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Tetracycline resistance offecal coliforms isolated from swine decreased from 82
to 42%, a decrease of less than 50%, after the use of all forms of antimicrobial
agents were discontinued in the herd for 126 months.

Various antimicrobial agents have been used
in animal feeds for more than a quarter of a
century for growth promotion, improved feed
efficiency, and for control and prevention of
disease (2-4). This use of antimicrobial agents
has resulted in a high percentage of tetracycline-
resistant, lactose-positive bacteria comprising
the fecal flora of pigs (5, 7). As a result, it is
difficult, if not impossible, to obtain weanling
pigs with a low percentage (<20%) of tetracy-
cline-resistant, lactose-positive enteric bacteria
(fecal coliforms) for use in antibiotic feeding
studies.

In an attempt to have pigs with low levels of
tetracycline resistance available for use in our
antibiotic feeding studies, we discontinued both
the therapeutic and subtherapeutic use of anti-
microbial agents in the University of Kentucky
swine herd (nonantibiotic herd) at the Kentucky
Agricultural Experiment Station Research
Farm, Princeton, Ky., in May 1972. The nonan-
tibiotic herd is a specific-pathogen-free York-
shire herd that was established in 1963. It is a
closed herd, with new bloodlines introduced into
the herd only by artificial insemination. Before
1972, antibiotics were used routinely as feed
additives and as injectables when needed for
treating sows and pigs, but no single antibiotic
was used continuously. Approximately one-
third of the breeding pigs are replaced annually
with gilts obtained from previous farrowings.
There are two farrowings a year in the herd.
Sows are kept in a pasture during gestation and
are farrowed in crates that are thoroughly
cleaned and disinfected between each group of
sows, and the pigs are finished in concrete-
floored pens that are cleaned and disinfected

t Published with the approval of the Director of the Ken-
tucky Agricultural Experiment Station as Journal paper num-
ber 83-5-65.

between each group of pigs. Feed is mixed in a
feed mill on the farm, and antimicrobial agents
or feed ingredients containing antimicrobial
agents are not allowed in the building. Corn and
soybean meal used as feed ingredients are either
grown on the farm or purchased directly from a
soybean processor. None of the ingredients used
in the feed is purchased from a commercial feed
mill.

Six months after the use of antimicrobial
agents was discontinued in the herd, we began to
monitor the antibiotic resistance of the lactose-
positive enteric bacteria in the herd. During the
initial 41 months of antibiotic withdrawal, water,
soil, and feed samples were obtained at the same
time that the fecal samples were collected. Mac-
Conkey agar was used for plating all samples (5).
After incubation of the plates at 37°C for 24 h,
five lactose-positive colonies were picked per
sample and subjected to antimicrobial suscepti-
bility testing. Susceptibility to ampicillin (10 p.g),
cephalothin (30 ,ug), chloramphenicol (30 ,g),
colistin (10 ,ug), gentamicin (10 ,ug), kanamycin
(30 ,g), nalidixic acid (30 p,g), neomycin (30 ,ug),
nitrofurantoin (300 ,ug), penicillin (100 U), poly-
myxin B (300 U), streptomycin (10 ,ug), sulfa-
methizole (1 mg), and tetracycline (30 t.g) was
tested by the method of Bauer et al. (1).

Percentages of environmental isolates resist-
ant to tetracycline were 5% for 77 soil isolates,
11% for 161 feed isolates, and 17% for 122 water
isolates (5). These values were much lower than
the tetracycline resistance of the fecal isolates
obtained during the same period or of those
obtained after 126 months of antibiotic with-
drawal.
A total of 3,094 lactose-positive enteric bacte-

ria have been isolated from pigs in the nonanti-
biotic herd since antibiotic withdrawal in Mlay
1972. Less than 1% of the isolates were resistant
to chloramphenicol, colistin, nitrofurantoin,
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gentamicin, kanamycin, neomycin, nalidixic
acid, and polymyxin B, whereas less than 3%
were resistant to cephalothin. The percentages
of the isolates resistant to ampicillin, streptomy-
cin, tetracycline, and sulfamethizole at each
time the herd was sampled are shown in Table 1.
Resistance to ampicillin and sulfamethizole
tended to fluctuate during the 126-month period,
with no trends being apparent. Fluctuation was
observed in resistance to streptomycin for 58
months, and then resistance decreased to less
than 20%, where it has tended to remain.
A gradual decrease was observed in tetracy-

cline resistance until month 84 (82 to 24%), and
then resistance increased to over 40%, where it
has remained. After 126 months of antibiotic
withdrawal, tetracycline resistance has been re-
duced by less than 50% (82 to 42%). This de-
crease in tetracycline resistance is less than we
had expected and is not as great as the decrease
seen in the short-term withdrawal study of Lar-

TABLE 1. Antibiotic resistance of lactose-positive
fecal isolates from swine after withdrawal of

antibiotics in the herd
% of isolates with resistance

Mo after No. of to:a
withdrawal isolates

AM S TE TH

6 34 18 62 82 24
8 23 4 35 74 22
10 139 5 25 72 16
13 163 12 37 41 13
16 166 0 28 65 21
24 412 7 28 59 21
32 47 4 47 72 38
33 78 6 24 46 10
41 135 9 25 58 24
58 95 15 45 51 92
73 255 6 15 44 22
75 175 4 13 28 15
84 199 3 2 24 6
89 249 14 13 49 23
92 269 12 12 47 23
96 375 4 23 57 47
126 280 13 16 42 23

a Paper disk potency for the following antibiotics
(average percentage of isolates with resistance): AM,
ampicillin, 10 ,ug (8); S, streptomycin, 10 Fig (21); TE,
tetracycline, 30 xg (50); TH, sulfamethizole, 1 mg (25).

sen and Nielsen (6). Although other short-term
withdrawal studies (5, 8) have shown little de-
creases in tetracycline resistance, we expected
to see a greater reduction in resistance due to the
length of the withdrawal period. Smith (7) re-
ported a slight decrease in tetracycline-resistant
Escherichia coli in swine, but the number of pigs
excreting these organisms did not change during
the 4-year period after implementation of the
Swann Report (9) by the British Government.
He postulated that during the time that tetracy-
cline was fed, resistant strains emerged that
were able to compete on equal terms with sensi-
tive strains.
The apparent failure of long-term withdrawal

of antibiotics to markedly reduce tetracycline-
resistant, lactose-positive enteric bacteria in
swine indicates that the selection of resistant
bacteria brought about by long-term feeding of
antibiotics may not be readily reversed by with-
drawal.
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