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ANTIMICROBIAL RESISTANCE AND PRODUCTION OF TOXINS IN
ESCHERICHIA COLI STRAINS FROM WILD RUMINANTS AND

THE ALPINE MARMOT

A. Caprioli,’ G. Donelli,’ V. Falbo,' C. Passi,' A. Pagano,’ and A. Mantovani,? ' Laboratorio di Ultrastrutture
and 2 Laboratorio di Parassitologia, Istituto Superiore di Sanita, Rome, Italy; 2 Istituto di Igiene, Universita di Milano,

Milano, Italy

ABSTRACT: Escherichia coli strains isolated
from 81 fecal samples from red deer (Cervus
elaphus), roe deer (Capreoulus capreoulus),
chamois (Rupicapra rupicapra) and alpine mar-
mot (Marmota marmota) living in the Stelvio
National Park, Italy, were examined for anti-
microbial resistance and production of toxic fac-
tors. Direct plating of specimens on media con-
taining antimicrobial drugs allowed us to isolate
resistant strains of E. coli from 10 of 59 (17%)
specimens examined by this technique. Nine of
31 specimens from red deer (29%) contained
resistant strains. Different animals were likely
colonized by the same resistant strain of E. coli.
Conjugative R plasmids were found in four
strains isolated from the marmot, roe deer and
chamois. A strain from red deer produced heat-
stable enterotoxin and another strain produced
both hemolysin and cytotoxic necrotizing factor.
A marmot isolate produced hemolysin alone. No
strains were found to produce heat-labile en-
terotoxin or verotoxins.

Key words: Escherichia coli, antimicrobial
resistance, toxins, bacteriology, survey, red deer,
Cervus elaphus, roe deer, Capreoulus capreou-
lus, chamois, Rupicapra rupicapra, alpine mar-
mot, Marmota marmota.

While the occurrence of antimicrobial
resistance in microflora of farm animals
and its association with the use of antibi-
otics in therapy and in feeds have been
studied extensively (Smith and Halls, 1966;
Linton, 1977), little is known about the
occurrence of this phenomenon in the bac-
terial flora of wild animals. Van Dijck and
Van devoorde (1979) did not find any an-
timicrobial resistance in Escherichia coli
strains isolated from wild boars (Sus scro-
fa) of a zoological park and free living in
a forest in the Ardennes mountains (Ger-
many). A study conducted by Huber et al.
(1971) in Illinois (USA) revealed the pres-
ence of R plasmids in <2% of the Esche-
richia coli strains from 78 animals belong-

ing to 17 different species. A higher
prevalence of antimicrobial resistance has
been reported in wild ruminants and boars
in the Republic of South Africa where 9%
were colonized by drug-resistant bacteria
(Maré, 1968).

In a previous study conducted on fecal
samples from wild mammals living in the
Stelvio National Park (Italy) we observed
antimicrobial-resistant strains of E. coli in
17 of 121 fecal specimens examined (Pa-
gano et al., 1985). We report here the re-
sults of a second survey from the same area
in order to better define the occurrence of
drug resistant bacteria and R plasmids in
the fecal flora of different species of wild
mammals living in the Park. The E. coli
strains isolated were examined also for the
production of toxic factors known to be
associated with disease in farm animals:
enterotoxins (Wray and Morris, 1985), ve-
rotoxins (Sherwood et al., 1985), hemoly-
sins (Gregory, 1962) and cytotoxic necro-
tizing factor (CNF), a cytotoxin observed
in human isolates of E. coli from enteritis
and urinary tract infections (Caprioli et al.,
1983, 1989) and recently reported in strains
from piglet and calf diarrhea (Gonzales
and Blanco, 1985; De Rycke et al. 1987;
Blanco et al., 1988).

The Stelvio National Park is located in
the central Alps, and borders with Austria
and Switzerland. It extends to over 95,000
hectacres, and is regularly frequented by
tourists. The study was conducted in the
area of Zebru Valley (46°27' to 46°30'N,
10°26’ to 10°34'E).

Fourty-six fecal samples from red deer
(Cervus elaphus), 13 from roe deer (Ca-
preolus capreolus), seven from chamois
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TABLE 1.  Antibiotic resistance of E. coli strains iso-
lated from feces collected by the first sampling on
medium without antimicrobial drugs.
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TABLE 2. Antibiotic resistance of E. coli strains iso-
lated from feces collected by the second sampling on
medium containing antimicrobial drugs.

Resis-
Number tances
of speci- Number of  trans-
mens Number  resistant ferred
Source exam-  of strains strains to E.
of feces ined studied (R type) coli K12
Red deer 15 43 0
Marmot 6 18 1(A) A
Chamois 1 2 1(T) T
Total 22 63 2

* A, ampicillin; T, tetracycline.

(Rupicapra rupicapra) and 15 from alpine
marmots (Marmota marmota) were col-
lected by two distinct sampling cam-
paigns. The ruminants were free-living and
their stools were collected soon after elim-
ination. Fresh fecal marmot samples were
collected outside burrows. Specimens were
stored in Cary-Blair transport medium and
examined within 3 days.

Fifteen fecal samples from red deer, six
from marmot and one from chamois were
collected by the first sampling and plated
on MacConkey agar. Sixty-three strains of
E. coli, at least two colonies from each
specimen, were identified by the API 20
E system (API System S.A., La Balme Les
Grottes, France) and tested for antimicro-
bial susceptibility using the method de-
scribed by Bauer et al. (1966). The follow-
ing discs were used: nalidixic acid, 30 ug,
cephalothin, 30 ug; chloramphenicol, 30
ug; gentamicin, 10 ug; kanamycin, 30 ug;
streptomycin, 10 ug; tetracycline, 30 ug;
ampillicin, 10 pg; sulphathiazole, 1.0 mg.
Presence of conjugative R plasmids was
verified as described by Anderson and
Threlfall (1974).

Antibiotic resistant E. coli were found
in two specimens (Table 1). A strain from
the chamois was resistant to tetracycline
and one from marmot to ampicillin. In
both cases resistance was plasmid medi-
cated.

To increase the recovery rate of resistant
strains, 59 additional fecal specimens were
collected by a second sampling campaign

Number of
specimens
from which
drug- Number of
Number of resistant resistant
Source specimens  strains were strains
of feces examined isolated isolated
Red deer 31 9 14
Marmot 9 1 1
Roe deer 13 1 1
Chamois 6 0 0
Total 59 11 16

and directly plated on MacConkey plates
supplemented with one of the following
antimicrobial agents: nalidixic acid, 60 ug/
ml, ampicillin, 20 pg/ml, chlorampheni-
col, 20 pg/ml, gentamicin, 10 ug/ml,
kanamycin, 20 gmg/ml, streptomycin, 20
pg/ml, tetracycline, 10 ug/ml. Table 2
shows the source of the specimens and the
results of the fecal cultures.

Sixteen antimicrobial-resistant strains of
E. coli were isolated from 11 of the 59
specimens examined (17%), with red deer
being the species in which these bacteria
were most frequently observed (nine of 31
specimens, 29%). Thirteen strains were re-
sistant to several antimicrobial agents (Ta-
ble 3), while three isolates were resistant
to tetracycline only. Transferable resis-
tances were found in the marmot strain,
and in the isolate from roe deer. All the
14 isolates from red deer failed to transfer
their resistance to the E. coli K12 strain
used as recipient. Three strains from three
different specimens were resistant to tet-
racycline and 11 strains from six different
specimens to streptomycin, sulphathiazole
and tetracycline. To verify if different red
deer were colonized by the same resistant
strain of E. coli the plasmid profiles and
outer membrane proteins (OMP) electro-
phoretic patterns of these isolates were
studied. Plasmid DNA was isolated ac-
cording to Birnboim and Doly (1979) and
subjected to electrophoresis in 0.8% aga-
rose gels. OMP were extracted and ana-
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TABLE 3. Resistance patterns of E. coli strains iso-
lated from feces on media containing antimicrobial
drugs.

Num- Resistances
Source ber of Resistance transferred
of feces strains pattern* to E. coli K12
Marmot 1 SSuT SSuT
Roe deer 1 ACeSSuT ACeSuT
Red deer 3 T —
Red deer 11 SSuT —

* A, ampicillin; Ce, cephalotin; S, streptomycin; Su, sulphati-
azole, T, tetracycline.

lyzed according to the method of Achtman
et al. (1983).

The T-resistant isolates showed the same
biochemical API pattern and OMP profile
and contained two plasmids of 2.8 and 3.6
megadaltons (not shown). The SSuT-resis-
tant strains did not contain plasmids, pro-
duced colicin I (Frederiq, 1957) and shared
the same API pattern and OMP profile.
Figure 1 shows the OMP patterns of some
of these strains.

All the E. coli isolates were also exam-
ined for the production of enterotoxins,
hemolysin (Hly) and cytotoxins. The cell
culture assays used to detect heat-labile
enterotoxin (L. T) and cytotoxin production
are described elsewhere (Caprioli et al.,
1983; Bisicchia et al., 1985). Heat-stable
enterotoxin (ST) production was tested in
infant mice according to the method of
Dean et al. (1972). For Hly production, E.
coli strains were grown on 5% sheep blood
agar plates.

Three strains were found to produce
toxic factors. An isolate (serogroup 036)
was positive for ST and another one (se-
rogroup 02) for Hly and CNF. Both strains
were isolated from red deer and did not
show antimicrobial resistance. The ampi-
cillin-resistant marmot strain produced Hly
alone. No isolates were found to produce
LT or verotoxins.

In conclusion, we found E. coli strains
producing toxic factors related to disease
in farm animals in feces of wild mammals
in Stelvio National Park. The E. coli strains
from wildlife may be resistant to several
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FIGURE 1.
antimicrobial resistant E. coli strains from red deer.
Lanes A to F, strains with R-type S Su T. Lanes G
and H, strains with R-type T. MW, molecular weight
markers.

Outer membrane protein patterns of

antimicrobial agents and carry R plasmids,
although the intestinal microbiota of free
ranging animals is not directly exposed to
antibiotics. A possible source of the anti-
microbial-resistant E. coli observed in these
animals might be those humans and do-
mestic animals which carry antibiotic-re-
sistant bacteria. In fact, the area in which
the animals live is regularly frequented by
tourists; dairy cows, goats and some poul-
try use the same pastures as wild ruminants
although this type of contact may be only
occasional for marmots. Local veterinari-
ans and farmers only occasionally use an-
tibiotics, since it is not an area of intensive
farming.

It was not possible to determine the
sources of the antimicrobial-resistance in
wild mammals. Further work is in progress
to characterize the R plasmids isolated in
this study and to collect other strains of E.
coli carrying R plasmids from humans and
domestic animals living in the same area
of the Park. The comparison between the
characteristics of these two groups of plas-
mids would be a useful tool in order to
ascertain how the antibiotic resistance
spreads in such an environment.

We are grateful to W. Frigo, Director
of the National Park of Stelvio, together
with his staff for their kind co-operation.
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Serotyping of toxin producing E. coli strains
was kindly carried out by Ida and Frits
Orskov at the International Escherichia
Centre in Copenhagen, Denmark.
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