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2. Objetivos

El trabajo de esta Tesis Doctoral se enmarca en la línea de investigación
“Epidemiología molecular de Salmonella enterica” que desde hace quince años se
desarrolla en el Área de Microbiología de la Universidad de Oviedo. El trabajo se centró en
la detección y caracterización de diferentes elementos genéticos implicados en la captura,
diseminación y mantenimiento de determinantes de resistencia a antimicrobianos en
serotipos no tifoideos de S. enterica. Esta bacteria, por su carácter zoonótico, podría estar
desempeñando un papel muy relevante tanto en el desarrollo como en la dispersión de la
multirresistencia debido a tres hechos: i) ser eficaz receptora y donadora de determinantes
de resistencia asociados a elementos genéticos móviles; ii) constituir los animales de abasto y
las aves un importante reservorio de los serotipos zoonóticos más frecuentemente implicados
en toxiinfecciones alimentarias; iii) al uso de antimicrobianos en ganadería intensiva, que
facilita la selección de las cepas de S. enterica resistentes frente a las sensibles.
Los objetivos abordados se recogen a continuación:
Objetivo 1.- Rastreo y caracterización de integrones de clases 1 y 2 en S. enterica:
1.a.- En cepas clínicas aisladas en el Principado de Asturias (Artículos 1 y 2). En estos
trabajos se encontró un integrón de clase 2 inserto en el transposón Tn7 y asociado a dos
variantes de integrones de clase 1 en plásmidos y/o cromosoma de cepas antiguas (19901998) de serotipos poco frecuentes de S. enterica. Estos últimos resultados nos llevaron a
abordar el objetivo 1.b.
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1.b.- En cepas clínicas multirresistentes procedentes de diferentes ciudades
españolas y depositadas en el Centro Nacional de Microbiología (Artículo 3). En este trabajo
no se encontraron integrones de clase 2, pero se identificaron 9 tipos ya descritos y 1 de
nueva descripción de integrones de clase 1. Además, se detectaron BLEEs en aislamientos de
S. Virchow y un plásmido híbrido de virulencia-resistencia (pUO-SeVR1) en una cepa de S.
Enteritidis (CNM 4839/03, perfil E4). Estos últimos resultados establecieron el punto de partida
de los dos objetivos siguientes.
Objetivo 2.- Estudio epidemiológico sobre la presencia de BLEEs y enzimas AmpC en
cepas de S. enterica resistentes a cefalosporinas de tercera generación, aisladas de
alimentos y animales en Alemania (Artículo 4). Trabajo que se llevó a cabo en el marco de
una estancia corta realizada en el Federal Institut for Risk Assessment de Berlín, Alemania.
Objetivo 3.- Caracterización molecular del plásmido pUO-SeVR1 encontrado en la
cepa S. Enteritidis CNM 4839/03 (Artículo 5).
Objetivo 4: Colaboraciones.- Participar en la fase experimental de 3 estudios realizados
por nuestro grupo de trabajo durante el periodo de formación pre-doctoral:
4.a.- Caracterización molecular de integrones y transposones de ubicación plasmídica
en cepas multirresistentes de los serotipos S. Brandenburg y S. Ohio aisladas en el Principado
de Asturias (Artículos 6 y 7).
4.b.- Detección y mapeo de determinantes de virulencia en dos grupos de cepas
clínicas de S. Enteritidis: uno causante de gastroenteritis y otro de bacteriemia (Artículo 8).
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ESBLs and AmpC βlactamases in ceftiofur resistant
Salmonella enterica isolates from food and livestock
obtained in Germany during 20032007
Irene Rodríguez1, Wolfgang Barownick2, Reiner Helmuth2, M. Carmen Mendoza1,
M. Rosario Rodicio1, Andreas Schroeter2 and Beatriz Guerra2*
1

Departamento de Biología Funcional, Área de Microbiología, Universidad de Oviedo, 33006-Oviedo,
Spain
2
Department of Biological Safety, Federal Institute for Risk Assessment (BfR), D-12277-Berlin,
Germany

Objectives: Detection and characterization of extended spectrum β-lactamases (ESBLs) and AmpC encoding
genes in German Salmonella isolated from different sources during 2003-2007.
Methods: All non-sibling German isolates from the National Salmonella Reference Laboratory (2003-2007)
Collection showing ceftiofur MICs ≥ 4 mg/L, were tested for β-lactams/β-lactamase inhibitors susceptibility,
presence of ESBLs or AmpC encoding genes, class 1 and 2 integrons, other resistance genes, and IS26 and
ISEcp1 sequences by PCR/sequencing. The isoelectric point of the β-lactamase was determined. Strains
were analysed by PFGE and plasmid profiling. The bla genes were mapped by Southern-blot hybridization.
Plasmids were characterized by rep-PCR typing.
Results: Sixteen isolates (10 S. Typhimurium, two S. Anatum and S. Paratyphi B dT+, one S. Infantis and S.
London) carried blaCTX-M (15 blaCTX-M-1 and one blaCTX-M-15) genes, located on self-transferable IncB/O, IncI1
and/or IncN plasmids. Seven of the S. Typhimurium isolates carried the SGI1-M variant. Six isolates (five S.
Agona, one S. Kentucky) carried the blaCMY-2 gene on IncI1 conjugative plasmids. BlaTEM-20 genes were
detected in two S. Paratyphi B dT+ isolates, and blaTEM-52 in one S. Paratyphi B dT+ and one S. Virchow,
located on IncI1 plasmids. All S. Paratyphi isolates harboured a 2300 bp/dfrA1-sat2-aadA1 class 2 integron.
Conclusions: Among the German Salmonella isolates of our series, the ESBLs and AmpC β-lactamases
prevalence is still quite low. However, it is slowly increasing. Various β-lactamase genes are linked to a
variety of genetic elements capable of horizontal DNA transfer. Consequently their dissemination is likely
and demands adequate risk management strategies.
Keywords: antimicrobial resistance, integron, conjugative plasmids, PFGE, ISEcp1

Introduction
Over the last decade, the high incidence of multidrug
resistance (MDR) in Enterobacteriaceae has become a
serious public health problem worldwide. Because of
their critical importance for human and veterinary
medicine, resistance to extended spectrum β-lactams,
especially third and fourth generation cephalosporins and
penems, is of special interest.
Until now, more than 700 distinct β-lactamases have
been described,1 and they can be classified following the
Ambler or the Bush-Jacoby-Medeiros schemes.2,3 The
Ambler scheme recognizes four classes of β-lactamases:
A, B, C, and D, according to the molecular structure of
the enzymes, whereas the Bush-Jacoby-Medeiros scheme
combines structural and functional characteristics of the

major classes of β-lactamases where groups from 1 to 4
can be subdivided into subgroups.
The extended spectrum β-lactamases (ESBLs) belong
to class A in the Ambler scheme and to group 2be in the
Bush-Jacoby-Medeiros scheme. Since their first
description in the early 1980s in Germany,4 the number
of ESBL-producing bacteria has increased worldwide in
many different genera of Enterobacteriaceae.5 Most of
these enzymes are derivatives of the TEM or SHV βlactamases which can hydrolyze most penicillins as well
as oximino-cephalosporins, and are inhibited by
clavulanic acid. However, in recent years a new family of
ESBLs with a higher level of resistance to cefotaxime
than to ceftazidime has arisen. These enzymes are called

69

3. Resultados
CTX-M β-lactamases and they can be subdivided into
five subgroups by their amino acid sequence similarities:
CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9 and CTXM-25. The genes encoding these enzymes have
commonly been found located on plasmids, and are
nowadays considered the most prevalent type of ESBLs
in many European countries.6,7
On the other hand, AmpC enzymes belong to class C
in the Ambler’s genetic classification and to group 1 in
the Bush-Jacoby-Medeiros scheme. These enzymes
mediate resistance to all β-lactams except carbapenems,
cefepime, cefpirome and the novel penicillin
amdinocillin, and most of them are clavulanic acid
resistant. The increasing presence of these β-lactamases
in pathogenic bacteria limits the use of these drugs,8
which in the case of infections with a multiresistant
bacterium are the treatment of last choice. For this
reason, the World Health Organization (WHO), together
with the Food and Agriculture Organization (FAO), and
the World Organization for Animal Health (OIE)
recognize β-lactams, and especially cephalosporins of
3rd and 4th generation, as critically important
antimicrobials.9
Reports which reflect the incidence and molecular
epidemiology of β-lactamases in food-producing animals
are of special interest, since they are the principal
reservoir of zoonotic pathogens. Some recent studies
have documented the present situation in different
European countries,10,11 but data from Germany are
unavailable. For this reason, the aim of this study was to
identify ESBL- and AmpC-producing Salmonella
enterica isolates, mainly from animal and food origin,
isolated from all over the country, and collected at the
German National Salmonella Reference Laboratory
during the period 2003-2007.

Material and Methods
Bacterial isolates
The German National Salmonella Reference Laboratory
(NRL-Salm) from the Federal Institute for Risk
Assessment (BfR, Berlin), receives Salmonella strains
isolated in all Federal Länder of Germany, originating
from routine surveys of different investigation centres
involved in public health, for further typing (including
serotyping, phage typing and antimicrobial susceptibility
assays). During the period 2003-2007, a total of 22,679
Salmonella enterica isolates were collected at the NRLSalm. These isolates originated from food producing
animals (38 %), foods (30 %), non-food producing
animals (13 %), feed (8 %), environment (7 %), humans
(2 %), or unknown sources (2 %). In order to detect
ESBL- and AmpC-producers among the strains present
in the collection, all German isolates showing MIC ≥ 4
mg/L to ceftiofur, avoiding siblings (isolates with same
date or place of isolation), were included in this study.
Initially, 45 isolates belonging to serovars S. Saintpaul
(19), S. Typhimurium (10), S. Agona (five), S. Paratyphi
B dT+ (five), S. Anatum (two), S. Infantis (one), S.
Kentucky (one), S. London (one) and S. Virchow (one),
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were analyzed. In an initial step of the screening, isolates
with MIC values of 2 mg/L were also considered, but
further analysis confirmed their susceptibility to most βlactams. These 19 S. Saintpaul isolates lacked ESBLs or
AmpC enzymes. For this reason, the results of the
analysis of this group were not included in the present
study, and only the work regarding the remaining 26
isolates was considered.
Antimicrobial susceptibility testing
The MICs of 17 antimicrobial agents, including βlactams and β-lactamase inhibitors (ampicillin, ceftiofur
and amoxicillin/clavulanic acid) were assessed using the
CLSI broth microdilution method.12,13 The isolates were
also tested against a panel of 12 additional β-lactams
(Oxoid, Wesel, Germany): aztreonam, cefotaxime,
cefoxitin,
cefepime,
cefpodoxime,
ceftazidime,
ceftriaxone, cefuroxime, cephalothin, imipenem,
piperacillin, and ticarcillin, by the CLSI disc-diffusion
method.14,15
Detection and characterization ESBLs and AmpC
enzymes and encoding genes
This was achieved by both PCR-amplification/
sequencing of selected genes, and isoelectric focusing
(IEF) of the enzymes, as follows.
In order to detect the presence of β-lactamases in the
isolates, different PCR amplifications were performed in
three steps, depending on the β-lactam resistance
phenotypes found. First of all, the isolates were tested for
the presence of blaOXA, blaPSE, and blaTEM genes using a
multiplex PCR with specific primers for these genes.16 In
a second step, the presence of blaCTX-M genes was
investigated in all isolates by a screening PCR with
universal primers for blaCTX-M-like genes.17 The positive
isolates detected were further analyzed by simple PCRs
using specific primers for the blaCTX-M groups: M-1, M-8
and M-9.17,18 In the third step, isolates were analyzed
using a multiplex PCR for the detection of familyspecific plasmid-mediated AmpC β-lactamase genes:
ACC, CIT, DHA, EBC, FOX and MOX,19 and by simple
PCR with primers for blaCMY.20 All PCR products
obtained by amplification of blaCTX-M groups and blaCMY
were sequenced by Agowa GmbH (Berlin, Germany).
Sequences obtained were compared to those registered in
databases.
Finally, the genetic environment of the blaCTX-M
genes was also investigated by PCR and sequencing,
using forward primers specific for IS26 and ISEcp1 and
the blaCTX-M reverse consensus primer (MA1-R), as
described by Eckert.21 The generated sequences were
deposited in the EMBL database with accession numbers
FM865623, FM865624 and FM865625.
The isoelectric point (pI) of the β-lactamases was
determined by IEF. Crude extracts were prepared by
sonication of cell pellets obtained from overnight
cultures grown in Luria Bertani Broth containing
ampicillin (100 mg/L). Pellets were washed twice with
phosphate buffer (pH 7.0), sonicated on ice, centrifuged,
filtered and stored at -20 or -80°C. Three µl of the
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bacterial extracts were loaded onto commercial gels
(PhastGel IEF 3-9, 4-6.5 or 5-8, GE Healthcare,
Freiburg, Germany). IEF was carried out on a Phast
System (GE Healthcare) following the manufacturers
recommendations. Protein development was done by
overlaying the gels with 500 µl of nitrocephin 50 mg/L
solution (Oxoid, Wesel, Germany). A collection of
ESBLs-positive strains kindly provided by the EUReference Laboratory for Antimicrobial Resistance
(CRL-AR, Copenhagen, Denmark) were used as
controls.
Other resistance genes and integron detection
The isolates were also analyzed for additional resistance
genes related to their resistance phenotypes. Overall,
genes encoding resistance to chloramphenicol (catA1,
cmlA, floR), gentamicin (aacC2, aacC4, aadB),
kanamycin (aphA1, aphA2), quinolones (qnrA, qnrB,
qnrS), streptomycin (aadA1, aadA2, strA-strB),
sulphonamides (sul1, sul2, sul3), tetracycline [tet(A),
tet(B), tet(G)], and trimethoprim (dfrA1, dfrA5-14,
dfrA7-17, dfrA12) were screened by PCR, as previously
described.16,22-26 To establish the genetic background of
the nalidixic acid resistance, PCR amplification/
sequencing of the gyrA genes were performed.27 The
presence of class 1 and class 2 integrons was investigated
by using the 5’CS/ 3’CS and hep74/ hep51 primers to
amplify their variable regions.28 Gene cassettes inserted
therein were identified by DNA sequencing of the
amplicons.
Plasmid analysis, hybridization procedures, and genomic
macrorestriction
Plasmid DNA was extracted from the S. enterica isolates
using the Kado and Liu method,29 followed by vertical
agarose gel electrophoresis. The Kado gels were
transferred onto membranes and hybridized with selected
probes for the different β-lactamases, using previously
described methods.16 Conjugation experiments were
performed as reported,28 using representative strains of
each plasmid profile as donors and the rifampicin
resistant strain Escherichia coli K12 J53 as recipient. In
order to classify the plasmids harbouring β-lactamases
into incompatibility groups, the PCR-based inc/rep
typing method described by Carattoli et al.30 was applied.
For this purpose, the transconjugants and the strain S.
Paratyphi B dT+ 03-03096 were used as source of
template DNA.
Genomic DNA from the S. enterica representative
isolates was subjected to macrorestriction analysis with
the XbaI endonuclease. Digestions were also performed
with S1 nuclease in order to visualize the plasmids and
determine their size in a more accurate way. The
generated fragments were separated by pulsed-field gel
electrophoresis (PFGE) using the CHEF-DRIII
SYS220/240 system (Bio-Rad laboratories, S.A., Madrid,
Spain). Agarose plug preparation and PFGE running
conditions were performed following the PulseNet
standardized protocol (www.pulsenet-europe.org).

Results
On the basis of their susceptibility to β-lactamase
inhibitors and different generations of cephalosporins,
presence of genes detected by PCR/sequencing and
isoelectric focusing of the enzymes, the 26 isolates could
be assigned to one of four groups.
First group: blaCTX-M positive isolates
Sixteen isolates (10 S. Typhimurium, two S. Anatum,
two S. Paratyphi B dT+, one S. Infantis, and one S.
London) were susceptible to imipenem and cefoxitin but
resistant to ampicillin, piperacillin, ticarcillin,
cephalothin, cefuroxime, cefotaxime, ceftriaxone and
cefpodoxime. They were intermediate or resistant to
aztreonam, and intermediate or susceptible to cefepime
and amoxicillin/clavulanic acid. Most isolates showed a
wider zone of inhibition by the interaction between
amoxicillin/clavulanic acid and the third and fourth
generation cephalosporins. All these data suggested the
presence of genes belonging to the family blaCTX-M,
which was confirmed by multiplex PCR and DNA
sequencing. Fifteen isolates were positive for blaCTX-M-1
and one for blaCTX-M-15 (the only one which was resistant
to ceftazidime), genes that encode cefotaximases with an
alkaline pI value (both pI of 8.9). Additional β-lactamase
genes could also be detected in S. Typhimurium: blaTEM-1
in three isolates, blaPSE-1 in six, and both together in one
isolate (Table 1).
In nine of the 16 isolates, two insertion sequences,
IS26 and ISEcp1, were identified by PCR upstream of
the blaCTX-M-1, yielding products of 735 bp and 422 bp,
respectively. Sequence analysis of the amplicons
revealed that in these isolates the ISEcp1 was located 80
bp upstream of the blaCTX-M-1. However, the ISEcp1
appeared truncated at the 3’-end of its tnpA gene by the
insertion of IS26. This structure was detected in all
isolates with plasmids of incompatibility groups IncB/0,
IncN, and in the four isolates which were positive for
both IncI1 and IncN (Table 1).
In six isolates the PCR performed with primers
IS26F and MA1-R yielded no amplicons, and only the
insertion sequence ISEcp1 was detected 80 bp upstream
of the start codon of blaCTX-M-1. The amplicon obtained
was 422 bp in length and was identical to the 422 bp
fragment yielded in the previous group of isolates. This
organization was present in all isolates with IncI1
plasmids, except for the isolate S. Typhimurium 0501901. This isolate was the only one which harboured a
blaCTX-M-15 gene and yielded a PCR product of 390 bp
with the ISEcp1F and MA1-R primers. The sequence
analysis identified the insertion sequence located only 48
bp upstream of the start codon of the blaCTX-M-15 gene.
All S. Typhimurium (10) and one S. Paratyphi B dT+
isolates contained class 1 integrons, finding three
different profiles of variable regions: 1000 bp/aadA1
(one S. Paratyphi B dT+); 1600 bp/dfrA1-aadA1 (three S.
Typhimurium); and 800 bp/aadB plus 1200 bp/blaPSE-1
(seven S. Typhimurium). These last seven S.
Typhimurium isolates shared the blaPSE-1-floR-tet(G)sul1-aadB resistance genes related to the presence of a
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variant off the island SGI1 (Table 1). In order to eluciddate
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N: number of isolates with the same features/ belonging to the same group.
AMP, ampicillin; AMC, amoxicillin/clavulanic acid; CHL, chloramphenicol; EFT: ceftiofur; FLO: florfenicol; GEN, gentamicin; KAN, kanamycin; NAL, nalidixic acid; NEO,
neomycin; SPE, spectinomycin; STR, streptomycin; SUL, sulfamethoxazole; TET, tetracycline; TMP, trimethoprim; and SXT, trimethoprim-sulfamethoxazole. (i): intermediate
i
f ll i 14
resistance
following.
a
: S. Typhimurium isolates were phage typed following the Scheme of Anderson et al.47
b
: Only plasmids positive for the gene encoding the ESBL or AmpC are shown.
c
: The size of the plasmids were accurately estimated by S1-PFGE (data not shown).
d
: Resistance phenotype assessed by broth microdilution as described in Schroeter et al.12
e
: Genes conferring other resistances than to β-lactams.
f
: Non
N conjugative
j
i plasmid.
l
id
g
: sat2 following the nomenclature recommended by Partridge et al., 48 previously cited as sat1 from Tn7.32

Table 1. ESBL- and AmpC- positive strains
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(a)
kb

CTX-M-1
M P1 P2 P3 P4 P5 P6

M P7 P8

CMY-2
P9 P10 P11 P12

M P13 P14

TEM-52

TEM-20

M P15 P16 P17 P18

180.0
93.9
54.5

6.4

(b)
93.9

Figure 1. Plasmid profiles obtained by the method of Kado and Liu29 and mapping of the following β-lactamase enconding genes:
blaCTX-M-1, blaCMY-2 and blaTEM. Panel (a): from P1 to P18 different plasmid profiles identified in the four groups of isolates. Lane M:
Molecular weight markers R27, R1, RP4 and ColE1; Panel (b): hybridization results of plasmid profiles using specific probes for the
different β-lactamases. The control plasmids R1 and RP4 harbour a blaTEM gene. *: Different structural form of the plasmid
containing the blaCTX-M-1.

variant of the island SGI1 (Table 1). In order to elucidate
this, additional hybridization experiments were
performed with these isolates, using probes for the
different genes (not shown). Data confirmed the presence
of the variant SGI1-M in all of them.31 Class 2 integrons,
with the variable region 2300 bp/dfrA1-sat2-aadA1
(Table 1), were only detected in the two S. Paratyphi B
dT+ isolates (one of them also carrying the class 1 cited
above).
Twelve different plasmid profiles could be
distinguished (P1-P12, Figure 1), and the hybridization
and conjugation experiments showed that in all cases
blaCTX-M-1 and blaCTX-M-15 were located on selftransferable plasmids of variable sizes (ca. 30-130 kb;
Table 1). The blaCTX-M-1-positive plasmids belonged to
three different incompatibility groups. In profiles P4, P5,
P9-P12 they belonged to the IncI1 group (80 up to 100
kb), in P6-P8 to IncN (ca. 30 or 35 kb), and the plasmid
of ca. 130 kb of P3 was positive for both IncI1 and IncN.
Only the blaCTX-M-1-positive plasmid of P1 (ca. 130 kb)
belonged to the incompatibility group B/0. The blaCTX-M15 gene was located in an IncI1-conjugative plasmid of
ca. 90 kb (profile P2). The two strains showing P6
carried an additional plasmid of ca. 120 kb with the
blaTEM-1 (Figure 1), and conjugation experiments showed
that both plasmids (ca. 35 and 120 kb) were conjugative.
Depending on the antibiotic used for selection (ampicillin
or cephalothin), transconjugants positive for blaTEM-1
(harbouring the 120 kb plasmid) or for blaCTX-M-1 (with

the 35 kb plasmid) could be obtained. The profile P7
comprised two plasmids of ca. 80 and 35 kb, with blaCTXM-1 located on the smallest one (Table 1, Figure 1).
However, in conjugation experiments, both plasmids
were transferred together to the E. coli transconjugants,
probably because the blaCTX-M-1-positive plasmid is
mobilized by the other.
A
total
of
eight
different
XbaI-PFGE
macrorestriction profiles were identified in this group.
The seven S. Typhimurium isolates positive for the
SGI1-M shared a characteristic profile (frequent in
DT104 strains), with variations related to the presence of
plasmids (Figure 2). The S. Paratyphi B dT+ isolates also
presented a common pattern, typical for a predominant
German S. Paratyphi B dT+ clone (Figure 2).32
Second group: ampC-positive isolates
Six isolates (five S. Agona and one S. Kentucky)
showing resistance to ampicillin, piperacillin,
amoxicillin/ clavulanic acid, cephalothin, cefoxitin,
cefuroxime, and to the third generation cephalosporins,
intermediate or resistance to ticarcillin and aztreonam,
but susceptibility to imipenem and cefepime, were
selected as possible AmpC producers and characterized
genetically. In all of them the presence of the gene
blaCMY-2 was confirmed by PCR amplification and DNAsequencing (Table 1). The isoelectric focusing method
showed a high pI value (ca. 9) for all the extracts. These
six isolates were negative for the presence of class 1
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CTX-M1
kb

X T1a T1 T1b T2 An1 An2 X PtB1 PtB2 I1

CMY-2
L1

X A1 K1

TEM-52

TEM-20

X PtB1 V1

X PtB1

1135

452.7

244.4
138.9

33.3

Figure 2. XbaI-PFGE profiles produced by the S. enterica strains positive for ESBLs or AmpC enzymes. The profiles were named
using the first letter(s) of the serovar followed by a correlative number. Lane X: XbaI-digested DNA of S. enterica serovar
Braenderup H9812, used as size standard.

integrons. The S. Kentucky isolate contained additional
genes (strA-strB) responsible for the streptomycin
resistance and one S. Agona isolate was nalidixic acid
resistant due to a point mutation in the gyrA at codon
Ser83 (Ser83→Phe83) (Table 1). In all isolates, the gene
blaCMY-2 was located in a ca. 90 kb conjugative plasmid
belonging to the incompatibility group I1 (Table 1,
Figure 1). The S. Kentucky isolate carried two plasmids
more (profile P14, Figure 1), and when this isolate was
the donor in conjugation experiments, all E. coli
transconjugants obtained harboured the 90 kb-blaCMY-2positive plasmid together with another of ca. 40 kb.
Despite of a preliminary selection of isolates which tried
to avoid siblings, the XbaI-PFGE analysis confirmed that
the S. Agona isolates were clonally related (Figure 2).
Third group: blaTEM-52 positive isolates
One S. Paratyphi B dT+ and one S. Virchow isolates
showed a similar resistance pattern like the blaCTX-M
group, but with intermediate or resistance to ceftriaxone,
cefotaxime and ceftazidime. No blaCTX-M or ampC gene
could be detected, but a blaTEM gene was present in the
isolates. In this case, the determination of the isoelectric
point from the cellular extracts was essential to identify
the extended spectrum β-lactamase. In this way, a unique
band was observed corresponding to a TEM β-lactamase
with a pI 6, higher than the expected value of 5.4,
characteristic of the TEM-1. The DNA sequencing
results confirmed the presence of the gene blaTEM-52,
which encodes an ESBL. No class 1 integrons were
detected in these strains, but the S. Paratyphi B dT+
isolate carried a class 2 integron with the variable region
2300bp/dfrA1-sat2-aadA1 responsible for the resistance
to trimethoprim and streptomycin. The S. Virchow
isolate was only nalidixic acid resistant, showing a point
mutation within the gyrA gene (Ser83→Phe83) (Table 1).
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In both isolates, the blaTEM-52 was located on a ca. 80 kb
plasmid belonging to the IncI1 group (Figure 1), which
was successfully transferred alone to E. coli by
conjugation.
Fourth group: blaTEM-20 positive isolates
Two S. Paratyphi B dT+ isolates belong to this group and
showed a similar resistance pattern than the two isolates
from the previous group, but being susceptible to
ceftazidime (Table 1). Only a blaTEM gene could be
detected in the isolates, and the cellular extracts showed
a unique enzyme with a pI of 5.4, a characteristic value
for blaTEM-1. However, this gene alone cannot explain the
resistance phenotype of the strains, and the DNA
sequencing of the amplification product identified the
blaTEM-20 gene, encoding an ESBL. Class 1 integrons
were not detected, but the isolates carried the 2300
bp/dfrA1-sat2-aadA1 class 2 integron. One isolate
showed in addition resistance to nalidixic acid because of
a point mutation at codon Ser83 in the gene gyrA
(Ser83→Phe83) (Table 1). The blaTEM gene mapped on
an IncI1-plasmid of ca. 85 kb which could be
successfully transferred to E. coli by conjugation only in
one isolate. In strain S. Paratyphi B dT+ 03-03096 the
conjugation was not possible under conditions assayed.

Discussion
Until December 2007, all Salmonella isolates received by
the German Salmonella Reference Laboratory were
tested for their resistance against several antimicrobials,
including ceftiofur as a third generation cephalosporin,
using the breakpoints set by the CLSI.13 During the last
years, approaches to harmonize testing methods, panels
of antimicrobials, as well as breakpoints to carry out
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monitoring of antimicrobial resistance were performed in
Europe. 33 As a consequence, the panel of antimicrobials
and breakpoints used in our laboratory have changed
since January 2008 following the new EU-guidelines.33
Now cefotaxime and ceftazidime, are tested instead of
ceftiofur, and the harmonized cut off values set by the
European Committee on Antimicrobial Susceptibility
Testing (EUCAST) (www.eucast.org) are applied.33
How this change will affect the detection of ESBLs or
AmpC positive isolates, will be evaluated in the
upcoming years.
Ceftiofur is exclusively used in veterinary medicine.
In Germany it is allowed for treatment of cattle and
swine, whereas cefquinome is for cattle, horses and
swine. No 3rd or 4th generation cephalosporins are
legally allowed to treat poultry. During the period 20032007, 0.4% of the Salmonella isolates tested at the NRLSalm showed resistance to ceftiofur.
Several studies have shown that in most of the
Northern European countries, the prevalence of ESBL or
AmpC carrying isolates is still low in comparison to
Southern and Eastern countries. In the countries
neighbouring Germany, like the Netherlands, Denmark
and France, this prevalence is continuously rising.10,11
The families of ESBLs CTX-M-1 and CTX-M-9
enzymes are nowadays among the most frequently
detected in European clinical and animal isolates of
Enterobacteriaceae.6,7,10,11,17,34-36 Also in our series, the
group CTX-M-1 was the predominating one (isolates
carried genes encoding CTX-M-1 or CTX-M-15), but no
isolate producing betalactamases from the CTX-M-9
group (i.e. CTX-M-9 or CTX-M-14) could be detected.
The blaCTX-M-1 and blaCTX-M-15 genes are usually located
on large plasmids.34,36,37 Our study confirms this
observation since all CTX-M positive strains carried the
genes on self-transferable plasmids of ca. 30-130 kb.
Like reported for other European countries most of those
plasmids belonged to the IncI1 and IncN incompatibility
groups.34,38 A remarkable relationship of blaCTX-M
positive strains to IS elements could be observed. In all
isolates a complete or deleted copy of the insertion
sequence ISEcp1 was detected upstream of the start
codon of the ESBL gene. In nine blaCTX-M-1 positive
isolates, upstream of the deleted ISEcp1, the insertion
sequence IS26 was found. So it can be speculated, that
first the insertion of ISEcp1 occurred, which was
followed by integration of IS26, partially disrupting the
first inserted element. This configuration, although
already observed in other enterobacterial species as E.
coli (accession no. FJ235692) and P. mirabilis (accession
no. AJ416342), is reported here for first time in S.
enterica. In the rest of our isolates, including the S.
Typhimurium blaCTX-M-15 positive, only a copy of the
ISEcp1 element was associated with the ESBL gene.
These results highlight once again the role of ISEcp1 in
the mobilization and expression of different β-lactamase
genes.37,39
Other ESBLs identified in this study were blaTEM-20
and blaTEM-52, only present in serovars S. Paratyphi B
dT+ (two isolates) and S. Paratyphi B dT+ and S.
Virchow (one isolate each), respectively. The low

frequency of these enzymes observed in this work is in
agreement with the current situation in Europe, where the
TEM and SHV enzyme variants are reported nowadays
to a lesser extent than the CTX-M enzymes.6,7,10 Despite
of this, the TEM-52 variant was detected as the
prevalent, and the TEM-20 was identified at lower
frequency, in a study performed on Salmonella isolated
from poultry, poultry products and human patients in the
Netherlands.40 Other Salmonella or E. coli TEM-52
producers were also found recently in animal and human
isolates from several European countries.41,42 In our
study, both TEM-52 and TEM-20 variants were
associated with plasmids belonging to IncI1
incompatibility groups as described for the TEM-52
producer isolates from Belgium and France.41
The only AmpC enzyme identified in this study was
CMY-2, the CMY enzyme most frequently reported in E.
coli, K. pneumoniae and Salmonella spp.35 This βlactamase has been previously found in samples from ill
and healthy animals as well as in human clinical isolates
worldwide.8,43,44 Despite of being considered as prevalent
among
extended-spectrum
cephalosporin-resistant
isolates of E. coli and Salmonella from animals, 35 CMY2 was detected in 6 out of the 26 isolates. Moreover, in
the positive isolates tested (five S. Agona and one S.
Kentucky), the blaCMY-2 gene was always located on
IncI1 plasmids. This differs from reports on isolates from
the United States and the United Kingdom, where most
of the plasmids containing blaCMY-2 belonged to Inc
group A/C.44,45 At last, and due to the data from XbaIPFGE and plasmid profiles together with the almost
identical resistance phenotypes and genotypes, it can be
concluded that the S. Agona isolates belonged to the
same clonal line that could be isolated in different
German regions and/or periods.
The spread of multidrug-resistant isolates producing
ESBLs or AmpC, especially when they also carry other
emerging determinants conferring high resistance to
aminoglycosides (i.e. arm genes), resistance to
fluoroquinolones (i.e. plasmid located qnr genes) or
integrons, is currently of concern, because co-selection of
resistance by the use of different antimicrobials can
occur.10,11 Among the 26 ESBLs and AmpC isolates
found in our study, 22 of them were also resistant to nonβ-lactam antimicrobials (Table 1), and carried several
resistance determinants including integrons. Three
isolates (11% of the positive), all of them originated from
poultry and encoding different beta-lactamases (CMY-2,
TEM-52 and TEM-20) were resistant to quinolones with
reduced susceptibility to fluoroquinolones (ciprofloxacin
MIC=0.25-1 mg/L). This co-resistance is a worrisome
trend which is increasingly detected in other European
countries,10 as well as for German Salmonella and E. coli
poultry isolates from 2008-2009 (Guerra unpublished),
and seem to be frequent in other studies on clinical
isolates (i.e. 72% of the ESBLs isolates found among
human E. coli isolates by Pfeifer).46 No emerging qnrA,
qnrB or qnrS, aac(6)-Ib-cr or armA genes could be
detected among the 26 Salmonella isolates. However, in
other E. coli series analysed in our laboratories, we could
find several isolates harbouring blaCTX-M-1/qnrS1 or
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blaCTX-M-15/aac(6’)-Ib-cr located on the same plasmids
(Guerra unpublished).
Class 1 integrons containing gene cassettes encoding
β-lactamases were only found in seven S. Typhimurium
which carried two integrons with the variable regions
1200 bp/blaPSE-1 and 800 bp/aadB. Interestingly, these
integrons were previously detected in one S.
Typhimurium isolate from horse in the Netherlands as
part of a SGI1 variant called SGI1-M.31 This variant
contains the resistance gene cluster aadB-sul1-floRtet(G)-blaPSE-1, where the aadA2 gene of the first
integron of SGI1 was replaced by the aadB gene.
Hybridization experiments confirmed that the seven S.
Typhimurium isolates, four of them also isolated from
horses, were positive for the presence of SGI1-M.
However, three out of the seven were also positive for
other resistance genes (aadA1, strA-strB, sul2), and all of
them harboured in addition a conjugative plasmid
containing the genes encoding for the CTX-M-1 or CTXM-15 ESBLs (Table 1). On the other hand, two S.
Typhimurium definitive phage-type 193 (DT193) CTXM-1 producers, one isolated from swine and one from
human, shared the same PFGE pattern, plasmid profile
and resistance genotype. These strains could have been
implicated in a human outbreak that occurred in 2007 in
a German region (W. Rabsch, Robert Koch Institute,
personal communication).
About class 2 integrons, only the variable region
2300 bp/dfrA1-sat2-aadA1 was detected in all S.
Paratyphi B dT+ isolates analyzed in this work,
irrespective of the kind of β-lactamase they harboured.
All of them shared a common XbaI-PFGE pattern,
characteristic of the German clone described
previously,32 in which the class 2 integron is
chromosomally located. Our results show that this clone
has evolved through the time, with a subsequent
acquisition of plasmids containing different ESBLencoding genes. In fact, at the NRL-Salm, during 2008,
other S. Paratyphi B dT+ isolates belonging to this clone,
and harbouring blaCTX-M-2, blaCTX-M-1 and blaACC-1 all of
them originating from poultry or poultry products, have
been detected (B. Guerra, unpublished).
In conclusion, this study describes the current
situation on ESBL- and AmpC-producers in S. enterica
isolates mainly from animal and food origin collected all
over Germany. It must be emphasized, that in
comparison with Eastern and Southern European
countries both resistance determinants are still only
sporadically detected. Their dissemination is linked to
the spread of successful and endemic clonal lines namely
S. Typhimurium, S. Paratyphi B dT+ and S. Agona.
However, we notice that the number of positive isolates
is increasing, and most of them belong to S. Paratyphi B
dT+ from poultry/poultry foods, carrying different βlactamases. Our data also underline the important role of
horizontal gene transfer for spreading these resistance
mechanisms. Because of the clinical importance of 3rd
and 4th generation β-lactams in human and veterinary
medicine our findings describe the onset of a public
health problem, especially in zoonotic pathogens.
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pUOSeVR1 is an emergent and large virulenceresistance
plasmid of Salmonella enterica serovar Enteritidis
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Objective: Characterization of the virulence-resistance plasmid pUO-SeVR1 found in a clinical isolate of
Salmonella enterica serovar Enteritidis.
Methods: The content in virulence and resistance genes of pUO-SeVR1 was established by PCR
amplification, cloning and sequencing. Mapping of the genes on the XbaI- and S1-PFGE patterns of the strain
carrying the plasmid was achieved by Southern hybridization. Other plasmid features were established by biand tri-parental matings, and replicon typing. pUO-SeVR1 was compared with pSEV, the virulence plasmid of
S. Enteritidis.
Results: pUO-SeVR1 is a mobilizable plasmid of 100 kb which belongs to incompatibility group IncFII and
contains the virulence genes characteristic of pSEV except pefI-orf7 and srgA. The absence of these genes
may disclose the insertion site of a complex resistance region, which contains a class 1 integron (with the
700 bp/dfrA7 variable region followed by an incomplete 3’ conserved region that includes sul1), Tn3- and
Tn1721-like transposons (harbouring blaTEM-1 and tet(A), respectively), catA2 and strA-strB. These genes are
responsible for the multidrug resistant phenotype (ampicillin, chloramphenicol, streptomycin,
sulphonamides, tetracycline and trimethoprim) conferred by the plasmid, which also carries pemI-pemK, for
stable inheritance, and mucA-mucB homologues, involved in DNA repair.
Conclusions: This report describes a mobilizable virulence-resistance plasmid in S. Enteritidis. The presence
of several mobile genetic elements in this plasmid suggests that different recombination events could have
played a role in its formation. The emergence of hybrid plasmids in S. Enteritidis, the prevalent serovar of S.
enterica, constitutes a hazard for human health that deserves further surveillance.
Keywords: hybrid plasmid, virulence, multidrug resistance, class 1 integron, transposons.

Introduction
Salmonella enterica serovar Enteritidis is the most
common serovar isolated from humans in Spain and the
rest of Europe, as well as in Asia and South America
(www.who.int/salmsurv/links/GSSProgressReport2005.pdf).
1
Although the occurrence of antimicrobial drug
resistance (R) in S. Enteritidis is lower than in other
zoonotic serovars, the percentage of isolates resistant to
at least one antimicrobial has increased over the last
years in Europe, and multidrug resistant isolates have
also been reported.2,3 In these isolates most R-genes are
located on integrons, transposons and plasmids, which
contribute significantly to their capture, maintenance and
spread.
S. Enteritidis is one of the seven serovars of S.
enterica which harbours specific virulence (V) plasmids,
together with S. Abortus-ovis, S. Choleraesuis, S. Dublin,
S. Gallinarum, S. Pullorum and S. Typhimurium.4 These
V-plasmids share the spv (Salmonella plasmid virulence)

operon but differ with regard to other V-determinants
and size. Most S. Enteritidis isolates carry pSEV which
has a molecular mass of ca. 60 kb, belongs to the
incompatibility group IncFII and is not conjugative due
to extensive deletions and mutations in tra genes.4
In recent years, VR-hybrid plasmids originated from
-or related with- V-plasmids specific of serovar have
been reported in emergent clones of S. Typhimurium,5,6
its monophasic variant [4,5,12:i:−],7 as well as in S.
Choleraesuis.8 In the case of S. Enteritidis, Llanes et al.9
found two isolates that carried a conjugative plasmid of
ca. 52 kb, belonging to the incompatibility group IncFIC,
and harbouring the blaTEM-1 gene together with the
spvCD-orfE region. The aim of the present work was the
molecular characterization of pUO-SeVR1, a ca. 100 kb
VR plasmid found in S. Enteritidis.
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Material and Methods

Cloning and sequence analysis

Bacterial isolates

The blaTEM-1, catA2, dfrA7, strA-strB, sul1 and tet(A)
genes were cloned from pUO-SeVR1 into pUK1921 (a
vector that contains kanamycin resistance as selectable
marker), using standard techniques.16 The hybrid plasmid
was extracted from E. coli transconjugant Tc-E4839 with
the HiPure Plasmid Midiprep Kit (Invitrogen), and then
subjected to double digestion using different
combinations of the BamHI, EcoRI and SphI restriction
enzymes. The ligated DNA was transformed into
chemically competent E. coli DH5α cells (Invitrogen),
and direct selection was achieved in Luria Broth
containing kanamycin (25 mg/L) plus one antibiotic
whose resistance determinant was carried by the hybrid
plasmid. DNA insertions conferring pUO-SeVR1associated resistances were sequenced at Secugen
(Sequencing and Molecular Diagnostics, Madrid, Spain).

S. Enteritidis CNM4839/03, a clinical isolate collected in
Spain in 2003 (phage type 14B; PFGE profile E4), was
the source of pUO-SeVR1. The strain shows a
hexaresistant pattern (ampicillin, chloramphenicol,
streptomycin,
sulphonamides,
tetracycline
and
trimethoprim) and harbours a class 1 integron with the
variable region 700 bp/dfrA7 in addition to the blaTEM-1,
catA2, strA-strB, sul1, sul3 and tet(A) genes.3 The strains
S. Enteritidis ATCC 13076 and S. Typhimurium LT2
were used as controls in different experiments.
Plasmid analysis, genomic
hybridization procedures

macrorestriction

and

Standard conjugation experiments were performed at 22º
C and 37º C, both on filters and in Luria-Bertani liquid
broth, trying increasing times of incubation (from 4 h
until overnight). The S. Enteritidis CNM4839/03 was
used as donor and the rifampicin resistant Escherichia
coli K12 J53 as recipient. For triparental mating,
overnight cultures of the donor, the recipient and the
helper E. coli MT1694 (containing the conjugative
plasmid pRK2013 with kanamycin as selectable
marker,10 were mixed in equal amounts (100 μl each),
pelleted and plated onto Luria-Bertani agar, and
incubated at 37º C for 6h.11 Transconjugants were
selected on Eosine Methylene Blue (EMB) agar with
rifampicin (50 mg/L) plus trimethoprim (5 mg/L),
ampicillin (100 mg/L) or tetracycline (30 mg/L). In
selected transconjugants, plasmid analysis was carried
out by using the Kado and Liu method.12 To identify the
incompatibility group of the plasmid, the PCR-based
inc/rep typing method was used.13
Genomic DNA from S. Enteritidis CNM4839/03 and
E. coli transconjugants was subjected to XbaImacrorestriction, followed by pulsed field gel
electrophoresis (PFGE), as previously described
(www.pulsenet-europe.org). Plasmid DNA linearized
with the S1 nuclease, was also visualised by PFGE.3
The V-profile of the parental strain and the
transconjugants was determined by PCR using primers
previously described for: spvA, spvB, spvC, pefA, pefB,
pefC, pefD, rck, rsk, parA, parB and traT,5,14,15 or
designed for this work, in the case of: spvR
(TCAGACCTGGAAAGAGAGCTG/ GTGCAGTGCGT
GATCTGTTG); mig-5 (GAGGAACGTGACGGTATGA
CT/ CACCGCATCGACAAAATCAT); pefI-orf7 (TAC
ACATATCATCTCCATCATCC /CCGTCCTCTTCCA
GTGAAT); srgA (ACGCATAACCGGAATATTCCGG
CTG/ CTGGTCAGCAGCAGGAGAATCAGTG); srgB
(ACCTTCACCACCACGATGTTC/ CCGTTGTTCCGG
TCATAATGC); srgC (TTCCTGGCAGGAGGATCAA
CC/ GCATCTTGAAGGCGTGTATCCG). To confirm
the plasmidic location of R- and V-genes, Southern-blot
hybridizations of S1- and XbaI-PFGE profiles using
specific probes, were also performed.
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Results and Discussion
The strain CNM4839/03 contains two plasmids: one of
ca. 75 kb and another of ca. 100 kb where a class 1
integron (variable region 700 bp/dfrA7) has been
located.3 None of the plasmids showed the size of pSEV
(ca. 60 kb), but when the strain was tested by PCR for
characteristic V-plasmid genes (spvC, rck, rsk and pefA)
the expected amplicons were generated. Hybridization of
the S1-PFGE profile of CNM4839/03 with probes for the
indicated V-genes and for the R-genes blaTEM-1, strA-strB
and tet(A) revealed their location on the ca. 100 kb
plasmid, which was hence identified as a VR hybrid
plasmid and labelled pUO-SeVR1.
For further characterization, hybridization and
conjugation experiments were performed. When S.
Enteritidis CNM4839/03 was used as donor and the
rifampicin resistant E. coli K12 J53 as recipient,
transconjugants were obtained at low frequency, and all
harboured a single plasmid of ca. 180 kb, where the
representative genes of pUO-SeVR1 (dfrA7 and spvC)
mapped (data not shown). Co-integration between the ca.
75 and 100 kb plasmids could explain this result, but
more experimental work will be required to elucidate this
phenomenon. In order to obtain a transconjugant carrying
pUO-SeVR1 only, triparental mating was attempted. The
conjugative pRK2013 plasmid carried by the helper
strain could successfully mobilize pUO-SeVR1 from S.
Enterididis CNM4839/03 into E. coli K12 J53. Initially,
all E. coli transconjugants showed a resistance pattern
compatible with the presence of both pUO-SeVR1 and
pRK2013. However, after three consecutive cultures in
the absence of kanamycin (but maintaining rifampicin
and trimethoprim), E. coli colonies containing pUOSeVR1 alone could be isolated. One of them, called TcE4839, was chosen for further experiments.
To compare pSEV and pUO-SeVR1, PCR
amplifications were performed, using S. Enteritidis
ATCC 13076, S. Enteritidis CNM4839/03 and Tc-E4839
as the sources of template DNA. E. coli K12 J53 was
included as negative control. By these means, pUOSeVR1 could be assigned to the IncFII incompatibility
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(a)
kb

XbaI-PFGE
1 2 3 4

S1-PFGE

(b)

M 1 2 3 4

XbaI-PFGE
1 2 3 4

436.5
339.5
242.5
194
145.5
97
48.5

(c)

(d)

194
145.5
97
48.5

S1-PFGE
M 1 2 3 4

Figure 1. Hybrididization analysis of the
strains used in this work. Panel (a), XbaIand S1-PFGE profiles. Panels (b) to (d)
hybridization of specific probes on the
profiles shown in panel (a). The probes
were dfrA7 (b); spvC (c), but the same
result was obtained for spvA, spvB, pefA,
pefB, pefC, rck and rsk; and srgA (d).
Lane 1, control strain S. Enteritidis ATCC
13076; lane 2, CNM 4839/03; lane 3, TcE4839; lane 4, E. coli K12 J53, plasmid
free; lane M, lambda ladder PFG Marker
(New England BioLabs). *Chromosomal
band that hybridized with the srgA probe,
probably due to the high similarity (92%)
of this gene with a thiol-disulfide
interchange protein frequently found in
the chromosome of S. Enteritidis
(accession no. AY078416) and other S.
enterica serovars, e.g. S. Dublin, S. Typhi
and S. Gallinarum (accession nos.
CP001144, AL627283 and AM933173,
respectively).

*

group, like pSEV, since the amplicon expected with
specific primers was generated from all strains except for
the negative control. The same result was obtained with
primers specific for the spvR, spvA, spvB, spvC, rsk, rck,
parA, parB, mig-5, srgB, srgC, pefA, pefB, pefC and
pefD genes, characteristic of pSEV, demonstrating their
presence in pUO-SeVR1; only pefI-orf7 and srgA were
identified in pSEV but not in pUO-SeVR1. Finally, the
absence of traT in S. Enteritidis ATCC 13076,
CNM4839/03 and Tc-E4839 was also demonstrated by
PCR, using S. Typhimurium LT2 as a positive control.
Hybridization experiments performed with probes
specific for spvA, spvB, spvC, pefA, pefB, pefC, rck, rsk
and srgA, confirmed that all except the latter were
located on pUO-SeVR1 (Figure 1).
The structure of the R-region of pUO-SeVR1 was
partially characterized by PCR amplification, cloning and
sequencing. An integron containing the variable region
700 bp/dfrA7 has been previously reported on transposon
Tn5086 of the Tn21 subfamily.17 Using Tc-E4839 DNA
as template, the amplicon expected for the tnpM gene of
Tn21 subfamily was obtained. However, we failed to
detect tnpA, tnpR and merA-merC, which are also
characteristic components of this group of transposons.
Moreover, hybridization, cloning and sequencing
experiments confirmed the presence of a class 1 integron
with the 700 bp/dfrA7 variable region and a complex
configuration further downstream. This included the
3’CS segment, with sul1, qacEΔ1 and a orf5 disrupted by
insertion of IS26; followed by an orf (termed orf1) of
unknown function, and catA2 (Figures 1 and 2a). The
orf1-catA2 region flanked by two copies of IS26, have
been previously identified in plasmids of E. coli

(pSMS35_130, accession no. CP000971) and S. enterica
(e.g. pCVM19633 in S. Schwarzengrund, accession no.
CP001125). In pUO-SeVR1, however, IS4321 was
detected downstream of catA2, instead of a second copy
of IS26. It should be indicated that catA1 has been
erroneously identified as the chloramphenicol Rdeterminant of strain CNM4839/03 on the basis of PCR
experiments, 3 but sequencing results revealed that the
amplified gene was in fact catA2.
Regarding to other R-genes, tet(A) is carried by
Tn1721-like transposon, which also contains: tetR, pecM
(putative regulatory component), tnpA (encoding
transposasa) and ΔtnpA (a partial duplication of tnpA);
and blaTEM-1 is probably associated with a Tn3-like
transposon (Figures 2b and 2c). The latter element has
disrupted a gene that encodes a protein 60% identical to
the product of mucB, carried by plasmid R46 from S.
Typhimurium.18 This gene is considered a homolog of
the E. coli umuC, which encodes a DNA polymerase
specialized in translesion replication, a process activated
by the SOS response under stress conditions imposed by
DNA damage. The mucAB operon is the plasmid-borne
analogue of the chromosomal umuCD, and is generally
found in broad-host-ranged conjugative plasmids which
often carry R-genes.18 In pUO-SeVR1, mucB has
suffered a deletion affecting 350 bp at the 3’ end, while
mucA appears to be intact. The pemI and pemK genes
detected upstream, are similar to those located in plasmid
R-100 (accession no. NC_002134), which encode a
toxin-antitoxin system involved in the stable inheritance
of the plasmid.19 Specifically, PemK inhibits the division
of plasmid-free segregants, whereas PemI (a more
instable protein) suppresses this inhibitory action. The

81

3. Resultados

IS26
tnpA

sul1

orf1

Δorf5
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IS4321
tnpA

tetR

tnpA

SphI

SphI

tnpA’
EcoRI

qacEΔ1

SphI

dfrA7

SphI

EcoRI

(b)

IR Tn5393
blaTEM-1

ΔmucB

mucA pemK pemI

strB
SphI

strA
SphI
SphI
EcoRI

tnpR
BamHI

(c)

intI1

BamHI

tnpM

EcoRI

(a)

Figure 2. Schematic representation of the gene array of three R-fragments from pUO-SeVR1 as determined by cloning and
sequencing. (a) 6.9 kb fragment containing the class 1 integron and flanking regions. (b) 5.8 kb fragment showing the partial
sequence of the transposon Tn1721 harbouring the tet(A) gene. (c) BamHI-EcoRI fragment of 5.5 kb with the partial sequence of
Tn3-blaTEM-1 and strA-strB genes. White arrows represent the genes partially sequenced. Vertical lines showed the recognition sites
for BamHI, EcoRI and SphI.

presence of the pem operon in pUO-SeVR1, indirectly
assures the preservation of the virulence and resistance
functions associated with the hybrid plasmid, in the
bacterial population. Upstream of pemI, the strA-strB
streptomycin phosphotransferase encoding genes are
located.
Taken together, results reported on the present work
support strongly that pUO-SeVR1 has originated from
pSEV, the not-conjugative IncFII V-plasmid specific of
S. Enteritidis.4 It is of note that the pefI and srgA genes,
absent in pUO-SeVR1, are contiguous to each other in
pSEV,20 a fact consistent with their deletion upon
insertion of the R-region. Interestingly, a deletion
affecting most of the pef operon has occurred during the
acquisition of an R-cluster by pSTV to yield the pUOStVR2 hybrid plasmid of S. Typhimurium.6
To sum up, pUO-SeVR1 is a mobilizable VR-hybrid
plasmid resulting from the enrichment of pSEV through
acquisition of a number of resistance determinants
leading to multidrug resistance, unusual in S. Enteritidis.
Such determinants are carried by -or associated with- an
integron and several transposable elements, in a situation
similar to that reported for resistance islands located in
other VR-hybrid plasmids.6,21 These results emphasize
the crucial role that recombination-transposition events
could have played in the creation of the new and
complex pUO-SeVR1. The emergence of hybrid
plasmids in the prevalent serovar of S. enterica
constitutes a cause of concern, and deserves further
epidemiological surveillance.
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Objectives: To establish the molecular basis, evolution and trends of multidrug resistance in Salmonella
enterica serovar Ohio.
Methods: Fifty five S. Ohio isolates, recorded between 1991 and 2005, were tested for susceptibility to
antimicrobial agents and typed by XbaI and BlnI macrorestriction followed by pulsed field gel
electrophoresis. PCR amplifications, in conjunction with cloning and sequencing, were used to identify
resistant determinants, integrons and transposons, and to establish physical associations between them.
Conjugation experiments were applied to establish the location of the identified genes and elements.
Results: 34.5% of the isolates were resistant to one or more unrelated agents. Sulphonamides, streptomycin,
tetracycline and trimethoprim, encoded by sul1, aadA1, tet(A) or tet(B) and dfrA1, respectively, were the most
common resistances, but ampicillin (blaTEM), gentamicin (aacC2 or aacC4), kanamycin (aphA1), and
cloramphenicol (catA1) were also detected. Two types of complex genetic elements, carried by conjugative
or mobilizable plasmids, were found in multidrug resistant isolates, that accounted for 18.2% of the total: i) a
class 1 integron (1600 bp/dfrA1-aadA1) joined to a defective Tn10 by a copy of IS1, and inserted within a
Tn21-like element, carried or not by Tn9; ii) a Tn3 adjacent to blaTEM and inserted within a defective Tn1721like element. All S. Ohio isolates were closely related, as shown by cluster analysis of the XbaI-BlnI
combined profiles.
Conclusions: Different genetic elements have played a role in development and spread of multidrug
resistance in S. Ohio, which has been only detected between 1994 and 2001. The significant decrease in the
number of non-typhoid Salmonella in later years could underline the concomitant decrease in resistant
isolates, and the absence of multidrug resistant isolates.
Keywords: integron, transposons, conjugative plasmids, mobilization, PFGE.

Introduction
Multiple drug resistance in bacterial pathogens
constitutes a serious hazard for human health. Of
particular concern are zoonotic food-borne bacteria, like
the non-typhoid serovars of Salmonella enterica.1-3 In
Europe, as well as in many other parts of the world, S.
enterica serovar (S) Enteritidis and S. Typhimurium are
the major causes of Salmonella infections in humans.
However, other serovars can also be involved and they
often include multidrug resistant isolates.4-8 This is for
instance the case of S. Ohio, a non-prevalent serovar,
which ranked in Spain between the sixth and thirteenth
positions among those recovered from humans over the
last decade, and it has also been recovered from food
producing animals, including poultry, pigs and cattle
(information from the National Centre of Epidemiology;

http://www.isciii.es/). In order to set Salmonella
reduction targets in food producing animals, a European
Union survey has recently determined the prevalence of
Salmonella in commercial broiler flocks. The
predominant serovars varied considerably amongst the
Member States, with many of them having a specific
distribution pattern of their own. In Spain, it ranked in
the third position preceded only by S. Enteritidis and S.
Hadar, while it occupied the first position in the United
Kingdom, and was among the top ten in Czech Republic
and Germany (sixth and ninth, respectively).9
In a previous study we detected a relatively high
incidence of multidrug resistance in S. Ohio, with 25.5%
of the clinical isolates tested being resistant to four up to
seven antimicrobial agents. The isolates have been

93

3. Resultados
recovered from different Spanish regions, including
Asturias, between 1990 and 1998.10 Although the number
of studies on this serovar is scarce, multidrug resistance
has also been reported in S. Ohio from pigs, foods and
environmental samples.4,11,12 Taking this into account,
the present investigation aimed to establish the molecular
basis of multidrug resistance in this serovar, and to track
the trends of resistant bacteria along time by extending
the study to isolates recovered in Asturias from 1999 up
to 2005.

Material and Methods
Bacterial isolates
Fifty five isolates of S. Ohio were included in this study
(Table 1). Thirty three of them, from the 1991 to 1998
period, have been partially characterized in a previous
work.10 The remaining 22 were all the isolates recorded
at the LSP (Laboratory of Public Health of Asturias,
Spain) from 1999 to 2005. Fifty four isolates were
collected from faeces of different patients with
gastroenteritis and one from sewage water. Three
patients, all of them children under one year of age,
suffered from episodes of persistent diarrhoea, and
Salmonella could be obtained in two, three and four
consecutive months, respectively. Two isolates from a
two-year old child and one isolate from a one-month old
baby were associated with a familiar outbreak.
Antimicrobial susceptibility testing and detection of
resistance determinants
Susceptibility to antimicrobial agents was determined by
the disc diffusion assay on Mueller-Hinton agar with
commercially available discs (Oxoid, Madrid, Spain),
according to CLSI.13,14 The antimicrobials tested were
the following: ampicillin, chloramphenicol, gentamicin,
kanamycin, nalidixic acid, streptomycin, sulphonamides,
tetracycline, and trimethoprim. R-determinants [aadA1like, aphA1, aacC2, aacC4, blaTEM, catA1, cmlA1-like,
dfrA1-like, dfrA12, strA, strB, sul1, sul2, sul3, tet(A),
tet(B) and tet(G)] were screened by PCR amplification
using previously described primers and conditions.6,15,16
Integron and transposon analysis
Integrons were screened by PCR amplifications
performed with degenerate primers (hep35 and hep36)
designed for conserved regions of classes 1, 2 and 3
integrase genes (intI1 to intI3), followed by digestion of
the generated products with HinfI.17 The variable regions
of class 1 integrons were amplified with the 5´CS
(conserved segment) and 3´CS primers that anneal with
sequences flanking the attI1 site.7 Gene cassettes in the
variable region were identified by nested PCR with
primer pairs selected on the basis of the R-genotypes of
the integron containing isolates, followed by sequencing.
Transposon-related sequences, including tnpA of Tn3
(which encodes the transposase);18 IS1, the insertion
sequence flanking Tn9;19 tnpA, tnpR (encoding
transposition functions), merA and merR (involved in
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mercury resistance) of Tn21;19 tet(A) (coding for a
tetracycline efflux pump) specific of Tn1721;20 and tetR,
encoding the tet(B) repressor of Tn10,21 were screened in
isolates suspected to contain one or more transposons,
according to their resistance phenotypes and/or
genotypes. The presence and arrangement of genes
outside the variable region of the integrons, including
intI1, qacEΔ1, orf5, istA and istB (of IS1326), orfA and
orfB (of IS1353), tniBΔ1 and tniA,19 the detailed structure
of the transposons, as well as the physical associations
between resistance genes, integrons and/or transposons,
were investigated in relevant isolates (Table 1). In all
cases, standard and nested PCR amplifications were
performed using already described primers,8 according to
the schemes depicted in Figure 1.
Plasmid analysis
To determine the number and molecular size of large
plasmids, total DNA was digested with S1 nuclease
(Amersham Biosciences) and subjected to pulsed field
gel electrophoresis (S1-PFGE).6 Lambda ladder PFG
marker (New England BioLabs) was the size standard.
Conjugation experiments were performed in Luria Broth
at 37ºC,22 using Escherichia coli K12 J53 (resistant to
rifampicin) as recipient.6 Two non-conjugative Rplasmids were mobilized from S. Ohio into E. coli K12
J53 by triparental mating, using the E. coli HB101 helper
strain with plasmid pRK600 that confers resistance to
chloramphenicol, as described by Kessler et al.23
Transconjugants were selected on eosin methylene blue
agar (Oxoid) containing rifampicin (50 mg/L) along with
ampicillin (100 mg/L), kanamycin (30 mg/L) or
tetracycline (30 mg/L). Transfer of resistance genes was
phenotypically tested by the disc diffusion method, and
drug determinants were screened by PCR, as before. The
identified R-plasmids were termed pUO-SoR followed
by a serial number.
Cloning and sequence analysis of the tet(A) region
The tet(A) gene was cloned from plasmid pUO-SoR1
into the pUC18 cloning vector, using standard
techniques.22 In the successful strategy, pUO-SoR1, was
extracted from an E. coli transconjugant of S. Ohio LSP
334/94, using the HiPure Plasmid Midiprep Kit
(Invitrogen), simultaneously digested with SphI and
HindIII, and then ligated to the vector previously cut
with the same enzymes. The ligated DNA was
transformed into chemically competent E. coli DH5a
cells (Invitrogen), and direct selection was achieved in
Luria Broth containing both ampicillin and tetracycline,
at the above indicated concentrations. The cloned DNA
fragment conferring resistance to tetracycline was
sequenced, analysed by BLAST.24
Molecular typing by macrorestriction-pulsed field gel
electrophoresis
Genomic variability of the isolates was assessed by
macrorestriction-PFGE. DNA-containing plugs were
independently digested with XbaI and BlnI
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Table 1. Relevant features of Salmonella enterica serovar Ohio isolates analysed in this work
R-Profile (N)

R-Phenotipe/R-Genotipe

Integron and transposon- R-Plasmidsa
related elements

PFGE
XbaI/BlnI

R0 (36)

Susceptible

-

X1B1
X1B2

-

LSP-isolates

X1B3
X10B2
X9B6
X10B1

811/91b, 852/91b, 908/91b,
11/92b, 138/92, 489/95,
570/95, 34/98c, 72/98c,
74/98, 90/98, 163/98,
267/98, 68/02, 148/02,
408/02, 6/03d, 9/03d,
10/03d, 19/03d, 20/03d,
21/03 d, 40/03 d, 135/03 d,
550/03, 705/03, 290/05
12/93, 264/93
50/94, 139/94
301/01, 592/01
7/03, 26/03, 27/03

R1 (1)

STR/aadA1

-

-

X8B1

358/00

R2 (5)

SUL/sul1

-

-

X10B2
X1B2
X5B5

309/94;
127/95ef, 170/95f; 302/95ef
75/98

R3 (1)

GEN-KAN/aacC4-aphA1

-

-

X10B1

14/03

R4 (1)

SUL-TMP/sul1-dfrA1

-

-

X5B5

461/94g

R5 (1)

STR-SUL-TMP/strA/B-sul1-dfrA1

-

-

X4B2

229/93

R6 (1)

AMP-GEN-SUL-TET/
blaTEM-aacC2-sul1-tet(A)

-/Tn3, Tn1721

pUO-SoR1

X3B4

336/94

R7 (2)

AMP-GEN-STR-SUL-TET/
blaTEM-aacC2-strA-strB-sul1-tet(A)

-/Tn3, Tn1721

pUO-SoR1

X3B4

334/94; 386/94

R8 (1)

AMP-STR-SUL-TET-TMP/
blaTEM-strA-strB-sul1-tet(A)-dfrA1

-/Tn3, Tn1721

pUO-SoR1

X3B4

325/94

R9 (3)

AMP-STR-SUL-TET-TMP/
blaTEM-aadA1-sul1-tet(B)-dfrA1

1600 bp/dfrA1-aadA1,
Tn21, Tn10

pUO-SoR2

X3B4
X7B5

131/96
199/96; 557/96

R10 (1)

AMP-KAN-STR-SUL-TET-TMP/
blaTEM,-aphA1-aadA1-sul1-tet(B)dfrA1

1600 bp/dfrA1-aadA1,
Tn21, Tn10

pUO-SoR3

X6B5

209/98

R11 (2)

CHL-KAN-STR-SUL-TET-TMP/
catA1-aphA1-aadA1-sul1-tet(B)-dfrA1

1600 bp/dfrA1-aadA1,
Tn9, Tn21, Tn10

pUO-SoR4

X2B2
X6B5

191/98
26/01

R, resistance; N, number of isolates with the indicated profile; PFGE, pulsed field gel electrophoresis; LSP, Laboratory of Public
Health (Asturias, Spain); AMP, ampicillin; CHL, chloramphenicol; GEN, gentamicin; KAN, kanamycin; STR, streptomycin; SUL,
sulphonamides; TET, tetracycline; TMP, trimethoprim.
a
pUO-SoR, plasmid University of Oviedo-Salmonella Ohio Resistance.
b
recovered from a child under one year of age in four consecutive months.
c
recovered from a child under one year of age in two consecutive months.
d
not registered outbreak.
e
recovered from a child under one year of age in three consecutive months.
f
familiar outbreak.
g
recovered from sewage water.
Isolates selected as representative for each plasmid profile are shown in bold.

endonucleases (30 U, 4 h, 37ºC; Takara Biomedicals)
and the obtained fragments were separated in a CHEFDRIII system (Bio-Rad Laboratories). Agarose plug
preparation and PFGE running conditions were
performed using the standardized PulseNet protocol
(www.pulsenet-europe.org). Lambda ladder PFG marker
and DNA of S. enterica serovar Braenderup H9812

digested with XbaI were included as controls. Profiles
were defined considering well-visualized fragments
larger than 9 kb. Similarity between profiles was
evaluated by the Jaccard’s coefficient (S), and clustering
was performed by the unweighted pair group method of
analysis with arithmetic averages (UPGMA), using the
software Program MVSP (Multivariate Statistics Package
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for PCs, RockWare Inc.R, Golden, CO). Profiles with
similarity coefficients > 0.7 were considered as members
of the same cluster.

When S. Ohio isolates were tested for antimicrobial
susceptibility, 12 R-profiles (R0-R11) were identified
(Table 1). R0 was the most frequent, including 65.5% of
isolates which were susceptible to all compounds tested.
The remaining isolates were resistant to one (10.9%),
two (3.6%), three (1.8%), and four or more (18.2%)
antimicrobial agents. The latter, considered as multidrug
resistant (MDR) included six different profiles, termed
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Cupin-2 IS26
HindIII

ΔtnpA
blaTEM tnpR
tnpA
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360 233

pecM

ΔtnpA
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SphI

360
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Figure 1. (A) Organization of the class 1 integron, and the Tn21- and Tn9- related transposons associated to a defective Tn10 in
tet(B) positive isolates. A-1) LSP191/98 (pUO-SoR4) and A-2) LSP557/96 (pUO-SoR2) and LSP209/98 (pUO-SoR3). Components
of the integron, and the Tn21-, Tn9- and Tn10- like elements are shown with white, black grey and wavy fillings, respectively. The
additional copy of IS1 between the integron and the defective Tn10 is represented a white striped rectangle. B) Structure of the
Tn1721-like transposon in tet(A) and blaTEM positive isolates (pUO-SoR1). Components of Tn1721 and Tn3 are represented by black
and grey striped arrows, respectively. IS26 found at the 5' end of the defective Tn1721 is represented by a dotted rectangle. PCR
products obtained in the performed amplifications are compiled below, and their sizes are indicated in bp. The 2800 bp fragment
marked in A-1 with an asterisk, as well as the fragment between the SphI and HindIII shown in B have been sequenced.
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R6 to R11. At all, the most common resistances were
sulphonamides,
streptomycin,
tetracycline
and
trimethoprim (shown by 30.9, 20, 18.2 and 16.4% of the
isolates, respectively), followed by ampicillin (14.5%),
gentamicin and kanamycin (7.3% each), and
chloramphenicol (3.6%). However, resistance to
nalidixic acid was not detected, in contrast to other
serovars also found in poultry like S. Enteritidis and S.
Hadar.1 With regard to the R-genotypes, i) resistance to
ampicillin, chloramphenicol, kanamycin, sulphonamides
and trimethoprim were encoded by blaTEM, catA1,
aphA1, sul1 and dfrA1, respectively, in all cases; ii) three
and one gentamicin-resistant isolates were positive for
accC2 and accC4, respectively; iii) streptomycinresistant isolates collected before 1996 carried strA-strB
while those recovered after this year were positive for
aadA1; iv) similarly, tetracycline-resistant isolates
contained tet(A) or tet(B), depending on whether they
were collected before or after 1996; v) other screened
genes were not detected.
Integrons and transposons in multidrug-resistant isolates
of S. Ohio
Integrons of classes 2 and 3 were not found in S. Ohio.
However, six multidrug resistant isolates (with profiles
R9 to R11) proved to be positive for class 1 integrons
with the dfrA1-aadA1 gene cassette configuration in a
variable region of ca. 1600 bp. When the detailed
structure of these integrons was investigated (Table 1;
Figure 1, A-1 and A-2), all proved to be positive for
intI1, qacEΔ1, sul1 and orf5. However, they were
negative for IS1326 and IS1353, the two insertion
sequences characteristic of In2, the integron of Tn21, and
for the tniA and tniBΔ1 genes, which encode a defective
transposition module, widely represented in class 1
integrons.19
With regard to the multidrug resistant profiles
including class 1 integrons, the following results are of
note: i) in two chloramphenicol resistant isolates (R11
profile; Table 1), the integron was part of a Tn21-like
transposon that carried apparently intact tnp genes (tnpA,
tnpR and tnpM) as well as the mer operon, and was in

turn inserted within Tn9 that supplied the catA1 gene
(Figure 1, A-1); ii) in four chloramphenicol susceptible
strains with R9 or R10 profiles (Table 1), the integron
was inserted within a defective Tn21-like transposon that
had a deletion removing the tnpA gene but maintained
tnpR, tnpM and the mer operon (Figure 1, A2); iii) the
tet(B) positive isolates of profiles R9, R10 and R11
(Table 1) contained the transposase gene of IS10, the
insertion sequence flanking Tn10,21 and in all of them
(LSP131/96, LSP199/96, LSP557/96, LSP209/98,
LSP191/98 and LSP26/01), the linkages tet(B)-tetR, tetRybdA (with the latter encoding a protein with homology
to transcriptional repressors of metal resistance operons),
and ybfA-tnpL (encoding a possible sodium/glutamate
transporter and the transposase of the left copy of IS10,
respectively), were demonstrated (Figure 1; A-1).
However, the amplicons joining tetC with tetD (the latter
encoding a transcriptional activator of genes that confer
resistance to redox-cycling compounds and antibiotics,
negatively regulated by the product of tetC),25 and tet(B)
with tnpR could not be obtained. It is of note that all
tet(B) positive isolates carried the 1600 bp/dfrA1-aadA1
integron, inserted within a Tn21-like element which was
associated or not with Tn9 (see above). Based on results
previously obtained for S. Brandenburg strains with
similar characteristics and from the same Spanish
region,8 we amplified a fragment of ca. 2800 bp joining
the tet(B) gene of Tn10 with orf5 of the integron in the
six tet(B) positive isolates. Sequencing of the fragment
revealed a copy of IS1 placed between orf5 of the class 1
integron (that maintained one of the inverted repeats of
IS1326) and a Tn10-related element, which lacked tetD
and part of tetC (Figure 1; A-1). This organization
exactly corresponds with that previously found in S.
Brandenburg.
In relation to the multidrug resistant profiles negative
for class 1 integrons (R6, R7 and R8; Table 1), i) all
isolates were ampicillin-resistant and contained a Tn3like transposon associated with blaTEM.18 Such element
was not found in ampicillin resistant isolates of the
remaining profiles; ii) all were positive for tet(A) and
yielded the amplicon expected for the gene specific of
Tn1721.26 The presence of the tetR, tet(A), pecM

Table 2. Plasmid features
R-Plasmids

Size
(kb)

Transfer to E. coli
C
Ma

pUO-SoR1

190

+

nt

pUO-SoR2

145

-

+

pUO-SoR3

160

-

+

pUO-SoR4

190

+

nt

R-phenotype/R-genotype associated to
pUO-SoR plasmids

%a (N)

R-profile

AMP-TET/blaTEM-tet(A)

7,3 (4)

R6/R7/R8

AMP-STR-SUL-TET-TMP/
blaTEM-aadA1-sul1-tet(B)-dfrA1
AMP-KAN-STR-SUL-TET-TMP/
blaTEM,-aphA1-aadA1-sul1-tet(B)-dfrA1

5,5 (3)

R9

1,8 (1)

R10

3,6 (2)

R11

CHL-KAN-STR-SUL-TET-TMP/
catA1-aphA1-aadA1-sul1-tet(B)-dfrA1

R, resistance; C, conjugation; M, mobilization; N, number of isolates carrying the indicated plasmid; +, positive; -, negative; nt,
not tested.
a
the percentage was calculated with regard to the total number of LSP isolates (55) included in the study.
b
the helper plasmid pRK600, which carries the catA1 gene for cloramphenicol resistance, provided the tra functions for
mobilization of pUO-SoR2 and pUOSoR3.
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Figure 2. Plasmid profiles of representative isolates of Salmonella enterica serovar Ohio isolates and Escherichia coli
transconjugants visualized by S1-PFGE. A) Plasmids from S. Ohio. Lanes 1 to 10: LSP325/94, LSP334/94, LSP336/94, LSP386/94,
LSP131/96, LSP199/96; LSP557/96, LSP209/98, LSP191/98 and LSP26/01. B) Plasmids from E. coli transconjugants. Lanes 11 to
15: Tc334/94, Tc557/96, Tc209/98, Tc191/98 and Tc26/01. Lane 16: E. coli helper strain. Lane 17: E. coli K12 J53. Lanes M:
Lambda ladder PFG marker (sizes in kb).

(putative regulatory component) and ΔtnpA (which
corresponds to a partial duplication of tnpA) genes of this
transposon was confirmed by PCR amplification of the
individual genes (Figure 1, B). However, mcp (which
encodes a polypeptide with features of a methylaccepting chemotaxis protein), tnpR and an entire tnpA
gene could not be detected.20,27 These results, together
with overlapping amplifications, indicated the presence
of a defective Tn1721 in the isolates tested. The detailed
structure of the element was then established by cloning
and sequencing experiments. These revealed the presence
of IS26 adjacent to an internal segment of the tnpA gene
of Tn1721, which has suffered a 1450 bp deletion at the
5'-end, while confirming the absence of mcp and tnpR.
Moreover, insertion of the Tn3-blaTEM element caused a
second deletion that removed 430 bp internal to tnpA.
Plasmids in multi-resistant strains of S. Ohio
Four types of resistance plasmids, termed pUO-SoR1 to
pUO-SoR4, were detected by S1-PFGE in multidrug
resistant isolates of S. Ohio (Tables 1 and 2; Figure 2).
pUO-SoR1 and pUO-SoR4 were both conjugative
plasmids of ca. 190 kb. The former was present in
multidrug resistant isolates of the R6, R7 and R8 profiles,
but carried only two of the R-genes present in the
parental isolates, specifically blaTEM and tet(A), which
are contained in the Tn3-Tn1721 composite element (see
above). pUO-SoR4, present only in R9 isolates,
transferred the same R-pattern detected in their hosts,
when conjugated into E. coli. This pattern was justified
by the complex element resulting from association of
intact or deleted Tn21-like transposons carrying the 1600
bp/dfrA1-aadA1 integron, with Tn9- and Tn10-like
transposons (Figure 1, A-1). Finally, pUO-SoR2 (ca. 145
kb) and pUO-SoR3 (ca. 160 kb), respectively found in
R9 and R10 isolates, could only be transferred into E.
coli by triparental mating. As a result, all the
transconjugants obtained carried either pUO-SoR2 or
pUO-SoR3 together with pRK600, the chloramphenicol
resistant plasmid present in the helper strain.23 Such
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transconjugants showed the same R-phenotype, Rgenotype, class 1 integron and transposons (Tn21- and
Tn10-like; Figure 1, A-2; see above) as the respective
parental strains, in addition to catA1 supplied by
pRK600.
Genomic typing of Salmonella Ohio by macrorestrictionPFGE
Genomic macrorestriction identified 10 XbaI-PFGE
profiles (X1-X10, Figure 3A) and 6 BlnI-PFGE patterns
(B1-B6, Figure 3B). Of these, X1 (58.2%) and B2
(56.4%) were the most common. Accordingly, the
prevalent combined profile was X1B2, found in 26
isolates (47.3%). A dendogram of similarity constructed
for the combined profiles (Figure 3C), grouped all the
isolates in a single cluster at a cut-off point of S = 0.74,
while the outgroup strain (S. Braenderup H9812) was
related to S. Ohio at S = 0.26.
The S. Ohio isolates susceptible to all antimicrobials
tested (profile R0) belonged to six XbaI-BlnI profiles,
with three of them (X1B2, X10B1 and X10B2) including
isolates resistant to one (R2 pattern) or two (R3 pattern)
antimicrobials. The twelve multidrug resistant isolates
displayed one out of four XbaI-BlnI profiles (X7B5,
X6B5, X3B4 or X2B2). Those containing pUO-SoR1
(R6, R7 and R8) had the same X3B4 profile, which was
also displayed by a single isolate carrying pUO-SoR2.
Two additional pUO-SoR2 isolates were X7B5, a profile
closely related to X6B5, shown by the single isolate
positive for pUO-SoR3, and by one of the two isolates
carrying pUO-SoR4. In contrast, a second isolate with
the latter plasmid was X2B2, the profile most closely
related to X3B4.

Discussion
The plasticity of the bacterial genome underlies the
amazing adaptability of bacteria to hazardous
environments, such as those imposed by the presence of
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Figure 3. Analysis of Salmonella enterica serovar Ohio isolates by PFGE. A) Profiles generated by XbaI-PFGE. Lanes X1 to X10: S.
Ohio LSP40/03, LSP191/98, LSP325/94, LSP229/93, LSP461/94, LSP209/98, LSP557/96, LSP358/00, LSP301/01 and LSP14/03.
Lane Br: S. Braenderup H9812. Lane M: Lambda ladder PFG marker (sizes in kb). B) Profiles generated by BlnI-PFGE. Lanes B1 to
B6: LSP358/00, LSP191/98, LSP264/93, LSP325/94, LSP209/98 and LSP301/01. Lane M: Lambda ladder PFG marker. C) UPGMA
clustering of S. Ohio isolates based on XbaI- and BlnI-PFGE combined profiles. Control: S. Braenderup H9812. S: Similarity
coefficient. The resistance (R) profiles and associated plasmids are shown at the right of the dendrogram.

antimicrobial agents. Resistance genes have an
exceptional ability to become associated with each other,
usually with the cooperation of different types of genetic
elements that greatly contribute to their recruitment,
expression, persistence and dissemination. The resulting
clusters, known as resistance islands, are frequently
behind the phenomenon of multidrug resistance.28,29
In S. Ohio, a class 1 integron and four transposons
(Tn21-, Tn9-, Tn10- and Tn1721-related), with their

associated resistance genes, have coincided with a
number of individual genes to confer multidrug
resistance. The integron is identified by the 1600
bp/dfrA1-aadA1 variable region. This configuration of
gene cassettes is widely distributed among Gram
negative bacteria, including different serovars of S.
enterica.29-32 In Spain, it has been previously detected in
integrons of S. Enteritidis and S. Typhimurium, the two
predominant serovars in human infections, as well as in
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S. Brandenburg.8,33 The 1600 bp/dfrA1-aadA1 integrons
from S. Enteritidis and S. Typhimurium have not been
characterized in detail. However, the element detected in
several S. Brandenburg isolates recorded in Asturias
between 1995 and 2002 shared the structure of those
found in S. Ohio. In fact, both consist of a “minimal”
integron platform, constructed by the variable region
with the two resistance gene cassettes, flanked by the
5’CS with the integrase gene, and the 3’CS with qacEΔ1,
sul1 and orf5. Interestingly, all S. Ohio and S.
Brandenburg isolates with the “minimal” integron were
resistant to tetracycline due to the presence of tet(B), and
a defective Tn10 carrying this gene was found in the
proximity of the integron, separated from orf5 by a copy
of IS1. With regard to S. Ohio, class 1 integrons with the
1600 bp/drfA1-aadA1 or other variable regions have been
previously found in isolates from humans, animals, foods
or environmental sources.4,5,10,12 However, the detailed
organization of these integrons, and its possible
association with transposons, has not been investigated.
Class 1 integrons were not found in tetracycline
resistant isolates of S. Ohio that carried tet(A) instead of
tet(B), and these were all resistant to ampicillin. They
contained a defective Tn1721, which lacked mcp and
tnpR and has suffered two independent deletions in tnpA.
In fact, insertion of a Tn3 element that provided blaTEM,
and hence explained the correlation between tet(A) and
ampicillin resistance, has been probably responsible of
the internal deletion detected in tnpA. A second deletion,
removing the 5` end of the gene, tnpR and mcp could
have been originated by transposition of IS26. Defective
versions of Tn1721 have been previously identified in
other serovars of S. enterica, mostly in S. Typhimurium
from different sources and countries, but also in S.
Brandenburg collected in Asturias. 8,26,34-38 Although in
some of the S. Typhimurium isolates the defective
Tn1721 was associated with Tn3-blaTEM,35,38 the
structure of the element found in S. Ohio is of new
description. On the other hand, IS26 appears to be
playing a very active role in the rearrangement of
resistance gene clusters located both in plasmids as well
as in the chromosome of S. enterica.36,37,39,40
Regarding the trends of multidrug resistance,
susceptible isolates of S. Ohio were distributed over the
all period of study (1991 to 2005), whereas multidrug
resistant isolates were only found between 1994 and
2001, although all isolates recorded in Asturias from
1999 to 2005 were included in the study. Isolates
carrying pUO-SoR1 were only obtained during 1994, and
shared the X3B4 PFGE profile. Accordingly, their clonal
spread could have been happening around that time, but
intraclone evolution has also occurred, through lost
and/or acquisition of resistance genes other than those
carried by the plasmid [blaTEM-tet(A), conferred by the
Tn3-Tn1721-like element]. The location of the additional
genes [aacC2, strA-strB and sul1] remains unknown.
Similarly, pUO-SoR2 was only found in 1996,
established in the X3B4 and X7B5 genetic backgrounds.
The latter profile is closely related to X6B5, which
includes pUO-SoR3 and pUO-SoR4 isolates from 1998
and 2001, respectively, but pUO-SoR4 was also found
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within a X2B2 isolate collected in 1998. The genetic
elements shared by pUO-SoR2, pUO-SoR3 and pUOSoR4 (including the 1600 bp/dfrA1-aadA1 integron, and
the Tn21-, Tn10- ± Tn9-like transposons), suggests a
possible relationship between the three plasmids, which
could have evolved through differential acquisition of
blaTEM and/or aphA1. The role that the plasmids of S.
Ohio could have been playing in the spread of resistance
(pUO-SoR1) and multidrug resistance (pUO-SoR2 to
pUO-SoR4) in the animal reservoir remains unknown.
However, establishment of the same plasmid in two
genetic backgrounds is consistent with their horizontal
transfer, which could have occurred either through
conjugation or mobilization into more or less related
bacteria. Nevertheless, the absence of multidrug resistant
isolates in recent years is an encouraging finding, which
may be connected with the progressive decrease in the
number of non-typhoid Salmonella that has been
experienced not only in Asturias but also in Spain, in
recent years (http://www.isciii.es/).
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