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PasteureUla haemolytica serotype Al isolates were collected from cattle within a feedlot during an outbreak
of bovine respiratory disease. Genetic heterogeneity among the isolates was examined by restriction
endonuclease analysis (REA), ribotyping, and analysis of plasmid content. The susceptibilities of isolates to
several antibiotics were also examined. Five different REA patterns and three different ribotypes were observed
among the isolates. Fifty percent of the isolates had an identical REA type, ribotype, and plasmid profile.
Examination of the plasmid content of the isolates revealed that most (73%) carry a single plasmid which
encodes 1-lactamase, 13.5% carry two plasmids, and 13.5% carry no plasmid. The data reveal the presence
of genetic differences among isolates of P. haemolytica Al, associated with shipping fever pneumonia within a

closed feedlot, and suggest that a combination of REA, ribotyping, plasmid analysis, and antibiotic
susceptibility determination will be useful in analyzing the molecular epidemiology of this disease.

Bovine respiratory disease complex is one of the most
costly diseases affecting beef cattle, especially those re-

cently introduced into feedlots. Cattle management practices
enhance physiological and emotional stress, predisposing
animals to viral and bacterial infections. This combination of
factors contributes significantly to the bovine respiratory
disease complex (7, 31). The end result is often colonization
of the lungs with Pasteurella haemolytica serotype Al,
which may lead to the development of the often fatal
fibrinous pleuropneumonia in beef cattle known as pneumo-
nic pasteurellosis or shipping fever pneumonia (reviewed in
references 13 and 14).

P. haemolytica Al, although prevalent in the nasopharynx
of healthy cattle, is often difficult to isolate. In cattle that
develop pneumonic pasteurellosis, the strain of P. haemolyt-
ica Al which causes the pneumonia may be that carried by
the animal when it was healthy, or it may be another strain
acquired from a different animal.
Although methods to distinguish the different serotypes of

P. haemolytica exist (10), little is known regarding differ-
ences among strains within a single serotype. Several studies
have examined differences in plasmid profiles of P. hae-
molytica isolates among a single serotype (4, 5, 9, 23).
However, the presence of plasmids in P. haemolytica Al
strains, particularly the 4.2-kbp plasmid encoding P-lacta-
mase (18), is so widespread that this trait alone offers little in
distinguishing among Al isolates.
Examinations of restriction fragment length polymor-

phisms of genes coding for rRNA, or ribotyping (16, 30), and
restriction endonuclease analyses (REA) of chromosomal
DNA have proven to be powerful techniques for studying
the molecular epidemiology of strains from within a single
bacterial species (1-3, 17, 26, 28, 29, 32).

In this study, we adapted the technique of ribotyping for
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analysis and comparison of different P. haemolytica Al
isolates. In addition, we used ribotyping and REA to com-

pare P. haemolytica Al strains isolated from cattle within a
feedlot during an outbreak of shipping fever pneumonia and
P. haemolytica Al strains isolated from different locations
within individual animals during that outbreak. We have also
combined these techniques with examinations of plasmid
content and antimicrobial susceptibility to further refine our
ability to distinguish between P. haemolytica Al isolates.

MATERIALS AND METHODS

Feedlot. Upon arrival, calves (-150 kg) were placed into
an isolated section of a feedlot in Booker, Tex. Calves
received no antibiotic treatment until symptoms of respira-
tory disease were displayed.

Bacterial strains, isolation, identification, serotyping,
growth, and antibiotic MICs. Bacteria were isolated from
tracheae of calves with symptoms of respiratory disease
before treatment with antibiotics. Swabs were taken asepti-
cally from the first 6 to 12 inches (15.24 to 30.48 cm) of the
trachea. A closed-end uterine catheter containing a sterile
cotton swab was inserted into the trachea. The cap was

opened, and the swab was extended for sampling of the
trachea. After sampling, the swab was pulled back into the
catheter before withdrawal. Transtracheal washes were
taken from near the first bronchial division by washing with
10 ml of phosphate-buffered saline from a syringe attached to
flexible tubing inserted through a speculum. Swabs and
recovered saline were plated on brain heart infusion (BHI;
Difco Laboratories, Detroit, Mich.) agar plates supple-
mented with 5% bovine blood. Isolates identified as P.
haemolytica, by the Oklahoma Animal Disease Diagnostic
Laboratory, were grown on BHI agar with no antibiotics
overnight at 37°C with 5% CO2. Individual colonies of each
isolate were serotyped by the rapid plate agglutination
method (15). Antibiotic MICs were determined with com-
mercially prepared microtitration trays (Radiometer/Sensiti-
tre of America, Westlake, Ohio) as previously described
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(12). The MIC was identified as the concentration of antibi-
otic in the first well of a dilution series without detectable
macroscopic growth of bacteria.
DNA preparation. P. haemolytica strains were grown in 40

ml of BHI broth overnight at 37°C on a rotary shaker (125
rpm). Total cell DNA was prepared as described previously
(25). To ensure removal of all protein, phenol-chloroform
extraction was repeated until no interface was present. DNA
was precipitated with isopropanol, resuspended in 400 Ru of
TE (10 mM Tris, 1 mM EDTA [pH 8]), reprecipitated with
ammonium acetate, and resuspended in 400 ,ul of TE. DNA
concentration and purity were determined spectrophotomet-
rically. Plasmids were purified from 3 ml of overnight BHI
broth cultures with the Magic Mini-Prep DNA purification
system (Promega Corp., Madison, Wis.) or were purified
from 75-ml cultures with the Qiagen system (Qiagen Inc.,
Chatsworth, Calif.).

Restriction endonuclease digestion and Southern transfer.
For ribotyping and REA, total DNA (5 R,g) was digested with
restriction endonucleases (Promega) according to the manu-
facturer's instructions. DNA fragments were separated by
agarose gel electrophoresis (0.4 and 0.7% agarose, 20-by-
24-cm gel) at 50 V for 20 h in TAE buffer (40 mM Tris-
acetate, 1 mM EDTA [pH 8]). Gels were stained for photog-
raphy with ethidium bromide. DNA was transferred to
Duralose UV membranes (Stratagene Cloning Systems, La
Jolla, Calif.) with the Posiblot apparatus (Stratagene) ac-
cording to the manufacturer's instructions and was bound to
the membranes by UV cross-linking.
RNA probe and hybridizations. Eschenchia coli (MRE600)

rRNA (16S + 23S) (Boehringer Mannheim Corp., Indianap-
olis, Ind.) was dephosphorylated with calf intestinal alkaline
phosphatase (US Biochemicals Corp., Cleveland, Ohio). For
probing, 6 pmol was 5'-end labeled with [-y-32P]ATP with T4
polynucleotide kinase (US Biochemicals) according to the
manufacturer's instructions. Hybridizations were performed
as previously described (20) in sealed bags with (0.5 to 1) x
10 cpm of purified probe per ml of hybridization solution.
Blots were washed twice for 15 min each at 55°C in 3 x SSPE
(lx SSPE is 20 mM NaH2PO4- H20, 180 mM NaCl, 8 mM
NaOH, 1 mM EDTA [pH 7.0])-2x Denhardt's solution
(25)-0.1% NaPPi (sodium pyrophosphate)-0.1% sodium
dodecyl sulfate (SDS) twice for 60 min each at 55°C in lx
SSPE-0.1% NaPPi-0.1% SDS, and twice for 15 min each at
550C in 0.lx SSPE-0.1% NaPPi-0.1% SDS. Membranes
were exposed to X-ray film overnight.
REA and ribotyping experiments were done a minimum of

five times each to ensure that results were not affected by
partial digestions. For some isolates, two or three separate
DNA preparations were examined to verify the reproducibil-
ity of results.

RESULTS

Serotyping. Thirty-one P. haemolytica isolates were cul-
tured from 27 calves. Of these, 22 were serotyped as Al, 3
were serotyped as A2, 1 was serotyped as A5, 1 was
serotyped as A9, and 4 were not typeable. Among the Al
strains, 14 were isolated by the tracheal swab method and 7
were isolated by the tracheal wash method. The method of
isolation for one Al strain was not recorded.
REA. DNA from each P. haemolytica Al isolate and from

type strains ofP. haemolytica serotypes A2, A6, and A9 was
digested with numerous restriction endonucleases (BglII,
ClaI, EcoRV, HaeIII, HindIII, NheI, NruI, NspV, PvuII,
SalI, XhoI). Several enzymes (EcoRV, HaeII, HincII,
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FIG. 1. Representative REA types of P. haemolytica Al feedlot
isolates. Shown is an ethidium bromide-stained agarose gel (0.4%) of
HincIl-digested total DNA from 93-13(B), REA type 3 (lane 1); 4-18,
REA type 4 (lane 2); 46-18(1), REA type 2 (lane 3); 37-14, REA type
1 (lane 4); and 34-17, REA type 5 (lane 5). Lanes M carry a
high-molecular-weight DNA ladder (Life Technologies Inc., Gaith-
ersburg, Md.).

PvuII) easily distinguished DNA from strains of different
serotypes (data not shown).

Visible and distinct REA patterns among the serotype Al
isolates were most apparent upon observation of high-
molecular-weight fragments (>19 kbp) in HincII-digested
DNA (Fig. 1). Among the serotype Al isolates, five different
REA types were observed, which differed in the banding
patterns of restriction fragments at sizes of 22, 24, 26.5 to 28,
31 to 33.5, 42, and >48 kbp (Fig. 1). Analysis of agarose gels
containing HincII-digested DNA from representatives of
each REA type and from other Al isolates allowed for the
easy assignment of a particular REA type to each isolate.
The REA type designated type 1 (Fig. 1, lane 4) was the most
common among these isolates (14 isolates [Table 1]).

Ribotyping. Upon digestion of P. haemolytica DNA, the
restriction endonucleases mentioned above produced sev-
eral fragments that bound the probe. As with REA, these
were useful for distinguishing different ribotypes (RTs)
among P. haemolytica strains of different serotypes (data not
shown).
Among the serotype Al isolates, only HincII-digested

DNA distinguished different RTs. Three distinct RTs can be
seen (Fig. 2). RTs of all isolates displayed bands of hybrid-
ization with sizes of approximately 2.2, 4.1, 5.5, 6.7, 8.5, 23,
33.5, and 48 kbp. An additional 17.5-kbp band was present in
RT II isolates. The hybridization pattern of RT III isolates
differed from that of RT I isolates by the intensity of the
largest band (48 kbp). In RT I isolates, the two largest bands
were of nearly equal intensity, while in RT III isolates, the
48-kbp band was much less intense than the 33.5-kbp band.
RT I and RT III patterns were consistent among DNA
preparations from the same isolate and among different
restriction enzyme digests of a DNA sample, and the pat-
terns were not affected by the location of the sample on the
gel or the concentration of the rRNA probe (data not
shown). The reproducibility of the RT I and RT III hybrid-
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TABLE 1. Characteristics of P. haemolytica Al feedlot isolates

REA No. of different MIC (pLg/ml)
IsateMetTtype plasmids/cell Ampicillin Penicillin G Sulfachlorpyridazine Oxytetracycline Erythromycin

2-17W Wash I 1 1 NDb ND ND ND ND
2-17S Swab I 1 1 >8 >4 25 > 16 4
77-13 Swab I 1 1 >8 >4 25 >16 >8
42-19 Wash I 1 1 ND ND ND ND ND
60-13 Wash I 1 1 >8 >4 25 > 16 4
37-14 Swab I 1 1 >8 >4 25 >16 4
16-14 Swab I 1 1 >8 >4 25 >16 4
28-13 Swab I 1 1 >8 >4 >100 >16 4
32-17 Wash I 1 1 >8 >4 < 12.5 > 16 4
82-13 Wash I 1 1 >8 >4 50 > 16 4
88-13 Unknown I 1 1 >8 >4 25 > 16 4
67-13 Swab III 1 1 >8 >4 25 > 16 4
46-18(2) Swab III 1 1 >8 >4 25 > 16 4
105-13 Swab III 1 1 >8 >4 25 >16 4
41-13 Swab II 2 1 >8 >4 25 >16 4
46-18(1) Swab II 2 1 >8 >4 25 >16 4
93-13(A) Wash II 3 2 >8 >4 25 >16 8
93-13(B) Wash II 3 2 >8 >4 25 >16 4
4-18 Swab III 4 2 >8 >4 50 >16 4
36-17 Swab III 5 0 <0.25 0.5 25 1 4
34-17 Swab III 5 0 <0.25 0.25 25 1 4
51-19 Swab III 5 0 <0.25 0.5 50 1 4

' 2-17W and 2-17S are from the same calf, 46-18(1) and 46-18(2) are from the same calf, and 93-13(A) and 93-13(B) are from the same calf.
b ND, not determined.

ization patterns suggests that these are distinct. Fifty percent
of the isolates were of RT I. Four isolates displayed RT II,
and seven displayed RT III (Table 1).

Differences in the REA patterns can be seen among
isolates of a given RT (Fig. 1 and 2, Table 1). For example,
RT II strains 93-13(A) and 93-13(B), both exhibit REA
pattern 3, but the RT II strains 46-18(1) and 41-13 both
exhibit REA pattern 2. Similarly, the RT III strains 4-18
(REA type 4) and 67-13 (REA type 1) differ from the other
RT III isolates 36-17, 34-17, and 51-19 (REA type 5).
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FIG. 2. Representative Southern blot showing RTs of several P.

haemolytica Al isolates. Lanes: 1, 2-17W; 2, 2-17S; 3, 77-13; 4,
42-19; 5, 60-13; 6, 46-18(2); 7, 46-18(1); 8, 93-13(A); 9, 93-13(B); 10,
41-13; 11, 4-18; 12, 67-13; 13, 36-17. Isolates in lanes 1 through 5 are
RT I, those in lanes 7 through 10 are RT II, and those in lanes 6 and
11 through 13 are RT III.

Three pairs of isolates were separately cultured from
individual calves. Both 2-17 isolates, one from a tracheal
swab and one from a tracheal wash, have RT I (Fig. 2). The
93-13 isolates, both cultured from washes, have RT II (Fig.
2). However, the 46-18 isolates, each cultured from a swab,
have distinct RTs {II [46-18(1)] or III [46-18(2)]} (Fig. 2).

Plasmid analysis. Analysis of plasmid DNA revealed that
the serotype Al isolates possessed either no plasmids, one
plasmid, or two plasmids. Plasmid DNA, from isolates
carrying one or two plasmids, was digested with AvaI and
separated by agarose gel electrophoresis. Representative
restriction digests of plasmid DNA from strains carrying one
or two plasmids are shown in Fig. 3. The P. haemolytica
3-lactamase plasmid is known to contain one AvaI site (18).
The slightly smaller cryptic plasmid, which has been previ-
ously described (6), is shown here to contain two AvaI sites
and, upon digestion with that enzyme, yields fragments of
1.45 and 2.75 kbp (Fig. 3). Sixteen isolates (73%) contain a
single 4.2-kbp plasmid (Table 1), most likely the P-lactamase
plasmid (18). Isolates 93-13(A), 93-13(B), and 4-18 carry the
additional slightly smaller plasmid. Three isolates have no
plasmids (Table 1).

All RT I isolates possess only one plasmid. RT II isolates
possess either one or two plasmids. Isolates of RT III and
REA pattern 5 are the only ones to lack plasmids. However,
certain RT III isolates also harbor one or two plasmids
(Table 1).

Antibiotic resistance. The MICs of trimethoprim-sulfadia-
zine (<0.25 ,ug/ml), clindamycin (>5 ,ug/ml), spectinomycin
(24 ,ug/ml), ceftiofur (<0.5 ,ug/ml), and gentamicin (2 ,ug/ml)
are identical for all Al isolates. The MICs of other antibiot-
ics are shown in Table 1. The isolates which lack plasmids
display higher susceptibilities to ampicillin, penicillin G, and
oxytetracycline. One isolate (32-17) is highly susceptible to
sulfachlorpyridazine (<12.5 ,ug/ml), and another (28-13) is
resistant to that compound (> 100 ,ug/ml). Minor variations in
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FIG. 3. Agarose gel electrophoresis of plasmid DNA from rep-

resentative P. haemolytica Al feedlot isolates carrying one or two
plasmids. Lanes: 1, 93-13(A), two plasmids; 2, 46-18(1), one plas-
mid; M, 1-kbp DNA ladder (Life Technologies Inc.)

their susceptibilities to erythromycin occur among the iso-
lates.

DISCUSSION

Numerous studies have examined the bacterial flora of
feedlot cattle with bovine respiratory disease, and P. hae-
molytica Al is often the predominant species isolated (14).
To this point, characterization of P. haemolytica isolates
from cattle has generally been limited to the identification of
different serotypes. However, one recent study examined
enzyme and antimicrobial susceptibility profiles from a

group of P. haemolytica Al isolates (22).
In this report, we have utilized several methods, including

REA, ribotyping, plasmid content analysis, and antibiotic
MICs, to distinguish P. haemolytica Al isolates from a
single outbreak of bovine respiratory disease. We have also
shown here that in addition to distinguishing isolates from
different cattle, both REA and ribotyping could distinguish
two isolates from different sites within the same animal.
REA defined a larger number of groups among P. hae-

molytica Al isolates than were defined by ribotyping. In this
study, five separate REA groups were recognized as op-

posed to three separate RTs. However, the combination of
REA analysis with ribotyping appears to be a more sensitive
approach than either technique alone for analyzing the
molecular epidemiology of P. haemolytica Al isolates. In
this study, the combination of the two techniques allowed
for the identification of six distinct groups of isolates.
The concentration of agarose gels and the gel electro-

phoresis buffer are important factors in distinguishing REA
types and RTs. With REA, observable differences among the
isolates were limited to the number and sizes of high-
molecular-weight fragments. Higher-percentage agarose gels
(.0.7%) were not capable of adequately separating these
large fragments. Our ability to detect these differences was
greatly enhanced by using low-percentage agarose gels
(0.4%) and TAE buffer. Similarly, the ability to distinguish
three separate RTs was dependent on the use of 0.4%
agarose gels. However, we could distinguish two RT groups
by using 0.7% agarose gels for electrophoresis.
Although others have previously utilized ribotyping to

distinguish P. haemolytica strains of biotype T isolated from
bighorn sheep (29), significant genetic differences between
the A and T biotypes may account for the inability to utilize
the same enzymes for ribotyping as were utilized in that
study. Our results here, with P. haemolytica biotype A
serotype 1 isolates, reveal significantly different patterns of
rRNA hybridization than those previously observed with
biotype T strains. Several analyses (reviewed in reference
21), including the comparison of 16S rRNA sequences (10),
suggest that these groups are two distinct species and that
each is more closely related to other species from the
currently designated Actinobacillus and Haemophilus gen-
era.

It has been suggested that Haemophilus ducreyi may be
more closely related to P. haemolytica biotype A strains
than are P. haemolytica biotype T strains (10). However,
ribotyping patterns with HincII-digested H. ducreyi DNA
are significantly different from those observed here with P.
haemolytica Al isolates (26). Additionally, with H. ducreyi,
HindIII proved to be another useful enzyme for ribotyping
(26), while in our study, this enzyme was unable to distin-
guish RTs among P. haemolytica serotype Al isolates. Our
interpretations of these results suggest that, although ri-
botyping may be useful for distinguishing isolates of a given
species, this is probably not an indication of its usefulness
for a different species from the same genus or from related
genera.
Some interesting observations can be made regarding

plasmid distribution among these isolates. Here, REA type 5
isolates stand alone as lacking plasmids, and all REA type 3
and 4 isolates harbored two plasmids. The presence or
absence of plasmids did not affect the determination of REA
type, because REA types, as defined here, are based on
restriction fragments which are much larger than either of
the plasmids carried by these strains. It will be interesting to
see whether this pattern is maintained upon the examination
of larger numbers of P. haemolytica Al isolates.
Although numerous isolates carried only the 1-lactamase

plasmid, none of the isolates here carried only the cryptic
plasmid. The presence of a single plasmid, smaller than the
3-lactamase plasmid, in one serotype Al isolate has been

reported previously (24). That isolate was not resistant to
any of several antibiotics examined in that study, suggesting
that the smaller plasmid could be the putative cryptic plas-
mid. As others have suggested (11, 26), plasmid content may
be affected by spontaneous loss of a plasmid in the labora-
tory. Although we have observed that the two plasmids
identified in this study appear to be stably maintained after
repeated in vitro culture of P. haemolytica, plasmids may be
acquired or lost more readily in vivo, leading to the possi-
bility that two isolates may differ in their plasmid content yet
otherwise be identical clones.
A need exists for future, in-depth, molecular analyses of

the mechanisms of antibiotic resistance in P. haemolytica.
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Others have identified strains, such as isolate 28-13 reported
here, which are resistant to several antibiotics (4, 8, 24, 33).
In this study, as expected, those isolates which lack the
4.2-kbp plasmid are susceptible to penicillin G and ampicil-
lin. The P-lactamase gene from this plasmid has been cloned
and sequenced (18). Interestingly, a correlation also exists
between oxytetracycline susceptibility and the absence of
this plasmid. Others have observed a similar correlation with
tetracycline, and it is possible that this plasmid may also
encode resistance to that antibiotic (33). However, to our
knowledge, definitive proof for the presence of a tetracycline
resistance gene has not yet been published.
The combination of methods used here, especially REA

and ribotyping, should be useful for future studies on the
epidemiology of bovine pneumonic pasteurellosis. By com-
paring P. haemolytica isolates at the genetic level, it may be
possible to distinguish new groups among those which have
been identified by examinations of phenotypic traits, such as
antibiotic susceptibility and enzyme profiles. As others have
observed with P. haemolytica A2 isolates, phenotypic traits
can change depending on the growth conditions of the
organism (27). Here, our analyses of plasmid content and
antimicrobial susceptibility suggest further differences be-
tween P. haemolytica Al isolates of a given RT or REA
type. The analysis of both genetic and phenotypic traits has
proven useful in epidemiologic studies of other pathogens (1,
19).
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