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Rectal swabs were taken from healthy household dogs that, insofar as could be
determined, had not received antimicrobial drugs. Tetracycline-resistant coli-
forms comprised 80 to 100% of the total number of coliforms in 61 (65%) of the 94
dogs sampled. The median number of other resistance determinants possessed by
these tetracycline-resistant coliforms was 5.1. Of the tetracycline-resistant strains
studied, 97% were resistant to streptomycin; 76% were resistant to sulfonamides;
59% were resistant to ampicillin; 59% were resistant to kanamycin/neomycin; and
40% were resistant to chloramphenicol. A total of 64% of the strains was shown to
transfer resistance by conjugation or by the aid of the sex factor F. Of the strains
transferring resistance, 33% were found to transfer all of their resistance deter-
minants.

The most commonly recognized environmen-
tal reservoirs for R-plasmids (or the genes them-
selves) and the major means by which members
of the family Enterobacteriaceae may become
resistant to antimicrobial agents are the bacteria
in the digestive tracts of food-producing animals
who are eating medicated feed (9, 14). The fam-
ily pet may be another potential reservoir for
such genetic infornation. A recent survey indi-
cates that approximately 38% of the households
in the United States are dog owners with 1.4
dogs per family unit (1, 7). In some areas, for
example, Yolo County in California, as high as
50% (1.5 dogs per family unit) of the households
are dog owners (11). With the close association
that exists between dogs and human members
of a household, cross-contamination of enteric
bacteria and their R-plasmids could occur as
readily in such a setting as between farm animals
and members of farn families (10, 12, 13).

For this reason, we have attempted to deter-
mine the relative incidence of R-plasmid-con-
taining enteric bacteria in the digestive tracts of
a selected group of normal household dogs who,
insofar as was known, had not been treated with
antimicrobial drugs. Tetracycline resistance was
used as the means of selecting for R-plasmid-
containing coliforms since this resistance has
been shown to be commonly associated with R-
plasmids (5). The results of this investigation
have been summarzed in this report.

MATERIALS AND METHODS
Animals. The 94 dogs included in this study were

from the urban environment surrounding the Univer-
sity of Caifornia, Davis, and were patients of the
Veterinary Medical Teaching Hospital, University of
California, brought to the hospital for sterilization or

for other elective surgical procedures. The dogs ranged
in age from 1 to 10 years and were of a variety of
breeds. As far as the owners could relate, none of the
dogs had received antimicrobial agents at any time in
their lives.
Sample collection and processing. Samples for

culture were collected within 1 h of arrival at the
hospital. Samples for culture were obtained with a
moistened sterile swab rotated around the wall of the
rectum. The swab was immediately placed in a tube
containing 5 ml of sterile Ringer lactate solution. The
tube was held in a refrigerator before culture prepa-
ration (20 min to 2 h). Samples (0.1 ml each) of the
contents of this tube, diluted 1:50 and undiluted, were
plated onto both plain MacConkey agar and Mac-
Conkey agar containing tetracycline (25 ug/ml). From
the colony counts made on these plates after 24 h of
incubation at 37°C, the percentage of tetracycline-
resistant coliforms (coliforms being defined as lactose-
positive colonies growing on MdcConkey agar) was
determined.

Tetracycline-resistant coliforms (one from each
specimen or 94) were picked, identified (8), and sub-
cultured on nutrient agar slants, which were paraffin
sealed and stored at room temperature.

Susceptibility testing. We tested the tetracycline-
resistant strains for susceptibility to ampicillin, strep-
tomycin, kanamycin, neomycin, gentamicin, triple sul-
fonamides, chloramphenicol, and cephalothin, using
the agar overlay modification of the standard disk
diffusion assay (2).
Matings and mobilization studies. Procedures

used for the single and triparental crosses were those
described by Datta and Hedges (6). Samples (0.1 ml
each) of the mating mixtures and controls were plated
onto MacConkey agar containing tetracycline (25 ,ug/
ml), nalidixic acid (100 ug/ml), and nalidixic acid and
tetracycline. Transconjugates growing on MacConkey
agar containing tetracycline and nalidixic acid were
tested for susceptibility to other antimicrobial agents.

Bacterial strains. For single crosses, Escherichia
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coli K-12 strain 711 (F-, Nal') was used. For triparental
crosses, E. coli strain JL2830 (Leu, F-lac, Nal') was
used as the intermediate donor.

RESULTS
The percentage of tetracycline-resistant iso-

lates from the 94 dogs is shown in Table 1. Every
animal yielded isolates resistant to tetracycline.

All of the tetracycline-resistant isolates picked
for susceptibility and transfer studies were
proved to be E. coli. The susceptibility patterns
of these isolates are shown in Table 2. The
median number ofantimicrobial drugs, including
tetracycline, to which these isolates were resist-
ant was 5.1. The frequency with which resistance
of these isolates to a single antimicrobial agent
was associated with resistance to other antimi-
crobial agents is shown in Table 3.
A total of 60 (53%) of the strains possessed the

TABLE 1. Relative incidence of tetracycline-
resistant coliforms in the rectum ofhealthy

household dogs
Percent resistant No. of

colifonns animals (%)

80-100 65 (69)
20-80 19 (20)
<20 10 (11)

TABLE 2. Resistance patterns of tetracycline-
resistant E. coli isolated from the rectum ofhealthy

household dogs

No. of Resistance pattena
strais (%) Ap Cp Cm Km(Nm) Sm Su Tc

17(18) X X X X X X
17(18) X X X X
12 (13) X X X X X X X
9(10) X X
5 (5) X X X X
5 (5) X X X
5 (5) X X X
2 (2) X X X X X
2 (2) X X X X X
2 (2) X X X X
2 (2) X X X
1(1) X X X X XX
1(1) X X X X X
1(1) X X X XX
1(1) X X X X
1(1) X X X X
1(1) X X X
1(1) X X X
1 (1) X X
1 (1) X

a Ap = ampicillin, Cp = cephalothin, Cm = chlor-
amphenicol, Km = kanamycin, Nm = neomycin, Sm
= streptomycin, Su = sulphonamides, Tc = tetracy-
cline.

ability to transfer resistance in vitro. Of these,
23 (38%) transferred all ofthe resistance markers
observed in the wild strain. Of the remaining 37
isolates, 15 (41%) were shown to possess tetra-
cycline resistance that was "mobilizable" in a
triparental cross, and in 10 of the 15, all of the
resistance markers were mobilized. A total of 35
(37%) of the tetracycline-resistant E. coli strains
was not shown to pass resistance either directly
or in a triparental cross.
A relationship between autotransmitting re-

sistance and relative incidence of tetracycline
resistance in a sample could not be demon-
strated. For example, in specimens containing
>50% tetracycline-resistant coliforms, 47% ofthe
R-plasmids were shown to be autotransmissible;
among specimens containing <50% resistant col-
iforms, 44% were shown to be autotransmissible.

DISCUSSION
The results of this study indicate that normal

household dogs shed large numbers of tetracy-
cline-resistant enteric bacteria in their feces in
the absence of known exposure to antimicrobial
agents. As would be predicted, because of R-
plasmid association, tetracycline resistance was
found frequently with other resistance determi-
nants. The origin of these organisms, the plas-
mids, or the source of the selective pressure is of
some concern. Possibilities include commercial
dog foods containing antibiotic residues in the
food-animal parts of which they are composed,
or association with other animals on medication
(other companion aniimals or food animals).
Studies are currently under way to answer these
questions.

In a previous study perforned on laboratory
dogs, less than 1% of the lactose-fermenting mi-
croorganisms were found to be resistant to tet-
racycline (20 ug/ml) (15). The reasons for the
difference between these findings and those re-
ported here are not readily apparent, though the
animals in the aforementioned study were
known to be fed antibiotic-free food. Further, it
was shown that as little as 10 jig of tetracycline
per g of food was sufficient to change the flora
to one as resistant as we report here.
Whatever the selective pressure, the fact re-

mains that the normal household dogs evaluated
in this study excreted large numbers of R-plas-
mid-possessing enteric bacteria. If these findings
are representative of the canine pet population,
R-plasmid-containing bacteria would have am-
ple opportunity to contaminate the digestive
tracts of human contacts. Such contacts may
allow for the exchange of genetic information
between ingested canine flora and resident hu-
man enteric flora. Such an exchange could add
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TABLE 3. Frequency ofoccurrence ofresistance to a single antimicrobial agent in combination with resistance
to other antimicrobial agents

Antimicrobial No. of Frequency of resistancea (%)
agenta strains Ap Cp Cm Km(Nm) Sm Su

Ap 55 (59)b -c 42 64 60 95 78
Cp 25 (27) 92 - 60 56 96 92
Cm 38 (40) 92 39 - 71 97 95
Km (Nm) 55 (59) 60 25 49 - 96 89
Sm 91 (97) 57 26 41 58 - 78
Su 71 (76) 61 32 51 69 100 -

a Abbreviations are the same as those in Table 2, footnote b.
b Number in parentheses represents the percentage of the tQtal number of tetracycline-resistant strains.

to the already undesirably high level of resist-
ance genes in the human digestive tract (3, 4).
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