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Field and collection isolates of Salmonella abortusovis carry one I1S200 element in a distinct chromosome
location. IS200 is not found in the corresponding region of the chromosome of other Salmonella serovars.
Sequencing of the boundaries of the S. abortusovis-specific IS200 insertion permitted the design of primers for
the amplification of this IS200 element by PCR. Isolates of S. abortusovis are identified by the amplification of
a DNA fragment of about 900 bp or larger. PCR amplification of DNA from salmonellae other than S.
abortusovis yields either a fragment of about 200 bp or no product. The high specificity of the assay is confirmed
by the absence of cross-reactivity with the following templates: (i) sheep DNA, (ii) DNAs from abortion-causing
agents other than S. abortusovis, and (iii) DNAs from microorganisms that do not cause abortion but are

common in flocks.

Salmonella abortusovis is a Salmonella serovar host-adapted
to sheep which causes infectious disease, with abortion as the
main symptom (reviewed in references 13, 18, and 21). The
disease occurs in the last weeks of pregnancy, and the patho-
genic mechanisms involved are not yet understood (21). In
areas in which the microorganism is endemic, abortion may
occur in up to 50% of the ewes in a flock, usually during the
first pregnancy (13). This high incidence of salmonellosis rep-
resents a major threat to flocks and may result in important
economic losses in regions that depend on sheepherding (18,
27). Although S. abortusovis is the serotype most frequently
associated with ovine salmonellosis, especially in Europe and
the Middle East (13), other Salmonella serovars, including
Salmonella typhimurium (15, 24), Salmonella dublin (10), and
Salmonella choleraesuis subsp. arizonae (3, 26), have also been
described as agents of abortion. Furthermore, other microbial
pathogens, such as Brucella, Campylobacter, Chlamydia, Cox-
iella, Listeria, Toxoplasma, and Yersinia, have been reported to
cause ovine abortion (6-8, 14, 16, 17, 20). This variety of agents
makes diagnostic tests highly desirable.

Traditionally, the identification of S. abortusovis has relied
on the use of antisera against O and H antigens (4, 30). How-
ever, other Salmonella serotypes can have such antigens (1).
On the other hand, serological identification of Salmonella
serovars sometimes faces the problem that recombination of
phase 1 flagellin genes can generate new Salmonella serovars
(26, 32). The use of a biochemical test such as the API 20E
system is not an advisable alternative, because this procedure
does not distinguish between S. abortusovis and Salmonella
typhi (5, 19). Thus, a molecular identification assay, such as the
PCR procedure described below, could be a breakthrough in
the field.

Our PCR assay is based on the finding that genomic DNAs
from S. abortusovis contain a serovar-specific IS200 copy on the

* Corresponding author. Mailing address: Departamento de Ge-
nética, Facultad de Biologia, Universidad de Sevilla, Apartado 1095,
Seville 41080, Spain. Phone: 345-455-7105. Fax: 345-455-7104. E-mail:
genbac@cica.es.

2082

chromosome (25). Because of the existence of this IS200 copy,
PCR amplification of S. abortusovis DNA templates can be
expected to yield a serovar-specific band.

The serovar-specific IS200 element was cloned from S. abor-
tusovis SS 44. Genomic DNA was isolated according to the
method of Ausubel et al. (2), digested with PstI, and size
fractionated by agarose electrophoresis. DNA fragments of ~9
kb were recovered, purified with Gene Clean, and cloned into
pBluescript I KS(+) (Stratagene, La Jolla, Calif.). The ligation
mixture was used to transform Escherichia coli DH5a (31) by
following the procedure of Inoue et al. (12). The presence of
IS200 among Lac™ Ap" transformants of E. coli DH5a was
screened by Southern hybridization with the 0.6-kb EcoRI
fragment of plasmid pIZ46 as a probe (9, 25, 28). One positive
isolate was arbitrarily chosen as the source of plasmid pIZ72.
Restriction analysis proved that pIZ72 carried an insert of the
expected size (around 9.5 kb).

Digestion of pIZ72 with restriction enzymes that do not cut
within pBluescript I KS(+) indicated that Stul digestion was
able to split the 9.5-kb insert into two fragments of 6.5 and 3
kb. The 3-kb fragment (but not the 6.5-kb fragment) hybrid-
ized against the EcoRI-HindIIl and Tagql 1S200 probes, sug-
gesting that the IS200 element was located in the small Stul
fragment. The latter was cloned into pBluescript I KS(+) to
generate plasmid pIZ73. To reduce the size of the 3-kb Stul
fragment of pIZ73, nested deletions were obtained. pIZ73
DNA was isolated by the “boiling” method (11) and purified in
Sephadex G-50 columns (22). Two enzymes that do not cut
within the insert, Clal and Apal, were used to produce 5’ and
3’ overhanging ends, respectively. Aliquots were treated with
exonuclease III, and the reactions were allowed to proceed for
various amounts of time. Deleted plasmids were treated with
nuclease S1 (to generate blunt ends) and with T4 ligase (to
religate deleted plasmids). Transformants of E. coli DH5«a
were then obtained. Plasmid separation by gel electrophoresis
indicated the presence of heterogeneous plasmid sizes. Inserts
were recovered by digestion with Sacl and Kpnl. The presence
of IS200 was detected by Southern hybridization against the
standard probes of plasmids pIZ46 and pIZ47 (9, 25). A plas-
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TABLE 1. Salmonella strain list
Serovar Strain Referencs
or source

Salmonella abortusovis SS 35 5

SS 44 5

27K IP A

INRA Rv6 B

A93-A99 C

460R D

SSM 110 E
Salmonella typhimurium LT2 Lab stock
Salmonella typhi SVT001 F
Salmonella havana SL5479 G
Salmonella bovismorbificans SL5747 G
Salmonella kentucky SL197 G
Salmonella memphis SL5311 G
Salmonella montgomery SL457 G
Salmonella choleraesuis BS2181 H
Salmonella enteritidis 27 Lab stock

28 Lab stock
Salmonella abortusequi ATCC 4842 I

“ A, M. Popoff, Institut Pasteur, Paris, France; B, BioMérieux (vaccine strain);
C, G. Zoraqi, University of Tirana, Tirana, Albania; D, B. Poglazov, Russian
Academy of Sciences, Moscow, Russia; E, C. Wray, Central Veterinary Labora-
tory, Weybridge, England; F, Swiss Serum and Vaccine Institute, Bern, Switzer-
land; G, Bruce Stocker, Stanford University, Stanford, Calif.; H, Istituto Zoopro-
filattico Sperimentale della Lombardia, Brescia, Italy; I, American Type Culture
Collection, Rockville, Md.

mid carrying an ~1-kb insert (pIZ74) was chosen for DNA
sequencing.

For sequencing, pIZ74 DNA was prepared by the alkaline
lysis method, without phenol extraction (29). DNA sequencing
was performed by the dideoxy chain termination procedure
(23), using the T3 and T7 sequencing primers of pBluescript.
Plasmid pIZ74 was found to contain one IS200 element of 708
bp flanked by host DNA sequences of 79 and 252 bp. These
flanking sequences correspond to an unknown region of the S.
abortusovis chromosome; no homology with known loci was
found in data bank searches.

Two primers, both 20 nucleotides long, were designed for
PCR amplification: (i) 5'-CGATGAAAGCGTAAATAAGG-
3’, whose 3’ end is 160 bp from one IS200 end, and (ii) 5'-T
TCTCTTGTCAGTCTCAAAC-3', whose 3’ end is 24 nucleo-
tides from the other end of IS200. The rationale of the
identification test is that the amplification of DNA carrying an
IS200 element can be expected to yield a fragment of 932 bp,
while DNAs lacking IS200 in that position will yield a fragment
~220 nucleotides long; both can be easily distinguished by gel
electrophoresis. Thus, S. abortusovis DNA can be expected to
yield an ~900-bp fragment. In turn, DNAs from other salmo-
nellae will yield ~200-bp fragments, while DNA from other
sources will not be amplified.

Genomic DNA preparations for PCR assays were obtained
by the “boiling” method (11); the starting material was a col-
ony resuspended in 300 wl of distilled water. The final volume
of all PCR amplification mixtures was 25 pl, and the final
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concentration of MgCl, was 1.5 mM. Reagents were used at
the following concentrations: deoxynucleoside triphosphates,
200 pM; primers, 1 wM; and Taq polymerase, 1 U per reaction.
The thermal program included the following steps: (i) initial
denaturation for 3 min at 94°C; (ii) 30 cycles of denaturation at
94°C for 30 s, annealing at 51.6°C for 30 s, and extension at
72°C for 1 min; and (iii) final incubation at 72°C for 5 min, to
complete extension. Amplification products were separated by
electrophoresis on 1% agarose gels stained with ethidium bro-
mide (final concentration, 0.5 wg/ml).

Amplification tests were carried out on DNAs from 63 iso-
lates of S. abortusovis obtained from Sardinian flocks and on
DNAs from 13 collection strains of S. abortusovis (Table 1).
Flock isolates were from three sources: vaginal discharges,
fetal tissues (stomach, spleen, liver, and brain), and milk from
mastitis-affected sheep that had undergone abortion. The
flocks were located in the Sardinian towns of Bolotana (7
isolates), Nulvi (7 isolates), Mara (4 isolates), Suni (2 isolates),
Bultei (19 isolates), Bonassai (2 isolates), Bonorva (19 iso-
lates), Osilo (2 isolates), and Sindia (1 isolate). Strains SSM
817 and SSM 818 (see Fig. 1) are the two isolates from the
Bonassai flocks (one from milk and the other from fetal tissue).
The isolation and preservation of these isolates were as previ-
ously described (5, 25). Eleven Salmonella strains belonging to
serovars different from S. abortusovis (Table 1) were also an-
alyzed. The results were as follows. (i) Seventy-four of the 76 S.
abortusovis samples tested gave rise to an amplification DNA
fragment of 900 bp. Relevant examples are shown in Fig. 1
(top, lanes A through G). Two strains (the French strains 27K
IP and INRA Rv6) yielded a larger amplification fragment, of
about 2 kb (Fig. 1, top, lanes H and I). (ii) Salmonella strains
from other serovars gave rise to amplification bands of 200 bp
(Fig. 1, top, lanes J through L), except Salmonella memphis
SL5311 and Salmonella montgomery SLA57, which did not yield
amplified DNA (Fig. 1, top, lanes M and N).

Southern hybridization against an 1S200 probe showed that
IS200 was present in both the 900-bp and 2-kb fragments, but
not in the 200-bp fragments (Fig. 1, bottom). These results
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FIG. 1. Amplification of Salmonella target DNAs by PCR with primers that
amplify a chromosomal region which contains the S. abortusovis-specific 1S200
insertion. (Top) Amplification products, as separated by gel electrophoresis;
(bottom) DNA hybridization of the same fragments against an IS200 probe.
Lanes: A, S. abortusovis SS 44; B, S. abortusovis SS 35; C, S. abortusovis SSM 817,
D, S. abortusovis SSM 818; E, S. abortusovis SSM 110; F, S. abortusovis 460R;
G, 8. abortusovis A97; H, S. abortusovis 27K 1P; 1, S. abortusovis INRA Rv6;
J, Salmonella enteritidis 27; K, S. typhimurium LT2; L, S. typhi SVT001; M,
S. memphis SL5311; N, S. montgomery SLA57.
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FIG. 2. Restriction analysis (top) and Southern hybridization (bottom) of
PCR fragments obtained upon amplification of S. abortusovis target DNAs.
Lanes: A, 27K 1P, undigested; B, 27K 1P, digested with HindIII; C, 27K 1P,
digested with EcoRI; D, 27K IP, digested with HindIII and EcoRI; E, INRA Rvo6,
undigested; F, INRA Rv6, digested with HindIII; G, INRA Rv6, digested with
EcoRI; H, INRA Rv6, digested with HindIII and EcoRI; I, SS 44, undigested; J,
SS 44, digested with HindIII; K, SS 44, digested with EcoRI; L, SS 44, digested
with HindIll and EcoRI.

JilKk 1

fulfill the predictions made about the PCR test, with the caveat
that bands larger than 900 bp, like those of the two S. abor-
tusovis strains of French origin, must also be taken as a positive
result (see below).

PCR amplification was also performed on control DNA
templates from the following sources: (i) microorganisms that
do not cause abortion but are frequently found in sheep (two
strains of Enterococcus faecium, one of E. coli, and one of
Bacillus thuringiensis); (ii) potentially abortive agents that may
coexist with Salmonella in the flocks (Mycoplasma agalactiae,
Chlamydia psittaci, Listeria ivanovii, and Brucella melitensis);
and (iii) sheep DNA, kindly provided by A. Alberti (University
of Sassari). All gave negative results (data not shown).

To investigate the origin of the 2-kb bands produced by the
two French strains of S. abortusovis, the 2-kb PCR amplifica-
tion fragments from strains 27K IP and INRA Rv6 were sub-
jected to single and double digestions with EcoRI and HindIII.
As a control, the same restriction analysis was performed on a
0.9-kb DNA fragment generated by amplification of DNA
from S. abortusovis SS 44. The results, shown at the top of Fig.
2, revealed the presence of single EcoRI and HindlIII restric-
tion sites in both the 2-kb and the 0.9-kb fragments. Because
IS200 contains single EcoRI and HindlIII sites (9), the results
suggest that only one IS200 element is present in the ~2-kb
fragments (and, of course, in the ~0.9-kb fragments). Further-
more, double digestion with EcoRI and HindIII yielded a
three-fragment pattern, with a constant band of ~300 bp (Fig.
2, top). Southern hybridization analysis confirmed the pres-
ence of a single IS200 copy in both types of fragments (Fig. 2,
bottom). Thus, the French strains 27K IP and INRA Rv6 carry
a DNA rearrangement in the region where the S. abortusovis-
specific IS200 element is found. The presence of >1 kb of extra
DNA generates a larger DNA fragment upon PCR amplifica-
tion.

The nature of the DNA rearrangement in the region under
study was investigated in additional PCR amplification exper-
iments with one of the external primers described above and
one internal IS200 primer. The internal IS200 primers used
were 5'-TTCGCCGTGTTCTTACCCACCGT-3' and 5'-GCC
GAAGATGAGTGTGTCCAGTT-3'. The results can be sum-
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marized as follows. (i) One primer combination yielded a frag-
ment of 540 bp with target DNA from all S. abortusovis strains.
(ii) The second primer combination yielded a fragment of
1,600 bp with target DNA from the French strains, while am-
plification of SS 44 DNA yielded a fragment of 550 bp. Thus,
we conclude that the extra DNA is located at one side of 1S200.
These results confirm that the French strains of S. abortusovis
contain extra DNA in the region where the serovar-specific
1S200 element is located. Thus, the positive result of the PCR
identification test for S. abortusovis is the amplification of a
fragment of 0.9 kb or larger.

Nucleotide sequence accession number. The sequence of
pIZ74 has been deposited in the EMBL database under acces-
sion no. Y08755.
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