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ABSTRACT R1SUME'

Six groups of swine (85 animals) were fed
a combination of antimicrobial drugs (sulfame-
thazine 100 g/ton, chlortetracycline 100 g/ton
and penicillin 50 g/ton). After two weeks the
antimicrobial drugs were removed from the
diet of two groups (28 animals). These swine
were compared to four groups fed the medi-
cated diet to determine the effect of duration
of treatment and degree of animal isolation on
the persistence of resistance in lactose-fer-
menting enteric organisms. The degree of re-
sistance to penicillin, oxytetracycline, dihydro-
streptomycin and neomycin as determined by
minimum inhibitory concentrations and the in-
cidence of resistant organisms were exam-
ined during and after antibiotic feeding.
Ninety-two percent or greater of all isolates
tested during and after treatment had mini-
mum inhibitory concentrations for oxytetracy-
cline of >100 ug/ml. Thirty-two weeks after
cessation of dietary antibiotic, resistance to
oxytetracycline and dihydrostreptomycin re-
mained at 100% and 89% respectively. Varia-
tion in degree of contact between swine re-
ceiving medicated feed and those receiving
nonmedicated feed was not sufficient to reduce
the incidence of resistance to oxytetracycline
or dihydrostreptomycin in all animals. Factors
influencing persistence of resistant enteric
organisms are discussed. Addition of the anti-
microbials to the ration resulted in significant-
ly greater weight gains for treated animals
than for the controls but did not alter feed
conversion.
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Les auteurs ont incorpore 'a la moulee servie
a six groupes de porcs comptant 85 sujets, le
melange suivant de substances antimicrobi-
ennes: 100 g/tonne de sulfamethazine, 100
g/tonne de chlortetracycline et 50 g/tonne
de penicilline. Au bout de deux semaines,
ils arreterent d'incorporer ces substances 'a la
moulee servie aux 28 porcs formant deux des
groupes experimentaux. Ils les comparerent
ensuite a ceux des quatre autres groupes re-
cevant la moulee medicamentee, afin de deter-
miner l'effet de la duree du traitement et du
degre d'isolement des animaux sur la persis-
tance de la resistance des microbes intestinaux
qui fermentent le lactose. Ils examinierent
aussi, durant et apres l'alimentation medica-
mentee, le degre de resistance 'a la pe'nicilline,
a l'oxytetracycline, 'a la dihydrostreptomycine
et 'a la neomycine, en determinant les concen-
trations inhibitrices minimales et l'incidence
des microbes resistants. Quatre-vingt-douze
pourcent ou plus des souches isolees et eprou-
vees, durant ou apries le traitement, posse-
daient des concentrations inhibitrices mini-
males superieures 'a 100 ,ug/ml, 'a l'endroit de
l'oxytetracycline. Trente-deux semaines apres
l'arret de l'administration d'antibiotiques, la
resistance 'a l'oxytetracycline et 'a la dihydro-
streptomycine demeurait respectivement 'a
100% et 'a 89%. La variation dans le degre de
contact entre les porcs recevant de la moulee
medicamente'e et les temoins ne s'avera pas
suffisante pour reduire l'incidence de la resis-
tance 'a l'oxytetracycline ou 'a la dihydrostrep-
tomycine chez tous les sujets. Les auteurs
commentent les facteurs qui influencent la
persistance de microbes intestinaux resistants
L'addition de substances antimicrobiennes ia la
moulee se traduisit par des gains de poids
plus appreciables chez les porcs experimentaux
que chez les temoins; elle n'altera cependant
pas le taux de conversion alimentaire.
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INTRODUCTION

Transferable drug resistance in the
Enterobacteriaceae has been the subject of
many reports since its discovery. The feed-
ing of antimicrobials to calves (3), swine
(2,15) and chickens (5,6,10) results in an
increased incidence of drug resistant en-
teric organisms. Under experimental condi-
tions the incidence of resistant enteric
organisms has decreased significantly in a
relatively short time after the withdrawal
of antimicrobials (2, 3, 5, 10, 15). Under
the above experimental conditions the en-
teric flora was relatively drug sensitive be-
fore the administration of antimicrobials
and extent of antimicrobial usage was lim-
ited. In contrast to the experimental situa-
tion, swine were studied on farms where all
animals had been fed tetracyclines for ap-
proximately two years. Seven months after
tetracyclines were removed from the ra-

tions high levels of resistant enteric organ-
isms persisted (13). In the United Kingdom,
16 months after prohibition of the use of
tetracyclines as feed additives, the inci-
dence of E. coli resistant to tetracycline in
pigs may have decreased but the number
of animals with such organisms had not
decreased (14).

In the United States a review was con-
ducted of the animal and public health
significance of high incidences of resistant
enteric organisms resulting from the use
of antimicrobials in animal feeds (4). One
aspect that requires further clarification
is the duration of high levels of enteric
organisms with R-factors after the with-
drawal of antimicrobials. In conjunction
with a swine production study to determine
the influence of feeding antimicrobials on
weight gains and feed conversions, this ex-
periment was conducted to determine per-
sistence of transferable drug resistance in
lactose-fermenting enteric organisms and
levels of resistance in individual isolates
after removal of feed supplemented with
antimicrobials.

MATERIALS AND METHODS

EXPERIMENTAL DESIGN AND ANIMAL
MAINTENANCE

Eighty-five crossbred swine were ran-
domly allotted to four treatment and two
control groups. A split-plot design was used
where housing units served as the mainplot

and dietary treatments served as the sub-
plots (Table I). Fifty-six of the animals,
averaging 10 kg body weight, were ran-
domly allotted from littermate, sex and
weight outcome groups to three replica-
tions of four dietary treatment groups to
investigate the effect of antibiotic sup-
plementation on growth and feed conversion
efficiency. Their treatments were desig-
nated T-1, T-2, T-3 and T-4. Five animals
per pen were used in replications 1 and 2,
whereas in the third replication four ani-
mals comprised a pen. An additional group
(T-5) was replicated like those above and
was used as a microbiological control
group. Another treatment group (T-6) was
replicated twice with seven and eight ani-
mals per replicate. Each replicate was
started at staggered intervals of two weeks
when the mean body weight was approxi-
mately 10 kg.

Treatment consisted of feed supple-
mented with sulfamethazine (100 g/ton),
chlortetracycline (100 g/ton) and penicillin
(50 g/ton)l, a combination which is com-
monly used in animal rations in this coun-
try. The antimicrobial supplement replaced
an equal amount of corn in the diet. A 16%
protein, corn-soybean meal diet supple-
mented with minerals and vitamins (9)
was used throughout the experiment. The
medicated feed was provided to all animals
for approximately two weeks before start-
ing the feeding trial and collecting the first
fecal sample for microbiological determin-
ations. During the feeding trial medicated
feed was provided according to a body
weight or time interval schedule as outlined
in Table I.

Feed and water were provided ad libitum.
Animal and feed weights were recorded at
the beginning and biweekly until they ap-
proached 100 kg body weight, at which
time weights were recorded weekly until
the swine were removed from the experi-
ment.

Three separate animal maintenance faci-
lities were utilized as indicated in Table
I. Cross contamination between facilities
via feed and personnel was kept at a mini-
mum. Facilities 1 and 2 were completely
enclosed and were equipped with partially
slotted floors and ventilation fans. Facility
3 was a completely enclosed facility and was
equipped with steel pens with slotted floors.
Temperature, humidity and ventilation

1Aureo SP 250, American Cyanamid Co., Princeton, New
Jersey 08540.
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TABLE I. Experimental Design

No. Animals Time Interval on
Feeding Regimenab Replicates Per Replicate Medicated Feedo
Facility 1
Control feed 10-100 kg ..................... 1 5 2 weeks

body weight (BW); (T-4) ...... ......... 2 5
3 4

Medicated feed 10-40 kg .................... 1 5 7 weeks
(BW); control feed ..................... 2 5 9 weeks
40-10 kgBW; (T-1) ................... 3 4 11weeks

Medicated feed 10-70 kg .................... 1 5 12 weeks
BW; control feed 70-100 kg ............. 2 5 13 weeks
BW; (T-2) ............................ 3 4 15 weeks

NMedicated feed 10-100 kg ................... 1 5 16 weeks
BW; (T-3) ............................ 2 5 16 weeks

3 4 20 weeks

Facility 2
Control feed 10-100 kg ..................... 1 5 2 weeks

BW; (T-5) ............................ 2 5
3 4

Facility 3
Intermittent-medicated ..................... 1 8 0-14 days

feed first 14 days and 32-43 days
again from 32-43 days ..................2 7 0-14 days
control feed at other times; (T-6) 32-43 days

,,Animals were placed on experiment when the mean weight of the replicate was 10 kg. All animals including
T-4 and T-5 were exposed to the medicated feed for two weeks prior to initiation of the feeding trial
bFeed medication: Sulfamethazine 100 g/ton, chlortetracycline 100 g/ton, penicillin 50 g/ton.
cMedicated feed provided according to mean body weight of each replicate. Includes the two weeks of pretrial
treatment

rates of the facilities were not measured
and thus objective evaluations of these con-
ditions could not be made.

Five animals from T-5 were moved from
Facility 2 into individual semi-isolation
units after 20 weeks on the experiment.
They were maintained in these units for an
additional 12 weeks.

Gain data were analyzed for each period
(Period 1, 10-40 kg B. W., Period 2, 40-70
kg B.W. and Period 3, 70-100 kg B.W.) and
for the entire feeding period (10-100 kg
B.W.). Statistical analysis of weight gains
and feed conversion was made by least
squares analysis of variance for unequal
subclass numbers (7). Incidence of resis-
tant bacteria was analyzed by weighted
regression analysis techniques.

Fecal specimens were collected from ani-
mals housed in Facilities 1 and 2 as the
feeding trial was initiated and at intervals
of two weeks. Sampling for each pen was
discontinued when any animal that had
attained 100 kg was removed from a partic-
ular pen. For animals housed in Facility 3,
fecal specimens were collected on days 0,
4, 32, 43, 53, 78, 91 and 107. Fecal specimens
were collected from individual animals and

composited on a pen basis. Two grams of
fecal material from each animal were mixed
to form uniform samples which were used
for microbiological determinations.
A pour-plate counting procedure was

utilized to determine the incidence of lac-
tose-fermenting enteric organisms resis-
tant to oxytetracycline (OTC). A 5 g ali-
quot of each sample was homogenized with
45 ml of phosphate buffer (pH 7.2). Ten-
fold serial dilutions were prepared from
the resulting fecal suspensions and 0.1 ml
of the appropriate dilution was put into
each plate and 15 ml of MacConkey agar or
15 ml of MacConkey agar plus OTC2 (250
,ug/ml) was poured into the plate. Colony
counts from plates containing MacConkey
agar were compared to colony counts from
plates containing MacConkey agar plus
OTC.
MacConkey agar plates without OTC

served as a source for bacterial isolations.
Two colonies typical of E. coli from each
composite pen sample were screened on
triple sugar iron agar. Cultures demon-

20xytetracycline HCI, Pfizer Inc., New York, 'New York
10017.
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strating typical E. coli reactions were sub-
jected to determinations of minimal inhib-
itory concentration (MIC) for penicillin3
(PEN), OTC, dihydrostreptomycin4 (DSM)
and neomycin5 (NEO) employing a micro-
dilution technique of MacLowry et cv (8)
except that the procedure was performed
manually.

The method of Schroeder et al (12),
slightly modified, was used to test selected
strains for their ability to transfer resis-
tance determinants. Six media were used:
MacConkey agar, MacConkey agar plus 25
,ug nalidixic acid6 (NA) per ml, MacConkey
agar plus 25 ,ug NA and 4 ,ug tetracycline7
per ml, MacConkey agar plus 25 ,ug NA, 10
,jg of ampicillin' and 10 ,ig of dicloxacillin'
per ml, MacConkey agar plus 25 ,ug NA and
25 ,ug DSM per ml, MacConkey agar plus
25 ,ug NA and 20 ,tg NEO per ml. An E.
coli (083 :K untypable :H14) mutated to
high NA resistance was used as the reci-
pient organism. Resistant patterns of the
recipient were determined by a standard-
ized single disc method (1) where transfer
was detected in the recipient. The follow-
ing antimicrobials were used in the testing
system: ampicillin, cephalothin, sulfame-
thoxypyridazine, colistin, chloramphenicol,
furazolidone, NEO, tetracycline, NA and
DSM (10 ,ug) in place of streptomycin9.

RESULTS

Results of the feeding experiment are
presented in Table II. Of the 56 animals
which started the feeding experiment six
pigs did not complete it. Results of necrop-
sy indicated anemic conditions, moderate
Ascaris infection, septic arthritis, exuda-
tive epidermitis and chronic extensive

3Crystalline penicillin G, Pfizer Inc., New York, New
York 10017.

4Hamilton Pharmacal Co., Hamilton, New York 13346.

5FDA working standard, National Center for Antibiotic
Analysis, Food and Drug Administration, Washington,
D.C. 20204.

6Sterling-Winthrop Research Institute, Rensselear, New
York 12144.

7Steclin, E. R. Squibb and Sons, New Brunswick, New
Jersey 08903.

sBristol Laboratories, Syracuse, New York 13201.

9Sensi-Discs, Baltimore Biological Laboratories, Cockeys-
ville, Maryland 21030.

pneumonia but all pigs did not manifest
each symptom. One pig died as a result of
a rectal prolapse. Cause of death was not
attributed to any dietary treatment.

During Period 1 (10-40 kg) pigs receiv-
ing the antibiotic diets (T-1, T-2 and T-3)
gained more rapidly (P < 0.05) than did
pigs receiving the control diet (T-4). The
magnitude of response between antibiotic
fed pigs and control pigs was reduced dur-
ing the 40-70 kg period (Period 2) but the
response was still in favor of pigs receivin-g
antibiotics (P < 0.08). In Period 3 (70-100
kg) antibiotic fed pigs gained more rapid-
ly (P < 0.01) than did the control pigs.
This response resulted more from a greater
reduction in growth rate of the control
pigs than from an increased growth rate in
the antibiotic fed pigs. The carryover ef-
fects from previous weight periods were
not statistically significant. After they had
been switched to nonmedicated control feed
the pigs in T-1 and T-2, which had received
medicated feed up to 40 or 70 kg BW, did
not gain significantly (P < 0.10) faster
than control pigs in T-4. The difference in
daily gain between pigs receiving anti-
biotic to 70 kg BW (T-2) vs. 100 kg BW
(T-3) suggests that withdrawal of antibio-
tic at 70 kg BW would be detrimental to
weight gain. However, the reasons for this
decline are not readily discernible.

Addition of antibiotic to the diet from
10 to 100 kg BW (T-3) improved averat,e
daily gain (P < 0.05) as compared to con-
trol (T-4) pigs (0.748 vs. 0.651, respective-
ly). There appeared to be a carryover effect
in that pigs receiving antibiotic during the
10-40 kg (T-1) period only gained more
rapidly (P < 0.08) than did the controls for
the entire experiment. However, the re-
sponse of the 10-70 kg BW-treated pigs
(T-2) was not significantly different from
the controls. The addition of antibiotic to
the diet irrespective of feeding period re-
sulted in a 10% improvement in growth
rate as compared with control pigs. Statis-
tical analysis of the data for unequal sub-
class numbers showed that the replication
x treatment interactions for the various
weight periods were not statistically signi-
ficant and the order of treatment response
was the same in all replicates.

All animals had been "primed" with
medicated feed before collection of the
first sample. Thus, the mean incidence of
lactose-fermenting enteric organisms re-
sistant to 250 ,ug/ml of OTC was relatively
high in all groups of animals (56% or
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TABLE II. Effect of Antibiotic on Pig Performance

Antibiotic Feeding Period, by Weight Group&
10- 10- 10- No

40 kg BW 70 kg BW 100 kg BW Antibiotic
(T-1) (T-2) (T-3) (T-4) C.V.b

No. started/treatment..... 14 14 14 14
No. completing experiment/

treatment ................. 12cr 14 12d 12d
Av. initial wt, kg .............. 12.0 12.2 12.0 12.1
Av. final wt, kg ................ 101.1 99.1 101.1 98.1
Av. daily gain, kge.

10-40 ..................... 0.644 0.651 0.632 0.582 15.02
40-70 ..................... 0.759 0.792 0.829 0.738 15.15
70-100 .................... 0.753 0.653 0.822 0.657 20.39
10-100 .................... 0.717 0.688 0.748 0.651 14.10

Feed/gain, kg' (10-100)......... 3.12 2.97 3.03 3.08 5.00
aAll animals received the medicated feed containing penicillin (50 g/T), chlortetracycline (100 g/T) and sul-
famethazine (100 g/T) for two weeks before being placed on experiment
bCoefficient of variation
-One pig died from rectal prolapse and a second pig was sacrified due to poor performance. Necropsy report
indicated anemic condition with pale lungs
dTwo pigs per treatment removed from experiment. Necropsy report indicated moderate Ascaris infection,
septic arthritis, exudative epidermitis and chronic extensive pneumonia. Not all pigs manifested each symp-
tom
eEach figure represents least squares mean of individual pig gain
'Feed/gain represents pen average

greater) when the first samples were col-
lected. Control animals (T-4 and T-5) were
switched to the antibiotic-free diet just
before collection of the first sample. It was
not until four weeks that differences be-
tween treated (T-1, T-2 and T-3) and con-
trol (T-4 and T-5) animals could be ob-
served (Fig. 1). After four weeks, mean
values for the control groups tended to
fluctuate between 0.1 and 20%, whereas
mean values for animals receiving treat-
ment fluctuated from 45 to 70% with a
few exceptions. Because of sample variation
these differences are not significant.
The mean incidence of lactose-fermenting

enteric organisms resistant to OTC (250
,ug/ml) for animals receiving intermittent
exposure to antibacterially supplemented
feed (T-6) is illustrated in Fig. 2. Animals
had received medicated feed for two weeks
before collection of the first sample. Thus,
the baseline incidence was high (60%) at
the start of the first treatment period.
During treatment periods the level of re-
sistant organisms was 60-70% except for
the value obtained at the end of the first
treatment. After the second treatment the
level dropped to 20% or less and persisted
in this range for 64 days after the end of
the second treatment.

Further definition of resistance charac-
teristics was obtained by determining
MICs for PEN, OTC, DSM and NEO on in-

dividual isolates typical of E. coli which
were collected from each composite sam-
ple. Results of the MIC determinations
were grouped according to antibiotic sup-
plementation: Receiving antimicrobials
(T-1, T-2, T-3), after withdrawal of antimi-
crobials where antimicrobials had been
given longer than two weeks (T-1, T-2),
after withdrawal of antimicrobials where
antimicrobials had been given for two weeks
and pigs were housed in the same environ-
ment as those receiv~ing antimicrobials (T-4),
after withdrawal of antimicrobials where
antimicrobials had been given for two
weeks and pigs were housed in a separate
facility from those receiving antimicrobials
(T-5) and pigs from T-5 kept in semi-
isolation beyond the initial 20-week sam-
pling time. Animals were exposed to two,
seven, nine, 11, 12, 13 and 15 weeks of
medicated feeding and subsequently stu-
died when they were switched to control
feed.

The MIC for OTC was >100 ,ug/ml for
92% or more of the isolates tested from
each animal group (Table III). The great-
est portion of isolates (76-83%) fell in the
101-1000 ,ug/ml range. There was no corre-
lation between duration of treatment or no
treatment and occurrence of isolates in the
>1000 ,ug/ml category.
The MIC for DSM was either <25 ,ug/

ml or >100 ,ug/ml for 93% or more of the
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TABLE III. Minimum Inhibitory Concentration (MIC) of Lactose-Fermenting Enteric Organ-
isms Isolated From Swine During and After Feeding Penicillin (50 g/t), Chlortetracycline (100 g/t)
and Sulfamethazine (100 g/t)"

Percent of Isolates in the Specified MIC Ranges
Antibiotic MIC Range I II III IV V
Oxytetracycline 0-24 1 3 1 6 0

(ILg/ml) 25-100 1 5 4 0 0
101-1000 80 82 82 76 83
>100- 18 10 13 20 17

Number of isolates tested *6 39 66 58 18

Dihydrostreptomycin 0-24 26 23 20 39 11
(ILg/ml) 25-100 2 3 6 7 5

101-1000 28 38 48 24 42
> 1000 44 36 26 30 42

Number of isolates tested 131 39 62 59 19

Penicillin 0-24 5 15 15 16 5
(units/ml) 25-100 9 28 29 20 10

101-1000 8 15 5 10 11
>1000 78 42 51 54 74

Number of isolates tested 136 40 65 61 19

Neomycin 0-24 44 50 52 34 72
(t&g/ml) 25-100 40 45 29 47 28

101-1000 10 3 14 14 0
> 1000 6 2 5 5 0

Number of isolates tested 136 38 65 57 18
-I.-Groups T-1, T-2, T-3, received medicated feed on a weight basis (T-1 to 40 kg, T-2, to 70 kg, T-3 conti-
nuously), treated up to 20 weeks, no time away from treatment, sampled at 2-20 weeks; maintained in
Facility 1
II: Groups T-1, T-2, nonmedicated feed, treated 1st 6-14 weeks, 6-14 weeks away from treatment, sampled
after being switched to nonmedicated feed; maintained in Facility 1
III: Group T-4, nonmedicated feed, treated 1st 2 weeks, 2-20 weeks away from treatment, sampled at 2-20
weeks, maintained in Facility 1
IV: Group T-5 conditions as for III except maintained in Facility 2
V: Group T-5 nonmedicated feed, treated 1st two weeks, 2-32 weeks away from treatment, sampled at 20-32
weeks, five animals were moved from Facility 2 to semi-isolation units at the end of 20 weeks

isolates tested from each study group. In
Facility 1 there was a trend toward less re-
sistance when MIC results from animals
receiving treatment (T-1, T-2, T-3) are
compared to results from animals that had
been switched to nonmedicated feed (T-1,
T-2) after seven weeks or more of treat-
ment and animals that received treatment
for only two weeks (T-4). There was even
less resistance to DSM in isolates obtained
from animals that received treatment for
two weeks but were maintained in a sepa-
rate facility (T-5) and were not given
medicated feed. The organisms obtained
from animals maintained in semi-isolation
units from 20 to 32 weeks were more resis-
tant than isolates collected from animals in
Facility 1 or Facility 2.
The MICs of penicillin for enteric organ-

isms isolated from animals receiving medi-
cated feed were higher than for animals
receiving nonmedicated feed except for

animals maintained in semi-isolation. The
frequency of isolates in the four MIC
ranges was similar for animals receiving
nonmedicated feed in Facilities 1 and 2.
The level of resistance in isolates obtained
from animals in semi-isolation was similar
to that found in isolates obtained from
animals receiving medication.
For NEO the MICs were concentrated in

the lower two MIC ranges. For 81% or
more of the isolates the MIC for NEO was
<100 ug/ml. The percent of isolates in the
various MIC ranges did not vary with
treatment or lack of treatment in Facilities
1 and 2. The isolates obtained from animals
in semi-isolation were the most sensitive.

Transferable resistance was detected at
sampling intervals throughout the experi-
ment. Such transferable resistance was
found in isolates obtained from animals re-
ceiving treatment as well as those receiv-
ing nonmedicated feed.
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DISCUSSION

A high incidence (95-100%) of lactose-
fermenting enteric organisms was resis-
tant to 25 Jg/ml OTC during preliminary
determinations. Because of this the level
of OTC in the MacConkey agar plates was
increased to 250 jig/ml to increase the
sensitivity of detecting changes in OTC
resistance in enteric bacterial populations.
Since there was a high frequency (>90%)
of isolates of lactose-fermenting enteric
organisms that had an MIC value for OTC
of >100 ,ug/ml at each sampling time for
each group, it is likely that throughout the
experiment the number of colonies grow-
ing on both MacConkey agar plates and
MacConkey agar plates supplemented with
OTC at 25 ,ug/ml (90-100%) would have
been similar. However, since the level of
OTC was raised to 250 ,ug/ml the sensiti-
vity of the procedure was increased and

1U

60

4.

20

variation at sampling intervals was ob-
served.
With the increased sensitivity in the

plate counting procedure, decreasing trends
in the incidence of drug resistant lactose-
fermenting enteric organisms were ob-
served for groups T-5 and T-6 after cessa-
tion of treatnent (Figs. 1 and 2). The
significance of this trend may not be very
practical when MIC data (Table III) are
considered. Of all isolates that produced
reactions typical of E. colti on MacConkey
agar and triple sugar iron agar, 92-100%
had an MIC of >100 ,ug/ml for OTC for all
groups. Even at 30 weeks after treatment
all isolates tested had an MIC for OTC of
>100 ,ug/ml. Since all colonies that fer-
mented lactose and had colony morphology
similar to E. coli were counted in the plate
counting procedure the isolates included in
the MIC data are from a slightly more se-
lect group. This does not account for all
the differences between results from the
plate counting procedure and MIC data.

4 8 12 16 28 24 28 32

WEEKS
Fig. 1. The incidenee of lactose-fermenting enteric bacteria in swine resistant to oxytetracycline (250 &g/ml) in con-
trol animals and in animals fed a diet containing chlortetracycline (100 g/T), sulfamethazine (100 g/T) and peni-
cillin (50 g/T). "Percent organims" refers to the number of lactose-fermenting enteric organisms growing on Mac-
Conkey agar containing oxytetracycline (250 gi/ml) divided by the number of lactose-fermenting organisms growing
on MacConkey agar times 100.
A. Animals receiving medicated diet (T-1, T-2, T-3).
B. Animals receiving nonmedicated diet end maintained in same facility as animals receiving medicated diet (T-4).
C. Animals receiving nonmedicated diet but maintained in a facility separate from animals receiving medicated

diet (T-5).
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70 s0 90 100 110

Fig. 2. Incidence of oxytetracycline resistance (250 pg/
=U) in lactose-fermenting enteric organisms isolated from
swine exposed intermittently to supplemented feed (T-6).
RLFEO = Resistant lactos-fermenting enteric organ-
isms.
A = Rations supplemented with sulfamethazine (100

g/T), chlortetracycline (100 g/T) and penicillin (50
nJT).

B = Animals exposed to medicated rations prior to first
sample.

The differences may be due to drug binding
characteristics of the media used or other
factors that may affect antimicrobial acti-
vity of the drug.
The lack of treatment did not reduce the

level (MIC) of resistance to OTC, a drug
homologous to the treatment (because of
cross resistance between OTC and CTC,
OTC is considered homologous to CTC used
in the feed). For DSM, a drug heterologous
to the treatment, a high incidence of resis-
tant organisms persisted throughout the
study but the level of resistance in the
organisms decreased after treatment ceased
relative to the amount of animal contact
and time away from treatment. This was

not true for animals in semi-isolation.
Treatment increased the resistance to peni-
cillin, a homologous drug. Duration of
treatment or time away from treatment did
not influence the level of PEN resistance in
organisms isolated from animals not re-

ceiving treatment in Facilities 1 and 2.
Neither treatment nor lack of treatment
caused any increase or decrease in resis-
tance to NEO, a heterologous drug, except
for isolates obtained from animals in semi-
isolation.
The differences observed for animals

kept in semi-isolation may be partly due to
decreased influence from outside sources
of organisms. If the organisms were highly
resistant (OTC, DSM, PEN) when the ani-
mal entered the semi-isolation facility they
tended to stay resistant. If they were more
sensitive (NEO) they tended to stay sensi-
tive.

Since, on a practical basis, little or no
regression in percentage of OTC resistant
isolates was observed after treatment the
factors that may have influenced their per-
sistence should be considered. The inci-
dences of drug resistant enteric organisms
in fecal material of cows and their imme-
diate environment have been shown to be
somewhat directly related (11). The avail--
ability of resistant or sensitive organisms
in the immediate environment would be
expected to influence the percentage of re-
sistant enteric organisms in animals not
receiving antimicrobials and thus the per--
sistence of resistant organisms after feed-
ing of antimicrobials. This would be espec-
ially true of swine raised in confinement
where large numbers of enteric organisms
would likely be recycled through their en-
teric tracts. Certain characteristics of
organisms, such as ability to colonize the
enteric tract, ability to transfer resistance
(in the case of resistant strains), genetic
stability of drug resistance and number of
sensitive organisms relative to rate of
transfer of drug resistance may influence
persistence and incidence of resistant en--
teric organisms after an antimicrobial ad-
ministration has stopped.

Since the swine had a high incidence of
resistant enteric bacteria when the experi-
ment started they were able to populate
study facilities with drug resistant enteric
organisms. Degree of contact for sources of
organisms other than the animal's own fe-
cal material varied between study facilities.
Some sources would be other animals, feed,
cleaning and feeding implements, material
that the animal caretaker brought in on
boots and clothing and the immediate en-
vironment. In Facility 1 there was animal-
to-animal (pen-to-pen) contact between
animals receiving medicated versus non-
medicated feed, common pen cleaning equip-
ment and animal caretaker contact. Animals
in Facility 2 had no contact with animals
receiving medicated feed but they had con-
tact with animal caretakers and common
cleaning equipment. There was no animal-
to-animal contact, no common implements
and minimal caretaker contact with animals
in semi-isolation. Organisms from sources
other than the animal's fecal material ap-
parently did not influence the persistence
of resistant organisms. This was especially
true of the group maintained in semi-isola-
tion where outside sources of organisms
were minimized.

Importance of drug sensitive organisms

Con. J. comp. Med.

II I
0 10 20 30 40 So 60

too

90

so

70

60
0

so9
be

40

30

20

to

0

Ia

182



may become more apparent by examining
another study (6). After antibiotic feed
was removed from a group of chickens
having a high incidence of resistance in
their G.I. flora, chickens with a predomi-
nantly sensitive G.I. flora were introduced
into the group. The number of chickens
carrying resistant organisms and the inci-
dence of resistant organisms declined in the
treated group, whereas in another group of
chickens the incidence of drug resistant
enteric bacteria remained stable at a high
level after antibiotic feeding was stopped.

Other investigators (2, 3, 5, 6, 10) have
observed a decrease in incidence of resis-
tant bacteria in a relatively short time
after antibiotic administration ceased. The
antibiotic usage in such experiments was
of short duration and on a one time basis.
Conversely, where antimicrobials are fed
to all animals in each generation year after
year, sufficient pressure is exerted to
establish and maintain an enteric and en-
vironmental flora that is mostly resistant.
The effects of drug resistant enteric

organisms on therapy of disease and death
loss was not assessed in this experiment
since the experimental design did not allow
for treatment of diseased swine. However,
for the commercial swine producer a deter-
mination of the economic benefit of feeding
antimicrobials for improved weight gain
and/or feed conversion should also include
the effect of the antimicrobials on the
transferable drug resistance in the enteric
flora and their subsequent effect on therapy
of disease and death loss. If the level of en-
teric organisms with transferable drug re-
sistance is to be reduced in swine, time
away from antimicrobial pressure may be
the factor that is needed to affect the stabi-
lity of the resistances.
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