Eur J Clin Microbiol Infect Dis (2009) 28:1087—-1093
DOI 10.1007/s10096-009-0753-1

ARTICLE

Detection of Salmonella enterica serovar Typhimurium
with pUO-StVR2-like virulence-resistance hybrid plasmids

in the United Kingdom

A. Herrero - M. C. Mendoza - E. J. Threlfall -
M. R. Rodicio

Received: 21 December 2008 / Accepted: 22 April 2009 /Published online: 12 May 2009

© Springer-Verlag 2009

Abstract The aim of this study was to investigate the
presence in the United Kingdom (UK) of Salmonella
enterica serovar Typhimurium isolates carrying pUO-
StVR2-like virulence-resistance hybrid plasmids that
originated from pSLT. One hundred and fifty ampicillin-
resistant isolates of S. Typhimurium, collected in different
regions of the UK during 2006, were screened for the
presence of blapxa.; carried by an InH-like integron
(2000 bp/blagxa-1-aadAl) characteristic of pUO-StVR2.
Positive isolates were tested for the presence of a large
plasmid that hybridised with probes specific for the blagx a1
and spvC genes, used as resistance and virulence markers
of the hybrid plasmid, respectively. Eleven out of the 150
isolates fulfilled both criteria and were assigned to the S.
Typhimurium pUO-StVR2 group. Nine were resistant to
ampicillin, chloramphenicol, streptomycin/spectinomycin,
sulfonamides and tetracycline, encoded by blagxa.1, catAl,
aadAl-like, sull and fet(B), respectively, and carried a
pUO-StVR2-like plasmid of ca. 130 kb. Two contained
hybrid plasmids of smaller size and lacked resistance(s) to
chloramphenicol or chloramphenicol and tetracycline. The
eleven isolates, which showed five and six closely related
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Xbal and Binl profiles, respectively, were resistant to
nitrofurantoin. In conclusion, multidrug-resistant S. Typhi-
murium isolates of the pUO-StVR2 group, which are
endemic in Spain, were also detected in the UK, albeit
with a low frequency (7.3%).

Introduction

Isolates of Salmonella enterica serovar Typhimurium (S.
Typhimurium) carrying a virulence-resistance hybrid plas-
mid, termed pUO-StVR2, were first detected in the
Principality of Asturias (PA), a region in the north coast
of Spain, over the 1993-2000 period [1]. By 2001-2002,
these isolates had became the second most frequent
multidrug-resistant (MDR) group of S. Typhimurium in
the PA [2], only preceded by the pandemic definitive phage
type (DT) 104 [3]. By 20022004, they were widely spread
in Spain, where they can be now regarded as endemic [4].
Most isolates (>89.0%) shared the following features: (i)
resistance to ampicillin, chloramphenicol, streptomycin/
spectinomycin, sulfonamides and tetracycline (AMP-CHL-
STR-SUL-TET phenotype) encoded by the blaoxa-1,
catAl, aadAl, sull and tet(B) genes, respectively; (ii) a
class 1 integron (InH) with the blagxa.j-aadAl gene
cassettes in its variable region of ca. 2000 bp; (iii) the
spvC, rck, samA, oriT, traTl, traX, repA (RepFIIA) and
parA/B genes (but not repA2 (IncFIB), rsk and pefABCD)
of pSLT, the virulence plasmid specific of serovar S.
Typhimurium; and (iv) a hybrid plasmid termed pUO-
StVR2 (of ca. 130 kb) where the resistance and virulence
genes are located [4]. In addition, more than 50.0% of the
analysed isolates shared an Xbal-Binl pulsed field electro-
phoresis (PFGE) profile (termed X1-B1), a fact consistent
with clonal spread of the isolates of the group. Intra-group
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diversity was also observed and a total of four resistance
phenotypes, five resistance genotypes, two integron pro-
files, four plasmid variants (termed pUO-StVR4 to pUO-
StVR7, which differed from pUO-StVR2 in mass and
restriction and/or resistance patterns), 15 Xbal-Blnl com-
bined PFGE profiles and five phage types were identified
[2, 4]. These results are in agreement with the evolution of
pUO-StVR2, intra-group diversification and/or horizontal
spread of the hybrid plasmid.

Information on the international distribution of the S.
Typhimurium pUO-StVR2 group is not available. Isolates
containing a 2000 bp/blapxa.1-aadAl integron and show-
ing resistance phenotypes and macrorestriction profiles
similar to those collected in Spain have been recovered in
Portugal from clinical samples and food products [5].
Moreover, the 2000 bp/blagxa.1-aadAl integron has been
detected in five AMP-CHL-STR-SUL-TET isolates recov-
ered from patients hospitalised in Norway [6]. Although
one of the isolates was reported as domestically acquired,
the remaining four had been acquired in Spain, hinting a
probable spread of S. Typhimurium pUO-StVR2 as far as
Northern Europe. This possibility is a cause of concern,
since. MDR salmonellae, apart from the difficulties in
therapeutic treatment, have been associated with increased
risk of hospitalisation, invasive illness and death in
different countries [7].

Within this scenario, the present study aimed to
evaluate the epidemiological impact of S. Typhimurium
pUO-StVR2-like isolates in the United Kingdom (UK).
For this, a two-step procedure, which includes: (i) a
presumptive test, in which randomly selected ampicillin-
resistant isolates of S. Typhimurium are screened for the
blapxa.1 gene and the InH-like integron, followed by (ii) a
confirmative test, based on the detection of a virulence-
resistance hybrid plasmid [2, 4], was applied. Positive
isolates were further characterised for intra-group and
plasmid diversity, to extend the information on the routes
of dissemination of the isolates and on the evolution of
pUO-StVR2.

Materials and methods
S. Typhimurium isolates

A total of 150 isolates were randomly selected among
ampicillin-resistant clinical isolates of S. Typhimurium
recorded at the Health Protection Agency Centre for
Infections (HPA, London) and collected during 2006 in
different regions of the UK. S. Typhimurium LT2 (pSLT);
LSP 146/02 (pUO-StVR2, blagx a1, InH: 2000 bp/blagxa-1-
aadA]), LSP 14/92 (blapSE_l, InC: 1200 bp/blaPSE_l and
InD: 1000 bp/aadA2); and LSP 389/97 (blatgm.;, Inl:
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1900 bp/dfrA12-aadA2 and In0: 150 bp) were used as
controls strains [1, 2, 8, 9].

Antimicrobial susceptibility

Antimicrobial susceptibility was determined by a break-
point method in Sensitest agar (Oxoid). The antimicrobials
tested were ampicillin, chloramphenicol, ciprofloxacin,
gentamicin, nalidixic acid, nitrofurantoin, spectinomycin,
streptomycin, sulfonamide, tetracyclines and trimethoprim.
The results were interpreted according to the criteria of the
CLSI [10].

PCR procedures and DNA sequencing

Single and multiple polymerase chain reactions (PCRs),
using previously described primers and conditions [1, 2, 4],
were performed for the detection of resistance genes
(blaoxa-1, blapsg.1, blatem-i-like, catAl, strA/B, aadAl-
like, sull, sul2, tet(B), merdA and qacEAI), class 1
integrons and pSLT genes (spvC, rck, rsk, pefA, pefB, pefC,
pefD, parA and parB). The insertion of the blapxa.; and
aadAl-like gene cassettes into variable regions of ca.
2000 bp, generated with the 5'CS/3'CS primers, was
investigated by nested PCR amplification, using the
2000-bp fragment as the template and primers specific for
the indicated genes. Amplicons obtained from the gyr4,
gyrB, parC and parE genes of isolates resistant to nalidixic
acid were sequenced at the Federal Institute for Risk
Assessment (Bfr), Berlin, Germany. For sequence analysis,
the BLAST and CLUSTAL W programs were used [11, 12].

Plasmid analysis and Southern hybridisation

Plasmid DNA was purified by the Kado and Liu method
[13]. Plasmids ranging in size from 7 to 150 kb, extracted
from Escherichia coli 39R861 (NCTC 50192), were used
as size standards. Selected plasmid profiles were sequen-
tially hybridised with probes specific for the spvC and
blagxa.1 genes. The probes were obtained from LT2 (spvC)
and LSP 146/02 (blapxa-1) by PCR amplification using the
PCR DIG labelling mix (Roche Applied Science), followed
by gel extraction with the GFX™ DNA and Gel Band
Purification Kit (Amersham Biosciences).

Genomic macrorestriction pulsed-field gel electrophoresis
(PFGE) analysis and phage typing

Genomic DNA from pUO-StVR2-like positive isolates and
from the control strains was independently digested with
Xbal (Roche Diagnostics, 30 U; 4 h at 37°C) and Binl
(Fermentas, 20 U; 4 h at 37°C). The generated fragments
were separated by PFGE, performed in the CHEF-DR III



Eur J Clin Microbiol Infect Dis (2009) 28:1087-1093

1089

System (Bio-Rad Laboratories) under the standardised
conditions recommended by the Salm-gene project [14].
DNA from S. Typhimurium LT2 digested with either Xbal
or Blnl was used as the size standard [15]. Phage typing of
the isolates was performed at the HPA using standard
techniques.

Results

Incidence of the blagxa.1-InH-like positive isolates
in the UK

One hundred and fifty ampicillin-resistant isolates of S.
Typhimurium, randomly selected for the present study,
were initially tested for the type of bla gene and the
integron profile. Total DNA from 67 (44.7%), 65 (43.3%)
and 12 (8.0%) isolates generated the amplicons expected
for blapgg.; (419 bp), blatem.i-like (503 bp) and blaoxa-
(708 bp), respectively, and two (1.3%) carried both blapgk_;
and blargy.1-like amplicons. In the remaining four, none of
the three genes could be detected.

Ninety isolates (60.0%) carried conventional class 1
integron(s), arranged in different profiles. InC: 1200 bp/
aadA2 and InD: 1000 bp/blapsg., were both present in all
blapgg._1-positive isolates (69 isolates, including the two that
also carried blargy.;-like); InH-like: 2000 bp/blaoxa-1-
aadAl-like was found in all blagxa.i-positive isolates,
either alone (11 isolates) or together with another integron
with a second copy of the blapxa.; gene cassette in its ca.
1200 bp variable region (one isolate). In contrast, the
majority of the blargy.i-like positive isolates (57 out of 65;
87.7%) were negative for conventional class 1 integron(s),
though six and one carried variable regions of ca. 1600 and
1400 bp, respectively. Finally, variable regions of ca. 1000
and 700 bp were both detected in a single isolate whose
ampicillin resistance determinant was not identified. Ac-
cordingly, only 12 out of the 150 isolates fulfilled the
criteria for presumptive assignation to the pUO-StVR2
group of S. Typhimurium, and these were selected for
further characterisation.

Detection of pUO-StVR2-like hybrid plasmids
in blaoxa-1-InH-like positive isolates and assessment
of diversity

The 12 blapxa-1-InH-like positive isolates contained a large
plasmid with a size approximately coinciding with that
expected for pUO-StVR2 (ca. 130 kb), in addition to one or
more plasmids of smaller size (Fig. 1). All of the large
plasmids hybridised with the blagxa.; probe and all except
that carried by HPA 91/06 also hybridised with spvC. By
this means, 11 out of the 12 isolates were shown to contain
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Fig. 1 Plasmid detection in Salmonella enterica serovar Typhimu-
rium isolates from the UK positive for the 2000 bp/blagxa.1-aadAl-
like integron. Lanes 1 to 13: S. Typhimurium LT2 (pSLT), HPA 5/06,
HPA 52/06, HPA 91/06, HPA 104/06, HPA 107/06, HPA 112/06, HPA
113/06, HPA 127/06, HPA 154/06, HPA 155/06, HPA 156/06 and
HPA 157/06, respectively. M: molecular size standard. The largest
fragments in all lanes, except lanes 1 and 4, were identified as pUO-
StVR2-like hybrid plasmids by Southern hybridisation (not shown)

a hybrid plasmid and were assigned to the S. Typhimurium
pUO-StVR2 group, whose incidence in the UK corresponds
to 7.3% of the analysed isolates. As expected, the spvC
probe, but not blagxa.1, hybridised with the 94 kb plasmid
detected in S. Typhimurium LT2, which was included as the
control.

When the 11 isolates were tested for antimicrobial
susceptibility, three distinct resistance phenotypes were
identified, associated with four resistance genotypes
(Table 1). Nine isolates showed the AMP-CHL-STR-
SUL-TET phenotype and carried the blapxa.;, catAl,
aadAl-like, sull and tet(B) genes characteristic of pUO-
StVR2. One of them was also positive for the str4/B and
sul2 genes, which, respectively, confer resistance to
streptomycins, like aadA4l-like (that also gives resistance
to spectinomycin), and sulfonamides, like su//. Two other
isolates were AMP-STR-SUL-TET (HPA 107/06) or
AMP-STR-SUL (HPA 127/06), and lacked catAl or catAl
and tet(B), respectively. HPA 127/06 was also resistant to
nalidixic acid, due to a GAC into AAC mutation in the
chromosomal gyr4 gene, which changed Asp87 into Asn.
In contrast, mutations in gyrB, parC and parD were not
identified. HPA 127/06 showed reduced susceptibility to
ciprofloxacin (CIPy; MIC 0.25-1.0 mg/L). The resistance
profile of the outgroup HPA 91/06 isolate differed from
that of HPA 127/06 by additional resistances to tetracy-
cline (fe#(B)) and gentamicin (although the responsible
gene was not identified). It is also of note that all isolates
belonging to the S. Typhimurium pUO-StVR2 group, but
not HPA 91/06, were resistant to nitrofurantoin. With
regard to pSLT genes, spvC, pard, parB, rck, rsk and
pefABCD did not amplify when DNA from HPA 91/06
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was used as the template. In contrast, the 11 isolates of the
S. Typhimurium pUO-StVR2 group were positive for
spvC, parA, parB and rck, but lacked pefABCD and rsk,
as expected.

The S. Typhimurium pUO-StVR2-like isolates were also
subjected to macrorestriction analysis with Xbal and Binl,
followed by PFGE (Fig. 2; Table 1). Using this method,
they could be distributed into five closely related Xbal
profiles: X1, X2, X12 (already described) [1, 2, 4], X16 and
X17 (of new description), and six closely related Binl
profiles: B1, B2, B8, B17, B18 and B19 (with the last three
also being of new description). The outgroup strains S.
Typhimurium LT2 and HPA 91/06 showed clearly distinct
profiles (X0-BO and X18-B20, respectively). A relatively
high diversity was revealed by phage typing of the S.
Typhimurium pUO-StVR2-like isolates, with four, three,
two, one and one assigned to DT120, U311, DT93, U288
and U302, respectively.

Discussion

A two-step procedure, consisting of the screening of
ampicillin-resistant isolates of S. Typhimurium for the
blagxa.1 gene carried by an InH-like integron, followed
by the detection of a virulence-resistance hybrid plasmid
among the positive isolates, proved to be valuable for the
epidemiological surveillance of S. Typhimurium pUO-
StVR2-like isolates in the UK. Using this method, 7.3%
of the isolates tested (11 out of 150) obtained in
geographically dispersed regions could be assigned to the
group. In Spain, its incidence was remarkably higher,
accounting for 26.9 and 42.5% of the ampicillin-resistant
S. Typhimurium isolates recovered in the PA during 2001—
2002 and in the whole country during 2002-2004,
respectively [2, 4]. The latter figures reflect an efficient
spread of the isolates carrying pUO-StVR2-like plasmids,
causing concern about their detection in the UK.

Table 1 Differential features of Salmonella enterica serovar Typhimurium isolates from the UK carrying an integron with the 2000 bp/blagxa.1-

aadA 1-like variable region

Resistance phenotype (N)

Resistance genotype (V)

Plasmid type; size

PFGE profiles Phage type (N)

Xbal-BInl (N) Strain(s)*

AMP-CHL-STR-SUL-TET-FUR (9)
blapxa-1-catAl-aadAl-like-sull-tet(B)-nd (8)

blaoxa-1-catA1-[aadAI-like-strA/B]-[sull-sul2]-tet(B)-nd

AMP-STR-SUL-TET-FUR
blaoxa-1-aadAl-like-sull-tet(B)-nd
AMP-STR-SUL-FUR-NAL-CIP;/
blaoxa-1-aadAl-like-sull-nd-gyrA (Asp87 to Asn)
AMP-GEN-STR-SUL-TET-NAL-CIP,
blaoxa-nd-aadA 1-like-sull-tet(B)-gyrA P87 1© Asn

VR; ca. 130 kb

VR; <130 kb

VR; <130 kb

R; >130 kb

X1BI1 (2) U288
HPA 113/06
U311
HPA 157/06
DTI20 (2)
HPA 154/06
HPA 155/06
DT120 (2)
HPA 104/06
HPA 112/06
U311
HPA 156/06
DT93
HPA 5/06
DT93
HPA 52/06
U302
HPA 107/06
U311
HPA 127/06
X18-B20 NT

HPA 91/06°

X1-B8 (2)

X16-B19 (2)

X17B17

X2-B2

X2-B2

X12-B18

X17-B18

N = number of isolates with the corresponding feature when there was more than one; AMP = ampicillin; CHL = chloramphenicol; CIP =
ciprofloxacin; FUR = nitrofurantoin; GEN = gentamicin; NAL = nalidixic acid; STR = streptomycin; SUL = sulfonamide; TET = tetracycline; L =
low; nd = not determined. Genes between square brackets confer resistance to the same antimicrobial (STR or SUL)

 All strains carried an InH-like integron (2000 bp/blagxa.i-aadA1) and HPA 157/06 contained a second integron (1200 bp/blagxa.1)- NT = non-

typeable

® Qutgroup strain

@ Springer



Eur J Clin Microbiol Infect Dis (2009) 28:1087-1093

1091

Fig. 2 Xbal (A) and Binl (B) g

macrorestriction-PFGE analysis Xbal-profiles

b Binl-profiles

of the Salmonella enterica sero-
var Typhimurium isolates from
the UK, positive for the 1
2000 bp/blapxa-1-aadAI-like
integron. Lanes 1 to 13: HPA
5/06, HPA 52/06, HPA 91/06
(outgroup strain), HPA 104/06,
HPA 107/06, HPA 112/06,
HPA 113/06, HPA 127/06,
HPA 154/06, HPA 155/06,
HPA 156/06, HPA 157/06 and S.
Typhimurium LT2, respectively.
The Xbal and Binl profiles of
the latter strain (X0 and BO)
were used as molecular size
standards. The 94 kb fragment,
which corresponds to pSLT, is
marked with an asterisk in the
two profiles

Like in Spain, the resistance pattern (AMP-CHL-STR-
SUL-TET/blagxa-1-catA1-aadAl-like-sull-tet(B)) charac-
teristic of pUO-StVR2 (ca. 130 kb) was clearly predominant
in the UK (eight of the 11 isolates of the S. Typhimurium
pUO-StVR2 group). However, AMP-STR-SUL-TET/
blagxa-1-aadAl-like-sull-tet(B) and AMP-STR-SUL-
NAL-CIP, /blagx a-1-aadAl-like-sul1-gyrd P87 1© At yar
iants were also detected. The corresponding isolates carried
smaller hybrid plasmids (of ca. 125 kb), which have
probably originated from deletions affecting either the
catAl or the catAl and tet(B) gene(s) of pUO-StVR2.
Two variants lacking catAl and fet(B) and carrying deleted
versions of pUO-StVR2, termed pUO-StVR6 and pUO-
StVR7, were also recorded in Spain [4]. Since the procedure
applied to identify members of the pUO-StVR2 group pre-
selects for ampicillin resistance, possible derivatives lacking
blapxa.1 Will escape detection.

Macrorestriction-PFGE strongly supports a clonal rela-
tionship between the UK isolates, since the profiles revealed
by digestions with Xbal or Binl were identical or nearly
identical. Moreover, they were also identical or very similar
to the predominant profiles that are circulating in Spain (X1
and X2; B1 and B2) [2, 4]. In contrast, a relatively high
diversity was revealed by phage typing. The 11 isolates were
assigned to five phage types, with four, three and two being
DT120, U311 and DT93, respectively. In Spain, most of the
analysed isolates were NT or DT104b, although DT120 was
also found. If the UK isolates are clonally related, changes in
phage susceptibility, such as those reported by Lawson et al.
[16], might be relatively frequent.

X2 X2 X18 X16 X12 X16 X1 X17 X1 X1 X17 X1 X0
2 3 4567 8 910 1112 13 1

B2 B2 B20 B19B18 B19B1B18 B8 B8 B17 B1 B0
2 3 456 7 8 910 1112 13

s e SR e ——

Of particular interest is the finding that all isolates of the
pUO-StVR2 group detected in the UK were resistant to
nitrofurantoin. Nitrofurans have been applied for nearly five
decades in the treatment of certain bacterial and protozoal
infections in humans and animals, and have also been used
extensively as growth promoters for food-producing ani-
mals. The latter application has been banned in the
European Community since the mid-1990s [17, 18],
because of the potential carcinogenic properties of these
drugs and the risk of residues in food products. In the UK,
Rampling et al. [19] suggested that the widespread use of
nitrofurans in the poultry industry before the 1990s may
have contributed to the prevalence of S. Enteritidis PT4 in
chickens and, consequently, to the overall increase of
human salmonellosis around that time. In Portugal, a
remarkable incidence of Salmonella isolates from several
sources (predominantly humans and poultry) with de-
creased susceptibility to nitrofurantoin (MIC >64 mg/L)
has been reported [20]. Most of them belonged to S.
Enteritidis, but decreased susceptibility to nitrofurantoin
was also observed among MDR isolates of S. Typhimu-
rium. It has been suggested that the illegal use of
nitrofurans after being banned might have contributed not
only to the selection and prevalence of S. Enteritidis in food
animals and humans, but also to the emergence of two
MDR clones of S. Typhimurium which are widespread in
Portugal. The first is the pandemic DT104, whereas the
second carries an integron with the same variable region as
InH and shows resistance phenotypes and macrorestriction
profiles similar to those identified in Spain [7]. Of the 150
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S. Typhimurium isolates from the UK that were analysed in
the present work, only those assigned to the pUO-StVR2
group and a single isolate carrying blatgy.i-like amplicons
were resistant to nitrofurantoin. These data prompted a
retrospective study in which 44 Spanish isolates of the
pandemic DT104 group and 64 Spanish isolates of the
pUO-StVR2 group, including the oldest, were tested for
susceptibility to this antimicrobial. Using a disk diffusion
method (300 pg) and the interpretative criteria of the CLSI
[10], all isolates of the latter group proved to be fully
resistant to nitrofurantoin. In contrast, 42 DT104 isolates
showed intermediate resistance and only two were resistant
(A. Herrero, unpublished results). Accordingly, resistance
to nitrofurantoin could assist the epidemiological surveil-
lance of the S. Typhimurium pUO-StVR2-like isolates, at
least in the UK and Spain.

Taken together, the results of the present and previous
investigations support that pUO-StVR2 might have origi-
nated from pSLT within a S. Typhimurium nitrofurantoin-
resistant isolate with the X1 macrorestriction profile. In
fact, both features were shared by the earliest isolates of the
group, detected in the PA over 1993-1999. Further
dissemination of S. Typhimurium isolates carrying pUO-
StVR2-like plasmids to other countries, including the UK,
might have occurred through human travel and/or by the
import of contaminated food products, as previously
proposed for resistant isolates of S. Enteritidis PT1, S.
Typhimurium DT104 and S. Virchow [21-23]. It will be
interesting to see whether the measures adopted by the
European Union in recent years to prevent food-borne
zoonoses and to combat the threat of antimicrobial
resistance [24-26] will be sufficient to stop further
dissemination of the S. Typhimurium pUO-StVR2 group.
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