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We analyzed a collection of 60 Salmonella enterica 4,5,12:i:- phage type U302 multidrug-resistant monophasic
variant strains, isolated in Spain between 2000 and 2007. Most strains showed resistance to ampicillin (A),
chloramphenicol (C), sulfamethoxazole (Su), gentamicin (G), streptomycin (S), tetracycline (T), and co-
trimoxazole (SxT) (an ACSuGSTSxT resistance pattern). Only one pulsed-field gel electrophoresis (PFGE)
type was detected, with 19 subtypes (Simpson’s index of diversity [SID] = 0.89). Multiple-locus variable-
number tandem-repeat analysis (MLVA) showed more variability, with 32 profiles (SID = 0.97), but only
showed diversity at the STTRS and STTR6 loci. PCR and sequencing demonstrated all strains contained the
same allantoin-glyoxylate pathway deletion. Four types of deletions were detected in the fliAB operon, all
starting at the same position, at the STM2758 gene, and followed by an IS26 insertion. Furthermore, a
representative set of strains of the four deletion types harbored plasmids with 1S26. We propose that a
Salmonella enterica serotype Typhimurium U302 multidrug-resistant (ACSuGSTSxT) strain, defective for the
allantoin-glyoxylate pathway and containing IS26 at plasmid pU302L, could be the ancestor of the variant in

Spain.

In 1997 the Spanish National Salmonella Reference Labo-
ratory (SNSRL) detected that a Salmonella enterica subsp.
enterica multidrug-resistant strain had emerged with an atypi-
cal antigenic formula (4,5,12:i:-) and phage type U302 (7).
Several studies found this strain to be a monophasic variant of
S. enterica serovar Typhimurium (7, 8). Compared to the S.
Typhimurium LT2 strain, the monophasic variant contained
five major deletions in the allantoin-glyoxylate operon, the
fIAB operon, and three prophages, Fels-1, Fels-2, and
Gifsy-1 (9). Similar Salmonella monophasic strains have in-
creasingly been detected in human clinical cases and food-
related sources around the world (4, 17). The aim of this
research is to determine the molecular characterization and
genetic evolution of a representative collection of isolates of
this Spanish monophasic Salmonella variant.

MATERIALS AND METHODS

To determine the genetic evolution of this monophasic variant, we studied 60
strains of Salmonella enterica 4,5,12:i:- phage type U302, voluntarily submitted to
the SNSRL over an 8-year period (2000 to 2007), and the first food isolate from
1998 (Fig. 1). Five S. Typhimurium strains, including the LT2 strain (Spanish
Culture Cell Type CECT722) and an S. enterica serovar Enteritidis strain, were
used as controls.

The phage type was defined according to Anderson et al. (2). The suscepti-
bilities to 13 antimicrobial agents were determined by the disk diffusion method
according to the 2007 guidelines of the Clinical and Laboratory Standards In-
stitute (CLSI; http://www.clsi.org/). Pulsed-field gel electrophoresis (PFGE)
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was performed following the PulseNet International protocol (http://www
.pulsenetinternational.org/protocol/pfge.asp) using the Xbal restriction enzyme.
Dice index and UPGMA were used to obtain a dendrogram (Fig. 1). Multiple-
locus variable-number tandem-repeat analysis (MLVA) was carried out by fol-
lowing the protocol described for S. Typhimurium (12, 13). Simpson’s index of
diversity (SID) was used to calculate the discrimination of techniques (11). PCR
and sequencing were used to study the allantoin-glyoxylate and fli4B operon
deletions. The allantoin-glyoxylate operon deletion was studied using previously
described primers (9). Two contiguous PCRs were designed to delineate the
fliAB operon deletions. The first PCR amplified the region from the STM2757
gene to the IS26 insertion sequence (1). The second PCR amplified the region
from IS26 (5'-TTG CAA ATA GTC GGT GGT GA-3') to the iroC gene
(5'-CCC AGG GGA TCA CCA TAA TA-3') or from IS26 (5'-CGC CTG GTA
AGC AGA GTT TT-3') to the STM2815 gene (5'-CAC CCC GAA AGA GGT
GAT AA-3"). PFGE-S1 nuclease and hybridization assays were performed to
detect whether the monophasic strains contained large plasmids with IS26 (3).

RESULTS AND DISCUSSION

The Salmonella enterica 4,5,12:1:- U302 strains analyzed in
this study had very similar antibiotic resistance profiles, which
indicates the homogeneity of this group. Although there was
some variation compared to the typical “Spanish clone,” the
main pattern was still resistance to ampicillin (A), chloram-
phenicol (C), sulfamethoxazole (Su), gentamicin (G), strepto-
mycin (S), tetracycline (T), and co-trimoxazole (SxT) (ACSu
GSTSxT) (Fig. 1). The PFGE-Xbal profiles showed 12 to 15
bands, with no more than 4 band differences. The 60 Salmo-
nella 4,5,12:i:- U302 strains all had the same PFGE type, A,
and 19 different subtypes (Al to A19) were detected (Fig. 1),
with a SID value of 0.89. Over the 8 years these strains were
isolated from all over the country, only a few changes accumu-
lated, which demonstrates the high clonality of these strains in
Spain, a finding which is consistent with previous reports (10,
17). MLVA showed 32 profiles, although only the STTRS and
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RNIRESRRERR Deletion types
Similarity (%) PFGE PFGE profiles Strain Isolation Antibiotic —typ
50 60 70 8O0 90 100 subtypes (Xbal) Number Year Source Serotype Phage type resistance MLVA profiles AAlla-Gly AfljAB

oq 2002 Human 45, 121 - U302 ACSuGSTSxT  3-12-11-NA-410 1 2

2003  Human 4, g U302 ACSuGSTSxT ~ 3-13-19-NA-410 1

2002 Human 4, U302 ACSuGSTSxT  3-15-12-NA-410 1 1

2007 Human 4, U302 SuST 3-13-14-NA-410 1 1

2002 Pig 4, U302 ACSuGSTSxT  3-13-17-NA-410 1 1

9. 2001 Human 4, U302 SuGST 3-13-13-NA-410 1 1

2000 Human 4, U302 ACSuGSTSxT  3-13-19-NA-410 1 1

2000 Human 4, U302 ASuGSTSxT ~ 3-13-16-NA-410 1 1

2000 Human 4, U302 ACSuGSTSxT  3-13-19-NA-410 1 1

1998 Pi 4, U302 ACSuGSTSxT 1 1

teq 2000 Unknown 4, U302 ACSuGSTSxT  3-12-16- NA—410 1 1

2003 Human 4, U302 ACSuGSTSxT  3-14-15-NA-410 1 1

2002 Human 45, U302 ACSuGSNaTSxT 3-14-21-NA-410 1, 3

2004 Human 4, U302 ACSuGSTSxT  3-14-23-NA-410 1 1

2001 Human 4, U302 ACSuGSTSxT  3-15-18-NA-410 1 1

2007 Human 4, U302 ACSuST 3-12-17-NA-410 1 2

os 2003 Human 4, U302 ACSuGSTSxT  3-14-16-NA-410 1 1

2001 Human 4, U302 ACSuGSTSxT  3-11-20-NA-410 1 1

2003 Human 4, U302 ACSuGSTSxT  3-14-16-NA-410 1 1

2001 Human 4, U302 ACSuGSTSxT  3-15-18-NA-410 1 1

2000 Pig 4, U302 ACSuGSTSxT  3-14-16-NA-410 1 1

2002 Human 4, U302 ACSuGSTSxT  3-14-15-NA-410 1 1

2001 Pig 4, U302 ACSuGSTSxT  3-13-11-NA-410 1 1

550 2003 Human 4, U302 ACSuGSTSxT  3-14-15-NA-410 1 1

2001 Human 4, U302 ACSuGSTSxT  3-15-17-NA-410 1 1

2003 Human 4, U302 ACSuGST 3-15-17-NA-410 1 1

B 2003 Human 4, U302 ACSuGSTSxT  3-13-19-NA-410 1 1

4: 2007 Pig 4, U302 CSuGSNa 3-14-14-NA-410 1 1

2001 Human 4, U302 ACSuGSTSxT  3-14-21-NA-410 1 3

234 2003 Human 4, U302 ACSuGSTSxT  3-14-22-NA-410 1 1

10 2002 Human 4, U302 ACSuGSSxT 3-14-16-NA-410 1 1

2000 Unknown 4, U302 ACSuGSTSxT  3-13-13-NA-410 1 1

2002 Human 4, U302 ACSuGSTSxT  3-12-16-NA-410 1, 1

2006 Human 4, U302 ACSuGSTSxT  3-14-16-NA-410 1 1

10 2002 Human 4, U302 ASuGSTSxT 3-13-19-NA-410 1 1

S5 2006 Human 4, U302 SuGST 3-13-NA-NA-410 1 1

2003 Human 4, U302 ACSuGSTSxT  3-14-16-NA-410 1 1

2002 Human 4, U302 ACSuGSTSxT  3-16-17-NA-410 K 2

032 10 2005 Human 4, U302 ACSuGSTSxT  3-13-13-NA-410 1 1

] 2000 Pig 4, U302 ACSuGSTSxT ~ 3-13-18-NA-410 1 1

o) 2002 Human 45,12 U302 ACSuGSTSxT  3-13-15-NA-410 1 1

2004 Human 4,5,12: U302 ACSuGST 3-13-9-NA-410 1 1

2002 Human 4,5,12; U302 ASuGSTSxT ~ 3-13-12-NA-410 1 1

baki 2004 Human 45,12 U302 ACSuGSTSxT  3-14-15-NA-410 1 1

2000 Human 45,12 U302 ACSuGSTSxT  3-13-17-NA-410 1 1

2005 Human 4,5,12; U302 ACSuGKST 3-15-17-NA-410 1 1

2006 Human* 45,12 U302 ACSuGSTSXT  3-14-NA-NA-410 1 1

= 2005 Human* 45,12 U302 ACSuGSTSxT  3-13-15-NA-410 1 1

o 2001 Human 45,12 U302 ACSuGSTSxT  3-15-22-NA-410 1 1

2001 Human 4, U302 ACSuGSTSxT  3-12-16-NA-410 1 2

2002 Human 4, U302 ACSuGSTSxT  3-12-18-NA-410 1 2

2005 Human 4, U302 ACSuGSTSxT  3-15-14-NA-410 1 1

2003 Human 4, U302 ACSuGSTSxT  3-13-14-NA-410 1 1

2003 Human 4, U302 ACSuGSTSxT  3-14-16-NA-410 1 1

2000 Human 4, U302 ACSuGSTSxT  3-14-17-NA-410 1 4

2005 Human 4, U302 ACSuGSTSxT  3-14-12-NA-410 1 1

2000 Human 4, U302 ACSuGSTSxT  3-15-14-NA-410 1 1

2002 Pig 4, U302 ASuGSTSxT 3-13-15-NA-410 1 1

2003 Human 4,5,12; U302 ACSuGSTSxT  3-12-27-NA-410 1 1

s 2003 Human 4, U302 ACSuGSTSxT  3-12-17-NA-410 i 1

: 5571 2004 Human 4,5,12:1: U302 ACSuGSTSxT  3-13-14-NA-410 1 1

2002 Enteritidis AGKCef 3-13-18-NA-NA - =

2003 Typhimurium U302 ACSuST 3-15-16-16-311 1 %

2004 Typhimurium U302 ACSuST 4-13-15-29-NA 1 &

2006 Typhimurium PNR ACSuKST 2-13-NA-NA-311 N &

2007 Typhimurium  104b SuST 3-14-NA-NA-NA x 2

Typhimurium - - 4-13-13-10-310

FIG. 1. Results of PFGE typing, characteristics of the strains used in this study, and type assignment by different typing methods. PFGE
dendrogram, types, and profiles obtained with Xbal restriction enzyme following the PulseNet International protocol using Dice and UPGMA
(optimization, 0.50%; tolerance, 1.5%). Strain numbers from Salmonella laboratory of Faculty of Pharmacy, UPV/EHU, Vitoria-Gasteiz, Spain.
CNMS3IC, strain code of Microbiology National Centre (CNM, Majadahonda, Madrid); LT2, Salmonella LT2 strain obtained from the Spanish
Type Culture Collection (CECT no. 722); *, human blood source; other human isolates were obtained from stools. Antibiotic resistance: A,
ampicillin; C, chloramphenicol; Su, sulfamethoxazole; G, gentamicin; K, kanamycin; S, streptomycin; Cef, cephalothin; Na, nalidixic acid; T,
tetracycline; SxT, cotrimoxazole. MLVA profiles are composed of five numbers indicating repeat unit for each locus, with the following order:
STTRY-STTRS5-STTR6-STTR10-STTR3 (11). Deletion type assigned by PCR and sequencing of allantoine-glyoxylate (AAlla-Gly) operon or fliAB

(AfliAB) operon deletions.

STTRG6 loci presented variability (6 and 16 allele numbers,
respectively) (Fig. 1), with a SID value of 0.97. These results
are consistent with observations by others that the MLVA
method is more discriminative than PFGE and a possible al-
ternative to PFGE for genotyping highly clonal groups of bac-
teria (12, 13). Based on PFGE and MLVA techniques, the
Spanish Salmonella enterica 4,5,12:i:- phage type U302 strains
studied are more homogeneous than groups isolated in other
countries (17), supporting a clonal origin.

Two of the major deletions previously detected in the Span-
ish monophasic strains, in the allantoin-glyoxylate and fli4B
operons (9), were studied by PCR and sequencing. We con-
firmed the deletion of the allantoin-glyoxylate operon in all

Salmonella 4,5,12:i:- strains and in the two S. Typhimurium
U302 strains. Sequencing revealed that the deletion always
spanned the STM0517 and STM0529 genes (GenBank acces-
sion no. EU265823.1, EU265824.1, and EU265825.1). A sim-
ilar deletion in this gene region was described by Reen et al.
(15) for S. Typhimurium.

In the present study, we detected variations in the fliAB
operon deleted gene region (Fig. 2). The start of the deletion
was well conserved in all 60 Salmonella monophasic strains
studied. This deletion affected 93.6% of the STM2758 gene
and began at the same nucleotide in all cases (Fig. 2). The
end of the deletion showed more variability. We identified
four different deletion types: AfliABI, AfliAB2, AfliAB3, and
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FIG. 2. Structure of the different fliAB operon deletion types and the insertion of IS26 detected in Spanish S. enterica serovar [4,5,12:i:-]
monophasic variant strains observed by PCR and sequencing, compared with the Salmonella enterica serovar Typhimurium LT2 genome (GenBank

accession no. AE006468.1).

AfljAB4 (Fig. 2). AfliABI was the most common deletion, ending
at nucleotide 639 of the iroB gene (STM2773); this sequence is
available from GenBank (accession no. GQ402163.1). The
AfliAB2 deletion ended at nucleotide 871 of the iroB gene (ac-
cession no. GQ402164.1); the AfliAB3 deletion ended at nu-
cleotide 235 of the iroC gene (STM2774) (accession no.
GU939595.1); and AfliAB4 was a larger deletion, which ended
at nucleotide 543 of the emrA gene (STM2814) (accession no.
HM595411) (Fig. 2). No amplification occurred with the con-
trol strains.

Previous studies revealed 1S26 was inserted in the fliAB
operon deleted region (9); this finding was confirmed here.
Other authors (6) have shown similar mutations in the rbs
operon of Escherichia coli, with the end point of the deletion
always precisely located at the end of IS150 and with different
extents of the deletion. In our study, all the deletion types of
the genes were replaced by an inverted IS26 sequence. IS26 is
a member of a family of transposable elements with a possibly
wide host range and of considerable importance for horizontal
gene transfer between microorganisms (14). IS26 has been
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described for many bacteria, including the S. Typhimurium
U302 G8430 strain, which harbors a large plasmid (pU302L)
with 5 copies of this insertion sequence (5, 14). To detect
whether the monophasic strains in our study contained large
plasmids with IS26, a selection of 13 strains with different
AfliAB deletion types were assayed by PFGE-S1 and hybrid-
ization. The result was positive in all strains. IS26 was present
in the chromosomally deleted region and in the large plasmid,
which could involve a replicative transposition event (18). Fur-
thermore, when analyzing the start and end of the deleted
regions, we detected a short sequence of 14 nucleotides (5'-
AAG ACG CTC TGA AT-3') in the sequence, left-adjacent to
the conserved fragment of the STM2758 gene in the chromo-
some, upstream from the start of all AfliAB-type deletions.
Interestingly, we detected the complementary inverted se-
quence of these 14 nucleotides flanking the end of the third
copy of I1S26 on the pU302L plasmid (14). The homology in
this short sequence could explain the upstream conserved in-
sertion of IS26 in this region at the same position in all the
deletion types. Analysis of nucleotide sequences downstream
of the different deletions detected no homology with the end of
inverted 1S26, suggesting rearrangements are associated with
the initial transposition event or represent recombination with
other IS26s transposed downstream. In agreement with the
findings of Cooper et al. (6) and Schneider et al. (16), these
different genetic events (transpositions and recombinations)
could take place simultaneously or successively. The mecha-
nism and the drive to continue deleting in this region are
unknown. However, it is possible for the deletions to be related
to each other as a nested series.

Based on the results obtained by PFGE, MLVA, PCR, and
sequencing, the Salmonella monophasic strains of this study
seem to have maintained great homogeneity over the years. A
recent study carried out with some Salmonella 4,5,12:i:- isolates
from the United States and Spain concluded that this strain
most likely represents multiple clones with distinct geograph-
ical distributions that emerged through independent deletion
events (17). Our data support this hypothesis and expands the
information given by Soyer et al. (17) about Spanish monopha-
sic strains, as we studied a larger number of strains and se-
quenced the fragments flanking the flj4B deletions. From our
data, there is not a clear link between the location of the
strains, source, or year of isolation and the different profiles of
resistance, fliAB deletion type, and PFGE or MLVA patterns;
yet, considering we analyzed only a representative collection of
strains of the Spanish clone, we cannot reject these relation-
ships.

In summary, we hypothesize that a Salmonella enterica
serotype Typhimurium, phage type U302, multidrug-resis-
tant (ACSuGSTSxT) strain, defective for the allantoin-
glyoxylate pathway and harboring the plasmid pU302L, could
be the ancestor of the monophasic variant strains assayed in
this report. However, more studies are necessary to ascertain if
the AfljABI deletion type could be the origin of the other
variations or, to the contrary, if the four genetic defects arose
independently.
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