
I n t r o d u c t i o n
Until recently, the principal food safety concern associated with

antibiotic use in food animals was the presence of residues in edi-
ble tissues. Worldwide concern about increased antibiotic resistance
in organisms infecting humans is rapidly changing this situation.
Much greater scrutiny is now placed on antibiotic use and the
development of resistance in commensal and pathogenic bacteria that
may be transferred to humans from contact with food or food-
producing animals. Many research papers, reviews and lay com-
mentaries have discussed the effects of using antibiotics at sub-
therapeutic levels, as with antimicrobial performance enhancers;
however, little attention has been paid to the impact of therapeutic
use of antimicrobials on selection for resistance in Escherichia coli (1,2).

Stabler, Fagerberg and Quarles (3) reported that the use of sub-
therapeutic doses of injectable oxytetracycline [0.05 mg/lb of body
weight (BW)] was associated with a transient increase in the preva-
lence of resistant E. coli in cattle. We compared changes in the
prevalence of resistance to antibiotics in E. coli from cattle receiving
subcutaneously (SC) injectable oxytetracycline in addition to in-feed
chlortetracycline with E. coli from cattle receiving only in-feed
chlortetracycline.

M a t e r i a l s  a n d  m e t h o d s  
The study population consisted of 139 purebred yearling bulls of

various breeds housed in an open-sided barn at the University of
Guelph bull test station between October 1998 and February 1999.
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A b s t r a c t  
Information about the prevalence of antibiotic resistance in commensal enteric bacteria is of interest because these bacteria are
potential indicators of selection pressure on enteric bacteria and represent a reservoir of resistance genes in potentially
pathogenic bacteria. This study reports changes in the prevalence of resistance to antibiotics in commensal Escherichia coli from
cattle receiving either subcutaneously injectable oxytetracycline in addition to in-feed chlortetracycline or only in-feed
chlortetracycline. Resistance to 19 antibiotics was examined. The use of injectable oxytetracycline in addition to in-feed
chlortetracycline was significantly associated (P � 0.05) with an increase in the prevalence of resistance only to chloramphenicol
and sulfisoxazole.

R é s u m é
Il y a intérêt à obtenir de l’information sur la prévalence de l’antibiorésistance chez les bactéries entériques commensales étant donné que
ces bactéries sont des indicateurs potentiels de la pression sélective exercée sur les bactéries entériques de même qu’elles représentent un
réservoir de gènes de résistance pour des bactéries pathogènes potentielles. La présente étude rapporte les changements observés dans la
prévalence de la résistance aux antibiotiques chez des isolats commensaux d’Escherichia coli provenant de bovins recevant soit de
l’oxytétracycline par injection sous-cutanée en plus de chlortétracycline dans l’alimentation ou seulement de la chlortétracycline dans
l’alimentation. La résistance envers 19 antibiotiques fut examinée. L’utilisation combinée d’oxytétracycline injectable et de chlortétracycline
dans l’alimentation était associée de façon significative (P � 0,05) à une augmentation de la prévalence de la résistance envers seulement
le chloramphénicol et le sulfisoxazole.

(Traduit par Dr Serge Messier)



While at the facility, all cattle received the same diet. The cattle
were grouped in 8 pens with various numbers of cattle per pen. The
cattle were from a variety of sources and had started entering the
facility in late September 1998. Their history of exposure to antibiotics
prior to arrival was not available.

The incidence-density-based study design (4) is outlined in
Figure 1. At the outset of the study, a list of animals in each pen was
randomly generated. Each time an animal was treated for undif-
ferentiated fever/depression or infectious interdigital dermatitis, the
next 2 animals on the untreated list were selected to act as controls,
and the treated animal was removed from the list. Since the
untreated animals were selected from the same pen as the treated

animals, some pens were not sampled, because no animals became
sick. Owing to the longitudinal nature of the study, untreated ani-
mals could subsequently be treated. Several times both controls were
subsequently treated.

Between October 26 and December 26, 1998, animals with a diag-
nosis by the facility staff of either undifferentiated fever/depression
or infectious interdigital dermatitis were treated with SC long-
acting oxytetracycline, used according to the manufacturer’s label
instructions (9 mg/lb BW). On December 26, the facility veteri-
narian diagnosed chronic respiratory disease in several animals
and prescribed in-feed chlortetracycline for all the animals.
Chlortetracycline (Aureomycin; Roche Animal Nutrition and
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Figure 1. Study timeline and animal selection process.



Health, Paramus, New Jersey, USA) was added to the ration at a
daily dose of 8 mg/lb BW for approximately 8 d and then 3 mg/lb
BW for approximately 8 d.

At the time of treatment, a fecal sample was collected per rectum
from the treated animal and from the 2 untreated controls. On
February 9, 1999, 30 d after the cessation of chlortetracycline treat-
ment, fecal samples were collected from all the bulls in the facility
at the same time as they underwent routine monthly weighing. All
samples were transported with ice packs in Styrofoam containers to
the laboratory for culture, isolation, and identification of E. coli and
sensitivity testing.

As illustrated in Figure 2, 10 g of feces was taken with a sterile
tongue depressor from each sample and deposited in a Stomacher
bag (Seward Medical Stomacher “400” Bags; Seward, London,
England); 90 mL of buffered peptone water (Difco Laboratories,
Detroit, Michigan, USA) was added to each bag. The mixture was
incubated at 37°C for 18 to 24 h, then a loopful was streaked onto
2 MacConkey agar plates, which were incubated at 37°C for 18 to
24 h. Lactose-fermenting purple colonies with a well in the centre
from different streak lines were examined to determine if they
were indole producers and unable to ferment citrate as a sole carbon
source and, therefore, E. coli. From among these confirmed E. coli
colonies, 5 isolates were selected. Each was inoculated into 3 mL of

Mueller–Hinton (MH) broth (Difco Laboratories), which was incu-
bated for 1 h to a density of 0.5 McFarland standard and examined
for resistance to antibiotics by the agar dilution method.

Bacteria from each isolate grown in broth were deposited in
wells of a Steers replicator multi-well plate and replicated onto an
MH agar plate (Difco Laboratories) without antibiotics and MH agar
plates containing the following antibiotics: amikacin, 32 �g/mL;
ampicillin, 32 �g/mL; apramycin, 16 �g/mL; ceftiofur, 8 �g/mL;
ceftriaxone, 32 �g/mL; cephalothin, 32 �g/mL; chloramphenicol,
32 �g/mL; ciprofloxacin, 0.125 �g/mL; gentamicin, 16 �g/mL;
kanamycin, 64 �g/mL; nalidixic acid, 32 �g/mL; neomycin,
16 �g/mL; polymyxin B, 16 �g/mL; spectinomycin, 64 �g/mL;
streptomycin, 64 �g/mL; sulfisoxazole, 512 �g/mL; tetracycline,
16 �g/mL; tobramycin, 16 �g/mL; and trimethoprim/
sulfamethoxazole, 4/76 �g/mL. After incubation for 18 to 24 h at
37°C the plates were examined for growth of E. coli at the site of inoc-
ulation, which determined the minimum inhibitory concentration
(MIC) at the resistance breakpoints (the specified concentrations).

The resistance breakpoints and the reference isolates
were those described by the National Committee for Clinical
Laboratory Standards (NCCLS) (5). Exceptions were as follows:
Intermediate-resistance breakpoints were determined for amikacin,
32 �g/mL (6), apramycin, 16 �g/mL (7), and ceftriaxone, 32 �g/mL
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Figure 2. Method of isolation of Escherichia coli from fecal samples obtained from cattle at an Ontario bull test station.



(5). The resistance breakpoint for streptomycin, 64 �g/mL, was that
of the US Food and Drug Administration, US Department of
Agriculture, and Centers for Disease Control standard (7). Similarly,
isolates were considered resistant to spectinomycin if growing on
MH agar with 64 �g/mL of the antibiotic (no resistance break-
point available). NCCLS guidelines for ceftiofur are available for
pathogens associated with bovine respiratory disease (Mannhaemia
haemolytica, Pasteurella multocida, and Haemophilus somnus), and in
the absence of other guidelines these breakpoints were used (NCCLS
standard M31-A). Because treatment failures with ciprofloxacin
have occurred in humans infected with Enterobacteriaceae grow-
ing in the presence of an MIC of 0.125 �g/mL, reduced sensitivity
to ciprofloxacin was determined at that level: 600 �L of E. coli
grown in MH broth was added to 600 �L of a 50/50 mixture of 
glycerol/MH broth in 1.25-mL Sarstedt tubes (Sarstedt, Numbrecht,
Germany), and the tubes were deposited in a �70°C freezer.

Statistical analyses
All statistical procedures were performed using SAS software, ver-

sion 8.1 (SAS Institute, Cary, North Carolina, USA). Data were
analyzed only for animals from which samples had been collected
prior to and after addition of chlortetracycline to the diet. The
analysis, therefore, was considered a matched-pairs analysis, the bull
being the unit of matching.

For each bull, the prevalence of resistance (p) among the E. coli iso-
lates selected for testing was estimated by dividing the number of
resistant isolates (r) by the total number of isolates (n). The preva-
lence was calculated for both sampling periods and for each anti-
biotic. As animals could be selected several times between October 26

and December 26, for this period the denominator (n) varied among
the animals (Figure 1). The prevalence of resistant E. coli in the
ith bull for the samples collected between October 26 and
December 26, before chlortetracycline was added to the diet, was
denoted as pi before. The prevalence of resistant E. coli in the ith bull
for the samples collected February 9, after chlortetracycline had been
removed from the ration, was denoted as pi after. The change in the
prevalence of resistance for each bull was therefore pi after � pi before.
The null hypothesis was that the distribution of the ranked values
for pi after � pi before in the cattle that received both injectable oxy-
tetracycline and in-feed chlortetracycline did not differ from the dis-
tribution of the ranked values for pi after � pi before in the cattle that
received in-feed chlortetracycline only. This hypothesis was tested
with the Wilcoxon sum-rank test because of the small sample sizes
and because the prevalence of resistance has been reported to have
distributions other than normal (8,9). The test was conducted for each
antibiotic — that is, 19 times.

R e s u l t s
Of the 139 animals in the study population, complete data (sam-

ples collected both before and after the addition of chlortetracycline
to the diet) were available for 83. This data set contained matched
samples from 39 animals that received both injectable oxytetracy-
cline and in-feed chlortetracycline and 44 animals that received only
in-feed chlortetracycline. The ratio of animals was not 1:2 because
untreated animals could become treated. For amikacin, ceftiofur,
ciprofloxacin, nalidixic acid, polymyxin B, and tobramycin, there
was no difference in the change in the prevalence of resistance
(P = 0.5). For apramycin, ceftriaxone, and gentamicin, only 1 animal
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Table I. The number of animals and the direction of change in the prevalence of resistance to antibiotics of the Escherichia coli
isolated from the fecal samples of cattle receiving chlortetracycline only or chlortetracycline plus injectable oxytetracycline

Change in prevalence (pi after � pi before)
Antibiotic tested Antibiotic treatment Decrease No change Increase P*
Ampicillin (32 �g/mL) Chlortetracycline 4 32 8 0.3

Oxytetracycline and chlortetracycline 4 26 9
Cephalothin (32 �g/mL) Chlortetracycline 0 38 6 0.06

Oxytetracycline and chlortetracycline 3 33 3
Chloramphenicol (32 �g/mL) Chlortetracycline 2 40 2 0.04

Oxytetracycline and chlortetracycline 2 29 8
Kanamycin (64 �g/mL) Chlortetracycline 0 40 4 0.5

Oxytetracycline and chlortetracycline 1 33 5
Neomycin (16 �g/mL) Chlortetracycline 0 40 4 0.2

Oxytetracycline and chlortetracycline 2 34 3
Spectinomycin (64 �g/mL) Chlortetracycline 3 36 5 0.09

Oxytetracycline and chlortetracycline 2 28 9
Streptomycin (64 �g/mL) Chlortetracycline 1 34 9 0.2

Oxytetracycline and chlortetracycline 3 24 12
Sulfisoxazole (512 �g/mL) Chlortetracycline 8 17 19 0.05

Oxytetracycline and chlortetracycline 8 6 25
Tetracycline (16 �g/mL) Chlortetracycline 4 14 26 0.3

Oxytetracycline and chlortetracycline 4 8 27
Trimethoprim/sulfamethoxazole Chlortetracycline 1 42 1 0.5
(4/76 �g/mL) Oxytetracycline and chlortetracycline 0 39 0
* P value in Wilcoxon rank-sum test of whether the frequency distribution of the original measurements was the same in both groups



each showed any change in the prevalence of resistance: 1 animal
that received both oxytetracycline and chlortetracycline showed a
0.2 increase in the prevalence of resistance to apramycin (P = 0.15),
1 animal that received only in-feed chlortetracycline showed a
0.8 increase in the prevalence of resistance to ceftriaxone (P = 0.2),
and 1 animal that received only in-feed chlortetracycline showed a
0.2 increase in the prevalence of resistance to gentamicin (P = 0.2).
For Table I, the data for the remaining antibiotics were arranged in
3 categories: (1) a decrease in prevalence, meaning the prevalence
of resistance was lower at the February 9 sampling [(pi after � pi before)
� 0], (2) no change in the prevalence of resistance [(pi after �
pi before) = 0], and (3) an increase in prevalence, meaning that the
prevalence of resistance was higher in the February 9 sampling 
[(pi after � pi before) � 0]; Table I presents the number of animals in each
category and the P value for the Wilcoxon rank-sum test that used
the original value of (pi after � pi before). A contingency table showing
the number of animals and the associated prevalence of resistance
among the E. coli isolated from the samples collected February 9 is
reported in Table II. For amikacin, ceftiofur, ciprofloxacin, nalidixic
acid, polymyxin B, and tobramycin, the prevalence at that time
was zero. For apramycin, 1 animal receiving injectable oxytetra-

cycline and in-feed chlortetracycline had a prevalence of resist-
ance of 0.2. For both ceftriaxone and gentamicin, 1 animal receiving
in-feed chlortetracycline had a prevalence other than zero: 0.8 for
ceftriaxone and 0.2 for gentamicin.

D i s c u s s i o n
Generic E. coli are considered commensal bacteria in cattle

(i.e., they are normally nonpathogenic). The use of antibiotics in food-
producing animals is the subject of debate owing to concern about
the impact on the prevalence of resistance among bacterial popu-
lations and the corresponding impact on human health (10). The use
of antimicrobial agents for growth promotion and prophylaxis has
been criticized by several groups (2). However, little is known
about the effect of therapeutic uses of injectable antibiotics on
enteric bacteria that may be associated with food-safety hazards.

In our study, the use of injectable oxytetracycline in cattle receiv-
ing in-feed chlortetracycline was associated with an increase in
the prevalence of resistance to chloramphenicol and sulfisoxazole
(Table I). This is against a background of selection pressure imposed
by the exposure of all animals to chlortetracycline in the feed. It
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Table II. A contingency table of the number of animals that displayed the prevalence of resistance to antibiotics in commensal
E. coli by antibiotic treatment received

Prevalence (pi after)
Antibiotic tested Antibiotic treatment 0 � 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Ampicillin Chlortetracycline 36 0 2 0 1 0 3 0 0 0 2
(32 �g/mL) Oxytetracycline and 30 0 0 0 0 0 1 0 3 0 5

chlortetracycline
Cephalothin Chlortetracycline 38 0 5 0 0 0 1 0 0 0 0
(32 �g/mL) Oxytetracycline and 36 0 1 0 0 1 1 0 0 0 0

chlortetracycline
Chloramphenicol Chlortetracycline 42 0 0 0 1 0 0 0 1 0 0
(32 �g/mL) Oxytetracycline and 31 0 1 0 0 0 0 0 3 0 4

chlortetracycline
Kanamycin Chlortetracycline 40 0 1 0 0 0 0 0 2 0 1
(64 �g/mL) Oxytetracycline and 34 0 4 0 0 0 1 0 0 0 0

chlortetracycline
Neomycin Chlortetracycline 40 0 1 0 0 0 1 0 1 0 1
(16 �g/mL) Oxytetracycline and 36 0 2 0 0 0 1 0 0 0 0

chlortetracycline
Spectinomycin Chlortetracycline 39 0 1 0 2 0 0 0 1 0 1
(64 �g/mL) Oxytetracycline and 30 0 2 0 0 0 0 0 2 0 5

chlortetracycline
Streptomycin Chlortetracycline 35 0 8 0 0 0 1 0 0 0 0
(64 �g/mL) Oxytetracycline and 27 0 8 0 1 0 1 0 2 0 0

chlortetracycline
Sulfisoxazole Chlortetracycline 21 0 6 0 4 0 3 0 5 0 5
(512 �g/mL) Oxytetracycline and 7 0 9 0 2 0 5 0 5 0 11

chlortetracycline
Tetracycline Chlortetracycline 16 0 6 0 5 0 5 0 3 0 9
(16 �g/mL) Oxytetracycline and 9 0 7 0 4 0 5 0 8 0 6

chlortetracycline
Trimethoprim/ Chlortetracycline 35 0 8 0 0 0 1 0 0 0 0
sulfamethoxazole Oxytetracycline and 27 0 8 0 1 0 1 0 2 0 0
(4/76 �g/mL) chlortetracycline



would appear that resistance to chloramphenicol and sulfisoxazole
is selected by the use of injectable oxytetracycline. We did not
detect any additional effect of the injectable oxytetracycline on
the prevalence of resistance to other antibiotics. We had expected that
any such effect would result in an increase in tetracycline resistance;
however, this effect was not found. One explanation may be that the
in-feed chlortetracycline increased the level of resistance to tetra-
cycline to “saturation” and, therefore, injectable oxytetracycline could
have no detectable additional impact on the prevalence of resistance.
Dunlop and colleagues (11) failed to find an association between
farm-level rates of individual-animal treatment and the farm-level
prevalence of resistance in swine when the antibiotic was included
in the ration; however, they did report an association between
individual-animal treatment rates for gentamicin and the farm-
level prevalence of resistance to gentamicin, an antibiotic not
included in the ration. They suggested that the resistance developing
from the in-feed medication may have overshadowed any effect of
individual-animal treatment (9). A similar mechanism may have
been at work in our population. Alternatively, the failure to observe
an effect of oxytetracycline on tetracycline resistance may have
been due to the short-lived nature of tetracycline resistance, as
reported by Stabler and associates (3), and the length of time
between the samplings in our study. This explanation would be
unlikely for chloramphenicol resistance, which is persistent (12,13)
and, therefore, was more likely to be detected. Because the animals
were together in pens and came in contact during handling, it is also
possible that changes in resistance due to injectable oxytetracy-
cline were transferred in the months between samplings to the
animals who received only chlortetracycline, and therefore no dif-
ference was detectable.

It could be argued that the reported findings may have occurred
as a result of multiple hypothesis testing and therefore could be con-
sidered a likely type I error, given the number of antibiotics tested.
The need to adjust for multiple comparisons has been criticized in
the epidemiologic literature, although it remains a common practice
(14,15).

In line with the NCCLS guidelines, the isolates were catego-
rized as sensitive or resistant on the basis of breakpoints, but this sys-
tem does not allow for the detection of changes in sensitivity above
or below the breakpoints. There may have been large changes in the
distribution of MICs above and below the breakpoints that were
undetected because of the classification system chosen. Also, we
measured phenotypic expression of resistance rather than the pres-
ence of genes that confer resistance, which may be present but not
expressed. From a public health point of view, the latter is also
important and should be monitored when resources permit.

In conclusion, injectable oxytetracycline may be associated with
increases in the prevalence of resistance to sulfisoxazole and chlo-
ramphenicol among E. coli in lot-fed cattle beyond those due to 
in-feed chlortetracycline, and these changes appear to be detectable
a long time after the use of the injectable oxytetracycline.
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