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Salmonella enterica serovar Choleraesuis generally causes systemic human salmonellosis without diarrhea,
and therefore, antimicrobial treatment is essential for such patients. The drug resistance information on this
organism is thus of high value. Serovar Choleraesuis usually harbors a virulence plasmid (pSCV) of 50 kb in
size. Of the 16 clinical isolates identified to be serovar Choleraesuis, all except one harbored a pSCV and seven
of them carried a pSCV of more than 125 kb in size. A pSCV was defined as a plasmid carrying spvC and
characteristic deletions detected by PCR and by DNA-DNA hybridization (for the former criterion). The results
of PCR, restriction fragment profiles, and Southern DNA-DNA hybridizations of the profiles all indicated that
such larger pSCVs were derived from the 50-kb plasmid recombined with non-pSCVs found in some clinical
isolates. Fifteen of the 17 strains, including a laboratory strain, were then tested for drug resistance against
16 antibiotics with E-test and the dilution method. The laboratory strain, which harbored a 50-kb pSCV and
a 6-kb non-pSCV, was resistant only to sulfonamides (SUL), and its resistance gene, sulII, checked with PCR
and DNA-DNA hybridization, was located on the 6-kb non-pSCV. All 14 clinical strains were resistant to
multiple drugs. Of the 14, 7 were resistant to SUL, and the resistance gene was located on a plasmid. The sulII
gene, but not blaTEM-1, was carried only on the 6-kb non-pSCV. Of the remaining six large plasmids, three of
90 kb, two of 136 kb, and one of 140 kb, the last three were pSCVs and carried the other SUL gene (sulI) and
the blaTEM-1 gene. The six strains were also resistant to trimethoprim-sulfamethoxazole. None of the 50-kb
pSCVs carried resistance genes. These drug resistance genes on the large pSCVs were apparently also acquired
through recombination.

Human nontyphoidal salmonellosis is usually self-limiting
and does not require antimicrobial treatment. There are con-
sistent observations that antimicrobial therapy for uncompli-
cated gastroenteritis does not reduce the duration or severity
of symptoms, but in fact, it prolongs the excretion of the bac-
teria in feces in convalescence and results in the emergence of
resistant organisms (1, 5). When the pathogen infects beyond
the intestines, causing systemic diseases, however, antimicro-
bial therapy is required and quite essential. Consequently, the
knowledge of the likelihood of resistance to antimicrobial
agents is of considerable value to clinicians.

Among more than 2,000 Salmonella enterica serovars, sero-
var Choleraesuis shows a high predilection for invasive infec-
tions in humans, frequently causing systemic infection without
diarrhea (6, 9), and therefore parenteral antimicrobial therapy
is the mainstay of treatment for such patients. Furthermore,
serovar Choleraesuis is one of the seven Salmonella serovars
that are known to contain a virulence plasmid (2, 7, 8, 11, 16).
The virulence plasmid is involved in the expression of the
virulence of these serovars in their respective specific natural
hosts (11). A number of regions on the plasmid that are im-
portant for virulence have been identified (8; see reference 11
and references therein). On the other hand, the virulence plas-

mid of Salmonella has so far been thought to be unrelated to
drug resistance as there are few reports on the association of
the virulence plasmids with antibiotic resistance (14).

The incidence of serovar Choleraesuis infection is rather
high in Taiwan (6). In a large medical center located in south-
ern Taiwan, the frequency of detecting salmonellae is ranked
6th every year, and the bacteria with frequency rankings above
that of salmonellae are all opportunistic pathogens (unpub-
lished observation). Among the salmonellae, the frequency of
serovar Choleraesuis infection is second only to serovar Typhi-
murium and serovar Schwarzengrund in Taiwan (6). Almost all
clinical isolates of serovar Choleraesuis derived from Taiwan-
ese patients, and 100% of those isolated from blood (7), con-
tained the virulence plasmid (pSCV). Unlike the virulence
plasmid of the other serovars, however, the size of the indig-
enous pSCV in these isolates varies greatly, although all carry
a common virulence operon, spv (8, 11). Most of these clinical
isolates were also resistant to a number of antimicrobial agents.
Therefore, the current study was undertaken to describe the
possible sources of the larger pSCV and to evaluate whether or
not there are any pSCVs that are also drug resistance factors.
We report here that the larger pSCV was probably formed via
recombination with non-pSCV plasmids, which might also be
the reason for some pSCVs carrying drug resistance genes.

MATERIALS AND METHODS

Bacterial strains and plasmid profiles. The Escherichia coli strain used was
strain 9726, and the S. enterica strains used were serovar Typhimurium OU5045
(strain C5), a laboratory strain which contains a virulence plasmid (pSTV), and

* Corresponding author. Mailing address: Department of Microbi-
ology and Immunology, Chang Gung University College of Medicine,
259 Wenhua 1 Rd., Kweishan 333, Taoyuan, Taiwan. Phone: 886-3-
3286455. Fax: 886-3-3286455 and 886-3-3283031. E-mail: jontou@mail
.cgu.edu.tw.

2299



serovar Choleraesuis OU7085, which contains a 50-kb pSCV and a 6-kb plasmid.
Clinical isolates were derived from the patients who came to Chang Gung
Memorial Hospital and Chang Gung Children’s Hospital for treatment between
1996 and 1997. Strains of group C1 were isolated from the blood and feces of
patients and serovar Choleraesuis was identified with anti-Salmonella H-antigen
serum by the tube agglutination method. All isolates were routinely cultured at
37°C on Luria-Bertani plates or broth for experiments. Plasmid profiles were
determined by the Kado-Liu method (12). The 90-kb pSTV of serovar Typhi-
murium OU5045 and the 50-kb pSCV of serovar Choleraesuis OU7085 served as
controls. Plasmid DNA was extracted by the alkaline lysis procedure and further
purified with a CsCl gradient formed by centrifugation with a Ti70.1 rotor
(Beckman model LM8) at 55,000 rpm (8). When there were two plasmids,
individual plasmids were purified further by gel elution. Plasmid DNA was then
digested with restriction enzyme HindIII or BamHI for the restriction fragment
plasmid profile.

Antimicrobial susceptibility. The MICs of antibiotics against serovar Choler-
aesuis isolates were determined by either E-test (AB BIODISK) or the broth
dilution method in accordance with the guidelines of the National Committee for
Clinical Laboratory Standards (NCCLS) (15). The following antibiotics were
tested by E-test: amoxicillin (AMX), ampicillin (AMP), ceftriaxone (CRO),
gentamicin, cephalothin, chloramphenicol, erythromycin, and tetracycline. The
following antibiotics were tested by the broth dilution method: sulfonamides
(SUL) and trimethoprim (TMP). Susceptibility of the isolates to trimethoprim-
sulfamethoxazole (SXT) was determined by the disk diffusion method. Suscep-
tibility to the newer agents ceftazidime, CRO, cefepime, ofloxacin, and cipro-
floxacin was also determined by the broth dilution method.

Isoelectric focusing and b-lactamase assay. AMP-resistant serovar Cholerae-
suis isolates and E. coli strain 9726 (Ampr) were grown overnight at 37°C in 5 ml
of Luria-Bertani broth containing 100 mg of AMP/ml. The test sample was
prepared as described by the manufacturer (Pharmacia). One milliliter of each
overnight culture was centrifuged and the pellet was suspended in 100 ml of lysis
buffer (0.54 g of urea, 2% Triton X-100, 2% 2-mercaptoethanol, 2% Pharmalyte
3–10, 1.4 mg of phenylmethylsulfonyl fluoride, and 0.2 mg of Pefabloc [Merck]
per ml). The solution was then mixed with 100 ml of loading dye (0.54 g of urea,
2% 2-mercaptoethanol, 2% Pharmalyte 3–10, and 0.54% Triton X-100 per ml),
and 20 ml was used for determination of the isoelectric focusing (IEF) point of
b-lactamase. The three b-lactamases of E. coli strain 9726, with IEF pIs of 5.4,
7.6, and 8.2, were used as standards. The IEF point of b-lactamase was measured
in a polyacrylamide gel (Ampholine PAG plate, pH 3.5 to 9.5; Amersham
Pharmacia Biotech) in an LKB Multiphor 2117 apparatus (Pharmacia). b-Lac-
tamase activity was examined by spreading 2 ml of a 0.05% (wt/vol) solution of
nitrocefin (Glaxo-Wellcome), which would produce a pink color when reacted
with b-lactamase, onto the gel.

PCR amplification and sequencing. Primers were designed from the following
genes and regions: spvC, the b-lactamase gene (TEM type), sulI, sulII, and the
regions flanking the two deletions, in the pef operon and the samA-traT region,
respectively (8). The sequences of the primers and the lengths of the PCR
fragments amplified are listed in Table 1. The PCR buffer was obtained from Ab

Peptides, Inc., and the amplification was carried out by a standard procedure.
The annealing temperature and DNA extension time varied, however, depending
on the primers used and the length of amplified DNA fragment, at a rate of ca.
1 kb/min. The amplified PCR product was purified by using the Wizard PCR
Preps kit (Promega) and sequenced by an ABI 373A automatic sequencer (Per-
kin-Elmer, Applied Biosystems). The search for homologous sequences was done in
the GenBank database by using the FASTA software through the Internet.

DNA-DNA hybridization. DNA-DNA hybridization was carried out by the
standard procedure. Purified DNA was first digested with restriction enzyme
HindIII or BamHI and electrophoresed in an agarose gel (0.6% GTG; FMC).
The DNA bands were transferred onto a Zeta-probe membrane (Bio-Rad), and
DNA-DNA hybridization and washing were performed according to the mem-
brane manufacturer’s recommendation, except that 0.5% (instead of 1%) sodium
dodecyl sulfate was used in the final wash. Each probe was labeled with [32P]
dCTP by the randomly primed labeling method (Random Primed labeling kit;
Gibco-BRL). Hybridized DNA was detected with an X-ray film with an inten-
sifying screen.

Identification of a pSCV. The plasmids of strains identified as serovar Chol-
eraesuis were extracted and identified as pSCVs by checking for the presence of
the spvC gene and the deletions specific to pSCV. For the presence of the spvC
gene, PCR and DNA-DNA hybridization were used. For PCR, amplification was
carried out with the pair of spvC primers (Table 1) and the extracted plasmid as
template. The result of PCR was confirmed by DNA-DNA hybridization with the
PCR-amplified spvC gene fragment derived from OU7085 as the probe. PCR was
also used to determine the presence or absence of pSCV-specific deletions (8).
The two deletions, with an area of more than 6 and 25 kb, were located in the pef
operon and the samA-traT region, respectively (8), as mentioned above. There-
fore, PCR products would be produced from a pSCV, because the area between
the pair of primers would be shortened and amplified, whereas no PCR products
would be observed when a virulence plasmid was not a pSCV. A plasmid with a
positive reaction to these tests was identified as a pSCV.

RESULTS

Characterization of indigenous plasmids of serovar Choler-
aesuis. Of the 25 Salmonella group C1 strains isolated from the
blood and feces, 16 were identified as serovar Choleraesuis. All
16 strains, listed in Table 2 with laboratory strain OU7085,
contained at least one plasmid, the size of which ranged from
6 to 140 kb. The results of the tests for the presence of spvC
indicated that all isolates contained a virulence plasmid
(pSCV), except strain OU7533, the only strain isolated from
feces, which was without a pSCV (Table 2). The pSCVs from
various strains were 50, 125, 136, and 140 kb in size. There
were five strains that contained, in addition to a 50-kb pSCV,

TABLE 1. Primers used to detect genes spvC, sulI, sulII, and
bla and deletion regions within the pef operon

and between genes samA and traT

Primer DNA sequence Size of DNA
fragment (bp)

Accession no.
or source

Esam CCCGATAGCCCTGACGAAGAAT D90202
TraT4 TGTGCTCATCGAACCACACCCT 1,800 This study

H4-pefF CGAACAGGGTGATGAATGAGAT L08613
RepB3 CGGCGTGAAAGAGCGCATGATGAT 859 U64797

SpvC1 CTTGCACAACCAAATGCGGAAGAT
SpvC2 CTCTGCATTTCACCACCATCACG 570 X56727

Sull-F TGGTGACGGTGTTCGGCAT
Sull-R GCTAGGCATGATCTAACCCT 841 X15014

SulI-F TCAACATAACCTCGGACAGT
SulII-R GATGAAGTCAGCTCCACCT 707 X57730

AP-F ATGAGTATTCAACATTTCCGTGT
AP-R TTACCAATGCTTAATCAGTGAGG 876 J01749

TABLE 2. Bacterial strains and plasmid profiles

Serovar
Cholaraesuis

strain

Plasmid size (kb)
Source

pSCV Non-pSCV

OU7085 50 6 This lab
OU7516 136 Blood
OU7517 136 Blood
OU7518 136 Blood
OU7519 125 Blood
OU7520 140 Blood
OU7521 50 90 Blood
OU7522 50 Blood
OU7523 50 Blood
OU7524 136 Blood
OU7525 50 75 Blood
OU7526 50 90 Blood
OU7527 50 6 Blood
OU7528 125 Blood
OU7529 50 90 Blood
OU7531 50 90 Blood
OU7533 130 Feces
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a larger nonvirulence plasmid (75 or 90 kb). The HindIII
and BamHI restriction fragment profiles of the plasmids in
strains OU7516, OU7517, and OU7518 were identical. Strain
OU7518, therefore, was chosen as a representative of the three
and was used in the following experiments.

There was a likelihood that these large pSCVs (size, .125
kb) might have derived from genetic recombination between
the 50-kb pSCV and another nonvirulence (containing no
spvC) plasmid (75, 90, or 130 kb). All pSCVs of various sizes
were spvC positive and contained the two deletion regions,
specific markers of a pSCV, located within the pef operon and
the samA-traT region (8). The DNA fragments in the deletion
regions amplified should be 890 bp for the pef region and 1,800
bp for the samA-traT region, and correctly sized products were
obtained from all putative pSCVs. The area of the spv operon
and the two deletion regions span most of the 50-kb pSCV.
These observations suggested that pSCVs of .125 kb con-
tained the standard 50-kb pSCV DNA (Table 3). On the other
hand, the 130-kb non-pSCV of OU7533 was spvC negative and
did not contain the deletion. To check the sequence homology
of these plasmids, DNA-DNA hybridization with a whole
50-kb plasmid of OU7085 and the plasmids of OU7519 and
OU7533 as probes was performed. The plasmids, including
controls, a 50-kb pSCV and the 6-kb non-pSCV, were digested
with a restriction endonuclease, electrophoresed, transferred
to a nitrocellulose membrane, and hybridized. The 50-kb pSCV of
OU7085 hybridized to all fragments corresponding to those
derived from the 50-kb pSCV and presumably derived from
the 50-kb pSCV section of clinical pSCVs of various sizes
(Table 3). There was virtually no sequence homology between
the 50-kb pSCV and the non-pSCVs of various sizes, including
the 6-kb plasmid, listed in Table 2. When the 125-kb pSCV
of OU7519 was used as the probe, it hybridized to the frag-
ments derived from the non-pSCVs of OU7525, OU7531, and
OU7533. On the other hand, the 130-kb non-pSCV of OU7533
hybridized to the fragments derived from the non-pSCV sec-
tion of all larger pSCVs (Table 3). It also hybridized to the
fragments derived from the non-pSCVs (but not to the 6-kb
plasmid) of the clinical isolates, but not to the 50-kb pSCV of
all strains. These observations indicated the existence of a ho-
mologous sequence between all larger non-pSCVs. These re-
sults also suggested that the larger pSCVs contained the se-
quences of both the common 50-kb pSCV and the non-pSCVs
described here. This means that the larger pSCVs were likely
derived from a recombination between the 50-kb common

pSCV and larger non-pSCVs, since large sections of both the
50-kb pSCV and a non-pSCV were involved.

Antibiotic susceptibility. As shown in Table 4, except for the
laboratory strain OU7085 which showed resistance to only
SUL, all clinical isolates were resistant to two or more antibi-
otics, including the pSCV-less strain (OU7533) isolated from
feces. However, all isolates remained susceptible to recent
cephalosporins (ceftazidime, CRO, and cefepime) and fluoro-
quinolones (ofloxacin and ciprofloxacin) tested (data not shown).

Virulence plasmids carrying b-lactamase and SUL resis-
tance genes. There were eight pSCV-containing strains that
were resistant to SUL (Table 4). Two genes, sulI and sulII,
were known to control SUL resistance. The presence or ab-
sence of the two genes was therefore checked with PCR, and
the amplified DNA fragments derived from E. coli were la-
beled and used for hybridization to locate the site of the genes.
The results shown in Table 5 indicate that in the laboratory
strain OU7085 and clinical isolate OU7527, the sulII, but not
the sulI gene, is located on the 6-kb plasmid and not on the
pSCV. The remaining six SUL-resistant strains (OU7518 [rep-
resenting OU7516 and OU7517, whose plasmid profiles were
identical], OU7520, OU7524, OU7526, OU7529, and OU7531),
of which three were pSCVs, all contained sulI on the larger
plasmid, and in addition, all six were SXT resistant (Table 4).
The nucleotide sequences of the amplified DNA fragments of
sulI and sulII were identical to those shown in GenBank (ac-
cession no. X15014 and X57730).

The above six SUL-resistant strains and a clinical isolate,
OU7521, were resistant to AMX and AMP (MICs .256 mg/
ml), and therefore, PCR was performed to detect and amplify
the TEM-type b-lactamase (bla) gene. The results of PCR and
DNA-DNA hybridization were in agreement and showed that
the bla gene was of the TEM type and was located on the
pSCV. The IEF point of the b-lactamase was 5.4 for all AMP-
resistant isolates. Thus, all these observations, together with
the determined sequence, indicated that the bla gene was

TABLE 3. Characteristics of large pSCVs

Strain Plasmid
size (kb)

Result of probing
with plasmid:

Presence of
deletion in:

OU7085a OU7519 OU7533 pef tra

OU7085 50 1 1 2 1 1
OU7518 135 1 1 1 1 1
OU7519 125 1 1 1 1 1
OU7520 140 1 1 1 1 1
OU7524 135 1 1 1 1 1
OU7528 125 1 1 1 1 1
OU7533 130 2 1 1 2 2

a Only the 50-kb pSCV was used as the probe.

TABLE 4. Resistance of clinical serovar Choleraesuis
isolates to 10 antibioticsa

Strain
Resistance to antibioticb

AMX AMP GEN CEF CHL ERY TET SXTc SUL TMP

OU7085 R
OU7518 R R R R R R R R R
OU7519 R R R R
OU7520 R R R R R R R R R
OU7521 R R R R R R
OU7522 R R R R
OU7523 R R R
OU7524 R R R R R R R R R
OU7525 R R R R
OU7526 R R R R R R R R R R
OU7527 R R R
OU7528 R R R
OU7529 R R R R R R R R R
OU7531 R R R R R R R R
OU7533 R R R R R R R

a Only resistance (R), assigned according to the criteria of NCCLS (15), is
indicated.

b GEN, gentamicin; CEF, cephalothin; CHL, chloramphenicol; ERY, eryth-
romycin; TET, tetracycline; TMP, trimethoprim. All strains were sensitive to
CRO.

c Tested by the disk diffusion method.
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blaTEM-1. The sequence showed that there were three point
mutations in the amplified region, T3C at nucleotide (nt) 228,
G3T at nt 396, and C3T at nt 602, in contrast to that of
pBR322; otherwise, the amino acid sequence of the enzyme
was unchanged. All three pSCVs with sulI carried blaTEM-1,
while all 90-kb non-pSCVs, three with the sulI gene, carried
blaTEM-1.

DISCUSSION

Sixteen serovar Choleraesuis clinical isolates, but not OU7533
isolated from feces, harbored a pSCV, the size of which was
either 50 kb, the most common size, or more than 125 kb, and
none of the plasmids with a size between 75 and 100 kb were
pSCVs (Table 2). There are at least two mechanisms with
which to form the larger pSCVs (.125 kb): genetic recombi-
nation, including cointegration, or transposition. Since all large
pSCVs contained a large portion of both the 50-kb pSCV and
a non-pSCV, it appeared that they were the products of a
recombination (Table 3). The homology shown among the larger
nonvirulence plasmids suggested that these plasmids might
have evolved similarly from the same origin.

All 15 serovar Choleraesuis isolates tested, including labo-
ratory strain OU7085, showed resistance to at least one anti-
biotic (Table 4), though all were sensitive to newer antibiotics.
Fifty percent (7 of 14) of the isolates were AMP resistant and
AMX resistant, and all seven were found to contain the TEM-
1-type b-lactamase gene. This is in accordance with data indi-
cating that the majority of the serovars, other than serovar
Typhimurium, produce TEM-1-type b-lactamases (14). Direct
sequencing of the blaTEM-1 PCR products yielded the result
that the gene sequence shared nearly 100% identity with the
TEM-1 gene carried by plasmid pBR322 (GenBank).

The resistance to SXT detected was rather high, appearing
in 50% (7 of 14) of the isolates. On the other hand, of the 14,
7 were resistant to TMP, and 9 were resistant to SUL. Clini-
cally occurring SUL resistance in gram-negative enteric bacte-
ria is largely plasmid mediated and is due to the presence of
alternative drug resistance variants of dihydropteroate syn-
thases (18, 21). Two such plasmid-carried enzymes have been

characterized, and these enzymes (encoded by sulI and sulII)
show a high degree of amino acid identity (19). The sulII gene
is usually found on small plasmids belonging to the IncQ family
(RSF1010) and also on plasmids of another type represented
by pBP1 (20). The sulI gene, on the other hand, is normally
found linked to other resistance genes and located on the Tn21
family (17). Consistent with the above reports (18, 19), the
sulII gene was found on a 6-kb small plasmid in two strains of
serovar Choleraesuis, and the sulI gene, which was linked to
blaTEM-1, was carried on the six large plasmids. Three (includ-
ing the 136-kb plasmid of OU7518) of these six were pSCVs
(Table 5). The 136-kb plasmids of OU7516 and OU7517, iden-
tical to that of OU7518, may also be such drug resistance pSCVs.

We have shown here (Tables 4 and 5) that some non-pSCVs
and pSCVs are drug resistance factors and that the pSCVs of
clinical isolates even carry multiple drug resistance genes. Of
the pSCVs checked, the drug resistance genes were carried
only by the larger pSCVs (Table 5), and no drug resistance
genes were carried by the 50-kb ones. In view of the above
observations on the possible formation of larger pSCVs and
since only larger pSCVs contain drug resistance genes, it is
likely that the larger pSCV acquired the drug resistance gene
via recombination. There is a report that some serovar Typhi-
murium strains also carry the b-lactamase gene on a 90-kb
non-pSTV (14). It is suggested that such resistance genes are
carried by integrons, transposons able to jump to and from the
chromosome, and/or acquired by transfer of an R factor (14).
Such an acquisition mechanism seems to be different from
ours, which, as mentioned, appears to be via recombination.

So far, no virulence plasmids of the other serovars are found
to vary in size or contain a drug resistance locus. We have so
far checked more than 200 strains of serovar Typhimurium, but
unlike for serovar Choleraesuis none of the pSTVs showed
deviation from the common size of 90 kb or had the presence
of a drug resistance gene. Tens of clinical serovar Enteritidis
isolates also showed the regular pSEV size of 60 kb, without
deviation and without drug resistance. Serovar Choleraesuis is
a highly virulent and invasive serovar that readily causes sys-
temic infections without diarrhea in humans, and therefore,
salmonellosis caused by serovar Choleraesuis generally re-

TABLE 5. Detection of genes sulI, sulII, and bla by PCR and DNA-DNA hybridizationa

Strain

sulI sulII bla

PCR
detection

Plasmid
size (kb)

Presence
of pSCV

PCR
detection

Plasmid
size (kb)

Presence
of pSCV

PCR
detection

Plasmid
size (kb)

Presence
of pSCV

OU7085 2 1 6 No 2
OU7518 1 136 Yes 2 1 136 Yes
OU7519 2 2 2
OU7520 1 140 Yes 2 1 140 Yes
OU7521 2 2 1 90 No
OU7522 2 2 2
OU7523 2 2 2
OU7524 1 136 Yes 2 1 136 Yes
OU7525 2 2 2
OU7526 1 90 No 2 1 90 No
OU7527 2 1 6 No 2
OU7528 2 2 2
OU7529 1 90 No 2 1 90 No
OU7531 1 90 No 2 1 90 No

a PCR results are the same as those for DNA-DNA hybridization. The results of PCR and DNA-DNA hybridization were consistently in agreement.
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quires antimicrobial therapy. Resistance to antibiotics in sero-
var Choleraesuis, therefore, constitutes a problem in the
choice of treatment for infections caused by this organism.
Furthermore, as seen in Table 2, the clinical strains isolated
from blood invariably harbored a pSCV, and thus, a pSCV may
play an important role for a serovar Choleraesuis strain to
cause bacteremia (7). The emergence of drug-resistant pSCVs
would thus require a careful therapeutic approach to salmo-
nellosis caused by serovar Choleraesuis.

What would be the advantage for a pSCV to be large as well
as to carry drug resistance genes? The larger size may not have
any advantage except that the process of its formation is likely
the means for the virulence plasmid to acquire drug resistance,
an advantage in an unfavorable drug environment.
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