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A total of 28 unrelated isolates of the Salmonella enterica subsp. enterica serovar dublin (S. dublin) collected
during a 6-year period, as well as four samples of the S. dublin live vaccine strain Bovisaloral and its prototype
strain S. dublin 442/039, were investigated by different molecular typing methods for the following reasons: (i)
to find the most discriminatory method for the epidemiological typing of isolates belonging to this Salmonella
serovar and (ii) to evaluate these methods for their capacity to discriminate among the live vaccine strain
Bovisaloral, its prototype strain S. dublin 442/039, and field isolates of the serovar dublin. Five different plasmid
profiles were observed; a virulence plasmid of 76 kbp as identified by hybridization with an spvB-spvC gene
probe was present in all isolates. The detection of 16S rRNA genes and that of IS200 elements proved to be
unsuitable for the epidemiological typing of S. dublin; only one hybridization pattern could be observed with
each of these methods. The results obtained from macrorestriction analysis strongly depended on the choice
of restriction enzyme. While the enzyme NotI yielded the lowest discriminatory index among all enzymes tested,
it was the only enzyme that allowed discrimination between the Bovisaloral vaccine strain and its prototype
strain. In contrast to the enzymes Xbal and Spel, which only differentiated among the S. dublin field isolates,
Xhol as well as Avrll also produced restriction fragment patterns of the Bovisaloral strain and of its prototype
strain that were not shared by any of the S. dublin field isolates. Macrorestriction analysis proved to be the most
discriminatory method not only for the epidemiological typing of S. dublin field isolates but also for the
identification of the S. dublin live vaccine strain Bovisaloral.

Salmonella infections in animals represent a threat to human
health, particularly if the infected animals serve as food prod-
ucts. Among the various Salmonella serovars, only a few are of
zoonotic importance. These include the Salmonella enterica
subsp. enterica serovars typhimurium (S. typhimurium) (1, 6),
enteritidis (S. enteritidis) (1, 6), and dublin (S. dublin) (5, 9, 20,
45). S. dublin has been reported to be the most common Sal-
monella serotype in cattle (2). While adult cattle infected with
S. dublin most frequently do not show the clinical signs of an
infection, fatal S. dublin infections in calves of 4 to 6 weeks of
age are commonly observed and are characterized by fever,
diarrhea, and circulatory collapses (12). Cattle surviving an S.
dublin infection will spread these organisms for several months
(12) and therefore be a source of infection not only for other
animals but also for humans. Meat, unpasteurized milk, and
milk products are considered vehicles of S. dublin infections in
humans (5). Although S. dublin is considered a cattle-adapted
pathogen, it may also cause severe systemic infections in hu-
mans (5, 9, 20, 41, 45).

To introduce immunity against Salmonella infections in cat-
tle, two different live vaccine strains have been admitted to
veterinary use in Germany. One of them, the attenuated and
auxotrophic Zoosaloral R strain (Impfstofftwerk Dessau-Tor-
nau GmbH, RoBlau, Germany), is identical to the Zoosaloral
H strain, which has previously been characterized and can
easily be differentiated from S. typhimurium field strains by
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molecular techniques (33, 34). The other one is the attenuated,
auxotrophic S. dublin strain Bovisaloral (Impfstoffwerk Des-
sau-Tornau). In contrast to data on the Zoosaloral H strain,
little is known about the genetic relationship of this attenuated
live vaccine strain to field isolates of serovar dublin from cattle.
However, the widespread use of the Bovisaloral live vaccine
strain in cattle requires tools for the exact identification of this
live vaccine strain and its differentiation from field isolates of
the same serovar.

In this study, we investigated the S. dublin live vaccine strain
Bovisaloral, its prototype strain S. dublin 442/039, and a rep-
resentative pool of S. dublin field isolates collected during a
6-year period by different epidemiological typing methods.
These included plasmid analysis and the detection of restric-
tion fragment length polymorphisms (RFLPs) of 16S rRNA
genes and IS200 elements as well as macrorestriction analyses.
All of these techniques were evaluated for their capacities to
discriminate among isolates of serovar dublin in general and
also for their ability to identify the live vaccine strain Bovi-
saloral and to differentiate it from field isolates and its proto-
type strain.

MATERIALS AND METHODS

Bacterial isolates and growth conditions. Of the 33 S. dublin isolates used in
this study, 28 were isolated from epidemiologically unrelated cattle specimens
collected between 1988 and 1993 in Germany and Denmark. The remaining five
isolates included four different samples of the S. dublin live vaccine strain Bo-
visaloral (Impfstoffwerk Dessau-Tornau) as well as the Bovisaloral prototype
strain S. dublin 442/039. Biochemical characterization of the S. dublin isolates
followed standard techniques; serotyping was performed with commercially
available antisera (Behring Werke, Marburg, Germany). The S. dublin isolates
were cultivated overnight on LB agar plates; glycerine stock cultures were kept
at —70°C.

DNA preparation, Southern blot hybridization, and gene probes. Plasmid
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TABLE 1. Characteristics of S. dublin isolates used in this study

No. of macrorestriction patterns

Isolate S a Plasmid profile Genomic
ource’

no. (kbp) Xbal Spel Notl Xhol Avrll group
1 Bovisaloral strain® 76, 40 1 1 1 1 1 1
2 Prototype strain® 76, 40 1 1 4 1 1 1T
3 GER, 1988; diarrhea 76, 52 1 1 1 2 2 111
4 GER, 1988; diarrhea 76, 52 1 1 1 2 2 111
5 GER, 1988; septicemia 76, 52 1 1 1 2 2 111
6 GER, 1988; pneumonia 76, 52 1 1 1 2 2 111
7 GER, 1988; diarrhea 76, 52 1 1 1 2 2 111
8 GER, 1988; septicemia 76 1 1 1 2 2 v
9 GER, 1988; diarrhea 76 1 1 1 2 2 v
10 GER, 1988; diarrhea 76 1 1 1 2 2 v
11 GER, 1989; pneumonia 76 2 2 1 4 5 \'%
12 GER, 1989; diarrhea 76 3 1 2 4 3 VI
13 GER, 1988; pneumonia 76 1 1 1 3 3 VII
14 GER, 1988; pneumonia 76 1 1 1 3 3 VII
15 GER, 1989; neuroparalysis 76, 52 1 1 1 3 4 VIII
16 GER, 1989; diarrhea 76 4 3 1 4 6 X
17 GER, 1989; diarrhea 76 1 1 1 3 2 X
18 GER, 1988; diarrhea 76 5 1 1 2 10 XI
19 GER, 1989; pneumonia 76, 52 1 4 3 2 7 XII
20 GER, 1988; septicemia 76, 52 1 4 1 2 7 XIII
21 GER, 1988; diarrhea 76, 52 1 4 1 2 7 X1V
22 GER, 1989; diarrhea 76, 40 6 1 1 3 2 X1V
23 DK, 1990; diarrhea 76, 4.4 1 1 1 4 5 XV
24 DK, 1992; diarrhea 76, 4.4 1 1 1 4 5 XV
25 DK, 1992; septicemia 76, 5.0 7 5 1 3 8 XVI
26 DK, 1991; pneumonia 76, 5.0 7 5 1 3 9 XVII
27 DK, 1993; diarrhea 76 1 1 1 2 5 XVIII
28 DK, 1992; septicemia 76, 4.4 1 1 1 2 5 XIX
29 DK, 1993; diarrhea 76 1 6 1 3 3 XX
30 GER, 1993; septicemia 76 1 7 1 3 3 XXI

“ All S. dublin field isolates were obtained from cattle in Germany (GER) or Denmark (DK) between 1988 and 1993; clinical signs of the animals are indicated.
b Bovisaloral live vaccine strains from four different production charges were tested and yielded identical results with all methods applied.

¢ S. dublin 442/039.

profiles of the S. dublin isolates were prepared according to Kado and Liu (18).
The plasmids of Escherichia coli V517 (23) as well as the S. typhimurium viru-
lence plasmid pRQS51 (25) served as size standards for the determination of
plasmid sizes in the S. dublin isolates. Plasmids suitable for restriction endonu-
clease analyses were obtained by the method of Olsen (26). Whole cellular DNA
of the S. dublin isolates was extracted as described previously (34). Restriction
analysis of plasmid DNA and whole cellular DNA and the separation of the
respective fragments by agarose gel electrophoresis followed previously de-
scribed protocols (32, 34). The 1-kbp ladder and N\ DNA-HindIII fragments (both
from Gibco-BRL, Paisley, Scotland) served as DNA size standards.

Transfer of the DNA fragments from agarose gels to nitrocellulose mem-
branes (Hybond N; Amersham-Buchler, Braunschweig, Germany) was achieved
by the capillary blot procedure (32). The following gene probes were used: the
3.6-kbp HindIII fragment of plasmid pRQ51 (25) served for the detection of
spvB-spvC virulence genes, the 2.3-kbp HindIII fragment of plasmid pBA2 rep-
resented the 16S rRNA probe (17), and the 0.6-kbp Pvull fragment of plasmid
pIZ45 (10) was used as the IS200 probe. All gene probes were labelled by the
nonradioactive ECL system (Amersham-Buchler). Hybridization and signal de-
tection were carried out strictly according to the manufacturer’s recommenda-
tions with the solutions included in the ECL kit (34).

Macrorestriction analysis. Preparation of whole cellular DNA for pulsed-field
gel electrophoresis experiments followed the protocol of Olsen et al. (30). Slices
of DNA-containing agarose plugs were incubated for 4 h in the presence of 20 U
of Xbal (Boehringer), NotI (BioLabs), Spel (BioLabs), Xhol (Boehringer), or
AvrIl (Amersham-Buchler). The respective DNA fragments were separated by
agarose gel electrophoresis (SeaKem GTG; 1%, wt/vol; FMC BioProducts) in a
CHEF DR II system (Bio-Rad) at 15 V/cm with 0.5X Tris-borate-EDTA as
running buffer. The pulse times for Xbal and Spel digests were increased from 7
to 12 s during the first 11 h and subsequently from 20 to 40 s during the next 13
h; those for NotI digests were increased from 2 to 5 s during the first 11 h and
from 9 to 12 s for another 11 h. Pulse times for Xhol digests were increased from
2 to 7 s for the first 13 h and from 9 to 25 s for the following 11 h, while those
for the Avrll digests were increased from 7 to 12 s for the first 11 h and from 20
to 65 s for the following 13 h. Polymerized phage A DNA (Pharmacia LKB)
served as a size standard. The gel was stained with ethidium bromide (2 pg/ml;

Sigma) for 15 min, destained in distilled water for 15 min, and photographed
under UV illumination.

Dice coefficients of similarity were calculated to compare the macrorestriction
patterns (7). Clustering was based on the unweighted pair group average method
(UPGMA) (37) and was performed with ALMO statistics software (14).

Calculation of discriminatory indices. The discriminatory value for each typ-
ing method was calculated as an index of discrimination (D) according to Hunter
and Gaston (16). It served for the comparison of the different methods and for
the selection of the most discriminatory system for the molecular differentiation
of S. dublin isolates. Only one of the four Bovisaloral live vaccine strains was
included in the calculation of D values.

RESULTS

Plasmid analysis. Plasmid analysis revealed the presence of
five different plasmid profiles. This corresponded to a discrim-
inatory index, D, of 0.722. A 76-kbp plasmid was detected in all
33 S. dublin isolates. It was present as the only plasmid in 13
field isolates, whereas another 9 field isolates also carried a
plasmid of 52 kbp. The Bovisaloral live vaccine strains, their
prototype strain, and one S. dublin field isolate harbored an
additional plasmid of 40 kbp. Small plasmids of 5.0 and 4.4 kbp
were found in two and three S. dublin field isolates, respec-
tively (Table 1). The 76-kbp plasmid was identified as a viru-
lence plasmid by hybridization with an spvB-spvC gene probe.
This gene probe hybridized to a 3.6-kbp HindIII fragment in all
cases. Comparative restriction endonuclease analysis of the
Bovisaloral vaccine strains, the prototype strain, and the one
field isolate that exhibited the same plasmid profile did not
reveal any differences in the plasmid fragment patterns ob-
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FIG. 1. Spel macrorestriction patterns observed among the S. dublin isolates;
numbering refers to the patterns listed in Table 1. Arrows on the right-hand side
indicate the sizes of the marker DNA fragments (from the bottom): 48.5, 97,
145.5, 194, 242.5, 291, 339.5, 388, 436.5, 485, and 533.5 kbp.

tained with the enzymes BamHI, Bglll, BstEll, Clal, Dral,
EcoRl, Haelll, HindIll, Kpnl, Pstl, Sacl, Sall, and Xhol.

RFLPs of 16S rRNA genes and 1S200 elements. All 33 S.
dublin isolates were typeable by the detection of RFLPs of 16S
rRNA genes and IS200 elements. However, with the 16S
rRNA-containing fragments in Pvull-digested whole cellular
DNA, the same hybridization pattern was seen in all 33 S.
dublin isolates. This pattern consisted of six hybridizing frag-
ments of 9.7, 9.5, 9.3, 6.5, 4.7, and 3.4 kbp in size (data not
shown). All 33 S. dublin isolates carried IS200 copies in their
chromosomal DNA. However, no differences in the IS200 hy-
bridization patterns could be observed among the S. dublin
isolates. The IS200-specific gene probe recognized two Pstl
fragments of 4.5 and 3.9 kbp in each of the 33 isolates (data not
shown). Consequently, the discriminatory indices for both the
detection of 16S ribotypes and IS200 hybridization patterns
were calculated to be D = 0.0.

Macrorestriction analysis. Whole cellular DNA of all S.
dublin isolates was digested with rare-cutting restriction endo-
nucleases, and the resulting restriction fragments were sepa-
rated in pulsed-field gel electrophoresis to detect RFLPs. Five
different restriction enzymes were tested for their discrimina-
tory capacities among the S. dublin isolates.

Xbal digestion resulted in seven different fragment patterns
with 14 to 17 fragments in the range of 40 to 533 kbp. The
majority of the field isolates as well as the Bovisaloral live
vaccine strains and their prototype strain exhibited pattern
XT1; patterns XT2 to XT6 were represented by one field
isolate each, whereas two field isolates exhibited pattern XT7.
Thus, the discriminatory index for Xbal macrorestriction anal-
ysis was D = (.416.

Spel digestion also yielded seven fragment patterns consist-
ing of 18 to 20 fragments (Fig. 1) within the same range as
reported for Xbal. Pattern ST1 was shared by 19 field isolates,
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FIG. 2. Comparative analysis of the 10 AvrII macrorestriction patterns ob-
served among the S. dublin isolates; numbering refers to the patterns listed in
Table 1. Positions of the DNA marker fragments are indicated by arrows on the
left-hand side (from the bottom): 48.5, 97, 145.5, 194, 242.5, 291, 339.5, 388,
436.5, 485, 533.5, 582, 630.5, 679, and 727.5 kbp.

the Bovisaloral strains, and the prototype strain. Patterns ST4
and ST5 were represented by three and two field isolates,
respectively, while only single isolates exhibited patterns ST2,
-3, -6, and -7. The discriminatory index for Spel macrorestric-
tion analysis was slightly higher than that for Xbal at D =
0.508.

Notl digestion produced a larger number of smaller frag-
ments. Four different patterns were observed. Although 24 to
25 fragments in the range of 40 to 291 kbp were detected,
differences became obvious only in fragments larger than 97
kbp. Patterns NT2 and NT3 were represented by one field
isolate each. Pattern NT1 encompassed the remaining 26 S.
dublin field isolates and all four Bovisaloral strains. The pro-
totype strain, however, exhibited its own pattern, NT4, which
was characterized by the lack of a fragment of approximately
160 kbp. The discriminatory index for NotI macrorestriction
analysis was low at D = 0.193.

Xhol digestion also resulted in four different fragment pat-
terns. These consisted of 19 or 20 fragments in the range of 50
to 340 kbp. An abundance of similar-sized fragments was
found in the range of 97 to 160 kbp as well as in the low-
molecular-mass area of less than 50 kbp. The Bovisaloral strain
and its prototype strain exhibited a unique fragment pattern,
XHT1. The S. dublin field isolates exhibited three Xhol pat-
terns with 14, 9, or 5 isolates representing the respective pat-
terns (Table 1). This distribution resulted in a discriminatory
index of D = 0.683 for Xhol macrorestriction analysis.

Avrll digestion produced 10 different patterns of 16 to 20
fragments in the range of 48 to 630 kbp (Fig. 2). As previously
seen with Xhol, a unique restriction fragment pattern of the
Bovisaloral strain and its prototype strain could be observed
after cleavage with AvrIl. As expected from the large number
of fragment patterns, the discriminatory index for AvrIlI mac-
rorestriction analysis was high at D = 0.871. The genomic
relationships of the 33 S. dublin isolates as determined by Avrll
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macrorestriction analyses are presented in a dendrogram in
Fig. 3. Although AvrIl macrorestriction analyses represented
the most discriminatory method, the dendrogram confirmed
the close relationship among these S. dublin isolates; cluster
analysis of the AvrIl macrorestriction patterns showed that all
isolates were similar at an 86.7% level (Fig. 3).

Comparative analysis of plasmid profiles and macrorestric-
tion analysis subdivided the 33 S. dublin isolates used in this
study into 21 genomic groups (Table 1). This corresponded to
a discriminatory index of D = 0.968. The observation that only
one to five S. dublin field isolates could be assigned to each
genomic group confirmed the usefulness of these molecular
techniques for the epidemiological typing of S. dublin. More-
over, the different samples of the Bovisaloral vaccine strain
exhibited identical results with each method applied. This not
only indicated the genetic uniformity of these vaccine strains
but also might confirm the effectiveness of these molecular
techniques for monitoring the genetic stability of the vaccine
strain.

DISCUSSION

To reduce Salmonella infections in livestock, live vaccine
strains have been introduced into veterinary use (6, 13, 15, 35,
36). While vaccination of rearing poultry units against Salmo-
nella infections has been prescribed by law in 1994 in Germany,
vaccination of cattle is still voluntary. For this, the auxotrophic
attenuated S. dublin live vaccine strain Bovisaloral has been
successfully applied to cattle in the former German Demo-
cratic Republic and other Eastern European countries for
years (22); since 1994, it has been used in reunified Germany.
Although other mutagenized S. dublin strains have been suc-
cessfully used as live vaccine strains in other countries (13, 15,
35, 36), the S. dublin strain Bovisaloral represents the only S.
dublin live vaccine strain admitted for use in cattle in Germany
so far. The Bovisaloral strain was obtained from the prototype
strain by growth in the presence of N-methyl-N'-nitro-N-ni-
trosoguanidine (22). This chemical mutagenesis resulted in two
auxotrophic markers (ade and thi) which reduce its survival not
only in the environment but also in cells of the host defense
system (3, 22). Up to now, identification of the Bovisaloral live
vaccine strain has been based on its inability to grow in an
adenine- and thiamine-deficient diagnostic medium. In con-
trast to other S. dublin live vaccine strains which carried mu-
tations in the aromatic gene aroA (13, 15, 35) or in the purine
utilization genes pur4 and purE (36) that also led to auxotro-
phy and attenuation, little is known about the nature of the
mutations in the Bovisaloral strain. Since neither the area(s)
nor the extent(s) of the mutations has been identified (3, 22),
it may be possible that mutations also affected restriction en-
donuclease cleavage sites in the plasmid or genomic DNA.
Such newly generated or destroyed recognition sequences for
restriction endonucleases might account for RFLPs which
could be used for the identification of this vaccine strain and
for its differentiation from field isolates of the same serovar.

Previous studies identified the detection of RFLPs of 16S
rRNA genes, 1S200 elements, and plasmid-encoded spvB-spvC
genes to be a suitable method for the differentiation of Salmo-
nella isolates of the same serovar (5, 8, 21, 24, 27-30, 34, 38-40,
44). Moreover, differences in the macrorestriction patterns as
monitored by pulsed-field gel electrophoresis allowed a high
level of discrimination among isolates of S. typhimurium (33)
and S. enteritidis (21, 30, 31, 43). While each of these molecular
techniques differentiated the S. typhimurium live vaccine strain
Zoosaloral H from S. typhimurium field strains (33, 34), most
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FIG. 3. Dendrogram obtained from cluster analysis of AvrII macrorestriction
patterns of the 33 S. dublin isolates. The numbers of S. dublin isolates exhibiting
the respective AvrlIl pattern, as given in Table 1, are indicated in parentheses.

of the methods failed in the differentiation of the Bovisaloral
live vaccine strain from S. dublin field isolates.

Plasmid analysis showed that all S. dublin isolates included
in this study carried a virulence plasmid of approximately 76
kbp; the spvB-spvC region was located on a 3.6-kbp HindIII
fragment in the vaccine strains, the prototype strain, and the
field strains. A common spv gene region had been reported to
be present in the virulence plasmids of S. typhimurium, S.
enteritidis, S. cholerae-suis, and S. dublin (4, 11, 19, 25). No
additional markers, such as IS200 elements, were found on this
virulence plasmid. This observation was in accordance with
previous data on S. dublin virulence plasmids (4, 19). Since the
vaccine strains also harbored a cryptic plasmid of 40 kbp, it was
impossible to compare the virulence plasmid present in the
vaccine strain directly with those present in the majority of the
field isolates by restriction endonuclease digestion. However,
the combination of a 76-kbp virulence plasmid and a cryptic
40-kbp plasmid was also detected in one field isolate. Compar-
ative restriction analyses of these two plasmids with those of
the Bovisaloral strains and the prototype strain showed no
differences when 13 different endonucleases were used. Al-
though plasmid analyses yielded a relatively high discrimina-
tory value for the epidemiological typing of S. dublin, one must
be aware that plasmids represent mobile extrachromosomal
elements that do not code for essential properties and there-
fore may be lost from or acquired by S. dublin cells. Thus,
additional typing systems based on the detection of more stable
chromosomally encoded markers were included in this study.

The detection of RFLPs of 16S rRNA genes and 1S200
elements proved to be helpful for the epidemiological typing of
certain Salmonella serovars, such as typhimurium (24, 34, 38)
and berta (27, 40). For other Salmonella serovars, such as
enteritidis (21, 24, 39) and dublin (5, 29), this technique did not
represent the method of choice. Although all S. dublin isolates
used in this study were typeable with this technique, all isolates
exhibited the same 16S ribotypes as well as IS200 types. The
ribotype observed in this study corresponded exactly to the
respective hybridization pattern previously described to occur
in most S. dublin isolates from humans and cattle in England
and Wales (5). Moreover, the two PstI fragments to which the
IS200 gene probe hybridized were the same size as those found
in the reference strain S. dublin NSC65 as well as in field
isolates of S. dublin from humans, cattle, and horses in En-
gland, Wales, France, Denmark, Tanzania, and Sweden (5, 29).
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Macrorestriction analysis has been described as the method
of choice for the discrimination of certain Salmonella serovars
(28). So far, this method has been used successfully for the
differentiation of isolates belonging to serovars typhimurium
(33), typhi (42), enteritidis (21, 30, 31, 43), and dublin (29).
Previous studies showed that the use of one restriction enzyme
alone provided only limited information for strain character-
ization. The discriminatory value of macrorestriction analysis
could be distinctly increased by the comparative use of several
suitable enzymes (21, 33). Up to now, only NotI macrorestric-
tion patterns have been described for S. dublin (29). A small
number of fragment patterns could be identified with most of
the strains exhibiting a single NorI pattern (29). This observa-
tion corresponded closely to our data. Among all enzymes
tested for macrorestriction analysis, NotI yielded the lowest
discriminatory index. Nevertheless, NotI was the only enzyme
that allowed a differentiation between the Bovisaloral live vac-
cine strains and their prototype strain. Macrorestriction anal-
yses with Xbal and Spel resulted in higher discriminatory in-
dices; again, one predominant pattern was observed with these
two enzymes. No matter whether Notl, Xbal, or Spel was used
for cleavage of the whole cellular DNA, Bovisaloral live vac-
cine strains exhibited the same fragment pattern as the major-
ity of the S. dublin field isolates. However, a differentiation
between Bovisaloral vaccine strains and their prototype strain
on the one hand and S. dublin field isolates on the other hand
was achieved by using the enzymes Xhol and Avrll. Although
Xhol analysis resulted in only four different fragment patterns,
we observed a more heterogeneous distribution of the field
isolates among the three remaining patterns. However, the
majority of fragments obtained from Xhol digestion were of
less than 160 kbp. Although differences between the patterns
could be observed, the presence of a number of similar-sized
fragments in the same range rendered the evaluation of the
patterns more difficult. Among all restriction enzymes used for
macrorestriction analysis, Avrll yielded the clearest resolution
of fragments as well as the highest discriminatory index, D =
0.871. This meant that two S. dublin isolates randomly selected
from the test population could be assigned to different Avrll
patterns with a probability of 87%. Furthermore, the high
discriminatory power of XAol and AvrIl macrorestriction anal-
yses could be increased by the comparative use of these two
restriction enzymes. Thus, isolates which represented the same
Xhol type, e.g., XHT2, could be assigned to different Avrll
types, such as AT2, ATS, AT7, or AT10. In return, ATS iso-
lates exhibited either pattern XHT2 or pattern XHT4 (Table
1).

The most effective discrimination, however, was achieved by
the comparative use of plasmid analysis and macrorestriction
analysis. Thus, isolates representing the genomic groups III
and IV, as well as XVIII and XIX, were indistinguishable by
macrorestriction analysis but differed in their plasmid profiles
(Table 1).

The data presented in this study confirmed that macro-
restriction analysis is a most suitable tool for the epidemiolog-
ical typing of S. dublin isolates. Its discriminatory power, how-
ever, strongly depends on the choice of the restriction enzyme
used for cleavage of the whole cellular DNA. Enzymes such as
Xhol and Avrll not only exhibited the highest discriminatory
indices but also produced fragment patterns that differentiated
the Bovisaloral live vaccine strain and its prototype strain from
a representative pool of S. dublin field isolates. Moreover,
macrorestriction analysis as performed with a number of dif-
ferent restriction enzymes proved to be a suitable method for
monitoring the genetic relationships among S. dublin field iso-
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lates as well as the genetic stability of single strains, such as the
live vaccine strain Bovisaloral.
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