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Salmonella genomic island 1 (SGI1) harbors an antibiotic resistance gene cluster and was previously
identified in the multidrug-resistant Salmonella enterica serovars Typhimurium DT104, Agona, Paratyphi B,
and Albany. This antibiotic resistance gene cluster is a complex class 1 integron and most often confers
resistance to ampicillin (Ap), chloramphenicol (Cm)/florfenicol (Ff), streptomycin (Sm)/spectinomycin (Sp),
sulfonamides (Su), and tetracycline (Tc) (ApCmFfSmSpSuTc profile). Recently, variant SGI1 antibiotic re-
sistance gene clusters conferring different antibiotic resistance profiles have been identified in several S.
enterica serovars and were classified as SGI1-A to -G. We identified a new variant SGI1 antibiotic resistance
gene cluster in two multidrug-resistant S. enterica serovar Newport strains isolated from humans in France. In
these strains, the Sm/Sp resistance gene cassette aadA2 inserted at the first attI1 site was replaced by two other
aminoglycoside resistance gene cassettes. The first one contains a new resistance gene encoding an AAC(3)-I
aminoglycoside 3-N-acetyltransferase that confers resistance to gentamicin (Gm) and sisomicin (Sc). This gene
has been named aac(3)-Id. The second one harbors the Sm/Sp resistance gene aadA7. This gene cassette
replacement in the SGI1 complex integron of serovar Newport strains constitutes a new variant SGI1 antibiotic
resistance gene cluster named SGI1-H. The occurrence of SGI1 in different S. enterica serovars, now including
serovar Newport, strengthens the hypothesis of horizontal transfer of SGI1.

A chromosomal genomic island called Salmonella genomic is-
land 1 (SGI1) has been initially described in epidemic multidrug-
resistant Salmonella enterica serovar Typhimurium phage type
DT104 strains (serovar Typhimurium DT104) (4). SGI1 contains
an antibiotic resistance gene cluster conferring the common mul-
tidrug resistance profile ApCmFfSmSpSuTc (i.e., ampicillin [Ap],
chloramphenicol [Cm]/florfenicol [Ff], streptomycin [Sm]/specti-
nomycin [Sp], sulfonamides [Su], and tetracycline [Tc]) of epi-
demic multidrug-resistant serovar Typhimurium DT104 (1, 2,
4–7, 12, 13, 23, 24, 30, 31). Multidrug-resistant serovar Typhi-
murium DT104 emerged during the 1980s as a global health
problem because of its involvement in diseases in animals and
humans (7, 12, 13, 23, 24, 30, 31).

The 43-kb SGI1 is located between the thdF and int2 genes
of the chromosome of serovar Typhimurium. The int2 gene is
part of a retron sequence, which has been reported to date only
in serovar Typhimurium strains (4, 5). In other S. enterica
serovars, SGI1 is located between the thdF and yidY genes (3,
4, 9–11, 17, 18). The antibiotic resistance gene cluster is located
near the 3� end of SGI1 and constitutes a complex class 1
integron that belongs to the In4 group (3). The In4 group has
a 3� conserved segment (3�-CS) that includes a copy of IS6100

but no transposition genes, and most members are bound by
25-bp inverted repeats IRi and IRt (20, 21). The antibiotic
resistance gene cluster of SGI1 is indeed bound by IRi and IRt
and thus can be considered a complex In4-type integron (3).
Further, the multidrug resistance region is surrounded by 5-bp
direct repeats, strongly suggesting it was integrated by a trans-
position event (3, 20, 21). Interestingly, in SGI1 there is a
duplication of a part of the 5� conserved segment (5�-CS) of
the integron that leads to a second attI1 site, followed by a gene
cassette. At the first attI1 site, the cassette carries the aadA2
gene, which confers resistance to Sm and Sp, and a 3�-CS with
a truncated sul1 (sul1�) gene. At the second attI1 site, the
cassette contains the �-lactamase gene pse-1 conferring resis-
tance to Ap and a 3�-CS with a complete sul1 gene conferring
resistance to Su. Flanked by the two cassettes are the floR
gene, which confers cross-resistance to Cm and Ff, and the Tc
resistance genes tetR and tet(G) (1, 2, 4, 6).

Variant SGI1 antibiotic resistance gene clusters have re-
cently been described in the serovars Typhimurium DT104,
Agona, and Albany. SGI1 variants were accordingly classified
in SGI1-A to SGI1-G (3, 9, 11). These clusters of antibiotic
resistance genes were likely generated, according to sequence
analysis, after chromosomal recombinational events or by an-
tibiotic resistance gene cassette replacement at one of the attI1
sites. In variants SGI1-A, -D, and -G, the 3�-CS, designated
3�-CS1, is followed by the orf513/dfrA10 region originally de-
scribed in In6 and In7 (19, 29). Following the orf513/dfrA10
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region is a second copy of the 3�-CS, designated 3�-CS2. The
variant SGI1-F from serovar Albany represented the first ex-
ample in which gene cassette replacement took place at one of
its attI1 sites (11).

SGI1 has been identified in another serovar Typhimurium
phage type, DT120, and in the S. enterica serovars Agona,
Paratyphi B, and Albany, indicating the horizontal transfer
potential of SGI1 (3, 4, 8, 11, 17). SGI1-carrying serovar
Agona, Paratyphi B, and Albany strains were isolated from
different animal species, such as poultry in Belgium, tropical
fish from Singapore, and food fish imported from Thailand in
France, respectively (3, 4, 8, 11, 17). Recently, we have re-
ported the first human case infected by a serovar Agona strain
harboring SGI1-A (10).

We examined here 292 strains of serovar Newport isolated
from humans in France between 2000 and 2002 by antibiotic
susceptibility testing. Two serovar Newport strains isolated in
2001 displayed the multidrug resistance profile ApCmFfSmSp
SuTc typical of the SGI1 antibiotic resistance gene cluster but
with additional resistances to gentamicin (Gm) and nalidixic
acid (Nal). The identification of SGI1 and characterization of
its antibiotic resistance gene cluster were thus undertaken for
these two serovar Newport strains.

MATERIALS AND METHODS

Clinical and control strains. A total of 292 S. enterica serovar Newport strains
isolated from humans in France between 2000 and 2002 (101 strains in 2000, 125
strains in 2001, and 66 strains in 2002) were studied at the French National
Reference Center for Salmonella. Serovar Newport isolates 01–2174 and 01–
5348 further characterized in the present study were isolated in 2001 from stools
from two French patients with gastroenteritis. They had been infected by these
serovar Newport strains during two different travels to Egypt in April and July,
respectively. The strains were isolated at their return to France. These strains,

control strains harboring SGI1, i.e., serovars Typhimurium DT104 BN9181,
Agona 959SA97, Paratyphi B 44, and Albany 7205.00 and other serovar Newport
control strains, and Escherichia coli cloning strains TOP10 (Invitrogen, Cergy-
Pontoise, France) and XL1-Blue were grown overnight at 37°C in brain heart
infusion broth or agar plates.

Serotyping. Isolates were serotyped on the basis of somatic O and phase 1 and
phase 2 flagellar antigens by agglutination tests with antisera (Bio-Rad, Marnes
la Coquette, France, and WHO Collaborative Center for Reference and Re-
search on Salmonella, Institut Pasteur, Paris, France) according to the White-
Kauffman-Le Minor scheme (22).

Antibiotic susceptibility testing. Isolates were screened for resistance to 35
antibiotics by the disk diffusion method on Mueller-Hinton agar according to the
guidelines of the Antibiogram Committee of the French Society of Microbiology
(communiqué 2003 [www.sfm.asso.fr/nouv/general.php?pa�2]) (27). The follow-
ing antibiotics were tested: Ap, amoxicillin, amoxicillin-clavulanic acid, ticarcillin,
ticarcillin-clavulanic acid, piperacillin, piperacillin-tazobactam, cephalothin, ce-
famandole, cefoperazone, cefoxitin, ceftriaxone, ceftazidime, cefepime, aztreo-
nam, moxalactam, imipenem, Sm, Sp, kanamycin, neomycin, tobramycin, netil-
micin, Gm, amikacin, dibekacin (Dk), isepamicin, Nal, pefloxacin, ciprofloxacin,
Su, Tm, Cm, Ff, and Tc. All antibiotic disks except for Ff were purchased from
Bio-Rad. Ff disks were obtained from Schering-Plough Animal Health (Segré,
France). The MICs of Gm and Sc were determined by the standard agar dou-
bling dilution method. The MIC breakpoints for Gm and Sc were defined by the
Antibiogram Committee of the French Society of Microbiology, i.e., susceptible
(MIC � 4 �g/ml) or resistant (MIC � 8 �g/ml) (27).

PCR mapping, cloning, and sequencing. Detection of SGI1 and its location
were performed with primers corresponding to the left and right (with or without
retron) junctions in the chromosome as described previously (Fig. 1) (3, 9, 11,
17). PCR mapping of the typical antibiotic resistance genes associated with SGI1
was performed by using conditions and primers described previously (Fig. 1) (3,
9, 11, 17). The antibiotic resistance gene organization was also assessed by
Southern blot of genomic DNA cut by HindIII (Qbiogene, Illkrich, France) by
using as a probe the XbaI fragment of recombinant plasmid pSTF3, comprising
nearly the entire serovar Typhimurium DT104 SGI1 antibiotic resistance gene
cluster (Fig. 1). The presence of entire SGI1 was also assessed by Southern
blotting of genomic DNA cut by XbaI (Qbiogene) by using probe p1-9 as
previously described (4). This probe corresponds to a 2-kb EcoRI fragment
comprising parts of the S023 and S024 open reading frames (ORFs), which
encode putative helicase and exonuclease proteins (4).

FIG. 1. Genetic organization of the antibiotic resistance gene cluster of SGI1 and the new SGI1-H variant of serovar Newport strains 01–2174
and 01–5348. The direction of transcription of the genes is indicated by arrows. Black and gray arrows correspond to SGI1 antibiotic resistance
genes and chromosomal genes flanking SGI1, respectively. DR-L and DR-R are the left and right direct repeats, respectively, bracketing SGI1.
IRi and IRt are 25-bp imperfect inverted repeats defining the left and right ends of complex class 1 integrons. PCRs used to assess the genetic
organization of the antibiotic resistance genes (i.e., PCRs floR, A, B, C, D, E, and F) and the SGI1 junctions to the chromosome (i.e., PCRs LJ
and RJ for left and right junctions, respectively) are indicated. Restriction sites: X, XbaI; H, HindIII.
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To assess the genetic exchange of resistance gene cassettes at the first attI1 site
of the SGI1 complex integron in serovar Newport strains 01-2174 and 01-5348,
PCR amplification was also performed with a forward primer of PCR A and a
reverse primer of PCR B (Fig. 1). Cloning of this PCR product in plasmid
pCR2.1-TOPO was performed by using the TOPO TA cloning kit (Invitrogen).
The recombinant plasmid obtained was named pBD09. Nucleotide sequencing of
the insert of pBD09 was achieved by Genome Express (Meylan, France). Se-
quence analysis was done by using BLAST (http://www3.ncbi.nlm.nih.gov
/BLAST/). PCR amplification of the novel aminoglycoside acetyltransferase gene
cassette identified at the first attI1 site was also performed by using the forward
primer of PCR A and the reverse primer aacR (5�-GCGGGCACTTTTTCACT
CAT-3�). Cloning of this PCR product in plasmid pCR2.1-TOPO was performed
by using the TOPO TA cloning kit. The EcoRI fragment containing this PCR
product from pBD11 recombinant plasmid was subcloned in plasmid pGEM-
7Zf. This recombinant plasmid, named pBD12, was electroporated in E. coli
XL1-Blue to further determine the antibiotic resistance profile and the Gm and
Sc resistance levels conferred by this novel aminoglycoside acetyltransferase
resistance gene.

PFGE. Strains of serovar Newport were grown overnight on trypto-casein soy
agar (Bio-Rad) at 37°C. Preparation of agarose plugs was carried out as de-
scribed previously (33), except that cells were resuspended in HEPES buffer (16
mM HEPES-NaOH, 16 mM sodium acetate [pH 7.5]). Genomic DNA was
digested with XbaI (Roche Diagnostics, Mannheim, Germany) overnight at
37°C. Fragments of DNA were separated by pulsed-field gel electrophoresis
(PFGE) in a 1% agarose gel (Seakem Gold; BMA) in HEPES buffer (15)
containing 50 �M thiourea by using a CHEF-DR III (Bio-Rad, Hemel Hemp-
stead, United Kingdom). The running conditions were 4 V/cm at 12°C for 27 h,
with pulse times ramped from 2.2 to 63.8 s. Lambda Ladder PFG Marker (New
England Biolabs, Beverly, Mass.) was used as the molecular size marker.

Nucleotide sequence accession number. The nucleotide sequence of the sero-
var Newport strain 01–2174 integron fragment harboring the two aminoglycoside
resistance gene cassettes aac(3)-Id and aadA7 has been deposited in the Gen-
Bank database under accession no. AY458224.

RESULTS

Multidrug resistance profile. A total of 292 serovar Newport
human strains isolated in France between 2000 and 2002 were
tested for their antibiotic susceptibilities. Only two strains
showed a multidrug resistance profile similar to that of serovar
Typhimurium, serovar Agona, or serovar Paratyphi B harbor-
ing SGI1, i.e., ApCmFfSmSpSuTc (4, 8, 17, 18). These strains
were also resistant to Gm and Nal and showed a decreased
susceptibility to Dk. This multidrug resistance profile sug-
gested the possible occurrence of SGI1 in these serovar New-
port isolates.

Identification of SGI1. To assess the presence of SGI1 and
its location in the chromosome of serovar Newport strains
01–2174 and 01–5348, PCRs were realized by using primers
corresponding to the left and right junctions of SGI1 in the
Salmonella chromosome (Fig. 1). PCR was also performed to
detect the presence or absence of the retron sequence, which is
located downstream of SGI1 only in serovar Typhimurium
DT104 (4). PCR results were positive for the left junction with
the thdF gene of the chromosome with primer U7-L12 specific
to the thdF gene and primer LJ-R1 specific to the left-end int
gene of SGI1 (4). For the right junction, if a sequence of the
int2 gene of the retron was used as a reverse primer, the PCR
results were negative for the right junction of SGI1 but positive
if the sequence of yidY gene was used (3, 9, 11, 17). The two
serovar Newport strains thus lacked the retron sequence found
only to date in serovar Typhimurium DT104. Thus, these re-
sults indicated that serovar Newport strains 01-2174 and 01-
5348 harbor SGI1 at the same chromosomal location, i.e.,
between the thdF and yidY genes, as serovars Typhimurium
DT104, Agona, Paratyphi B, and Albany (4, 11, 17, 18).

In addition to the antibiotic resistance gene cluster pre-
sented below, the presence of the entire SGI1 in serovar New-
port strains was confirmed by Southern blot hybridization of
XbaI-digested genomic DNA with the p1-9 probe described
previously (4). This probe corresponds to a 2-kb EcoRI frag-
ment located outside of the antibiotic resistance gene cluster
comprising parts of the S023 and S024 ORFs in the central
region of SGI1 (4). The p1-9 probe showed two XbaI frag-
ments of the expected 4- and 9-kb sizes as in SGI1-carrying
serovar Typhimurium DT104, Agona, Paratyphi B, and Albany
strains (Fig. 2).

New variant antibiotic resistance gene cluster. PCR map-
ping of the typical antibiotic resistance gene cluster associated

FIG. 2. (A) Southern blot hybridization with the p1-9 probe of
XbaI-digested genomic DNAs of serovar Typhimurium DT104 strain
BN9181 (lane 1), serovar Agona strain 959SA97 (lane 2), serovar
Paratyphi B strain 44 (lane 3), serovar Albany strain 7205.00 (lane 4),
serovar Newport strain 01–2174 (lane 5), and serovar Newport strain
01–5348 (lane 6). (B) Southern blot hybridization of HindIII-digested
genomic DNAs of serovar Typhimurium DT104 strain BN9181 (lane
1), serovar Agona strain 959SA97 (lane 2), serovar Paratyphi B strain
44 (lane 3), serovar Albany strain 7205.00 (lane 4), serovar Newport
strain 01–2174 (lane 5), and serovar Newport strain 01–5348 (lane 6)
with the pSTF3 probe containing all SGI1 antibiotic resistance genes
(Fig. 1).
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with SGI1 is schematized in Fig. 1. PCRs A to I and floR were
performed on genomic DNA extracted from serovar Newport
strains 01–2174 and 01–5348. The two strains yielded frag-
ments B, C, D, E, F, and floR of the sizes expected from the
serovar Typhimurium DT104 control strain BN9181 harboring
SGI1. However, PCR A specific for the aadA2 resistance gene
cassette was not obtained. Thus, these results indicated the
presence of the floR, tetR, and tet(G) genes and the second
gene cassette carrying pse-1. The positive result for PCR B
nevertheless indicated the presence of the 3�-CS with the trun-
cated sul1 gene. To assess the gene cassette array at the first
attI1 site of the SGI1 complex integron, a PCR with the for-
ward primer of PCR A, targeting the intI1 gene, and the re-
verse primer of PCR B, targeting the floR gene, was performed
(Fig. 1). The two serovar Newport strains yielded a fragment
600 bp larger than that of the serovar Typhimurium DT104
control strain BN9181 (data not shown). This PCR product
was cloned and sequenced (GenBank accession no.
AY458224). The recombinant plasmid obtained, named
pBD09, conferred resistance to Gm, Sm, and Sp in a suscep-
tible E. coli host strain. Sequence analysis identified two resis-
tance gene cassettes showing 100% nucleotide identity to those
found in class 1 integrons from a Vibrio fluvialis strain and from
an S. enterica serovar Kentucky strain recently deposited under
GenBank accession numbers AB114632 and AY463797, re-
spectively. The first resistance gene cassette was named
aac(3)-Id (GenBank accession no. AB114632) or aacC-A5
(GenBank accession no. AY463797). The resistance gene was
annotated to confer Gm, Sc, and fortimicin resistance (Gen-
Bank accession no. AB114632). The second resistance gene
cassette, named aadA7 (GenBank accession numbers
AB114632 and AY463797), was previously reported to confer
Sm and Sp resistance in an E. coli strain of the ECOR collec-
tion (16). Thus, instead of the aadA2 resistance gene cassette
classically found at the first attI1 site of the SGI1 complex

integron, two resistance gene cassettes, i.e., a novel 3�-N-ami-
noglycoside acetyltransferase gene cassette, named aac(3)-Id
or aacC-A5, and the aadA7 resistance gene cassette were found
in both multidrug-resistant serovar Newport strains of the
present study (Fig. 1). The 3�-CS was 100% identical to that of
the SGI1 complex integron of serovar Typhimurium DT104
with a truncated sul1 gene (Fig. 1). Thus, the antibiotic resis-
tance gene cluster from serovar Newport strains 01–2174 and
01–5348 constitutes a new SGI1 variant antibiotic resistance
gene cluster; we propose the name of SGI1-H according to the
previously proposed nomenclature of SGI1 variants (3, 9, 11).

The presence of this new SGI1 variant in both serovar New-
port strains was confirmed by Southern blotting of HindIII-
digested genomic DNA with the pSTF3 probe containing
nearly the entire SGI1 antibiotic resistance gene cluster of
serovar Typhimurium DT104 control strain BN9181 (corre-
sponding to the XbaI fragment shown in Fig. 1). Indeed, iden-
tical HindIII Southern blot profiles were obtained for both
serovar Newport strains 01–2174 and 01–5348 (Fig. 2). This
profile was clearly distinct from that obtained for previously
characterized SGI1 variant control strains and was in accor-
dance with the nucleotide sequence of the insert of recombi-
nant plasmid pBD09 described above (GenBank accession no.
AY458224) (Fig. 2).

Cloning and expression in E. coli of the aac(3)-Id/aacC-A5
gene cassette. The deduced amino acid sequence from the
novel 3�-N-aminoglycoside acetyltransferase gene, named
aac(3)-Id or aacC-A5, exhibits 47 to 54% identity to that of known
AAC(3)-I proteins, i.e., AAC(3)-Ia, AAC(3)-Ib, and AAC(3)-Ic
(Fig. 3) (25, 26, 34). The aac(3)-Id or aacC-A5 gene product likely
constitutes a fourth enzyme of this group. According to the ami-
noglycoside acetyltransferase nomenclature, and more particu-
larly to that of the AAC(3)-I group of enzymes, the new gene and
gene product should be named aac(3)-Id rather than aacC-A5
and AAC(3)-Id rather than AAC(3)-Ie, respectively (GenBank

FIG. 3. Amino acid sequence alignment of the AAC(3)-Id protein encoded by the aac(3)-Id resistance gene cassette of SGI1-H with that of
other AAC(3)-I proteins, including AAC(3)-Ia (GenBank accession no. CAA33850), AAC(3)-Ib (GenBank accession no. AAA88422), and
AAC(3)-Ic (GenBank accession no. CAD53575). The alignment was generated by CLUSTAL W (http://www.ebi.ac.uk/clustalw/) and modified
manually. Identical amino acids among AAC(3)-Id and another AAC(3)-I protein are highlighted in white on a black background.
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accession numbers AB114632, AY463797, and AY458224) (28,
32).

A PCR fragment corresponding to the resistance gene cas-
sette aac(3)-Id with the integron promoter was amplified and
cloned into the pGEM-7Zf vector. This recombinant plasmid,
named pBD12, was introduced into an aminoglycoside-suscep-
tible E. coli XL1-Blue host strain to determine the aminogly-
coside susceptibility patterns. Serovar Newport strains 01–2174
and 01–5348 tested by the disk diffusion method showed the
classical SGI1 multidrug resistance profile ApCmFfSmSpSuTc
but were also resistant to Gm and Sc and showed a decreased
susceptibility to Dk (Table 1). Both serovar Newport strains
showed the same level of resistance with Gm MICs of 16 �g/ml
and Sc MICs of 32 �g/ml. E. coli XL1-Blue strain carrying the
recombinant plasmid pBD12 was resistant to Gm and Sc and
showed a decreased susceptibility to Dk as the serovar New-
port strains 01-2174 and 01-5348 (Table 1). This strain showed
resistance to Gm and Sc with MICs of 32 and 128 �g/ml,
respectively. Susceptibilities to amikacin, kanamycin, neomy-
cin, netilmicin, Sm, Sp, and tobramycin were not affected.
These results thus indicated that the aac(3)-Id gene contrib-
utes to aminoglycoside resistance with a typical resistance pro-
file of AAC(3)-I enzymes, i.e., Gm and Sc (28).

Macrorestriction analysis of SGI1-carrying serovar New-
port strains. Macrorestriction analysis by PFGE of serovar
Newport isolate DNAs with XbaI showed that both SGI1-
carrying strains 01–2174 and 01–5348 were indistinguishable
(Fig. 4), whereas other serovar Newport strains that did not
carry SGI1 exhibited different but closely related XbaI macro-
restriction patterns. Thus, these results indicated that serovar
Newport strains 01–2174 and 01–5348 are clonally related but
are genetically distinct from the other SGI1-carrying S. enterica
serovars Typhimurium DT104, Agona, Paratyphi B, and Al-
bany according to their PFGE XbaI patterns described else-
where (data not shown) (8, 11, 17).

DISCUSSION

SGI1 is the first genomic island containing an antibiotic
resistance gene cluster identified in S. enterica. Its acquisition
may have been an important trait in the worldwide epidemic of
the multidrug-resistant serovar Typhimurium DT104 clone
causing disease in animals and humans (7, 12, 13, 23, 24, 30,
31). SGI1 has been further identified in other S. enterica sero-
vars, such as Agona, Paratyphi B, and Albany from different
animal species (cattle, poultry, and fish) and from humans
around the world (9–11, 17, 18). The identification of SGI1 in
several S. enterica serovars indicates a large diffusion of this
genomic island and also leads to the hypothesis of the SGI1
horizontal transfer potential. Moreover, the same chromo-

somal location of SGI1 in different S. enterica serovars at the 3�
end of the thdF gene strengthens the hypothesis of the SGI1
horizontal transfer via a site-specific integrational recombina-
tion mechanism into the chromosome, as has been reported for
integrating conjugative elements such as the SXT element in
Vibrio cholerae (14). The two serovar Newport strains isolated

FIG. 4. Macrorestriction analysis by PFGE of genomic DNAs cut
by XbaI of serovar Newport strains: SGI1-H-carrying strain 01–2174
(lane 1), SGI1-H-carrying strain 01–5348 (lane 2), non-SGI1 strain
01–8181 isolated in France in 2001 (lane 3), and serovar Newport
control strains from the French National Reference Center for Sal-
monella collection (lanes 4 and 5).

TABLE 1. Antibiotic resistance profiles and MICs of aminoglycosides for S. enterica serovar Newport and E. coli strains

Strain Antibiotic resistance profile
MIC (�g/ml)

Gm Sc

S. enterica serovar Newport 01-2174 ApCm(Dk)FfGmScSmSpSuTc 16 32
S. enterica serovar Newport 01-5348 ApCm(Dk)FfGmScSmSpSuTc 16 32
E. coli XL1-Blue (pBD12) ApDkGmScTc 32 128
E. coli XL1-Blue (pGEM-7Zf) ApTc �0.5 �0.5
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from humans in France in the present study thus represent the
fifth S. enterica serovar in which SGI1 has been identified. The
two serovar Newport strains were clonally related, as shown by
XbaI macrorestriction analysis, and were probably linked from
an epidemiological point of view. Gastroenteritis occurred in
the two French patients during travels to Egypt in April and
July 2001, and they were probably infected by the same serovar
Newport strain during their travel.

The serovar Newport isolates studied here also represent a
new SGI1 variant antibiotic resistance gene cluster, named
SGI1-H according to the previously proposed nomenclature
(3, 9, 11). The aac(3)-Id and aadA7 gene cassettes found in-
stead of aadA2 are the second example of gene cassette re-
placement at one of the SGI1 attI1 sites. The first case of gene
cassette replacement reported for the SGI1 complex class 1
integron was that of the serovar Albany SGI1-F variant, in
which the aadA2 gene cassette was replaced by the dfrA1 and
ORF gene cassettes (11). The aac(3)-Id and aadA7 gene cas-
settes of serovar Newport may have been introduced in the
SGI1 complex class 1 integron by homologous recombination
with another class 1 integron containing the same array of
resistance gene cassettes from another bacterium. Another
explanation is the exchange of resistance gene cassettes medi-
ated by the integron-encoded integrase, implying excision of
the aadA2 gene cassette and insertion of the aac(3)-Id and
aadA7 gene cassettes. The partial intI1 sequence from serovar
Newport showed four point mutations compared to the classi-
cal SGI1 intI1 gene (99% nucleotide identity) (data not
shown). Moreover, the array of resistance gene cassettes found
in the integron of the serovar Newport strain were the same as
those recently reported in an integron of a Vibrio fluvialis strain
(GenBank accession no. AB114632). When we consider these
data, the first hypothesis of a homologous recombination be-
tween the SGI1 complex integron of serovar Newport and the
class 1 integron of another bacterium seems to be more likely.
In the present study, the contamination origin by the serovar
Newport strains harboring SGI1 has not been elucidated. Ac-
cording to the natural aquatic environment of pathogenic V.
fluvialis strains, antibiotic resistance gene exchange between
different bacterial species such as Vibrio and Salmonella prob-
ably takes place in such aquatic environments.

The new variant SGI1-H of the present study was shown to
contain a novel 3-N-aminoglycoside acetyltransferase gene,
aac(3)-Id, conferring resistance to Gm and Sc. The aminogly-
coside resistance profile of the AAC(3)-I enzymes group is
characterized by resistance to Gm, Sc, and astromicin (also
called fortimicin [not tested in the present study]). The nucle-
otide identity of the aac(3)-Id gene is ca. 40 to 60% compared
to that of the other acetyltransferase genes, aac(3)-Ia, aac(3)-
Ib, and aac(3)-Ic, that encode the same AAC(3)-I aminogly-
coside resistance profile (25, 26, 28, 34). Like the other
aac(3)-I resistance genes, the aac(3)-Id gene is located within
a class 1 integron. The AAC(3)-Id protein represents a fourth
evolutionary lineage of the AAC(3)-I group and shares 54%
amino acid sequence identity with that of the AAC(3)-Ic pro-
tein, which has recently been described (25). As shown in the
present study, the newly described aac(3)-Id resistance gene
thus contributes to aminoglycoside resistance with a typical
profile of AAC(3)-I enzymes, i.e., resistance to Gm and Sc. To
our knowledge, the combination of this gene cassette with the

aadA7 gene cassette in SGI-H confers for the first time the
extended aminoglycoside resistance profile, i.e., resistance to
Gm, Sc, Sm, and Sp in serovar Newport.

In conclusion, as appears from this and previous studies, the
SGI1 complex class 1 integron may contribute to the capture in
the Salmonella chromosome of a wide diversity of resistance
gene cassettes and thus generate diverse antibiotic resistance
gene clusters (3, 9, 11). Moreover, the growing number of S.
enterica serovars for which SGI1 has been identified and the
identical chromosomal location of SGI1 in these serovars sug-
gest that SGI1 is a new emerging mobile element that inte-
grates site specifically into the chromosome. Studies are under
way to examine experimentally the capacity of horizontal trans-
fer of SGI1.
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