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Salmonella enterica serovar Typhimurium is a common cause of nontyphoidal salmonellosis in humans and
animals. Multidrug-resistant serovar Typhimurium phage type DT104, which emerged in the 1990s, has
become widely distributed in many countries. A total of 104 clinical isolates of Salmonella serogroup B were
collected from three major hospitals in Taiwan during 1997 to 2003 and were examined by a multiplex PCR
targeting the resistance genes and the spv gene of the virulence plasmid. A total of 51 isolates (49%) were
resistant to all drugs (ACSSuT [resistance to ampicillin, chloramphenicol, streptomycin, sulfonamide, and
tetracycline]), and all contained a 1.25-kb PCR fragment of integron that is part of the 43-kb Salmonella
genomic island 1 (SGI1). The second group was resistant to SSu (28%), and the third was susceptible to all five
drugs (13%). Fifty-nine isolates were serotyped to be serovar Typhimurium by the tube agglutination method
using H antisera. The virulence plasmid was found in 54 (91.5%) of the 59 serovar Typhimurium isolates. A
majority (94.1%) of the Salmonella serogroup B isolates with the ACSSuT resistance pattern harbored a
virulence plasmid. Phage typing identified three major phage types: DT104, DT120, and U302. Analysis of the
isolates by pulsed-field gel electrophoresis showed six genotypes. We found two genotypes in DT104 strains, two
in DT120, and the other two in U302. The presence of a monophasic serovar (4,5,12:i:�) has added difficulty
in the determination of the serovars of multidrug-resistant Salmonella serogroup B isolates. Nevertheless, the
multiplex PCR devised in the present study appears to be efficient and useful in the rapid identification of
ACSSuT-type serovar Typhimurium with SGI1, irrespective of their phage types.

Multidrug-resistant ACSSuT-type (resistance to ampicillin,
chloramphenicol, streptomycin, sulfonamide, and tetracycline)
Salmonella enterica serovar Typhimurium definitive type 104
(DT104) has risen to prominence in Europe and North Amer-
ica (15, 18, 31) but has been reported less in Asia (26, 32).
Although the multidrug-resistant serovar Typhimurium was
highly prevalent in Taiwan (19), its phage types have not been
determined. The infections caused by serovar Typhimurium
include gastroenteritis and occasional outbreaks in humans
and wild or hatchery animals. The ACSSuT-type serovar
Typhimurium DT104 is derived from two separate evolutionary
events. One is the integration of a 43-kb Salmonella genomic
island 1 (SGI1), which carries the following multiple antimi-
crobial resistance genes: pse for ampicillin resistance (A), floR
for chloramphenicol resistance (C), str or aad for streptomycin
resistance (S), sulI for sulfonamide resistance (Su), and tetR or
tetG for tetracycline resistance (T) (2, 3, 10). The other is the
integration of P22-like phage into the chromosome to form
prophage PDT17 or ST104 (25), which encodes 64 open read-

ing frames without antibiotic resistance genes within the 41-kb
DNA fragment (30).

In serovar Typhimurium DT104, SGI1 is located between
genes thdF and int2 with an imperfect 18-bp direct repeat
flanking at the two ends (10). Near the end of SGI1, a 13-kb
antibiotic resistance gene cluster responsible for ACSSuT re-
sistance constitutes a complex class 1 integron of the In4 group
(4). It has been suggested that the dissemination of SGI1
among Salmonella serovars occurs through a mechanism of
mobilization by the IncC plasmid R55 (10). In the presence of
a helper plasmid, the SGI1 can spread between different sero-
var Typhimurium phage types or between serovars. In addition
to DT104, other serovar Typhimurium phage types, such as
DT204b and U302, with the ACSSuT resistance phenotype,
have also been isolated from animals, foods, and humans (20,
24). Before phage typing, the identification of Salmonella se-
rovars using H antisera is important; however, recent studies
discovered a monophasic variant of serovar Typhimurium
(4,5,12:1:�) from swine, the H antigen profile of which differs
from the typical serovar Typhimurium U302 in that it has no
phase switch (9). The situation prevents the rapid determi-
nation of serovar Typhimurium. Since 1999, molecular di-
agnostic methods, including multiplex PCR and array sys-
tems, have been developed to detect the ACSSuT-type
resistance. Both methods include Salmonella-specific genes
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including sipBC (5) and invA (13) and five previously known
multidrug resistance genes as targets. Among serogroup B
Salmonella isolates, a molecular marker, the spv operon (7, 14,
16), that is encoded on the 94.7-kb serovar-specific virulence
plasmid, can be used to identify serovar Typhimurium because
more than 90% of serovar Typhimurium clinical isolates har-
bor the virulence plasmid (2, 6). In the present study, we
developed a multiplex PCR method to detect the ACSSuT-
type serovar Typhimurium strains from 104 multidrug-resistant
clinical isolates of serogroup B Salmonella. Representative mul-
tidrug-resistant serovar Typhimurium strains were further char-
acterized by phage typing and pulsed-field gel electrophoresis
(PFGE).

MATERIALS AND METHODS

Bacterial strains and antimicrobial susceptibility. Clinical isolates of Salmo-
nella serogroup B were collected from the clinical microbiology laboratories of
Chang Gung Memorial Hospital and Children’s Hospital in northern Taiwan
from 1997 to 1999 and from Chiayi Chang Gung Memorial Hospital in southern
Taiwan from 2000 to 2003. Four isolates were obtained from National Cheng
Kung University Hospital in 2000. After examination by using O antisera, these
isolates were further characterized for their differences in serovars, phage types,
integrons, genotypes, and antimicrobial susceptibility.

The antimicrobial susceptibility was tested by a standard disk diffusion method
(23). The antimicrobial agents used were ampicillin (10 �g), ceftriaxone (30 �g),
chloramphenicol (30 �g), florfenicol (30 �g), streptomycin (10 �g), tri-
methoprim-sulfamethoxazole (1.25 and 23.75 �g), sulfisoxazole (250 �g), and
tetracycline (30 �g). Susceptible and resistant isolates were defined according to
the criteria suggested by the National Committee for Clinical Laboratory Stan-
dards (23).

Multiplex PCR detection of resistance genes and the virulence plasmid of
serovar Typhimurium. The ACSSuT-type serovar Typhimurium DT104 pos-
sesses multiple resistance genes that mediate resistance to ampicillin, chloram-
phenicol, streptomycin, sulfamethoxazole, and tetracycline. Serovar Typhi-
murium also contains an endogenous virulence plasmid that encodes a virulence
gene, spv. Primer sequences for the detection of these genes are listed in Table 1. A
50-�l reaction mixture contained six different primer pairs of different concen-
trations, 200 �M deoxynucleoside triphosphates, 1 U of Taq DNA polymerase
(Promega), 1.5 mM MgCl2, and 2 �l of DNA templates. An aliquot of overnight
bacterial culture (100 �l) was collected and boiled at 100°C for 10 min. The
bacterial lysate was centrifuged at 13,000 � g for 10 min, and the supernatant was
used as the DNA template. The multiplex PCR was performed for 35 cycles as
follows: denaturation at 95°C for 45 s, annealing at 56°C for 45 s, and extension
at 72°C for 1 min. A final step of extension at 72°C for 5 min was performed. To
further identify the integrons of these isolates, PCR using primers CS-F and

CS-R (Table 1) was performed to amplify the class 1 integron resistance gene
cassettes according to the method described previously (18). After amplification,
the PCR product was sequenced by using an ABI 3730 autosequencer. In all
experiments, serovar Typhimurium BN9181, a ACSSuT-type DT104 strain, was
used as a control.

Identification of virulence plasmid by DNA-DNA hybridization. The virulence
plasmid of serovar Typhimurium isolates was checked by Southern blotting
hybridization with the probe of spvC DNA fragment amplified by PCR (7, 8, 28).
Plasmid DNA was separated by a method described earlier (17). The plasmid
DNA was then transferred onto Zeta-Probe membrane (Bio-Rad) with the
method recommended by the manufacturer. PCR products of spvC were purified
by Wizard SV gel and PCR Clean-Up System (Promega), labeled with digoxi-
genin-11-dUTP (Roche), and then hybridized to form digoxigenin-labeled
probe-target hybrids. After the addition of anti-digoxigenin antibody conjugated
with peroxidase, the membrane was reacted with chemiluminescent substrate
and then exposed to X-ray film. A virulence plasmid was identified by a positive
PCR and DNA-DNA hybridization.

Serotyping and phage typing. To confirm whether serogroup B ACSSuT-type
Salmonella isolates were serovar Typhimurium, these isolates were further ex-
amined for their serovars by the tube agglutination test using H antisera (Becton
Dickinson Co., Franklin Lakes, NJ). Representative strains of ACSSuT-type
Salmonella serogroup B were phage typed at the French National Center for
Salmonella (Institut Pasteur, Paris, France) with the method described by Ander-
son et al. (1). Strains that did not react with any of the typing phages were
considered nontypeable.

PFGE. Genetic variation of the phage-typed serovar Typhimurium isolates was
analyzed by PFGE. Bacteria were collected from overnight broth culture and
embedded in 1% agarose to form a plug. The plug was treated with 1 mg of
proteinase K/ml at 50°C overnight. The plug was washed eight times with distilled
water at 50°C and then with T10E1 buffer for 4 h. The plug was then digested with
50 U of restriction endonuclease XbaI. The digested DNA was subsequently
separated by CHEF Mapper XA (Bio-Rad) in 0.5� Tris-borate-EDTA at 14°C
for 22 h. Due to the conserved characteristic of the Salmonella genome, band
patterns that differed more than one band were designated as different geno-
types.

RESULTS

Antimicrobial susceptibility and integron analysis. Ac-
cording to the results of antimicrobial susceptibility testing,
three major types of antimicrobial resistance were detected
(Tables 2 and 3). The most predominant group was the iso-
lates that were resistant to ampicillin, chloramphenicol, strep-
tomycin, sulfisoxazole, and tetracycline (ACSSuT), followed by
those resistant to streptomycin and sulfisoxazole (SSu), and
those susceptible to all five drugs. The three types were evenly

TABLE 1. Primers used in the multiplex PCR

Primera Target Sequence (5� to 3�) Nucleotide
positionb

Expected amplicon
size (bp)

GenBank
accession no.c

Pse-F pse GGCAATCACACTCGATGATGCGT 2633286 156 AY339985.1
Pse-R GGCTCAATACGGTCTAGACGAGT 4183396
FloR-F floR CTTTGGCTATACTGGCGATG 306633085 266 AY339985.1
FloR-R GATCATTACAAGCGCGACAG 333133312
STR-F1 str AGACGCTCCGCGCTATAGAAGT 220232242 203 AY339985.1
STR-R1 CGGACCTACCAAGGCAACGCT 240432384
Sul I-F sulI CGGATCAGACGTCGTGGATGT 146831488 351 AY339985.1
Sul I-R TCGAAGAACCGCACAATCTCGT 181831797
TetG-F tetG AGCAGCCTCAACCATTGCCGAT 693436955 391 AY339985.1
TetG-R GGTGTTCCACTGAAAACGGTCCT 732437302
SpvC-1 spvC ACTCCTTGCACAACCAAATGCGGA 5533573 447 M64295.1
SpvC-2 TGTCTCTGCATTTCGCCACCATCA 9993977
CS-F int GGCATCCAAGCAGCAAG Variable AY339985.1
CS-R AAGCAGACTTGACCTGA

a Primer name as it appears in the text.
b Corresponding nucleotides in the referenced accession number that correspond to the 5�-to-3� primer sequence.
c Sequence in the database used for primer design.
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distributed in each year during the study period without obvious
fluctuation. None of the isolates was resistant to ceftriaxone.

When we compared the two methods (disk diffusion and
PCR), a few discrepancies were found (Table 3). There were
some false positives in the detection of antibiotic resistance by
PCR method, suggesting the existence of DNA fragments from
inactive genes.

However, the detection rate of the ACSSuT-type resistance
was exactly the same using either method. All of the resistance
genes that were located on SGI1 (2, 3, 10) can be efficiently
detected by this multiplex PCR method. PCR amplification of
the CS region revealed that all of the 51 ACSSuT-type isolates
contained a 1.25-kb DNA fragment derived from SGI1. Se-
quence analysis of the fragment showed that nucleotide se-
quence and gene order of the PCR product was identical to
those of the SGI1 with an aad gene in the CS region.

Multiplex PCR and plasmid analysis. The multiplex PCR
appeared to be reliable for identifying multidrug-resistant
serovar Typhimurium with an ACSSuT-type resistance from
the many multidrug-resistant serogroup B Salmonella isolates
(Fig. 1). To ensure the specificity of the method, clinical iso-

lates were further characterized for their serovars by using H
antisera and virulence plasmids using DNA-DNA hybridiza-
tion. There are some differences in the antigen profiles between
typical serovar Typhimurium and serovar Typhimurium var. Co-
penhagen: the H antigen profile of serovar Typhimurium is i:
1,2,7, while that of serovar Typhimurium var. Copenhagen is i:1,2;
also, the O antigen profile of serovar Typhimurium is 1,4,5,12,
while that of serovar Typhimurium var. Copenhagen is 1,4,12. In
the present study, we identified 10 isolates of serovar Typhi-
murium var. Copenhagen and three isolates of serovar Typhi-
murium with the monophasic H antigen 4,5,12:i:� (Table 4). On
the other hand, the virulence plasmid was detected in the majority
of serovar Typhimurium isolates (54 of 59 [91.5%]) (Table 4).
Among the 30 phage-typed Salmonella, 96.3% (26 of 27) of the
serovar Typhimurium (DT104, n � 21; DT120, n � 2; U302, n �
4) contained a virulence plasmid (Table 5). The remaining non-
Typhimurium serogroup B Salmonella isolates (two serovar
Derby and one serovar Agona) lacked a virulence plasmid.

FIG. 1. Results of the multiplex PCR. The PCR products were
analyzed by 2% agarose gel electrophoresis and staining with ethidium
bromide. Lanes: 1, 100-bp marker; 2, serovar Typhimurium BN9181
(ACSSuT, DT104 strain); 3, Sal91 (ACSSuT); 4, Sal235 (SSu); 5, Sal42
(Su); 6, Sal14 (susceptible to all antibiotics tested); 7, blank.

TABLE 2. Types of antimicrobial resistance among 104 isolates of
Salmonella serogroup B during 1997 to 2003

Type of
resistancea

No. of isolates from (yr of isolation):
No. (%)

of isolates1997 1998 1999 2000–
2001 2002 2003

ACSSuT 11 15 16 3 3 3 51 (49.0)
ACSSu 1 0 0 0 0 0 1 (1.0)
SSuT 0 0 0 1 1 0 2 (1.9)
ASSu 0 0 1 0 0 0 1 (1.0)
CST 0 1 0 0 0 0 1 (1.0)
SSu 11 5 4 2 6 1 29 (27.9)
Su 1 0 0 0 0 1 2 (1.9)
C 0 0 0 0 0 1 1 (1.0)
S 0 0 0 1 0 0 1 (1.0)
T 0 1 0 0 0 0 1 (1.0)
All susceptible 2 1 5 3 2 1 14 (13.5)

a A, ampicillin; C, chloramphenicol; S, streptomycin; Su, sulfonamide; T, tet-
racycline.

TABLE 3. Detection of various antimicrobial resistance types by
the disk diffusion and multiplex PCR methods and of the

virulence plasmid by the PCR

Type of
resistancea

No. of isolates detected by:
No. of isolates with

the virulence plasmidDisk
diffusion

Multiplex
PCR

ACSSuT 51 51 48
ACSSu 1 2 0
CSSuT 0 3 0
SSuT 2 0 0
ASSu 1 3 0
CST 1 0 0
SSu 29 26 1
Su 2 6 0
C 1 1 0
S 1 1 0
T 1 1 0
All susceptible 14 10 5

a A, ampicillin; C, chloramphenicol; S, streptomycin; Su, sulfonamide; T, tet-
racycline.

TABLE 4. Plasmid analysis of the 104 clinical isolates
of Salmonella serogroup B

Isolate

No. of isolates:

Total
With the
virulence
plasmid

With
nonvirulence

plasmids
(�50 kb)

With no
plasmid

Serovar Typhimurium 49 47 1 1
Serovar Typhimurium

var. Copenhagen
10 7 0 3

Others 45 0 9 36
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Phage types and genotypes of the ACSSuT-type serovar
Typhimurium isolates. A total of 26 ACSSuT-type isolates and
1 SSu-type isolate of serovar Typhimurium were phage typed.
Phage types DT104 (77.8%) (DT104B, 25.9%; DT104L,
51.9%), DT120 (7.4%), and U302 (14.8%) appeared in Taiwan
as early as 1997. Although the number of isolates tested was
limited, DT104 seemed to be the most common phage type
among ACSSuT-type serovar Typhimurium isolates in Taiwan
from 1997 to 2003. The other two phage types with the same
ACSSuT type were only found occasionally. All ACSSuT-type
isolates contained an integron as expected; however, the SSu-
type isolate with a DT120 phage type did not harbor any
integron. Based on the difference in the XbaI restriction frag-
ments demonstrated by PFGE, all strains were separated into
six genotypes (Fig. 2). We found two genotypes in DT104
strains (A and B), another two in DT120 (C and D), and two
in U302 (E and F). Despite the similarity in phage types,
serovars, and antibiotic susceptibilities, genomic variation (ge-
notypes) among these predominant ACSSuT-type serovar Ty-
phimurium strains was demonstrated by PFGE (Fig. 2).

DISCUSSION

Among the 104 human isolates of serogroup B Salmonella
collected from 1997 to 2003, the predominant serovar was
serovar Typhimurium; of these, more than 90% of the isolates
were ACSSuT-type serovar Typhimurium. Very few serovar
Typhimurium isolates were virulence plasmidless, and this jus-
tified our multiplex PCR method that includes spvC primers to
rapidly identify ACSSuT-type serovar Typhimurium from the
multidrug-resistant serogroup B isolates. This PCR method
appears to be able to substitute the traditional methods of
serotyping and antibiotic susceptibility testing, which have
been used widely in epidemiological investigations.

The ACSSuT resistance type has been reported in other
serovars of Salmonella, including serovars Agona, Paratyphi A,
Albany, and Newport (4, 11, 12, 22). All of these strains con-
tained SGI1 (4, 9, 10, 21). By using PCR to detect class 1
integron in the SGI1, we demonstrated that all ACSSuT-type
serovar Typhimurium harbored SGI1. In addition, we also
identified SGI1 in multidrug-resistant serovar Derby. Whether

the SGI1 of serovar Derby is a new variant warrants further
studies.

Serovars of Salmonella are determined by O and H antigen
profiles using antisera. The flagellar (H) antigen is expressed in
the switching state between phase 1 and phase 2 antigens by
the recombination event of an inverted repeat flanking the
promoter region (27). Recently, monophasic H antigen expres-
sion (4,5,12:i:�) of serovar Typhimurium has been reported in
phage type DT U302 (9). The mechanism that contributes to
such expression change may be the inactivation of hin or one of
the structural genes, fliC and fljB. The present study did iden-
tify the similar monophasic H antigen profile 4,5,12:i;� in
three clinical serogroup B Salmonella isolates. These isolates
contained a 94.7-kb virulence plasmid, indicating that they are
serovar Typhimurium, although the phage types of these iso-
lates have not been determined yet. The result also implies that
such monophasic strains of serovar Typhimurium may not be
uncommon in the clinical setting. Recently, nucleotide se-
quence analysis of the Salmonella flagellin genes fliC, fljB, and
flpA showed that the sequences clustered by the antigens they
encode and not by locus (21). Alleles encoding the same flagel-
lar antigen were homologous, suggesting that flagellin genes
may be useful targets for the molecular determination of
flagellar antigen types (21). The multiplex PCR used in the
present study that targets the spv-type virulence plasmid, in
addition to the multiple resistance genes, of serovar Typhi-

FIG. 2. Genotypes of selected ACSSuT-type serovar Typhimurium
with various phage types by PFGE. Lanes: 1, lambda ladder marker; 2,
Sal1B (DT120); 3, Sal21B (DT104); 4, Sal34B (DT104); 5, Sal66B
(U302); 6, Sal152B (U302); 7, Sal235B (DT120); 8, CY-S91B (DT104);
9, CY-S142B (DT104). Arrows indicate differences of the DNA frag-
ments.

TABLE 5. Distribution of phage types, virulence plasmid, and
type 1 integron among 30 representative isolates with various

types of antimicrobial resistance

Type of
resistancea Phage type

No. (%) of isolates

Total
With the
virulence
plasmid

With the
type I

integron

ACSSuT DT120 1 1 (100) 1 (100)
DT104 21 21 (100) 21 (100)
U302 4 3 (75) 4 (100)
Insensitive (serovar

Derby)
2 0 (0) 2 (100)

ACSSu Insensitive (serovar
Agona)

1 0 (0) 0 (0)

SSu DT120 1 1 (100) 0 (0)

a A, ampicillin; C, chloramphenicol; S, streptomycin; Su, sulfonamide; T, tet-
racycline.
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murium would add to these methods in the molecular deter-
mination of the serovars of clinical Salmonella isolates.

Multidrug-resistant serovar Typhimurium DT104 has been
reported in Eastern Asia, including Korea and Japan (26, 32).
Here we reported the ACSSuT-type serovar Typhimurium
phage types DT104, DT120, and DT U302 isolated from hu-
man sources in Taiwan since as early as 1997. The most com-
mon phage type identified was DT104 (DT104B and DT104L).
The result again reflects the severe problem of antimicrobial
resistance to Salmonella in Taiwan (29). On the other hand,
PFGE analysis showed that genetic variations are present
among different phage types, as well as among isolates within
the same phage type, suggesting diversification of serovar
Typhimurium in Taiwan. Serovar Typhimurium is a serovar
with a broad host range. Whether the drastic genetic variations
of serovar Typhimurium isolates derive from this organism’s
wide host range, i.e., each different type of serovar Typhi-
murium that caused human infections is derived from a differ-
ent animal host, will require further investigation.
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