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ABSTRACT: Pasteurella haemolytica isolates (n = 31) from two isolated captive herds of Rocky
Mountain bighorn sheep (Ovis canadensis canadensis) were characterized and compared phe-
notypically (biotype, serotype, hemolytic activity) and by a genomic fingerprinting method known
as ribotyping. Seven to nine distinct phenotypes were observed. Depending on the method used
for serotyping, one to three phenotypes were common to both herds. Eighteen isolates, recovered
from both herds, were non-hemolytic, biotype T, indirect hemagglutination assay serotype 4.
Ribotyping, a method for highlighting genetically conserved deoxyribonucleic acid restriction site
heterogeneity with a 2P-labelled Escherichia coli ribosomal ribonucleic acid probe, produced six
to eight distinct ribotype pattern groups within the 31 P. haemolytica isolates, depending on the
restriction enzyme used. In contrast to phenotypes, ribotypes appeared unique to each herd, and
ribotyping helped to further differentiate some isolates of the same biotype and serotype. In
addition, ribotyping provided an alternative means for evaluating relationships between isolates
differing in hemolytic activity but which were otherwise phenotypically identical. We propose
that ribotyping may be a useful adjunct to other bacterial characterization methods in studying

the epizootiology of pasteurellosis in bighorn sheep.
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INTRODUCTION

Pasteurella haemolytica is an important
primary and opportunistic pathogen of do-
mestic and wild sheep. Respiratory disease
attributed to P. haemolytica has adversely
affected population performance in some
herds of bighorn sheep (Ovis canadensis)
in the western United States and Canada
(Buechner, 1960; Foreyt and Jessup, 1982;
Onderka and Wishart, 1984; Spraker et al.,
1984). Although P. haemolytica can cause
severe bronchopneumonia, it also can be
isolated from clinically normal bighorn
sheep (Post, 1962; Thorne, 1982; Onderka
and Wishart, 1984, 1988; Dunbar et al.,
1990b; Wild and Miller, 1991). A prereq-
uisite to understanding the epizootiology
of P. haemolytica in bighorn sheep is the
ability to discern phenotypic and/or ge-

Pasteurella haemolytica, bighorn sheep, Ovis canadensis, fingerprinting, ribo-

notypic differences that may occur in iso-
lates from various sources.

Currently, epizootiological investiga-
tions of P. haemolytica in bighorn sheep
and other animals rely on use of biotyping
and serotyping to characterize isolates (Bi-
berstein et al., 1960; Biberstein and Gills,
1962; Biberstein, 1978). This approach has
been valuable in differentiating isolates,
but has potential limitations. Biotyping and
serotyping rely on phenotypic traits, char-
acteristics possibly under the control of un-
known environmental influences (Brown
and Williams, 1985). Moreover, the sen-
sitivity of these tests may be inadequate to
differentiate strains reliably, because more
than one strain may make up a given se-
rotype (Snipes et al., 1989, 1990). Geno-
mic, or chromosomal deoxyribonucleic
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TABLE 1.
and Colorado (n = 14) (USA).
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Characteristics of P. haemolytica isolated from captive bighorn sheep from Washington (n = 17)

Isolate Animal RPA* IHA® EcoR1 Hincll
number number Site of origin Biotype serotype serotype  Hemolysis ribotype  ribotype
Washington
30 R24 Lung T 4 4 + 3 1
31 B27 Lung T 4 4 + 2 1
32 G39 Lung T 3, 4,10 3, 10 + 15 2
33 G39 Lung A 2 2 + 5 3
34 OR41 Lung A 2 2 + 5 3
35 OR41 Lung T 10 3, 10 + 15 2
36 OR41 Nares A 2 2 + 5 3
37 OR41 Lung T 3, 4,10 3, 10 + 15 2
87 2184 Lung T 3, 4,10 4 - 3 1
88 2214 Lung T 4 4 - 2 1
89 OR2 Nares T 4 4 - 3 1
91 OR44 Nares T 3, 4, 10 3, 10 - 32 4
92 R11 Nares T 3, 4 4 - 4 1
93 Y10 Nares T 3, 4, 10 4 - 3 1
94 R12 Nares T 3, 4,10 4 - 4 1
95 Y7 Lung T 4 4 - 2 1
97 R5 Lung T 4 4 - 2 1
Colorado
50 Q889 Nares T 4 4 - 1 5
51 Q889 Tonsil T 3, 4 4 - 1 5
52 Q889 Bronchus T 3, 4 4 - 1 5
53 Q889 Nares T 3, 4 4 - 1 5
54 Q889 Tonsil T 3, 4 4 - 1 5
76 T89 Bronchus T 4 4 - 1 5
77 T82 Tonsil T 3, 4,10 NT: - 11 6
78 AS588 Tonsil T 4 4 - 1 5
80 E88 Tonsil T 4 4 - 1 5
81 G78 Tonsil T NT 4 - 1 5
82 H83 Tonsil T 3 3 - 11 6
83 L88 Tonsil T NT 3 - 11 6
84 M86 Tonsil T 3, 4,10 3 - 11 6
86 T88 Tonsil T 4 4 - 1 5

* RPA = Rapid plate agglutination.
*IHA = Indirect hemagglutination.
* NT = Not typable.

acid (DNA), fingerprinting of bacteria of-
fers a valuable adjunct to phenotypic char-
acterization techniques, and the use of nu-
cleic acid probes to highlight DNA
restriction site heterogeneity has facilitat-
ed this procedure (Grimont and Grimont,
1986; Stull et al., 1988; Tompkins et al.,
1986).

The objective of this study was to de-
termine if a genomic fingerprinting tech-
nique known as ribotyping was capable of
differentiating P. haemolytica strains iso-
lated from bighorn sheep. Additionally, we

wanted to compare results of ribotyping
with traditional serotyping results, and ex-
plore whether ribotyping could offer a new
tool for clarifying the epizootiology of pas-
teurellosis in bighorn sheep.

MATERIALS AND METHODS

Thirty-one randomly selected P. haemolytica
isolates from 23 individual captive bighorn sheep
in two herds were examined. Fourteen isolates
(numbers 50 to 86; Table 1) were obtained from
captive bighorn sheep at the Colorado Division
of Wildlife's Foothills Wildlife Research Facil-
ity (Fort Collins, Colorado USA). Seventeen ad-
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ditional isolates (numbers 30 to 37 and 87 to 97;
Table 1) were from captive bighorn sheep housed
at Washington State University (Pullman,
Washington USA). Isolates were obtained from
nares, tonsils, or bronchi (Wild and Miller, 1991)
and nares or lung (Foreyt, 1989) of apparently
healthy and pneumonic bighorn sheep. Com-
plete histories of both herds with respect to pas-
teurellosis are described elsewhere (Foreyt, 1989;
Silflow, 1988; Wild and Miller, 1991; Miller et
al., 1991).

Isolates were confirmed to be P. haemolytica
by standard biochemical tests (Carter, 1984).
Specifically, isolates were determined to pro-
duce typical reactions following inoculation of
triple sugar iron agar slants (acid slant and butt,
no gas), to be indole negative (spot test on filter
paper impregnated with 1% 4-dimethylamino-
cinnamaldehyde), to be oxidase positive (spot
test on filter paper impregnated with 1% tet-
ramethyl-p-phenylenediamine), to be urease
negative, and to grow on MacConkey’s agar.
Hemolysis on 5% bovine or other blood agar was
not a required isolate characteristic for inclusion
in the study (Onderka and Wishart, 1984; On-
derka et al., 1988). Hemolytic activity of each
isolate was determined following incubation on
5% bovine and ovine blood agar plates at 37 C
for 24 hr.

Biotypes (A vs. T) were determined by in-
oculation of Bromcresol purple broths contain-
ing arabinose, trehalose, xylose, salicin, manni-
tol, and lactose, and observing for fermentation
as described by Biberstein (1978). Serotypes of
isolates were determined by rapid plate agglu-
tination (RPA) (Frank and Wessman, 1978), and
by indirect hemagglutination (IHA) (Biberstein
et al, 1960). All RPA serotyping was performed
by the National Animal Disease Center (Ames,
Iowa, USA) or by the Wyoming State Veterinary
Laboratory (Laramie, Wyoming, USA). A par-
ticular phenotype of P. haemolytica was defined
as a unique combination of biotype, serotype,
and ability to lyse bovine red blood cells.

The DNA from each isolate was obtained and
purified using the method of Wilson (1987).
Bacterial cells were lysed with sodium dodecyl
sulfate, proteins and other cellular debris were
removed by digestion with proteinase-K and
precipitation with hexadecyltrimethyl ammo-
nium bromide, and DNA was precipitated with
isopropanol.

In order to determine the optimal restriction
enzymes to use for digesting P. haemolytica
DNA for subsequent determination of ribotype,
purified DNA (2.0 to 3.0 ug) from one biotype
A isolate and one biotype T isolate was digested
according to the manufacturer’s directions with
10 units each of 14 different restriction enzymes
in a 30 ul volume containing the appropriate

buffer. Restriction enzymes evaluated were:
EcoRl, Pstl, Xhol, Haelll, EcoRV, HindIll,
Bglll, Hpal, BstEll, Kpnl, Sstl, Hincll, and
Clal (GIBCO BRL, Grand Island, New York,
USA); and Banll (New England Biolabs, Bev-
erly, Massachusetts, USA). Optimal endonu-
cleases were chosen based on the number and
distribution of restriction fragments hybridizing
with the ribosomal ribonucleic acid (rRNA)
probe.

Purified DNA (2.0 to 3.0 ug) from each of
the 31 P. haemolytica isolates was digested for
2 hr at 37 C with approximately 10 units of the
restriction enzymes EcoRI or Hincll in a 30 ul
reaction mixture containing the appropriate
buffer. Following digestion, samples were sub-
ject to electrophoresis in a 0.7% horizontal slab
agarose gel and stained with ethidium bromide
(Snipes et al., 1989).

Digested DNA restriction fragments separat-
ed by electrophoresis were transferred to a ni-
trocellulose membrane (Schleicher and Schuell,
Keene, New Hampshire, USA) using methods
of Southern (1975). After transfer of DNA, blots
were dried at 80 C in a vacuum oven and stored
at room temperature.

Escherichia coli rRNA (Sigma Chemical Co.,
St. Louis, Missouri, USA) was labelled with P
and hybridized with restriction enzyme-digest-
ed and blotted P. haemolytica DNA using tech-
niques previously described for P. multocida
(Snipes et al., 1989). Specific activity of the probe
was approximately 107 counts per minute (cpm)/
ug of RNA, and blots were hybridized with ap-
proximately 10° to 10° cpm/ml of hybridization
solution. Extent of hybridization of the probe
with blotted DNA was analyzed by autoradiog-
raphy (Snipes et al., 1989), and profiles of the
31 P. haemolytica isolates were compared vi-
sually and grouped based on restriction frag-
ment patterns.

Repeatability and stability of hybridization
patterns defining a ribotype were determined
by subculturing a bighorn sheep biotype T iso-
late of P. haemolytica for 19 passages on bovine
blood agar plates over a period of 10 wk. Ri-
botype was determined for each of the 19 pas-
sages following digestion of purified DNA with
EcoRI. Prior to beginning passage of the strain,
ribotypes of ten separate colonies from the stock
culture also were determined following diges-
tion of DNA with EcoRIL

RESULTS

Phenotypic characteristics varied both
within and between sources for the 31 P.
haemolytica isolates examined (Table 1).
When serotypes were determined by RPA,
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FIGURE 1. Autoradiograph of Southern blot of
Hincll-digested DNA from six Pasteurella haemo-
lytica isolates after hybridization with a *P-labelled
E. coli rRNA probe. Patterns in lanes A-F represent
the six different ribotype groups observed using
Hincll. Hincll ribotype designations are noted across
the bottom of the figure. Lane G contains DNA iso-
lated from lambda phage, digested with HindIII, and
hybridized with Haelll-digested lambda phage probe.
Numbers on the right represent the number of kil-
obase pairs (kbp) of the respective lambda phage
fragments.

nine different phenotypes were identified;
nonhemolytic biotype T and serotypes 4;
3, 4; and 3, 4, 10 predominated. When
serotypes were determined by IHA, seven
distinct phenotypes were identified; non-
hemolytic biotype T, serotype 4 predom-
inated. Only three isolates were biotype A,
and all were serotype 2 by RPA and THA.
Most isolates (23/31) were non-hemolytic,
and all hemolytic isolates were from one
herd (Washington). Three phenotypes
(non-hemolytic T4; T3, 4; and T3, 4, 10)
were common to both herds when RPA
was used; one phenotype (non-hemolytic
T4) was common when IHA was used. Iso-
lates that reacted with multiple typing sera
in the RPA test usually reacted with fewer
sera in the IHA test. For example, within
isolates from the Washington herd, RPA

serotypes 3, 4, 10 reduced to either 3, 10
or 4 when tested by IHA; Colorado RPA
serotype 3, 4 isolates only reacted with IHA
serotype 4 antisera.

The E. coli rRNA probe hybridized with
a variable number of blotted fragments of
biotype A and biotype T P. haemolytica
DNA produced by digestion with the 14
restriction enzymes. Usually, =<8 frag-
ments contributed to hybridization pat-
terns or ribotypes. Restriction enzymes
EcoRI and Hincll were chosen for use in
further study, based on number (average
6 to 7) and distribution (dispersed between
approximately 23.1 and 2.0 kilobase pairs)
of hybridized fragments contributing to a
ribotype.

Following digestion with Hincll, six dis-
tinct ribotype patterns (groups) were ob-
served among the 31 isolates (Fig. 1; Table
1). Digestions with EcoRI produced eight
distinct ribotype groups (Fig. 2; Table 1).
Study isolates conformed to the same ri-
botype grouping regardless of restriction
enzyme used, except that EcoRI further
subdivided isolates from one HinclIl ri-
botype into three separate but similar ri-
botypes. Isolates from Colorado bighorn
sheep were designated as EcoRI ribotypes
1 and 11; those from Washington were
designated as EcoRI ribotypes 2, 3, 4, 5,
15, and 32.

Using EcoRI for DNA digestion, ten col-
onies examined from one P. haemolytica
biotype T isolate were identified as ribo-
type 1. Subsequent isolates from 19 labo-
ratory passages over a 10-week-period
continued to be identified as ribotype 1.

Relationships between RPA and IHA se-
rotypes and ribotype are summarized in
Table 2. Using RPA, multiple serotypes
were revealed within a single ribotype as
well as multiple ribotypes within a single
serotype. In contrast, using IHA, multiple
ribotypes comprised a single serotype, but
not vice-versa.

Combining biotype, IHA serotype, and
hemolytic activity with EcoRI ribotypes,
11 distinct phenotype/genotype combi-
nations were observed (Table 3). Among
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A BCDETFGH I J Kbp TABLE 2. EcoRI ribotypes comprising different bi-
otypes and serotypes of Pasteurella haemolytica from
- - —23.1 bighorn sheep from Washington and Colorado.
— e LA ]

‘:__ e as W% -‘ —94 Biotype + RPA Number
PN = — . —6.6 serotype EcoRlI ribotypes of isolates

——— ——— A2 5 3

$ 44 T3 11 1

T4 1,2,8 11

T10 15 1

—23 T3, 4 1.4 5

=20 T3, 4,10 3,4,11, 15,32 8

b <

1 2 3 4 5 11 15 32 T/NT 1,11 2
FIGURE 2. Autoradiograph of Southern blot of Biotype + IHA' o ?‘,’ml!’”
EcoRI-digested DNA from eight Pasteurella hae- serotype EcoRI ribotypes oL isolates

molytica isolates after hybridization with an E. coli A2 5 3

rRNA probe. Patterns in lanes B-I represent the eight T3 11 3

different ribotypes observed using EcoRI. EcoRI ri- T4 1,28 4 20

botype designations are noted across the bottom of T3, 10 15, 32 4

the figure. Lanes A and J contain the lambda phage T/NT 11 1

standard as described for Figure 1. Numbers on the
right represent the number of kilobase pairs (kbp) of
the respective lambda phage fragments.

these, no overlap existed between isolates
from the two separate herds of bighorn
sheep.

DISCUSSION

When isolates of P. haemolytica ex-
amined in this study were serotyped, com-
bination reactions were observed, partic-
ularly when serotype was determined by
RPA. Such combinations are not unusual
with P. haemolytica isolated from bighorn
sheep (Dunbar et al., 1990a).

As applied here, ribotyping proved to
be a relatively simple and repeatable lab-
oratory technique that provided a useful
adjunct for characterizing P. haemolytica
from bighorn sheep. Because ribotyping
evaluates genotype rather than phenotype,
it contributes unique information not
available using traditional biotyping and
serotyping techniques. Biotyping and se-
rotyping rely on phenotypic traits. These
may be inconsistently expressed, influ-
enced by environmental factors such as
temperature or growth media composition
(Brown and Williams, 1985).

Ribotyping, a method for highlighting
DNA restriction site heterogeneity with a
rRNA probe, compares highly conserved

- RPA = Rapid plate agglutination.
*NT = Not typable.
 IHA = Indirect hemagglutination.

rRNA genes and associated sequences not
subject to frequent mutation (Grimont and
Grimont, 1986). Ribotyping has been pre-
viously shown to provide a useful tool for
more in-depth epizootiologic studies of P.
multocida infection in fowl as well as other
animals (Snipes et al., 1989, 1990). The
stability and repeatability of ribotyping P.

TABLE 3. Summary of phenotype and genotype
profiles of Pasteurella haemolytica from bighorn sheep
from Washington and Colorado.

IHA* EcoRl1 Number
Biotype serotype Hemolysis ribotype of isolates
Washington: isolates
A 2 + 5 3
T 4 + 2 1
T 4 + 3 1
T 4 - 2 3
T 4 - 3 3
T 4 4 2
T 3, 10 + 15 3
T 3, 10 - 32 1
Colorado: isolates
T 4 - 1 10
T 3 - 11 3
T NT* - 11 1

* IHA = Indirect hemagglutination.
*NT = Not typable.
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haemolytica were confirmed by consistent
identification of EcoRI ribotype from stock
strain replicates and isolates after multiple
passages. In previous studies with digested
and blotted P. multocida DNA, identical
ribotype patterns were produced using ei-
ther radiolabelled P. multocida rRNA or
E. coli rRNA as a probe (K. Snipes, un-
published data). Thus, E. coli rRNA pro-
vides an inexpensive, commercially avail-
able probe.

Comparing ribotyping results with re-
sults from standard biotyping and serotyp-
ing techniques and hemolysis determina-
tions provided several noteworthy
observations. These comparisons demon-
strated the potential utility of this tech-
nique in helping to fingerprint P. hae-
molytica, and therefore study the
epizootiology of pasteurellosis in bighorn
sheep.

Ribotyping enabled the characteriza-
tion and grouping of isolates in this study
which were untypable by serotyping, pre-
sumably either because of lack of capsule
or appearance of a novel serotype (Aarsleff
et al., 1970). In addition, ribotyping pro-
vided a means for comparing isolates of
the same biotype and serotype that dif-
fered only in ability to lyse bovine and
ovine red blood cells or to produce de-
tectable hemolysis. Ribotyping was partic-
ularly useful in examining relatedness of
some isolates from the Washington herd
that differed in this respect.

In comparing ribotype and serotype
data, relationships were more apparent
when IHA was used. This was particularly
true for the biotype T isolates. Using RPA,
multiple ribotypes were observed to com-
prise a single serotype, but multiple sero-
types also were found to be of the same
ribotype. Using IHA, only multiple ribo-
types within a given serotype were ob-
served. In the latter case, ribotyping pro-
vided a tool for further characterizing and
differentiating isolates of the same sero-
type. From the results we inferred the ex-
istence of multiple strains within a given

serotype.

JOURNAL OF WILDLIFE DISEASES, VOL. 28, NO. 3, JULY 1992

When IHA phenotypes and ribotypes
were combined and differences in hemo-
lytic activity considered, eleven distinct
combinations were obtained, with some
appearing more closely related than oth-
ers. Methods for determining the precise
degree of relatedness (percent similarity)
between these profiles are being devel-
oped. At present, we are adopting a con-
servative approach regarding classifying
distinct biotype, serotype, and ribotype
profiles as different isolates. Using these
criteria, no complete isolate profiles were
observed to be shared between isolates from
the two herds in this study. It follows that
ribotyping may aid in clarifying the epi-
zootiology of pasteurellosis at the herd lev-
el.

Additional bighorn isolates from a va-
riety of geographic locations need to be
examined to further evaluate ribotyping
in relation to biotyping and serotyping.
Based on our findings, we believe that ri-
botyping is a useful technique, either alone
or in conjunction with IHA serotyping, for
characterizing P. haemolytica in epizo-
otiologic studies. Comparison of ribotypes
present in isolated and mixed herds of big-
horn sheep, as well as domestic livestock,
may aid in tracking transmission of P. hae-
molytica within and among species. Such
information is critical to formulation of
effective, equitable management practic-
es.
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