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Fifty-four epidemiologically unrelated multidrug-resistant Salmonella enterica serovar Typhimurium iso-
lates, collected between 1992 and 2000 in Italy, were analyzed for the presence of integrons. Strains were also
tested for Salmonella genomic island 1 (SGI1), carrying antibiotic resistance genes in DT104 strains. A
complete SGI1 was found in the majority of the DT104 strains. Two DT104 strains, showing resistance to
streptomycin-spectinomycin and sulfonamides, carried a partially deleted SGI1 lacking the flost, tetR, and tetA
genes, conferring chloramphenicol-florfenicol and tetracycline resistance, and the integron harboring the pse-1
gene cassette, conferring ampicillin resistance. The presence of SGI1 was also observed in serovar Typhi-
murium strains belonging to other phage types, suggesting either the potential mobility of this genomic island
or changes in the phage-related phenotype of DT104 strains.

Salmonella enterica is one of the most common pathogens
causing food-borne infections in Italy (10). The epidemic strain
serovar Typhimurium definitive phage type 104 (DT104) has
been identified as a major cause of salmonellosis in humans
and animals, in both Europe (13, 21, 32) and the United States
(1, 12, 30).

The majority of the DT104 isolates are characterized by
resistance to six drugs: ampicillin (A), chloramphenicol (C),
streptomycin (S), spectinomycin (Sp), sulfonamides (Su), and
tetracycline (T) (23, 31). Between 80 and 90% of isolates of
DT104 show this resistance type (33).

The resistance mechanism in ACSSpSuT-type DT104 has
been recently elucidated, and resistance genes have been de-
scribed, all located within the same chromosomal locus, des-
ignated Salmonella genomic island 1 (SGI1) (2, 3). SGI1 is a
43-kb genomic island, showing 44 coding sequences, most of
them encoding hypothetical proteins. SGI1 shows two 18-bp
direct repeats at the external boundaries, which strongly sup-
ports the hypothesis that site-specific recombination events
may have driven the insertion of the island within the serovar
Typhimurium chromosome (2, 3).

The ACSSpSuT resistance genes have been identified within
a 14-kb region in SGI1, carried by two class 1 integrons, InC
and InD, encoding the aminoglycoside resistance gene aadA2
and the �-lactamase pse-1 gene, respectively (4). The interven-
ing region, encompassing the two integrons, contains the floR
gene, conferring resistance to florfenicol-chloramphenicol, and
the tetR and tetA (class G) genes, conferring tetracycline resis-
tance (2, 3, 4). InC and InD show a peculiar structure with
respect to other class 1 integrons (19, 20, 29). InC carries the
qacE�1 gene, conferring resistance to disinfectants, and a trun-
cated, nonfunctional sul1 gene in the 3�-conserved segment

(3�-CS). InD shows a deletion of the integrase gene (intI1)
which is linked to the groEL gene in the 5�-conserved segment
(5�-CS) (2, 3, 4); the qacE�1 gene, the sul1 gene, conferring
sulfonamide resistance, and the two open reading frames of
unknown function, ORF5 and ORF6, are contained in the
3�-CS followed by the IS6100 element (20). The multidrug
resistance region in SGI1 is bounded by characteristic 25-bp
inverted repeats and flanked by a direct duplication of 5 bp of
the target sequence, indicating that it was inserted by a trans-
positional mechanism (EMBL accession no. AF261825) (19,
20).

The aim of our study was to analyze the molecular basis of
antibiotic resistance by searching for, identifying, and charac-
terizing integrons and other resistance genes in multidrug-
resistant serovar Typhimurium isolated in Italy from humans
and food animals. Strains were also analyzed for the presence
and conservation of SGI1.

MATERIALS AND METHODS

Bacterial strains. Fifty-four apparently epidemiologically unrelated serovar
Typhimurium isolates of human and animal origin, representative of frequent
phage types and recurrent multidrug resistance profiles in Italy (10), were chosen
from the collections of the Istituto Zooprofilattico delle Venezie (Padua, Italy)
and of the Istituto Superiore di Sanità (Rome, Italy). Serotypes were determined
with anti-O and anti-H antisera obtained from Behringwerke AG (Marburg,
Germany). Phage types were determined according to the work of Callow (5),
and antibiotic resistance was determined by the disk diffusion assay on Mueller-
Hinton agar with commercial antimicrobial susceptibility disks (Oxoid, Basing-
stoke, United Kingdom; Becton Dickinson Microbiological Systems, Cock-
eysville, Md.), according to the recommendations of the National Committee for
Clinical Laboratory Standards (18). The following antibiotics were tested: am-
picillin, ceftazidime, chloramphenicol, streptomycin, spectinomycin, sulfon-
amides, tetracycline, trimethoprim (Tp), kanamycin (K), gentamicin (G), tobra-
mycin (N), amikacin, nalidixic acid, and ciprofloxacin. Strain ST30 was assigned
to PT (phage type) U302 by John E. Threlfall (Public Health Laboratory Service,
Colindale, London, United Kingdom).

Preparation of total DNA and Southern blot hybridization. Small-scale DNA
preparations were made with 3 ml of bacterial liquid cultures grown overnight, as
described by Ezaki and colleagues (9). Four micrograms of total DNA was
digested with PvuII-BamHI or XbaI restriction enzymes. Restricted fragments
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were separated by 1% agarose gel electrophoresis and transferred onto positively
charged nylon membranes (Roche Diagnostics, Monza, Italy) by standard meth-
ods (24). Southern blot hybridization was carried out under high-stringency
conditions (24). A specific probe for the intI1 gene was obtained as previously
described (6). The S014 and the PCR8 probes were obtained by PCR amplifi-
cation with S014-FW–S014-RV and S044-FW–DR-RV primer pairs, respectively
(Table 1). DNA probes were [�-32P]dCTP labeled with a random priming kit
(Life Technologies, Milan, Italy).

PCR amplification, cloning, and sequencing. Standard PCR amplifications
were performed with primers listed in Table 1 and 2.5 U of Taq DNA polymerase
(Roche Diagnostics), according to the manufacturer’s recommendations. All
PCR amplifications were run at 94°C for 30 s, 55°C for 30 s, and 72°C for 3 min,
for a total of 30 cycles. Amplification products were sequenced (26) with fluo-
rescent dye-labeled dideoxynucleotides and a 373 automatic DNA sequencer
(Perkin-Elmer, Foster City, Calif.). Comparative analysis of nucleotide se-
quences was performed by the advanced BLAST search program 2.0 within the
QBLAST system at the National Center for Biotechnology Information site
(www.ncbi.nlm.nih.gov/blast/).

Pulsed-field gel electrophoresis (PFGE). Preparation of total DNA was per-
formed as described by R. K. Gautom (11) except that 0.5 mg of proteinase K per
ml was dissolved in the bacterial suspension before addition of 1% melted
agarose containing 1% sodium dodecyl sulfate. DNA plugs were digested with
XbaI (Roche Diagnostics). Electrophoresis was performed in a CHEF-DRII
electrophoresis system (Bio-Rad Laboratories) at 14°C with 0.5� Tris-borate-
EDTA running buffer and 1% pulsed-field certified agarose (Bio-Rad Labora-
tories). Electrophoresis conditions were as follows: phase 1, initial switch time,
0.5 s; final switch time, 60 s for 24 h, with 6 V cm�1. For visualization, gels were
stained in ethidium bromide, destained in water, and photographed.

RESULTS

Detection of integrons in multidrug-resistant serovar Typhi-
murium isolated in Italy. Forty-one isolates of DT104, 33 of
resistance type ACSSpSuT and 8 with different resistance pro-
files, and 13 resistant isolates of other phage types (Table 2)
were analyzed for the presence of class 1 integrons. The inte-
gron search was performed by Southern blot hybridization with
the intI1 gene probe (6), on total DNA digested with PvuII-
BamHI restriction enzymes. This hybridization is expected to
produce, in DT104 strains carrying SGI1, two integrase-posi-
tive restriction fragments of 7,738 bp (band A) and 4,402 bp
(band B) (Fig. 1A). Band A contains InC and the floR, tetA,

and tetR resistance genes, from the PvuII site at position 27276
to the PvuII site at position 35014 (EMBL accession no.
AF261825). Band B contains InD from the PvuII site at posi-
tion 35546 to the BamHI site at position 39948 in the SGI1
DNA sequence (Fig. 1A). As expected, all ACSSpSuT DT104
strains showed both bands, indicating that the SGI1 region
containing the two integrons was well conserved (Fig. 2). In-
terestingly, the A and B bands were also observed in a strain
belonging to DT1 (ST9) and in a PT U302 strain (ST30), both
showing the ACSSpSuT resistance profile (Fig. 2).

Three DT104 strains showing resistance types SSpSu (ST2
and ST22) and ASSpSuT (ST48) were positive for a PvuII-
BamHI fragment of approximately 3,700 bp (Fig. 2). This band
indicates the presence of an integron located within a different
genetic structure from that of the DT104 SGI1. Integron-pos-
itive plasmids were not found in these strains, suggesting that
integrons carried by ST2, ST22, and ST48 are located on the
bacterial chromosome.

Strain ST4, showing the ASSpSuGKTp resistance type, was
positive for two bands of approximately 4,300 and 800 bp,
suggesting the presence of two integrons. All the other serovar
Typhimurium strains were negative for the presence of inte-
grons (Fig. 2).

Antibiotic resistance genes. Integron-borne gene cassettes
were amplified with the 5�-CS and 3�-CS primer pair (16). All
DT104 strains showing the ACSSpSuT resistance profile pro-
duced two PCR products of 1,008 and 1,133 bp. By DNA
sequencing, these bands corresponded to the well-character-
ized aadA2 and pse-1 gene cassettes of InC and InD as previ-
ously described (Table 2) (25). The same gene cassettes were
amplified and sequenced from strains ST9 (DT1) and ST30
(U302).

Strains ST2, ST22, and ST48 produced an amplicon of about
1,000 bp. These amplicons were fully sequenced. The nucleo-
tide sequence of the ST48 integron revealed the presence of
the aadA1 gene cassette, encoding streptomycin-spectinomycin
resistance. This gene cassette was 99.9% identical, without

TABLE 1. Primers used in this study

Primer DNA sequence Amplicon in Fig. 1 EMBL accession no., nucleotide positions

DR-FW 5�-GGGCAAAGCGCAGCTATTAG-3� AF261825, 13–32
S004-RV 5�-CCCGCAGGGTAAGTAATG-3� PCR1 AF261825, 3275–3258
S011-FW 5�-CGCCGGCTCCAAAGGAAATGG-3� AF261825, 11764–11784
S014-RV 5�-AATTTCCTCATCGTCTAGC-3� PCR2 AF261825, 14859–14842
S014-FW 5�-AGTCTGTGGCATGAAGAA C-3� AF261825, 14521–14539
S022-FW 5�-CGCTGCAAGCACAATGATGA-3� AF261825, 18301–18320
S024-RV 5�-GGTACGGTATCGCCTAAGTG-3� PCR3 AF261825, 21930–21911
S026-FW 5�-TCGGGTAATCTCAGCAGAGC-3� AF261825, 25021–25040
int-RV 5�-GGGCATGGTGGCTGAAGGACC-3� PCR4 AF261825, 27266–27246
5�-CS 5�-GGCATCCAAGCAGCAAG-3� AF261825, 27892–27908
3�-CS 5�-AAGCAGACTTGACCTGA-3� AF261825, 28900–28884
flo-FW 5�-ATGACCACCACACGCCCCG-3� AF261825, 30482–30500
flo-RV 5�-CTAGACGACTGGCGACTTC-3� PCR5 AF261825, 31696–31678
tetR-FW 5�-CTGCTGATCGTGGGTCT-3� AF261825, 32657–32673
tetA-RV 5�-TTGCGAATGGTCTGCGT-3� PCR6 AF261825, 333797–33781
aadA2-FW 5�-GAGCGCCATCTGGAATCAACG-3� AF261825, 28058–28078
ORF5-RV 5�-CCGAACGTTCGGAGGCTCCT-3� PCR7 AF261825, 39750–39731
S044-FW 5�-ACCAGAGAGAGTTATCGAGC-3� AF261825, 41911–41930
DR-RV 5�-CACGAAAAGGAGACGATGAGA-3� PCR8 AF261825, 44483–44463
strAF 5�-AGCAGAGCGCGCCTTCGCTG-3� NC_001740.1, 761–780
strAR 5�-CCAAAGCCCACTTCACCGAC-3� NC_001740.1, 1464–1445
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amino acid changes, to the aadA1 gene cassette identified
within the In2 integron carried by the Tn21 transposon (EMBL
accession no. AF071413) (17).

Nucleotide sequences of amplicons obtained from both ST2
and ST22 strains showed the presence of the aadA2 gene
cassette, encoding streptomycin-spectinomycin resistance.
These gene cassettes were 100% (ST2) and 99.9% (ST22)
identical to the aadA2 gene cassette carried by InC in SGI1
(EMBL accession no. AF261825). In the ST22 DNA sequence,
a single point mutation at position 28211 was identified, result-
ing in an amino acid change (from glutamic acid to lysine) in
the deduced protein sequence. The same substitution was pre-
viously described for the DT104 strain H3380 (EMBL acces-
sion no. AF071555) (4).

Two PCR products of 2,000 and 850 bp were obtained from
strain ST4. The DNA sequence of the 850-bp amplicon re-
vealed the presence of the aadB gene cassette, conferring re-
sistance to kanamycin and gentamicin, while the DNA se-
quence of the 2,000-bp amplicon revealed the integron-borne
oxa1 and aadA1 gene cassettes, conferring ampicillin and
streptomycin-spectinomycin resistance, respectively.

Serovar Typhimurium strains were then tested for strA, a
streptomycin resistance gene that is an alternative to the inte-
gron-borne aadA gene cassette (28). Positive PCR amplifica-
tions with the strAF-strAR primer pair (Table 1) were ob-

tained from 21 of the 54 strains (Table 2), including the
integron-negative DT104 strains ST25, ST38, ST10, ST44, and
ST49 and the ampicillin-, tetracycline-, and chloramphenicol-
susceptible DT104 strains ST2, ST22, and ST48.

Analysis of SGI1. In order to gather more information on
the presence and conservation of SGI1 in the DT104 strains,
Southern blot hybridization and PCR amplification experi-
ments were performed.

SGI1 was initially sought by using Southern blot hybridiza-
tion with the intI1 probe on total DNA restricted with XbaI, in
DT104 strains ST2 and ST22 lacking the A and B PvuII-
BamHI bands, and in the ST9 strain (DT1), which tested pos-
itive for the presence of SGI1. ST1 and ST13 were used as
positive controls and ST25, ST38, and ST3 were used as neg-
ative controls in these experiments.

As shown in Fig. 3, ST1 and ST13 produced an integrase-
positive band of 11,758 bp (band C in Fig. 1A), as expected
from the XbaI sites located at positions 26038 and 37796 in the
SGI1 DNA sequence. This band was also observed in ST9,
while ST2 and ST22 showed a different band of approximately
7,000 bp (band E in Fig. 3). As expected, band C was missing
in the three strains lacking integrons (ST25, ST38, and ST3).

The XbaI Southern blot was then hybridized with the S014
probe, located in the left arm of SGI1. This probe recognized
the 8,921-bp XbaI restriction fragment (band D in Fig. 1A) in

TABLE 2. Characteristics of the 54 serovar Typhimurium isolates tested in this studya

Source, yr No. Phage type Antibiotic
resistance

Integron-borne
gene cassette(s) strA gene SGI1 Designation(s)

Human, 1992 2 DT104 ACSSpSuT aadA2, pse-1 Neg Pos ST7, ST41
Human, 1993 4 DT104 ACSSpSuT aadA2, pse-1 Neg Pos ST23, ST24, ST26, ST28
Human, 1994 3 DT104 ACSSpSuT aadA2, pse-1 Neg Pos ST29, ST32, ST33
Human, 1994 1 DT104 ACSSpSuT aadA2, pse-1 Neg SGI1 partially deleted ST37
Animal, 1994 2 DT104 ACSSpSuT aadA2, pse-1 Neg Pos ST27, ST31
Human, 1995 3 DT104 ACSSpSuT aadA2, pse-1 Neg Pos ST11, ST39, ST40
Human, 1996 6 DT104 ACSSpSuT aadA2, pse-1 Pos Pos ST5, ST12, ST13, ST14,

ST17, ST21
Human, 1997 1 DT104 ACSSpSuT aadA2, pse-1 Neg Pos ST1
Animal, 1998 1 DT104 ACSSpSuT aadA2, pse-1 Neg Pos ST6
Human, 1999 1 DT104 ACSSpSuT aadA2, pse-1 Pos Pos ST43
Animal, 1999 3 DT104 ACSSpSuT aadA2, pse-1 Pos Pos ST42, ST47, ST52
Human, 2000 2 DT104 ACSSpSuT aadA2, pse-1 Pos Pos ST45, ST46
Animal, 2000 4 DT104 ACSSpSuT aadA2, pse-1 Neg Pos ST50, ST51, ST53, ST54
Animal, 1999 1 DT104 ASSpSuT aadA1 Pos Neg ST48
Human, 1997 1 DT104 SSpSu aadA2 Pos SGI1 partially deleted ST2
Animal, 1998 1 DT104 SSpSu aadA2 Pos SGI1 partially deleted ST22
Human, 1994 1 DT104 ASSuT Neg Pos Neg ST38
Animal, 1999 2 DT104 ASSuT Neg Pos Neg ST44, ST49
Human, 1995 1 DT104 AST Neg Pos Neg ST10
Animal, 1993 1 DT104 SSuTp Neg Pos Neg ST25
Animal, 1994 1 U302 ACSSpSuT aadA2, pse-1 Neg Pos ST30
Human, 1995 1 DT1 ACSSpSuT aadA2, pse-1 Pos Pos ST9
Human, 1997 1 RDNC ASSpSuGKTp aadB, oxaI-aadAI Neg Neg ST4
Human, 1995 1 DT1 S Neg Neg Neg ST8
Human, 1996 1 DT12 ASSuTTp Neg Pos Neg ST15
Human, 1994 1 DT179 AST Neg Pos Neg ST35
Human, 1994 1 DT194 AST Neg Pos Neg ST34
Human, 1996 1 DT194 AST Neg Pos Neg ST20
Human, 1997 1 DT208 ASSuT Neg Pos Neg ST3
Human, 1996 1 DT208 AST Neg Pos Neg ST19
Human, 1994 1 DT208 ASTTp Neg Pos Neg ST36
Human, 1996 1 UT AST Neg Pos Neg ST18
Human, 1996 1 UT SGNK Neg Pos Neg ST16

a RDNC, reacts but does not conform to any standard phage type; UT, phage untypeable; Neg, negative; Pos, positive.

VOL. 46, 2002 ANTIBIOTIC RESISTANCE GENES AND SGI1 2823



F
IG

.
1.

Sc
he

m
at

ic
re

pr
es

en
ta

tio
n

of
th

e
en

tir
e

an
d

pa
rt

ia
lly

de
le

te
d

SG
I1

.(
A

)
X

ba
I

(X
),

B
am

H
I

(B
),

an
d

P
vu

II
(P

)
re

st
ri

ct
io

n
m

ap
w

as
de

du
ce

d
fr

om
th

e
D

T
10

4
D

N
A

se
qu

en
ce

re
le

as
ed

un
de

r
E

M
B

L
ac

ce
ss

io
n

no
.A

F
26

18
25

.(
B

)
R

es
tr

ic
tio

n
m

ap
of

th
e

pa
rt

ia
lly

de
le

te
d

SG
I1

w
as

ex
pe

ri
m

en
ta

lly
de

te
rm

in
ed

.W
hi

te
bo

xe
s

re
pr

es
en

ti
nt

I1
,q

ac
E

�
1,

su
l1

,fl
oR

,t
et

R
,t

et
A

,O
R

F
5,

an
d

O
R

F
6

ge
ne

s.
T

he
IS

61
00

po
si

tio
n

is
in

di
ca

te
d

be
tw

ee
n

tw
o

ar
ro

w
s.

T
he

sh
ad

ed
bo

xe
s

re
pr

es
en

t
ge

ne
ca

ss
et

te
s

in
se

rt
ed

in
to

th
e

In
C

an
d

In
D

in
te

gr
on

s.
B

la
ck

bo
xe

s
ar

e
th

e
59

-b
as

e
el

em
en

t
si

te
s,

an
d

D
R

-R
an

d
D

R
-L

bo
xe

s
re

pr
es

en
t

th
e

di
re

ct
re

pe
at

ju
nc

tio
ns

of
SG

I1
in

th
e

Sa
lm

on
el

la
ch

ro
m

os
om

e
(d

ot
te

d
lin

es
).

T
hi

n
ba

rs
re

pr
es

en
t

So
ut

he
rn

bl
ot

hy
br

id
iz

at
io

n
ba

nd
s

A
,B

,C
,

an
d

D
.H

ea
vy

lin
es

re
pr

es
en

t
PC

R
am

pl
ic

on
s

(P
C

R
1

to
PC

R
8)

.T
he

po
si

tio
ns

of
th

e
in

tI
1

ge
ne

an
d

S0
14

pr
ob

es
ar

e
in

di
ca

te
d.

2824 CARATTOLI ET AL. ANTIMICROB. AGENTS CHEMOTHER.



both ST2 and ST22 as well as in ST1, ST13, and ST9 (Fig. 3),
revealing that this region of SGI1 was well conserved in these
strains. Finally, ST2, ST22, and ST1 BamHI-restricted DNAs
were hybridized with the PCR8 amplification product as probe
(Fig. 1). This probe recognized in both ST2 and ST22 as well
as the ST1 positive control strain the 4,699-bp BamHI restric-
tion fragment containing ORF5, ORF6, IS6100 of InD, and
part of the retron phage (data not shown).

To fully characterize the conservation and structure of SGI1
in ST2 and ST22, PCR was performed with primer pairs listed
in Table 1 (PCR amplifications relative to the SGI1 map are

illustrated in Fig. 1). PCR experiments performed on the left
(PCR1) and right (PCR8) direct repeat junctions of SGI1 and
on other SGI1 regions (PCR2, PCR3, and PCR4) demon-
strated that ST2 and ST22 produced indistinguishable bands
with respect to the ST24 control strain (Fig. 4). In particular,
PCR4, obtained with primers S026-FW and int-RV, demon-
strated that integrons in ST2 and ST22 were located within
SGI1, linked to the S026 DNA sequence. However, PCR
amplifications with flo-FW–flo-RV and tetA-FW–tetR-RV
primer pairs (PCR5 and PCR6) were negative in ST2 and
ST22, demonstrating that these strains do not carry the floR

FIG. 2. Southern blot hybridization of serovar Typhimurium strains by the integrase gene. Total DNAs restricted with BamHI-PvuII were
separated by 1% agarose gel electrophoresis, blotted onto nylon membranes, and hybridized with an intI1 gene-specific probe (6). Numbers above
lanes indicate the designation number for each strain. The positions of bands A and B are indicated. Molecular size standards are shown on the
right.

FIG. 3. Southern blot hybridization of the SGI1 island. Total DNAs restricted with XbaI were separated by 0.8% agarose gel electrophoresis,
blotted onto nylon membranes, and hybridized with the intI1 gene probe and with the S014 probe. Numbers above lanes indicate the designation
number for each strain. The positions of bands C, D, and E are indicated. Molecular size standards are shown on the right of the figure.
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and the tetA and tetR genes, respectively (data not shown).
Finally, ST2 and ST22 produced a PCR product of approxi-
mately 2,000 bp (Fig. 4) with the aadA2-FW–ORF5-RV
primer pairs designed on the aadA2 gene cassette and on the
ORF5 DNA sequence, respectively (PCR7, Fig. 1B). This am-
plicon is about 10 kb shorter than the expected amplicon for
complete SGI1 (ca. 12 kb). Southern blot hybridization and
PCR amplification results demonstrate that ST2 and ST22
harbor only one of the two integrons of SGI1; this integron
(InC1 in Fig. 1) carries the same aadA2 gene cassette of InC
and shows a 3�-CS identical to that of InD, carrying qacE�1,
conferring resistance to disinfectants; the entire sul1 gene,
conferring sulfonamide resistance; ORF5; ORF6; and the
IS6100 element (Fig. 1B).

PCR amplification (PCR1 to PCR8) was then performed on
the remaining isolates, demonstrating that, with the exception
of strain ST37, all ACSSpSuT DT104 strains carried an intact
SGI1 (Table 2). Strain ST37 was negative for PCR1 and PCR2
but positive for the other PCR amplifications performed on
SGI1, suggesting the partial deletion of the left arm of the
genomic island.

An intact SGI1 was identified in ST9 (DT1) and in ST30
(U302), while it was completely absent in ST48 (DT104), which
harbors the aadA1 integron-borne gene cassette.

PFGE of macrorestricted genomic DNA. Strains ST2
(DT104), ST22 (DT104), ST9 (DT1), and ST30 (U302) were
analyzed by PFGE following digestion with XbaI. Strain ST24
was used as the DT104 reference control strain. The results
showed that the three DT104 strains were highly related at the
chromosomal level. ST30 (U302) showed a DT104-related
PFGE pattern differing by three bands (Fig. 5). PT U302 has
been previously shown to be closely related to DT104, and
phage conversion of DT104 to U302 has been observed, pos-
sibly by the acquisition of plasmids (15, 34). The presence of a
plasmid in ST30 was revealed by PFGE of undigested DNA
(Fig. 5), suggesting that this plasmid could have caused a
DT104-U302 phage conversion in this strain. In contrast, ST9

(DT1) was divergent at the chromosomal level from DT104,
differing by at least four bands in the PFGE pattern (Fig. 5). In
this case the presence of the DT104 resistance traits could be
explained by the horizontal transfer of SGI1.

DISCUSSION

Several studies have focused on resistance genes in DT104
strains, and new molecular methods for detection and analysis
of the DT104 clone have been proposed elsewhere (8, 14).
Most of these methods are based on PCR amplification of
DT104-related traits, such as the 1.0- and 1.2-kb integrons or
the floR resistance gene located within the resistance gene
cluster (22).

More recently, the cloning and sequencing of the entire
genomic island from multidrug-resistant DT104 have opened
new possibilities for investigating genetic characteristics of this
important and widely diffused Salmonella clone. However,
complete information is not available for the conservation of
SGI1 among strains circulating in animals and humans, and the
frequency of transfer of the genomic island to serovar Typhi-
murium strains of other phage types has not been quantified.
This information could be important to understanding the
origin and evolution of the genomic island and potential hor-
izontal mobility of SGI1.

To study antibiotic resistance genes carried by integrons and
to investigate the presence of SGI1, multidrug-resistant sero-
var Typhimurium strains of different phage types of both hu-
man and animal origin were analyzed by both PCR amplifica-
tion and Southern blot hybridization. All DT104 strains
showing the ACSSpSuT resistance profile harbor the two in-
tegrons InC and InD, located within SGI1. Two DT104 strains,
isolated in Italy in 1997 (ST2) and in 1998 (ST22) and showing
the SSpSu resistance profile, revealed the presence of a par-
tially deleted SGI1. These isolates lack the region of the island
encoding resistance to chloramphenicol-florphenicol and tet-
racycline and also the InD integron carrying the pse-1 ampi-
cillin resistance gene. These two DT104 strains carried the
InC1 integron, which shows a 3�-CS, including the qacE�1,
sul1, ORF5, ORF6, and IS6100 DNA sequences. This integron
was found in an XbaI integrase gene-positive band smaller than
that observed in DT104 control strains.

The ST2 and ST22 resistance island may represent the pre-
cursor of the DT104 resistance gene cluster in which InC1 is
the unique integron harbored by the genomic island. Our find-
ings suggest that the assembly of the resistance gene cluster
within SGI1 could be due to sequential acquisition of resis-
tance determinants. In fact, InC could derive from InC1 by
deletion of part of the 3�-CS caused by the insertion of the floR
and tet genes. The second integron, InD, could also have been
acquired through an independent integration event, leading to
the full assembly of the resistance gene cluster. The deleted
SGI1 could then represent the precursor of the genomic island
before the assembly of InD, floR, and tet genes. However, the
genetic structure observed in ST2 and ST22 could also be
explained by homologous recombination between InC and InD
in the 3�-CS. Recombination between the two sul1 genes could
lead to the deletion of a 10-kb DNA region containing the floR,
tet, intI1, and pse-1 genes and to the reconstruction of InC1
carrying the 3�-CS of InD.

FIG. 4. PCR analysis of SGI1. PCR1 to PCR8 were performed on
the ST2 and ST22 strains. Strain ST24 was used as DT104 positive
control. The amplification product PCR7 (ca. 12 kb) was not obtained
from the ST24 DT104 control strains, since no long-run PCR condi-
tions were used in these experiments. A 1-kb marker (KiloBase DNA
marker; Pharmacia Biotech, Milan, Italy) was used as a standard.
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A different deletion in the genomic island was observed in
the ST37 ACSSpSuT DT104 strain, lacking the left arm of
SGI1. These results demonstrate that several rearrangements
could occur in SGI1, suggesting a constant and dynamic evo-
lution of this genetic trait.

In another DT104 strain (ST48) an integron that carried the
aadA1 gene cassette was found to be located in the chromo-
some. This strain lacked SGI1, demonstrating that integrons
other than InC and InD can be acquired by DT104 strains.
Most of the DT104 strains showing different resistance profiles
than the ACSSpSuT resistance type lack SGI1 but contain the
strA resistance gene, conferring streptomycin resistance. ST2,
ST22, and ST48, as well as many DT104 strains harboring the
entire SGI1, also carried the strA gene, suggesting that multiple
mechanisms of resistance can be simultaneously present in
these strains.

Of note, the entire SGI1 was found in the chromosome of
ST9 (DT1) and in the ST30 (U302) isolate, suggesting the
potential capacity of mobilization of SGI1. However, recent
studies have demonstrated that strains of U302, DT120, and
DT12 of the ACSSpSuT resistance type are probably derived
from DT104 by a change of phage sensitivity (15). This possi-
bility should be taken into consideration. The presence of the
DT104 resistance genes has also been previously reported for
several serovar Agona strains (2, 7). However, the multiresis-
tant serovar Agona strains lacked the retron phage at the

DR-R boundary of SGI1, while results with serovar Typhi-
murium strains ST2 and ST22 indicate that in these strains
SGI1 is located between the thdf gene and the retron phage, a
situation similar to that described for the multiresistant DT104
strain. There is no experimental evidence demonstrating the
molecular mechanism of the SGI1 horizontal transfer among
Salmonella strains, although transduction experiments with a
P22-like phage demonstrated a facilitated transduction of re-
sistance genes to a susceptible Salmonella strain (27).

Multidrug resistance in serovar Typhimurium is now a cause
of great concern in both clinical and veterinary medicine. Stud-
ies of evolution and dissemination of resistance determinants
may help us to better understand the origin of such strains and
the transmission from food animals to humans.
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