain over a larger period of time (Table 4). These 10 stx-
positive animals were tested at irregular intervals between 4 and 778
days (median 42d, IQR 22-79d). The as well irregular time interval
between the six animals, which were always stx-negative, was between
6 and 440d (median 49d, IQR 17-258d).

Singh et al. (2015) studied STEC transmission between cattle and
free-ranging white-tailed deer, by collecting 85 deer faeces from 73

animals in March (all STEC negative), 78 deer faeces from 74 animals in
June (7 STEC positive) and 100 faecal grabs of cattle (26 STEC positive)
in July from the same area. They recovered highly similar stx1-positive
STEC isolates from several cattle and one deer and were able to show
that the pathogen positive deer samples clustered spatially. Twelve
white-tailed deer could be examined consecutively in March and June.
In March all deer samples were STEC negative, while in June three were
STEC positive. Based on these results they supported the theory of
transmission across species and pointed out the possibility that the
pathogens could persist in specific environments.

Also Fischer et al. (2001) examined the duration of shedding STEC
in another but closely related deer species for 26 days. The excretion
rate of STEC decreased drastically after 2 weeks and was only

Table 2 (continued)

° - one or two bands differs.
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intermittently detectable afterwards. The strain could be detected up to
day 24. These results, however, cannot directly be compared with the
results of our study, because the white-tailed deer were artificially in-
oculated with STEC O157:H7 while captured and examined for 26 days.

Until now most information about the duration of shedding of STEC
is available for human and cattle for O157:H7. According to the

literature, duration of shedding STEC by cattle and calves is about 30d,
but may also vary from a few days up to a year (Henderson, 2008). For
example at Swedish children, the median stx shedding duration was 20
days (1-256d), although no difference could be determined between the
stx subtypes (stx1, stx2, stx1+stx2) (Matussek et al., 2015). Dabke et al.
(2014) observed a median duration of STEC shedding of 31 days at

Table 3
Sample results of six stx-positive and -negative tested roe deer.

° - one or two bands differs.
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children in England (IQR 17-41d). Both studies analysed STEC cases
with different serotypes until the first negative sample was identified.

Unfortunately it was not possible to receive samples from the wild
roe deer in regular intervals. Therefore it is possible, especially during
the long sampling intervals, that animals were STEC negative and later
re-infected. Considering this limitation, a median duration of shedding
of 42 days was calculated. Likewise, the time frame varied from a few
days up to several month with a maximum of 778d (Table 4).

In the study by Singh et al. (2015) 9 of 12 animals remained ne-
gative for an interval of 90 days. In this study it was shown that 6 roe
deer remained stx-negative between 6–440 days even though it cannot
be ensured, that animals excreted STEC in the meantime. For this, a
more frequent and closer sampling interval would be necessary, which
turns to be much more difficult for a wild living species.

Most isolates obtained in this study (78.1%) have been identified as
stx2b subtype. This result corroborates to previously published German
(Lehmann et al., 2006; Eggert et al., 2012) and Spanish (Mora et al.,
2012) studies. The subtype stx2c including stx2d was identified in two
isolates of one roe deer. Stx2c is associated with HUS and HC cases in
humans and hence being discussed as a virulence gene with high human
pathogenicity (Friedrich et al., 2002). Stx1c was detected in 19 isolates
(15.3%) of four animals and in one isolate of one animal together with
the subtype stx1a. In some studies stx1c got only rarely detected (Leotta

et al., 2006; Ishii et al., 2007; Eggert et al., 2012). Mora et al. (2012)
described comparable occurrences: 11.5% of roe deer isolates were
stx1c-positive, stx1c occurred in combination with stx2b in 19% and
stx1a in 3.8%. The e-hlyA detection rate of 44.8% found in this study is
comparable to previously described rates of 38% in roe deer in this area
(Eggert et al., 2012) and in 33% of German roe deer, red deer and
fallow deer (Lehmann et al., 2006). All isolates lacked the eae gene and
only six isolates (5.8%) carried the saa gene in this study. STEC isolates
of deer investigated by Eggert et al. (2012) were devoid eae negative
and 9% saa positive. However, in a previous study saa had been de-
tected at a much higher rate (87%) in deer (Ishii et al., 2007). Likewise,
STEC isolates of deer investigated by Leotta et al. (2006) and Sánchez
et al. (2009) were devoid of the eae and the saa gene. In Spain, 6.7%
isolates from roe deer (7/104) carried the eae gene (Mora et al., 2012).
Also Obwegeser et al. (2012) found no stx-positive isolate from roe deer
with eae in Switzerland. According to our results, roe deer in this region
of Germany may mainly be regarded as a reservoir for eae-negative
STEC, often with the subtype stx2b and frequently possessing e-hlyA.

It was not possible to assign any of the isolates to one of the 5 tested
serogroups. These results are similar to those of other studies, char-
acterizing STEC isolated from deer and deer meat (Lehmann et al., 2006;
Ishii et al., 2007; Eggert et al., 2012). Further studies showed for less
than 1% of the examined isolates from deer and deer meat serogroups of
O26, O103, O145 and/or O157 (Miko et al., 2009; Mora et al., 2012;
Singh et al., 2015). The five most common serogroups associated with
human disease appear to be rare at roe deer in this region.

The isolates were all sensitive against all antimicrobial substances
tested. There are only a few studies on STEC resistance rates in wild ru-
minants. Drees (2012) found one isolate with lower susceptibility to
streptomycin among 68 examined deer isolates (1.5%). In Asakura et al.
(1998), all investigated STEC isolates (n=7) from free-ranging game
were completely sensitive to the tested antimicrobial substances. In Bel-
gium, 15 STEC isolates from 9 roe deer were analysed using the disc dif-
fusion method. All isolates were at least intermediate sensitive to one up to
three out of eight antimicrobial substances. Two isolates of one animal
were additionally resistant to spectinomycin (Bardiau et al., 2010). A
reason for the low resistance frequencies of the roe deer examined in this
study could be due to the fact that the wild ruminants in the Bavarian
Forest National Park did not receive any antibiotic treatment throughout
their lifetime and generally have little contact with humans or cattle.

The isolates could be assigned to the phylogenetic groups B1 (39.6%)
and B2 (60.4%). All stx1c-positive isolates belong to the phylogenetic
group B1 and had almost identical band patterns in PFGE (Table 2–3).
Ishii et al. (2007) found only stx1c isolates which could also be assigned
to group B1. In Spain 104 isolates of roe deer could be assigned to the
phylogenetic groups B1 (47%), B2 (21%) and D (32%). They found B1
and B2 significantly more often in deer as in wild boar (Mora et al.,
2012). Group B2 were described in a previous study as typically asso-
ciated to extraintestinal pathogenic E. coli strains (Clermont et al., 2000;
Mora et al., 2009; Clermont et al., 2013). Deer living in the examined
regions seem to be frequently carrier of STEC of the phylogenetic group
B2. All tested animals were clinically unremarkable.

5. Conclusion

Although the majority of roe deer were stx-positive whenever
sampled, for none of the isolated STEC eae or serogroups most com-
monly associated with human disease were detected. In addition, con-
sidering that stx-subtype most often found was stx2b, it appears that
strains harboured by this population of roe deer represent a relatively
low pathogenic potential to humans. Nevertheless, the animals could be
carriers for several strains, simultaneously or consecutively and only a
few roe deer were stx-negative, whenever sampled. Interestingly, the
STEC strains “stx2b, phylogenetic group B2, PFGE types B and P” and
“stx1c, ehlyA-positive, phylogenetic group B1, PFGE type M” were re-
peatedly found over long periods of time. Although the duration of each

Table 4
Time interval of 6 persistently stx-negative roe deer and of 10 roe deer with
undistinguishable strains.
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shedding event could not be determined the results indicate possibly
long-term excretion of STEC in roe deer. This is an important finding,
underlining the need of good hygienic practice in the course of field
dressing of deer and preparing deer meat.
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