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Tetracycline resistance is common among isolates of the animal commensal and opportunistic pathogen
Arcanobacterium pyogenes. The tetracycline resistance determinant cloned from two bovine isolates of A.
pyogenes was highly similar at the DNA level (92% identity) to the tet(W) gene, encoding a ribosomal protection
tetracycline resistance protein, from the rumen bacterium Butyrivibrio fibrisolvens. The tet(W) gene was found
in all 20 tetracycline-resistant isolates tested, indicating that it is a widely distributed determinant of tetra-
cycline resistance in this organism. In 25% of tetracycline-resistant isolates, the zef(W) gene was associated with
a mob gene, encoding a functional mobilization protein, and an origin of transfer, suggesting that the
determinant may be transferable to other bacteria. In fact, low-frequency transfer of zez(W) was detected from
mob™ A. pyogenes isolates to a tetracycline-sensitive 4. pyogenes recipient. The mobile nature of this determi-
nant and the presence of A. pyogenes in the gastrointestinal tract of cattle and pigs suggest that 4. pyogenes may
have inherited this determinant within the gastrointestinal tracts of these animals.

Resistance to tetracycline is the most common bacterial an-
tibiotic resistance found in nature and similarly is the most
prominent type of resistance among bacteria isolated from
animals (10). Tetracycline binds to the 30S ribosomal subunit
and inhibits protein synthesis (32), and resistance to this drug
is most commonly mediated either by active efflux of tetracy-
cline from the cell or by ribosomal protection from the action
of tetracycline (10). In rare cases, tetracycline resistance is
mediated through direct inactivation of the antibiotic (30) or
by mutations in the 16S rRNA that prevent binding of tetra-
cycline to the ribosome (26).

Arcanobacterium pyogenes is a common inhabitant of the
respiratory and urogenital tracts of domestic animals, including
cattle and swine (8). It has also been isolated from the rumen
of feedlot cattle (22) and more recently from the gastric mu-
cosa of pigs (B. H. Jost, K. W. Post, J. G. Songer, and S. J.
Billington, unpublished data), suggesting that A. pyogenes may
also be a common inhabitant of the gastrointestinal tract of
these species. Under conditions of physical trauma or previous
microbial infection, 4. pyogenes can disseminate to cause a
variety of suppurative infections, such as liver abscesses and
mastitis in cattle (15, 18, 21) and suppurative pneumonia and
polyarthritis in pigs (14, 35). Virulence, at least in an intraperi-
toneal mouse model, appears to be mediated through a pore-
forming toxin, pyolysin (6, 16). The development of antibiotic
resistance in normal flora secondary pathogens, such as A.
pyogenes, is of particular significance, not only because of the
ability of resistant A. pyogenes to avoid antibiotic therapy, but
also because of the potential for transfer of resistance to other
pathogens.

Resistance to the tetracycline antibiotics among A. pyogenes
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isolates is widespread. A French study indicated that 67% of
103, predominantly bovine, A. pyogenes isolates were resistant
to tetracycline, doxycycline, and minocycline (13), while a study
in Japan found that 85.7% of porcine and 57.1% of bovine
isolates were resistant to oxytetracycline and doxycycline (40).
These results were confirmed by a recent study of predomi-
nantly North American isolates of A. pyogenes, which indicated
that 42% were resistant to tetracycline, chlortetracycline, and
oxytetracycline, with more than 70% of porcine isolates being
resistant (34).

No information is currently available on the mechanism of
tetracycline resistance in 4. pyogenes or the determinants in-
volved in this resistance. In this work, we present evidence that
tetracycline resistance in A. pyogenes isolates is predominantly
conferred by a Tet W determinant previously found only in
obligately anaerobic bacteria isolated from the rumen of cattle
and the human gut (2, 5, 27, 28) and that this determinant, in
at least some strains, is carried on a mobile genetic element
capable of transfer between strains of A. pyogenes.

MATERIALS AND METHODS

Bacterial strains, bacteriophage, plasmids, and growth conditions. Esche-
richia coli strains and plasmids are described in Table 1. E. coli strains were
grown on either Luria-Bertani (LB) agar or in LB broth (Difco) at 37°C. Anti-
biotics (Sigma) were added as appropriate at the following concentrations: chlor-
amphenicol, 30 wg/ml; kanamycin, 50 pg/ml; nalidixic acid, 10 pg/ml; tetracy-
cline, 10 pg/ml. A\GEM12 derivatives were propagated on E. coli LE392 as
previously described (3). A. pyogenes isolates used in this study were obtained
from veterinary diagnostic laboratories or personal culture collections in North
America and include 20 tetracycline-resistant isolates (7 of bovine origin, 12 of
porcine origin, and 1 from a macaw) and 10 tetracycline-susceptible isolates (6 of
bovine origin and 4 of porcine origin). Specific A. pyogenes strains used in mating
experiments are described in Table 1. A. pyogenes strains were grown on brain
heart infusion (BHI) agar (Difco), supplemented with 5% bovine blood, at 38°C
and 5% CO, in a humidified incubator. Liquid cultures of A. pyogenes were
grown in BHI broth supplemented with 5% fetal bovine serum (Omega Scien-
tific, Inc.) at 37°C. Antibiotics were added as appropriate at the following con-
centrations: erythromycin, 15 pg/ml; kanamycin, 30 pg/ml; nalidixic acid, 10
pg/ml; tetracycline, 5 pg/ml.
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