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The antibiotic resistance patterns of gram-negative fecal bacteria from pigs in three herds with different
histories of antibiotic exposure were examined. In general, smaller proportions of antibiotic-resistant or
multiply resistant fecal isolates (P < 0.05) were obtained from pigs in a herd not exposed to antimicrobial agents
for 154 months than from pigs in a herd continuously exposed to antimicrobial agents at subtherapeutic doses
or from pigs in a herd exposed only to therapeutic doses of antimicrobial agents. The proportions of
antibiotic-resistant and multiply resistant strains were greater among isolates from pigs in the therapeutic herd
than in the non-antibiotic-exposed herd (P < 0.05). The proportion of antibiotic-resistant isolates in the
non-lactose-fermenting population was greater than that in the lactose-fermenting population, regardless of
herd. The results suggest that any form of antimicrobial exposure will increase the prevalence of antimicrobial
resistance and multiple resistance of fecal bacteria.

Concern has been expressed over the years that the
continued use of subtherapeutic levels of antibiotics in feed
will increase the risk of transfer of drug-resistant pathogenic
bacteria from animals to humans (5, 9, 10, 22, 29, 30).
Bacterial resistance to antibiotics has been shown to in-
crease not only to the antibiotic being fed to the animals but
also to other related antibiotics (2, 4, 10, 12, 13). Because of
this increased resistance, it is thought that the use of
subtherapeutic levels in animal feeds should be discontinued
and only therapeutic treatment of animals should be allowed
(10, 29, 30). There is little disagreement in the scientific
community that usage of antibiotics will promote an increase
in the proportion of resistant bacteria in the gastrointestinal
tract (2, 4, 6-8, 11, 12, 19, 21, 22, 24, 25, 27). However, little
information is available comparing the differential effects of
therapeutic, subtherapeutic, or prophylactic uses of antimi-
crobial agents in selecting antibiotic resistance in animals (2,
3, 10, 13, 17).

This study was conducted to compare the antibiotic resis-
tance of gram-negative fecal bacteria from pigs in three herds
with different histories of antibiotic exposure. One herd had
not been exposed to antimicrobial agents for 154 months
(NAB herd), a second herd had routinely received subther-
apeutic doses of antimicrobial agents and therapeutic doses
when required to treat diseases (AB herd), and the third herd
was given therapeutic antimicrobial agents when needed to
treat diseases (TH herd).

MATERIALS AND METHODS

Source of isolates. Isolates were obtained from pigs in three
herds with different histories of antibiotic exposure. The
NAB and the AB herds have been described previously (11,
12, 14). The TH herd, in existence for 9 years at the time of
sampling, was established by the Iowa Veterinary Medicine
Research Institute. Iowa State University, Ames, as a com-
pletely closed and confined herd of specific-pathogen-free
Yorkshire-Landrace and Hampshire crossbred pigs. Ani-
mals in the herd were delivered by cesarean section when
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t Published with the approval of the Director of the Kentucky

Agricultural Experiment Station as journal paper 89-5-45.

the herd was initially established. Sows are bred by artificial
insemination. The antibiotic-free diet was purchased from a
commercial feed mill. The commercial feed was then sup-
plemented with calcium and phosphorus at the facility before
being fed to the pigs. The pigs were housed in four separate
environmentally controlled buildings. The design of each
building and the age distribution of pigs within each were
similar. Caretakers and research scientists showered with a
disinfectant and changed clothes before they entered the
confinement area. In addition, they changed and disinfected
their boots before going from one building to another. When
therapeutic treatment was needed for control of infections,
pigs were treated with 0.25 to 25 ml of 200,000 U of penicillin
G procaine per ml and 0.25 g of dihydrostreptomycin base
per ml for a maximum of 4 days. The amount of antibiotic
and duration of antibiotic treatment depended on the weight
of the pigs and the extent of the infection. Pigs in one
building were being treated for Pasturella infections at the
time of sampling. Approximately 18% of the 91 pigs had
never been treated with antibiotics; 64.8% had been treated
once, 12.1% had been treated twice, and 5.5% had been
treated three times. All except two treated pigs were treated
with antibiotics during the 11 months preceding sampling,
and 52.7% were treated within 4 months of sampling.

Collection and storage of samples. Unless otherwise stated,
all media used were obtained from Difco Laboratories (De-
troit, Mich.) or BBL Microbiology Systems (Cockeysville,
Md.) and incubation was at 35°C.

Rectal swab samples were obtained from 45 pigs in the
NAB herd, from 51 pigs in the AB herd, and from 91 pigs in
the TH herd.

Rectal swabs were streaked on MacConkey agar plates
within 1 h of being collected. Five lactose-fermenting and up
to five non-lactose-fermenting colonies were randomly
picked from each plate after incubation, stabbed three times
into Trypticase soy agar (BBL) deeps, incubated overnight,
and then stored at 2°C until activated for antibiotic suscep-
tibility testing. Isolates from the TH herd were picked to
Trypticase soy agar deeps, held on ice during the 2-day trip
to Lexington, Ky., and then incubated overnight.

Determination of lactose utilization. Each culture was
activated by subculturing three times into brain heart infu-
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TABLE 1. Microbial groups based on lactose utilization obtained
from pigs in three herds with different histories of

antimicrobial exposure

No. (%) of isolates from following herd:
Microbial group

NAB AB TH

Lactose fermentera 195 (79.9) 280 (71.4) 525 (76.3)
Slow lactose 7 (2.9) 45 (6.5)

fermenter'
Non-lactose fermenterc 42 (17.2) 94 (2.4) 86 (12.5)
Mutantd 18 (4.6) 32 (4.7)

" Lactose utilized within 24 h.
b Lactose utilized between 24 and 72 h.
' Lactose not utilized within 72 h.
d Yellow papilla (lactose utilization) developed on top of non-lactose-

fermenting colony between 24 and 72 h.

sion broth before streaking on Trypticase soy agar plates to
check for purity. The ability of isolates to utilize lactose was
determined on purple agar base containing 2% lactose after
incubating plates for up to 72 h. Isolates were grouped
according to their utilization of lactose as follows: (i) lactose
fermenters if yellow zones surrounded growth on purple agar
base containing 2% lactose within 24 h; (ii) slow lactose
fermenters if lactose utilization occurred between 24 and 72
h; (iii) non-lactose fermenters if no color change occurred in
the medium after 72 h; and (iv) mutants if a yellow papilla
developed on top of a non-lactose-fermenting colony.

Antibiotic resistance. Custom MIC breakpoint plates (AP-
BEL; Radiometer America, Westlake, Ohio) were used to
determine the antibiotic susceptibilities of the isolates from
the three herds to amikacin, ampicillin, carbenicillin, ceph-
alothin, chloramphenicol, gentamicin, kanamycin, neomy-
cin, nalidixic acid, streptomycin, sulfamethoxazole-trimeth-
oprim (SXT), sulfisoxazole, and tetracycline. Procedures,
techniques, and interpretation of results were as recom-
mended by the manufacturer for determining susceptibilities
with a Sensititre MIC/ID automated system (Radiometer
America, Westlake, Ohio) with an automatic inoculator.
Isolates which showed intermediate resistance were consid-
ered to be resistant.

Statistical analysis. All isolates obtained from pigs in the
same herd were combined for analysis. The percentages of
isolates resistant to each antimicrobial agent and multiple
antibiotic resistance were determined for isolates from each

herd. Chi-square analysis (20) was used to determine the
differences between proportions of all isolates, lactose fer-
menters and slow lactose fermenters combined, and non-

lactose fermenters from the three herds which were resistant
to ampicillin (16 p,g/ml), carbenicillin (32 p,g/ml), cephalothin
(16 jig/ml), chloramphenicol (16 ,ug/ml), kanamycin (16 ,ug/
ml), neomycin (8 ,ug/ml), nalidixic acid (16 ,ug/ml), strepto-
mycin (16 ,ug/ml), SXT (8/152 ,ug/ml), sulfisoxazole (256
g/ml), and tetracycline (8 and 64 ,ug/ml) and the differences in
the proportion of multiply resistant isolates.

RESULTS

A total of 1,324 gram-negative fecal isolates were exam-
ined in this study. The distribution of isolates from each herd
according to lactose utilization is shown in Table 1. More
than 71% of the isolates picked from each herd utilized
lactose within 24 h. None of the isolates from the AB and
NAB herds were classified as slow lactose fermenters and
mutants, respectively.
Only one isolate from the TH herd was resistant to

amikacin (32 ,ug/ml) or gentamicin (8 ,ug/ml). The propor-
tions of all isolates, lactose fermenters, and non-lactose
fermenters resistant to the other 11 antimicrobial agents are

shown in Tables 2, 3, and 4.
Except for cephalothin and sulfisoxazole, a lower propor-

tion of isolates from the NAB herd were resistant to the
agents tested compared with isolates from the AB and TH
herds (Table 2). A greater proportion of TH herd isolates
were resistant to chloramphenicol, nalidixic acid, streptomy-
cin, and SXT compared with AB herd (P < 0.1) and NAB
herd (P < 0.05) isolates. The mean number of agents in the
resistance patterns of isolates from the NAB herd was less
than that for isolates from the AB and TH herds (Table 5).
Less than 24% of NAB isolates were resistant to more than
two agents, compared with 70.9 and 75.3% of AB and TH
herd isolates, respectively. Isolates from the NAB herd
showed resistance to a maximum of 6 agents, compared with
a maximum of 9 and 11 agents for AB and TH herd isolates,
respectively.

Antibiotic resistance of all isolates which utilized lactose
within 72 h is shown in Table 3. The slow lactose fermenters
were combined with isolates which utilized lactose within 24
h, since none of the isolates from the AB herd were
considered to be slow lactose fermenters and the number of
slow lactose fermenters from the other two herds was small.

TABLE 2. Antibiotic resistance of gram-negative fecal bacteria from pigs in three swine herds with different
histories of antimicrobial exposure

Resistance (%) in following herd:
Antimicrobial Concn (,ug/ml) NAB AB TH Significant difference by":agentNAABT

(n = 244) (n = 392) (n = 688)

Ampicillin 16 10.7 50.5 25.7 AB > TH**, NAB**; TH > NAB**
Carbenicillin 32 10.2 50.5 22.8 AB > TH**, NAB**; TH > NAB**
Cephalothin 16 15.6 9.4 8.3 NAB > AB*, TH**
Chloramphenicol 16 0.4 1.0 2.8 TH > AB+, NAB*
Kanamycin 16 1.2 43.1 15.0 AB > TH**, NAB**; TH > NAB**
Nalidixic acid 16 3.7 5.9 8.7 TH > AB+, NAB**
Neomycin 8 3.3 38.8 14.0 AB > TH**, NAB**; TH > NAB**
Streptomycin 16 10.7 74.0 74.4 AB, TH > NAB**
SXT 8/152 0.4 5.1 10.9 TH > AB**, NAB**; AB > NAB**
Sulfisoxazole 256 98.8 98.5 95.8 AB, NAB > TH*
Tetracycline 8 23.8 99.0 80.4 AB > TH**, NAB**; TH > NAB**
Tetracycline 64 17.6 89.3 66.7 AB > TH**, NAB**; TH > NAB**

" Statistical significance symbols: +, P < 0.1: *. P < 0.05; **, P < 0.01.
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TABLE 3. Antibiotic resistance of gram-negative lactose-fermenting fecal bacteria from pigs in three swine herds
with different histories of antimicrobial exposure

Resistance (%) in following herd:
Antimicrobial Concn (ig/rml) NAB AB TH Significant difference by":agentNAABT

(n = 202) (n1= 280) (n = 570)

Ampicillin 16 0.5 36.4 25.1 AB > TH**, NAB**; TH > NAB**
Carbenicillin 32 0.5 36.8 23.0 AB > TH**, NAB**; TH > NAB**
Cephalothin 16 5.9 7.5 5.6
Chloramphenicol 16 0 0.7 0.7
Kanamycin 16 1.5 45.4 14.0 AB > TH**, NAB**; TH > NAB**
Nalidixic acid 16 3.5 4.3 2.8
Neomycin 8 3.5 42.1 12.5 AB > TH**, NAB**; TH > NAB**
Streptomycin 16 12.4 74.3 74.0 AB, TH > NAB**
SXT 8/152 0 3.9 3.2 AB > NAB**; TH > NAB*
Sulfisoxazole 256 99.5 98.6 95.1 NAB > TH**; AB > TH*
Tetracycline 8 26.7 99.6 78.6 AB > TH**, NAB**; TH > NAB**
Tetracycline 64 20.3 86.1 67.0 AB > TH**, NAB**; TH > NAB**

' See Table 2, footnote a.

Except for sulfisoxazole, the proportion of resistant isolates NAB herd. While a greater proportion of non-lactose fer-
tended to be greater in lactose fermenters obtained from the menters from the AB herd showed resistance to more than
AB herd (P < 0.01). Proportions of resistant lactose ferment- one agent (multiple resistance), only the difference in multi-
ers from the TH herd generally were higher (P < 0.05) than ple resistance between the isolates from the AB and NAB
those observed for lactose fermenters from the NAB herd. herd non-lactose fermenters was significant (Table 5). A
The mean number of agents in the resistance patterns of greater proportion of non-lactose fermenters than lactose
lactose fermenters from the NAB herd was less than that for fermenters were resistant to more than two agents (Table 5).
lactose fermenters from the AB and TH herds (Table 5). Approximately 62% of NAB non-lactose fermenters were
Less than 16% of NAB lactose fermenters were resistant to resistant to more than two agents, compared with 83 and
more than two agents, compared with 64.7 and 73.3% of AB 82.5% of AB and TH herd non-lactose fermenters, respec-
and TH herd lactose fermenters, respectively. Lactose fer- tively. NAB herd non-lactose fermenters showed resistance
menters from the NAB herd showed resistance to a maxi- to a maximum of 6 agents, compared with a maximum of 8
mum of five agents, compared with a maximum of seven and and 11 agents for AB and TH herd non-lactose fermenters,
nine agents for AB and TH herd lactose fermenters, respec- respectively.
tively. All slow lactose fermenters showed multiple resistance.
The proportion of non-lactose fermenters resistant to The 7 slow lactose fermenters from the NAB herd were

cephalothin from the NAB herd (P < 0.01) was greater than resistant to a maximum of four agents, compared with a
that from the other two herds (Table 4). The proportion of maximum of nine agents for the 45 slow lactose fermenters
non-lactose fermenters resistant to chloramphemicol, nali- from the TH herd. However, the small number of slow
dixic acid, and SXT was higher (P < 0.01) for the TH herd lactose fermenters observed may account for the nonsignif-
than for the other two herds. Resistance to the other agents icant difference in multiple resistance obtained between the
listed in Table 4 was greater (P < 0.01) for AB herd NAB and TH herds. The slow lactose fermenters from the
non-lactose fermenters. The proportion of resistant non- NAB herd showed resistance to ampicillin (14.3%), cepha-
lactose fermenters from the TH herd generally was higher (P lothin (100%), nalidixic acid (42.9%), sulfisoxazole (100%),
< 0.05) than observed for non-lactose fermenters from the and tetracycline, 8 jjg/ml (42.9%). The slow lactose ferment-

TABLE 4. Antibiotic resistance of gram-negative non-lactose-fermenting fecal bacteria from pigs in three swine herds
with different histories of antimicrobial exposure

Resistance (%) in following herd:
Antimicrobial Concn (j±gIml) NBATHSignificant difference by":

agent NAB AB TH
(n = 42) (n= 94) (n = 86)

Ampicillin 16 59.5 83.0 30.2 AB > TH**, NAB**; NAB > TH**
Carbenicillin 32 57.1 81.9 20.9 AB > TH**, NAB**; NAB > TH**
Cephalothin 16 61.9 14.9 22.1 NAB > AB**, TH**
Chloramphenicol 16 2.4 2.1 16.3 TH > AB**, NAB*
Kanamycin 16 0 30.9 24.4 AB, TH > NAB**
Nalidixic acid 16 4.8 7.4 36.0 TH > AB** NAB**
Neomycin 8 2.4 26.6 25.6 AB, TH > NAB**
Streptomycin 16 2.4 72.3 70.9 AB, TH > NAB**
SXT 8/152 2.4 3.2 48.8 TH > AB**, NAB**
Sulfisoxazole 256 95.2 97.9 98.8
Tetracycline 8 9.5 96.8 84.9 AB > TH**, NAB**; TH > NAB**
Tetracycline 64 4.8 96.8 53.5 AB > TH**, NAB**; TH > NAB**

" See Table 2, footnote a.
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TABLE 5. Resistance to multiple antimicrobial agents of enteric bacteria from feces of pigs in three herds
with different histories of antimicrobial exposure

% of isolates resistant to the following number of agents:
bHerd Microbial group" No. of isolates MMR

0 1 2 3 4 5 6 7 8 9 10 11

NAB All 244 0.4 61.1 14.8 10.2 10.7 2.5 0.4 1.79
LF 202 0.5 66.9 16.8 11.4 3.0 1.5 1.54
NLF 42 33.3 4.8 4.8 47.6 7.1 2.4 2.98

AB All 382 0.8 13.3 15.3 7.7 30.4 14.8 12.8 4.1 0.8 0.3 4.76
LF 280 1.1 15.0 19.3 8.6 27.9 13.2 12.1 2.9 4.50
NLF 94 10.6 6.4 3.2 42.6 17.0 13.8 5.3 1.1 5.17
Mutant 18 16.2 5.6 27.8 16.7 16.7 11.1 5.6 6.67

TH All 688 0.9 8.3 15.6 33.3 12.1 20.9 2.9 3.1 0.7 1.3 0.7 0.3 3.59
LF 570 1.1 9.6 16.1 36.0 10.0 22.1 2.5 1.9 0.4 0.4 3.35
NLF 86 2.3 15.1 20.9 19.8 11.6 4.7 8.1 3.5 5.8 5.8 2.3 4.81
Mutant 32 6.3 18.8 8.1 25.0 6.3 9.4 4.61

a All, All isolates tested; LF, lactose fermenter; NLF, non-lactose fermenter. See Table 1, footnotes a, c. and d.
b MMR, Mean number of isolates resistant to the following (in micrograms per milliliter): amikacin, 32; ampicillin, 16; carbenicillin, 32; cephalothin, 16:

chloramphenicol, 16; gentamicin, 8; kanamycin, 16; nalidixic acid, 16; neomycin, 8: streptomycin, 16; SXT, 8/152; sulfisoxazole, 256; and tetracycline, 8.

ers from the TH herd showed resistance to 11 of the 13
antimicrobial agents tested. The TH herd slow lactose fer-
menters were resistant to ampicillin (8.9%), carbenicillin
(8.9%), cephalothin (13.3%), chloramphenicol (2.2%), kana-
mycin (13.3%), nalidixic acid (28.9%), neomycin (13.3%),
streptomycin (68.9%), SXT (24.4%), sulfisoxazole (100%),
and both concentrations of tetracycline (97.8%).
The mean number of antimicrobial agents in the resistance

pattern was greater (P < 0.01) in mutant isolates from the
AB herd than in those from the TH herd. All AB herd
mutants were resistant to three or more agents and some
were resistant to as many as nine agents. The TH herd
mutants were resistant to two or more agents and up to a
maximum of seven agents. The 18 AB herd mutants were
resistant to ampicillin (100%), carbenicillin (100%), cephalo-
thin (11.1%), kanamycin (72.2%), nalidixic acid (22.2%),
neomycin (50%), streptomycin (77.7%), SXT (33.3%),
sulfisoxazole (100%), and both concentrations of tetracy-
cline (100%). The 32 TH herd mutants were resistant to
ampicillin (25%), carbenicillin (25%), cephalothin (18.8%),
chloramphenicol (3.1%), kanamycin (6.3%), nalidixic acid
(40.6%), neomycin (9.4%), streptomycin (90.6%), SXT
(46%), sulfisoxazole (100%), and both concentrations of
tetracycline (100 and 96.9%).
The greatest number of antimicrobial resistance patterns

was obtained for the TH herd isolates (68), which was 20 and
47 more than obtained for the AB and NAB herd isolates,
respectively.

DISCUSSION

In general, antibiotic resistance and multiple antibiotic
resistance were greater (P < 0.05) for isolates from pigs in
the AB herd than for isolates from pigs in the NAB or TH
herd. Antimicrobial resistance and multiple resistance were
greater (P < 0.05) among isolates from pigs in the TH herd
than in the NAB herd.
The results of this study support those obtained in earlier

studies which suggest that any form of antimicrobial expo-
sure increases the prevalence of antibiotic resistance (2, 3,
17). Langlois et al. (17) found that the proportion of antibi-
otic resistance fecal bacteria was greater in pigs given
therapeutic dosages of chlortetracycline (CTC) for 14 days
than in pigs given subtherapeutic dosages for 85 days. These

authors found less of a decrease in antibiotic-resistant bac-
teria in pigs given therapeutic dosages of CTC compared
with pigs fed continuous subtherapeutic dosages of CTC
once the CTC was withdrawn. Sogaard (28) reported that
74% of Escherichia coli isolates from pigs given therapeutic
dosages of antibiotics showed resistance to one or more
antibiotics, compared with 53% of E. coli isolates from pigs
given no antibiotics. Thus, the therapeutic use of antibiotics
resulted in a 21% increase in the proportion of E. coli isolates
resistant to various antibiotics.

Resistance to kanamycin and neomycin in the AB herd
isolates may be related to the feeding of neoterramycin
(neomycin and oxytetracycline) to lactating sows and the
routine feeding of CTC to all pigs in the AB herd. Neomycin,
kanamycin, oxytetracycline, and CTC are all aminoglyco-
side antibiotics and cross resistance may occur (1). Many
studies have shown that therapeutic or subtherapeutic use of
antibiotics will increase the frequency of resistant bacteria in
the intestinal tract (2, 3, 6, 7, 11, 12, 17, 18, 24, 25, 28).
The high resistance to ampicillin and carbenicillin in the

AB herd isolates is possibly a result of feeding low levels of
penicillin to piglets up to 15 kg of body weight. Since
ampicillin and carbenicillin are semisynthetic derivatives of
penicillin, cross resistance could have occurred, causing a
carry-over of resistance from piglets to pigs in the AB herd
(1, 23).
The therapeutic use of dihydrostreptomycin in the AB and

TH herds may be the reason that more than 70% of the
isolates were resistant to streptomycin. Mercer et al. (21)
found that the percentage of isolates resistant to a specific
antibiotic increased when the antibiotic was fed. Other
researchers have observed that resistance may develop to
antimicrobial agents in addition to the one being used. Thus,
the increase in multiple resistance observed in isolates from
the AB and TH herds may be due in part to the transfer of R
plasmid originating from the use of subtherapeutic or thera-
peutic antimicrobial agents.
The high proportion of tetracycline-resistant isolates from

the AB herd was expected, since continuous subtherapeutic
levels of CTC have been fed to pigs in this herd for more than
13 years. The high proportion of tetracycline-resistant iso-
lates from the TH herd was not expected, since pigs in this
herd have not been "knowingly" exposed to tetracyclines.
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Apparently the therapeutic use of penicillin G procaine and
dihydrostreptomycin also resulted in the development of
resistance to tetracycline. Since pigs in both the AB and TH
herds were housed in an enclosed environment, antibiotic-
resistant bacteria could easily be passed between the bacte-
rial flora of the pigs. Langlois et al. (16) reported a higher
percentage of bacteria resistant to tetracycline in an en-
closed housing unit (63.5%) when compared with those on
pasture (24.2%). Linton et al. (19) found similar results when
calves fed an antibiotic-free diet were placed in the same
housing unit as calves fed an antibiotic-supplemented diet.
The calves fed the antibiotic-free diet showed the same
resistance pattern and serotype as the calves fed the antibi-
otic-supplemented diet.
The lower percentage of tetracycline-resistant isolates in

the NAB herd may be attributed to the withdrawal of all
antibiotics in this herd for 154 months. However, the de-
crease to lower levels of antibiotic resistance in fecal coli-
forms has taken a long time in the NAB herd. Residual
effects of antibiotics used before withdrawal appear to still
be occurring even after withdrawal for 154 months. The
short- or long-term use of antibiotics is thought to increase
the number of resistant bacteria in the gastrointestinal tract
and they can be passed on from one generation to the next.
Linton (18) theorized that once a resistant organism colo-
nizes the intestinal tract, it may eventually dominate the
microflora. Smith (26) also believes that once a resistant
strain occurs, it can compete with susceptible organisms.
Thus, it appears that once R plasmids and transposons are
established in the fecal flora, they may be retained by
selective advantages other than those provided by antimi-
crobial usage. Persistence of R-plasmid-containing strains
also may be facilitated by environmental factors. Resistant
strains which initially contaminated the living quarters of the
animals may be subsequently reintroduced to a new gener-
ation of animals. However, this does not explain why
resistance is less in pigs over 6 months of age or in pigs,
regardless of age, housed on pasture (16).

In general, antimicrobial resistance and multiple antimi-
crobial resistance were greater in non-lactose fermenters
than in lactose fermenters, regardless of herd. Little infor-
mation is available concerning the role that non-lactose
fermenters play in the transfer of antimicrobial resistance or
the prevalence of transfer between lactose fermenters and
non-lactose fermenters. For years, antibiotic resistance of
fecal coliforms has been used to indicate the development of
antimicrobial resistance in the intestinal microflora due to
the use of antimicrobial agents in animals. However, the
results obtained in this study raise the question whether
coliforms are the best microbial group to use to evaluate
antimicrobial resistance in animals and to determine poten-
tial human health hazards.

While other studies (13-16) suggest that a number of
factors can influence the prevalence of antibiotic-resistant
strains in the fecal material of swine, this study suggests that
both subtherapeutic and therapeutic usage of antimicrobial
agents will result in increased proportions of drug-resistant
and multiply resistant fecal bacteria. However, reversion to
lower levels of antibiotic resistance and multiple resistance
will take a long time once all uses of antimicrobial agents
have been withdrawn.
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