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The antimicrobial susceptibility trends of bovine respiratory disease (BRD) pathogens isolated from 1988 to
1992 were determined. A total of 880 isolates representing PasteureUlk haemolytica, Pasteurella multocida, and
Haemophilus somnus were used in the study. Overall, resistance to ampicillin, tetracycline, erythromycin, and
sulfamethazine was frequently encountered among strains of P. haemolytica and P. multocida. Ceftiofur, an
extended-spectrum cephalosporin originally marketed in 1988 for the treatment of BRD, was very active
against the BRD pathogens tested; the MIC of ceftiofur for 90%o of isolates tested was .0.06 ,ugIml. Resistance
to spectinomycin varied on the basis of the breakpoint used. Substantial variation in the year-to-year
susceptibility of BRD pathogens to tilmicosin, a new macrolide antimicrobial agent, was observed. The
proportion of susceptible P. haemolytica isolates ranged from 84.7% in the second year to 7.1% in the third year
and 78.2% in the fourth year. Similar fluctuations were observed with strains of P. multocida.

Bovine respiratory disease (BRD) is a disease of economic
importance to the cattle industry, with losses estimated at over
$250 million per year in the United States alone (23). BRD is
a multifactorial disease resulting from the interaction of bac-
terial and viral agents, usually in combination with stress (4, 6,
7). This disease is characterized by an acute-onset pneumonia
caused by Pasteurella haemolytica, Pasteurella multocida, and
Haemophilus somnus (4, 6, 7). While these organisms are the
primary bacterial agents of BRD, they are also part of the
normal respiratory flora of cattle (4, 6, 7).

Antimicrobial therapy is the most effective method for the
prevention and treatment of BRD (6, 18). The antimicrobial
agents commonly used to treat BRD include ampicillin, eryth-
romycin, tetracycline, spectinomycin, and sulfamethazine (6,
18). However, previous studies (6, 17, 18, 21) have indicated
that resistance to these compounds is frequently encountered.

Currently, several new antimicrobial agents have been intro-
duced or are under development for the treatment of BRD.
Ceftiofur, an extended-spectrum cephalosporin, exhibits excel-
lent activity against P. haemolytica, P. multocida, and H.
somnus (25). This compound has been marketed for the
treatment of BRD in the United States since 1988. Tilmicosin,
a new macrolide antimicrobial agent (16), was introduced in
Canada in 1990 and in the United States in 1991 for use in the
treatment of BRD. However, only limited information is
available on the antimicrobial susceptibility trends of BRD
pathogens to these newer antimicrobial agents (17, 21). The
purpose of the study described here was to determine the
antimicrobial susceptibility patterns of BRD pathogens to the
new antimicrobial agents and older compounds commonly
used to treat BRD.

MATERIALS AND METHODS

Bacteria. A total of 888 isolates (461 P. haemolytica, 318 P.
multocida, and 109 H. somnus) were used in the study. At the
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49001. Phone: (616) 385-6605. Fax: (616) 384-2347.

beginning of each BRD season (September), Upjohn Techni-
cal Services staff requested that veterinary diagnostic labora-
tories submit BRD isolates to our laboratory for MIC deter-
minations. The BRD season for each year was concluded by
the end of May of the following year. Laboratories were
requested to submit only isolates of P. haemolytica, P. multo-
cida, and H. somnus obtained from the lungs of animals that
died from acute BRD and no more than two isolates of each
species from each herd (or feedlot) for each year. Isolates were
receilved from 9 laboratories in year 1 (1988 to 1989; YR1), 13
laboratories in year 2 (1989 to 1990; YR2), 9 laboratories in
year 3 (1990 to 1991; YR3), and 11 laboratories in year 4 (1991
to 1992; YR4). Isolates were received from the following
states: Pennsylvania, Wyoming, Iowa, Washington, California,
Missouri, Nebraska, Oregon, Kansas, Arizona, Texas, South
Dakota, Montana, Minnesota, Oklahoma, Colorado, and
Utah. In addition, 133 isolates (79 P. haemolytica, 34 P.
multocida, and 20 H. somnus) were received from the Cana-
dian provinces of Saskatchewan, Alberta, and Quebec in YR4.

All isolates were identified by the submitting laboratory and
were shipped to The Upjohn Company on slants. On receipt,
the isolates were subcultured on Trypticase soy agar plates
(BBL Microbiology Systems, Cockeysville, Md.) supplemented
with 5% sheep blood (TBA) and were incubated at 35°C with
5% CO2 for 24 h. After the identities and purities of the
isolates were confirmed, the isolates were then stored in 1 ml
of Trypticase soy broth (BBL) supplemented with 20% glyc-
erol (vol/vol) on 3-mm-diameter glass beads at - 70°C. Prior to
MIC determinations, the isolates were serially subcultured
twice on TBA.
MICs. All MIC determinations with the Pasteurella spp.

were performed by a previously described broth microdilution
method (15). In YR1 and YR2, the plates were prepared
manually; a commercially prepared broth microdilution plate
(Sensititre, Westlake, Ohio) was used in YR3 and YR4. The
following antimicrobial agents were included on the commer-
cial MIC panel: ampicillin, ceftiofur, erythromycin, tetracy-
cline, spectinomycin, and sulfamethazine. When tilmicosin
became available, plates were prepared manually in YR2,
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TABLE 1. Antimicrobial agents, dilution ranges, and MIC
breakpoints used in the study

Antimicrobial Dilution Breakpoint References
agent range (ig/ml) (p.gIml)a

Ampicillin 0.03-32.0b .2.0 17
Ceftiofur 0.03-32.0b s2.0 c

Erythromycin 0.03-32.0b l1.0 5, 6
Tilmicosin 0.06-64.0 .4.0 d
Tetracycline 0.03-32.0* .4.0 15, 17
Spectinomycin 0.13-128.0 .32.0 6, 12, 17
Sulfamethazine 0.5-512.0 .64.0 12, 17

a MIC at which isolates are considered susceptible.
b A range of 0.06 to 64.0 ,ug/ml was used in YRI and YR2.
' Breakpoint recommended by the manufacturer.
d The manufacturer recommends a breakpoint of 6.25 jig/ml.

YR3, and YR4. Dilution ranges and MIC breakpoints for the
antimicrobial agents tested are presented in Table 1.

All H. somnus isolates were tested by the agar dilution
method (15). Because of the growth requirements of this
organism, brain heart infusion agar (Difco, Detroit, Mich.)
supplemented with 2% supplement C (Difco) was used as the
basal medium, and the plates were incubated in an atmosphere
containing 5% CO2.
The following reference strains were included as quality

control organisms: Staphylococcus aureus ATCC 29213, En-
terococcusfaecalis ATCC 29212, Escherichia coli ATCC 25923,
and Pseudomonas aeruginosa ATCC 27853 (15). Additionally,
P. haemolytica ATCC 43137, P. multocida ATCC 33396, and H.
somnus ATCC 4326 were included in most assays.

RESULTS
The MICs of the various antimicrobial agents and antimi-

crobial susceptibilities for P. haemolytica, P. multocida, and H.
somnus isolated from cattle with BRD are listed in Tables 2 to

5 and are summarized in Table 6. The ampicillin MICs for 90%
of P. haemolytica isolates tested (MIC90s) were .32.0 ,ug/ml
for all 4 years. The proportion of P. haemolytica isolates
categorized as susceptible by using <2.0 ,ug/ml as the break-
point ranged from 45.9 to 71.2%. The MIC90s of ampicillin for
P. multocida ranged from 4.0 to 16.0 ,ug/ml; the proportion of
susceptible strains ranged from 83.3 to 89.5%. The MIC90s for
H. somnus isolates were .0.06 p,g/ml in YR1, YR3, and YR4,
but they were 64.0 ,ug/ml in YR2.
The MIC90s of ceftiofur for all three species were .0.06

,ug/ml in each year. Additionally, the highest MICs of ceftiofur
for P. haemolytica, P. multocida, and H. somnus were 0.13, 0.25,
and 0.13 ,ug/ml, respectively. This is well below the established
breakpoint of .2.0 ,ug/ml, and all isolates of each species
would be categorized as susceptible to ceftiofur.
The majority of P. haemolytica and P. multocida isolates

were resistant to erythromycin. For P. haemolytica isolates, the
MIC90s increased from 2.0 ,ug/ml in YR1 to 4.0 p,g/ml in the
following years; the proportion of susceptible strains decreased
from 16.3% in YR1 to 1.1% in YR4. Similarly, the MIC90s of
erythromycin for P. multocida strains increased from 2.0 ,ug/ml
in YR1 to 8.0 ,ug/ml in YR4. The proportion of susceptible P.
multocida strains decreased from 36.1% in YR2 to 4.5% in
YR4.
The MIC90s of the new macrolide compound tilmicosin for

P. haemolytica were 8.0 ,ug/ml for the 3 years that the antimi-
crobial agent was available for testing, while the tilmicosin
MIC90s for the P. multocida and the H. somnus isolates ranged
from 8.0 to 16.0 ,ug/ml and 4.0 to 8.0 ,ug/ml, respectively. The
proportion of susceptible strains decreased dramatically in
YR3 of the study, with 7.1, 7.1, and 31.8% of the P. haemo-
lytica, P. multocida, and H. somnus strains categorized as
susceptible to tilmicosin, respectively. Of the Canadian isolates
obtained in YR4, 100.0, 90.9, and 96.8% of the P. haemolytica,
P. multocida, and H. somnus isolates, respectively, were sus-
ceptible to tilmicosin, whereas 62.0, 65.3, and 92.5% of the

TABLE 2. Summary of MIC data for P. haemolytica, P. multocida, and H. somnus isolated from cattle with BRD in YR1

Organism (no. Antimicrobial MIC (,Lg/ml) % Susceptible
of isolates) agent 50% 90% Mode Range

P. haemolytica (93) Ampicillin 0.25 32.0 0.13 .0.06-64.0 53.2
Ceftiofur <0.06 s0.06 s0.06 0.06-0.13 100.0
Erythromycin 2.0 2.0 2.0 <0.06-8.0 16.3
Tilmicosin NDa ND ND ND ND
Tetracycline 8.0 32.0 16.0 s0.06-64.0 46.7
Spectinomycin 16.0 64.0 16.0 0.5-> 128.0 83.7
Sulfamethazine 512.0 >512.0 >512.0 1.0->512.0 23.9

P. multocida (78) Ampicillin 0.13 4.0 0.13 <0.06-32.0 88.5
Ceftiofur .0.06 .0.06 .0.06 .0.06-0.25 100.0
Erythromycin 2.0 2.0 2.0 .0.06-16.0 34.6
Tilmicosin ND ND ND ND ND
Tetracycline 0.5 16.0 0.5 <0.06-32.0 70.5
Spectinomycin 16.0 > 128.0 16.0 .0.06-> 128.0 83.3
Sulfamethazine 256.0 >512.0 128.0 0.5->512.0 21.8

H. somnus (11) Ampicillin .0.06 <0.06 <0.06 NRW 100.0
Ceftiofur .0.06 .0.06 .0.06 NR 100.0
Erythromycin 1.0 1.0 1.0 0.25-1.0 100.0
Tilmicosin ND ND ND ND ND
Tetracycline 0.5 1.0 0.5 0.5-2.0 100.0
Spectinomycin 16.0 > 128.0 16.0 16.0-> 128.0 81.8
Sulfamethazine >512.0 >512.0 >512.0 2.0->512.0 18.2

a ND, not determined.
b NR, no range; all isolates yielded the same value.
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TABLE 3. Summary of MIC data for P. haemolytica, P. multocida, and H. somnus isolated from cattle with BRD in YR2

Organism (no. Antimicrobial MIC (,ug/ml) % Susceptible
of isolates) agent 50% 90% Mode Range

P. haemolytica (99) Ampicillin 1.0 64.0 0.5, 32.0 '0.06->64.0 60.6
Ceftiofur '0.06 '0.06 -0.06 NRa 100.0
Erythromycin 4.0 4.0 4.0 1.0-64.0 8.1
Tilmicosin 4.0 8.0 4.0 '0.06->64.0 82.8
Tetracycline 4.0 32.0 16.0 .0.06-64.0 50.5
Spectinomycin 32.0 >64.0 32.0 0.5->64.0 69.7
Sulfamethazine 32.0 128.0 32.0 4.0-128.0 84.7

P. multocida (36) Ampicillin 0.25 16.0 0.13, 0.5 '0.06->64.0 83.3
Ceftiofur s0.06 .0.06 .0.06 NR 100.0
Erythromycin 2.0 4.0 2.0 0.13-32.0 36.1
Tilmicosin 1.0 8.0 1.0 0.25-32.0 80.6
Tetracycline 4.0 4.0 0.5 s0.06-32.0 91.6
Spectinomycin 32.0 >64.0 32.0 4.0->64.0 72.2
Sulfamethazine 32.0 128.0 128.0 4.0-128.0 72.2

H. somnus (22) Ampicillin 1.0 64.0 .0.06 '0.06->64.0 50.0
Ceftiofur .0.06 .0.06 .0.06 NR 100.0
Erythromycin 1.0 8.0 1.0 0.5-16.0 59.1
Tilmicosin 2.0 4.0 2.0 1.0-32.0 90.9
Tetracycline 0.5 2.0 0.5 0.5-32.0 90.9
Spectinomycin 32.0 64.0 32.0 32.0->64.0 72.3
Sulfamethazine 256.0 256.0 256.0 NR 0.0

NR, no range, all isolates yielded the same value.

same species, respectively, originating from the United States species in all years except YR3 for H. somnus, for which the
were susceptible to tilmicosin (Table 7). MIC9( was 8.0 ,ug/ml. Nevertheless, a majority of the isolates

Tetracycline had limited activity against the P. haemolytica would be classified as susceptible in all years. Although the
isolates tested; MIC90s of tetracycline were 32.0 ,ug/ml for all 4 majority of the isolates were resistant to sulfamethazine, some
years. The compound was more active against strains of P. year-to-year variation in resistance was observed, because the
multocida and H. somnus. isolates received in YR2 were more susceptible than those
The MIC90s of spectinomycin were .64.0 ,ug/ml for all three received in the previous or the following years.

TABLE 4. Summary of MIC data for P. haemolytica, P. multocida, and H. somnus isolated from cattle with BRD in YR3

Organism (no. Antimicrobial MIC ([Lg/ml) % Susceptible
of isolates) agent 50% 90% Mode Range

P. haemolytica (85) Ampicillin 4.0 32.0 32.0 0.13-32.0 45.9
Ceftiofur .0.03 .0.03 .0.03 NRU 100.0
Erythromycin 4.0 4.0 4.0 2.0-8.0 0.0
Tilmicosin 8.0 8.0 8.0 2.0-16.0 7.1
Tetracycline 8.0 32.0 0.5 0.25-32.0 48.2
Spectinomycin 32.0 64.0 32.0 0.5-128.0 88.2
Sulfamethazine >512.0 >512.0 >512.0 0.5->512.0 10.6

P. multocida (71) Ampicillin 0.25 8.0 0.25 0.06-32.0 87.3
Ceftiofur .0.03 .0.03 .0.03 NR 100.0
Erythromycin 4.0 8.0 4.0 1.0-8.0 7.1
Tilmicosin 8.0 16.0 8.0 2.0-32.0 22.4
Tetracycline 0.5 32.0 0.5 0.13-32.0 63.3
Spectinomycin 32.0 128.0 32.0 0.25-128.0 73.2
Sulfamethazine 256.0 >512.0 >512.0 4.0->512.0 22.5

H. somnus (22) Ampicillin .0.03 0.06 .0.03 .0.03-0.06 100.0
Ceftiofur .0.03 .0.03 .0.03 NR 100.0
Erythromycin 0.25 0.5 0.25 0.13-0.5 100.0
Tilmicosin 4.0 8.0 4.0 0.5-8.0 31.8
Tetracycline 1.0 2.0 1.0 0.25-2.0 100.0
Spectinomycin 8.0 8.0 8.0 0.5-8.0 100.0
Sulfamethazine >512.0 >512.0 >512.0 >512.0 0.0

"NR, no range, all isolates yielded the same value.
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TABLE 5. Summary of MIC data for P. haemolytica, P. multocida, and H. somnus isolated from cattle with BRD in YR4

Organism (no. Antimicrobial MIC (jig/ml) % Susceptible
of isolates) agent 50% 9(1% Mode Range

P. haemolytica (184) Ampicillin 0.25 32.0 0.13 .0.03->32.0 71.2
Ceftiofur .0.03 <0.03 .0.03 .0.03-0.13 1)0.0
Erythromycin 4.0 4.0 4.0 .0.03-32.0 1.1
Tilmicosin 4.0 8.0 4.0 0.06-> 16.0 78.2
Tetracycline 0.5 32.0 0.5 0.25->32.0 70.1
Spectinomycin 32.0 64.0 32.0 8.0-> 128.0 89.1
Sulfamethazine 64.0 >512.0 >512.0 8.0->512.0 53.8

P. multocida (133) Ampicillin 0.25 16.0 0.25 s0.03->32.0 89.5
Ceftiofur <0.03 .0.03 .0.03 .0.03-0.06 100.0
Erythromycin 4.0 8.0 4.0 .0.13-8.0 4.5
Tilmicosin 4.0 8.0 4.0 0.5-> 16.0 71.8
Tetracycline ().5 32.0 0.5 0.06->32.0 69.9
Spectinomycin 32.( > 128.0 16.0 4.0-> 128.0 75.8
Sulfamethazine 128.0 >512.0 >512.0 8.0->512.0 21.1

H. somnus (54) Ampicillin c(0.03 0.25 .0.03 .0.03-8.0 98.1
Ceftiofur -t).03 <0.03 .0.03 .0.03-0.13 10(.0
Erythromycin 0.13 0.5 0.06, 0.06->32.0 94.4

0.13
Tilmicosin 1.0 4.0 2.0 <0.03-16.0 94.4
Tetracycline 0.5 2.0 0.5 .0.03-8.0 98.1
Spectinomycin 4.0 64.0 4.0 <0.13-> 128.0 88.9
Sulfamethazine 32.0 256.0 128.0 <0.5->512.0 68.5

DISCUSSION

Antimicrobial agents used for the treatment of BRD are
selected by the veterinarian on the basis of perceived efficacy,
cost, convenience, availability, toxicity, and residue profile
(14). A substantial decrease in treatment efficacy, as indicated
by increased mortality or number of animals requiring retreat-
ment, usually prompts the practitioner to submit samples for
bacteriologic culturing and antimicrobial susceptibility testing.
Thus, monitoring of the antimicrobial susceptibility trends of
BRD pathogens is an important aid to veterinarians in select-
ing the most efficacious and cost-effective therapeutic agents.

Several factors may influence the level of antimicrobial
susceptibility observed for BRD pathogens (15, 17, 24). Since
P. haemolytica, P. multocida, and H. somnuis are normal flora of
the bovine respiratory tract, the susceptibilities of isolates in
samples collected from the upper respiratory tract may not
represent the susceptibility of the causative strain of the
pneumonia (2, 11, 14). In contrast, some workers (11, 13, 14)
consider that the susceptibilities of isolates recovered from
pneumonic Lungs may overestimate antimicrobial resistance
since the pathogen has previously been exposed to the antimi-
crobial agent. However, one investigator (11) determined that
the majority of animals with BRD either were treated with an
insufficient dose of the antimicrobial agent or therapy was
terminated too early to effect a complete cure. Appropriate
therapy should expose the pathogen to the antimicrobial agent
at a sufficient concentration and duration to minimize the
development of resistant populations. Thus, the pathogens
isolated from pneumonic lungs represent treatment failures,
and the resistant populations probably result from inappropri-
ate or subtherapeutic use of antimicrobial agents.

Interpretive criteria for categorizing isolates as susceptible
or resistant are based on a tripartite database consisting of the
MIC of the drug for a bacterial population, the pharmacoki-
netics of the antimicrobial agent in the host species, and the
reasonable correlation of the susceptible isolates with in vivo

drug efficacy (1, 3). The most frequently used interpretive
criteria for categorizing veterinary isolates as susceptible or
resistant are those recommended by the National Committee
for Clinical Laboratory Standards (NCCLS) (12, 15, 24).
However, these criteria were developed by using human iso-
lates and human pharmacokinetic data, and their use for
predicting the antimicrobial susceptibilities of veterinary
pathogens has been seriously questioned (12, 15, 19). Libal
(12) and Post et al. (17) have suggested that MIC testing is
preferable to agar disk diffusion tests for determining the
antimicrobial susceptibilities of veterinary pathogens because
of the qualitative nature of the latter test method and the lack
of a zone interpretive criteria set for veterinary pathogens of
the different animal species.

Ampicillin, tetracycline, and sulfamethazine have been used
for many years to treat BRD, and widespread resistance to
these compounds has been reported (8, 9, 18). Current NCCLS
recommendations (15) for ampicillin breakpoints for members
of the family Enterohacteriaceae of human origin are .8.0
p.g/ml for susceptible and -32.0 1.g/ml for resistant. However,
MIC breakpoints of .1.0 ,ug/ml (18), .2.0 pLg/ml (17), and
.4.0 p.g/ml (12) for categorizing veterinary isolates as suscep-
tible to ampicillin have been used. By using the breakpoint of
.2.0 ,ug/ml recommended by Post (17), the proportion of P.
haemolytica isolates susceptible to ampicillin ranged from 45.9
to 71.2%, whereas strains of P. multocida tended to be more
susceptible. These findings agree with those of previous studies
(9, 17, 21), indicating that ampicillin resistance is more prev-
alent among isolates of P. haemolytica than among isolates of
P. multocida.

Results of the present study indicate that ceftiofur is very
active against all the BRD isolates tested, with MICs of <0.06
p.g/ml for all but three isolates. On the basis of an MIC
breakpoint of .2.0 Vig/ml for susceptible isolates, all the
isolates would be considered susceptible to ceftiofur. These
data agree with those presented in a previous report (17),
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TABLE 6. Summary of MIC data for P. haemolytica, P. multocida, and H. somnus isolated from cattle with BRD for all 4 years'

Organism (no. Antimicrobial MIC (Lg/ml) % Susceptible
of isolates) 50% 90% Mode Range

P. haemolytica (461) Ampicillin 0.25 32.0 0.13 .0.03->64.0 60.5
Ceftiofur .0.03 0.06 .0.03 <0.03-0.13 100.0
Erythromycin 4.0 4.0 4.0 0.03->64.0 5.4
Tilmicosin 4.0 8.0 4.0 0.06-16.0 69.1
Tetracycline 1.0 32.0 0.5 <0.06-64.0 57.0
Spectinomycin 32.0 64.0 32.0 0.5-> 128.0 83.5
Sulfamethazine 128.0 >512.0 >512.0 0.5->512.0 46.2

P. multocida (318) Ampicillin 0.25 8.0 0.13 .0.03->64.0 88.1
Ceftiofur s0.03 0.06 .0.03 <0.03-0.25 100.0
Erythromycin 2.0 8.0 2.0 <0.03->64.0 16.0
Tilmicosin 4.0 8.0 8.0 0.25-32.0 58.9
Tetracycline 0.5 16.0 0.5 .0.06->32.0 71.1
Spectinomycin 32.0 >128.0 16.0 0.13-> 128.0 76.4
Sulfamethazine 128.0 >512.0 128.0 0.5->512.0 27.4

H. somnus (109) Ampicillin 0.06 1.0 .0.03 <0.03->64.0 90.1
Ceftiofur .0.03 0.06 .0.03 .0.03-0.13 100.0
Erythromycin 0.25 2.0 0.25 <0.03->32.0 88.9
Tilmicosin 2.0 4.0 2.0 .0.03-32.0 90.4
Tetracycline 0.5 1.0 .0.03 .0.03-32.0 98.2
Spectinomycin 8.0 32.0 8.0 .0.13-> 128.0 87.1
Sulfamethazine 256.0 >512.0 >512.0 .0.5->512.0 35.8

Data for tilmicosin were available for only 3 years.

which indicated that the MIC90s of ceftiofur for both P.
haemolytica and P. multocida isolated from cattle with BRD
were 0.125 ,ug/ml and that 90% of the isolates were susceptible
to ceftiofur. However, the investigators (17) used a breakpoint
for susceptible isolates on the basis of concentrations of
ceftiofur in bronchial secretions of c0.5 ,ug/ml (10). No studies
which demonstrate that the 0.5-,ug/ml breakpoint provides a
better correlation to in vivo efficacy have been conducted. By
using the generally accepted criteria for establishing MIC
breakpoints (3), the <2.0-p.g/ml breakpoint appears reason-
able as supported by the MIC data, the pharmacokinetics of
ceftiofur in cattle (10), and the in vivo efficacy of ceftiofur in
field trials (11).

Current NCCLS guidelines (15) recommend that isolates for
which the tetracycline MIC is .4.0 [Lg/ml be categorized as

susceptible. This recommendation has been generally accepted
in veterinary microbiology. By using this breakpoint, resistance
to tetracycline was common among Pasteurella spp. in the
present study, with isolates of P. haemolytica tending to be
more resistant than those of P. multocida. These findings also
agree with previously reported data (9, 13, 17, 21) indicating
that tetracycline resistance is frequently observed with P.
haemolytica and P. multocida strains isolated from cattle with
BRD. Sulfamethazine exhibited poor activity against the spe-
cies tested; Prescott and Baggot (18) have previously indicated

that sulfamethazine resistance is so widespread as to limit the
usefulness of this agent in cattle.
The NCCLS guidelines (15) recommend a breakpoint for

erythromycin of '0.5 and -8.0 ,ug/ml for categorizing isolates
as susceptible or resistant, respectively. For veterinary isolates,
this is usually modified to either .4.0 or -2.0 ,ug/ml, respec-
tively, for resistant strains (6, 12, 17). By using a breakpoint of
-2.0 ,ug/ml, the majority of H. somnus isolates were suscepti-
ble to erythromycin; this was the only species in the current
study for which this was the case. In any given year, fewer than
17.0% of the P. haemolytica isolates and 37.0% of the P.
multocida isolates would be considered susceptible to erythro-
mycin. Post et al. (17) reported that the MIC50s and MIC90s for
421 P. haemolytica and 158 P. multocida strains were 4.0 ,ug/ml
and considered these strains to be moderately susceptible.
These values are similar to those obtained in the current study.
The differences in the resistance levels reported in the present
study and by Post et al. (17) result from our use of the
"-2.0-,ug/ml breakpoint for categorizing isolates as resistant
(.1.0 ,ug/ml = susceptible). Because the data used to generate
the .4.0-[.g/ml breakpoint were based on a dose of 15 mg/kg
of body weight (5, 6) rather than the approved dose of 2.2 to
4.4 mg/kg, we feel that the lower breakpoint is more appropri-
ate. Fales et al. (9) reported that only 9.0% of P. haemolytica
strains and 15.0% of P. multocida strains isolated from 1976 to

TABLE 7. Comparison of MICs of tilmicosin and antimicrobial susceptibilities for U.S. and Canadian BRD pathogens isolated in YR4

P. haemolytica P. multocida H. somnus

Source No. of MIC (,ug/ml) % Suscepti- No. of MIC (pLg/ml) % Suscepti- No. of MIC (,ug/ml) % Suscepti-
isolates 90% Range blea isolates 90% Range ble" isolates 90% Range blea

United States 108 8.0 <0.06-16.0 62.0 98 8.0 1.0-16.0 65.3 40 2.0 0.13-16.0 92.5
Canada 80 4.0 0.5-4.0 100.0 33 8.0 0.5-16.0 90.9 31 4.0 .0.06-8.0 96.8

aOn the basis of a breakpoint of 4.0 pLg/ml for this dilution series; the manufacturer recommends a breakpoint of 6.25 ,g/mI.
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1980 were resistant to erythromycin and recommended that
erythromycin be used as the first-choice drug for therapy of
BRD. Although those workers (9) cautioned against residue
problems, they suggested a dose of 22.0 to 44.0 mg/kg (10 times
the approved dosage). Given the level of resistance to eryth-
romycin observed in the present study, erythromycin probably
has limited usefulness in the treatment of BRD and should
probably not be considered the first-choice antimicrobial
agent.

Tilmicosin is a new macrolide antimicrobial agent recently
marketed in the United States and Canada for the treatment of
BRD (16, 22). The manufacturer's suggested breakpoints for
this compound are .6.25 p.g/ml for susceptible, 12.5 ,ug/ml for
moderately susceptible, and -25.0 ,ug/ml for resistant. How-
ever, previous reports have indicated that the peak levels of
tilmicosin in the lung tissues of calves are 7.17 ,ug/ml (22). On
the basis of that information, breakpoints of .4.0 and -8.0
,ug/ml are probably more appropriate for categorizing isolates
as susceptible and resistant, respectively. We observed substan-
tial year-to-year variation in the proportion of susceptible
isolates because 84.7% of the P. haemolytica isolates and
36.1% of the P. multocida isolates were considered susceptible
in YR2, in comparison with 7.1 and 22.4%, respectively, in
YR3 and 78.2 and 71.8%, respectively, in YR4. The high level
of resistance encountered was surprising because tilmicosin
had not been introduced into the U.S. market in YR2 and
YR3. The reason for this high level of resistance is unclear but
may be due to the cross-resistance of these strains to erythro-
mycin. Because erythromycin is frequently used in the United
States but is infrequently used in Canada to treat BRD (20), we
compared the antimicrobial resistance levels in BRD isolates
from Canada with those in BRD isolates from the United
States. Interestingly, Canadian isolates tended to be more
susceptible to tilmicosin than isolates from the United States
(Table 7). However, no differences in resistance to the other
antimicrobial agents including erythromycin were observed
between the U.S. and Canadian isolates (data not shown).

Spectinomycin, an aminocyclitol antimicrobial agent, is com-
monly used for the treatment of BRD in the United States
(18). The NCCLS guidelines (15) categorize isolates for which
the MIC is .32.0 ,ug/ml as susceptible, whereas MIC break-
points of either <12.0 or 16.0 p.g/ml have been recommended
by others (6, 17) for veterinary isolates. By using the NCCLS
recommendations, more than 75.0% of all isolates of the three
species tested would be considered susceptible to spectinomy-
cin. These findings agree with those of Post et al. (17), who
reported that 90.0% of P. haemolytica and P. multocida isolates
were moderately susceptible (24.0 ,ug/ml) to spectinomycin.
However, if a breakpoint of <16.0 p.g/ml is used, then the
overall proportion of susceptible strains would be 31.4, 44.3,
and 69.7% for P. haemolytica, P. multocida, and H. somnus,
respectively. It should be noted that spectinomycin is not
approved for use in treating BRD in the United States and that
the veterinarian assumes all liability for efficacy and residues.
Without a specific approval on the basis of an efficacious dose,
the use of spectinomycin in treating BRD may not be prudent.

In conclusion, resistance to older antimicrobial agents in-
cluding ampicillin, tetracycline, erythromycin, and sulfameth-
azine was frequently encountered among strains of P. haemo-
lytica, P. multocida, and H. somnus isolated from cattle with
BRD. Additionally, the widespread resistance to erythromycin
may reduce the effectiveness of tilmicosin. Of the compounds
tested, ceftiofur was the most active, with no strains that were
resistant to ceftiofur emerging over the course of the study.
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