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Abstract

In Salmonella enterica, resistance to antibiotics can be caused by the presence of SGI|,
transposons or conjugative plasmids. In this study we were interested in the relative
contribution of these genetic elements to the antibiotic resistance of S. enterica isolates
collected within a single year in the Czech Republic from animal sources. Altogether 123
antibiotic-resistant isolates belonging to 16 different S. enterica serovars were classified into
3 groups according to the presence of SGI1 and the presence of integrons. The first group
consisted of 62 strains in which neither SGI1 nor class 1 integron was detected. A high
diversity among serovars and resistance phenotypes was found in this group. The second
group consisted of 56 strains positive for both the SGI1 and class 1 integron, out of which 55
belonged to serovar Typhimurium and one to a nonmotile serovar [4,12] which harboured the
SGI1-B variant. The third group comprised five strains which were positive for class 1
integron but negative for the SGI1. Sequencing of the integrons in these isolates identified
integron with sat/ and aadA1 gene cassettes in S. Sandiego and S. Pullorum, dfr41 and aadAl
gene cassettes in S. Typhimurium integron, and aadA21 gene cassette in S. Braenderub and S.

Zanzibar.

Keywords

Salmonella, antibiotic resistance, SGI1, integron, plasmid

Introduction

The failure of bacterial disease treatment due to the antibiotic resistance of pathogenic
microorganisms is a cause for concern for both the scientific community and the general
public. Pathogenic microorganisms may become resistant to antibiotics in multiple ways. The

two most extreme examples are point mutations in house-keeping genes leading to the
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resistance phenotype or the horizontal acquisition of genes coding for antibiotic resistance. In
Salmonella enterica (S. enterica), an example of the former case is the resistance to nalidixic
acid which is most frequently associated with point mutations in the gyr4 gene (Reyna et al.,
1995). An example of the latter case is the appearance of multidrug resistant S. Typhimurium
which acquired the Salmonella Genomic Island 1 (SGI1), part of which codes for resistance to

antibiotics (Boyd et al., 2001).

In S. enterica, strains belonging to serovar Typhimurium are most frequently reported to be
antibiotic resistant and within this serovar, one dominant lineage can be identified which is
comprised of highly similar strains with the chromosomally located SGI1 (Boyd et al., 2001;
Matiasovicova et al., 2007). Such strains were first recorded in the mid 1980’s in the UK
(Threlfall et al., 1994) and since that time they have spread throughout the whole world. Why
this has happened is not fully understood but explanations regarding their increased virulence
or ability of biofilm formation are being sought (Evans and Davies, 1996; Malcova et al.,
2008). The remaining antibiotic resistant strains of S. Typhimurium are highly heterogenous
and consist mainly of strains in which different conjugative R-plasmids can be found

(Pezzella et al., 2004; Rodriguez et al., 2006; Vo et al., 2007).

Unlike some extensive studies, aim of our work was to analyse the relative frequency of
different modes of antibiotic resistance in a collection of strains all isolated during a single
year from animal sources from a relatively restricted geographic area. We therefore tested S.
enterica strains which were submitted for confirmation of their antibiotic resistance to the
National Reference Laboratory for Antibiotic Resistance in the Czech Republic over the
course of a single year. This approach gave us a realistic view of the current situation among

antibiotic resistant strains of S. enterica of animal origin in the Czech Republic regardless of
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the serovar which, due to similarities in technologies of animal production, can be with a

certain care generalised for the rest of Central Europe.

Materials and Methods

Bacterial strains, serotyping and antibiotic susceptibility testing

A total of 123 Salmonella enterica strains isolated from animal sources in the Czech Republic
during year 2006 were included in this study. The strains were submitted to our laboratory by
local diagnostic laboratories because of their resistance to one or more antibiotics. The strains
originated from pigs (n=61), cattle (n=18), chickens (n=11), turkeys (n= 6) and from other
animal or environmental sources (n=27) (for additional details see supplementary material).
Isolated Salmonella were typed by agglutination with monovalent O and H anti-Salmonella
sera (Bio-Rad, France), and classified into serotypes according to the Kauffman-White
system. All isolates were tested by the disc diffusion method based on CLSI standards for
sensitivity to the following 18 antibiotics (Oxoid Ltd., UK): ampicillin (A, 10 pg),
amoxycillin/clavulanic acid (AMC, 30 pg), apramycin (APR, 15 pg), colistin (CT, 10 pg),
cefotaxime (CTX, 30 pg), cephalothin (KF, 30 ug ), ceftiofur (EFT, 30 pg), ciprofloxacin
(CIP, 5 ng ) chloramphenicol (C, 30 pg), enrofloxacin (ENR, 5 ug), gentamicin (G, 10 ug),
kanamycin (K, 30 pg) nalidixic acid (NA, 30 pg), neomycin (N, 30 pg), streptomycin (S, 10

ng), tetracycline (T, 30 pug), sulphonamides (Su, 300 pg) and trimethoprim (W, 5 pg).

PCR detection of the left junction of SGI1 and class 1 integrons

All the strains were tested for the presence of Salmonella genomic island 1 (SGI1) and class 1
integrons. PCR for the detection of the left junction of SGI1 was carried out with the primer
pair U7-L12 and LJ-R1 and the whole integron sequence was amplified using the 5CS and
3CS primer pair described previously (Levesque et al., 1995; Boyd et al., 2002). PCR

conditions we described previously (Faldynova et al., 2003).
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Sequencing of class 1 integrons

To identify gene cassettes inside the class 1 integrons, the resulting PCR products were
sequenced using a BigDye Terminator v3.1 Cycle Sequencing Kit according to the
instructions of the manufacturer (Applied Biosystems). The extension products were
separated and analysed by the ABI 310 Genetic Analyser (Applied Biosystems) and obtained
sequences were BLAST compared with GenBank entries. The sequencing was performed for
all strains which were different from S. Typhimurium displaying the ACSSuT or
ACSSuT+Nal resistance phenotype and giving rise to 2 expected PCR products of 1009 and
1197 bp after the SCS-3CS PCR, or S. Typhimurium displaying the SSu resistance phenotype
and giving rise to a single 1009 bp PCR product after the SCS-3CS PCR. Such isolates were

considered to contain either SGII or the SGI1-C variant of SGI1 (Boyd et al., 2002).

Results

Serotyping and antibiotic susceptibility testing

The 123 antibiotic-resistant Salmonella isolates were assigned to 16 different S. enterica
serovars including Typhimurium (n=93), Enteritidis (n=6), Infantis (n=5), Derby (n=4),
Choleraesuis (n=2), Saintpaul (n=2) and Zanzibar (n=2). One isolates each was classified as
belonging to the serovars Braenderub, Kentucky, Langeveld, Lomita, London, Ohio,

Sandiego, Uppsala and a nonmotile serovar [4,12].

Resistance to streptomycin, ampicillin and sulphonamides was most frequently observed (in
approx. 83 % of all isolates), followed by resistance to tetracycline (74 %) and
chloramphenicol (54.5 %). The rates of resistances to nalidixic acid, trimethoprim and

kanamycin were 13.8 %, 7.3 % and 4.1 %, respectively. Only 2 strains (1.6 %) were resistant
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to neomycin or cefalotin. Resistance to apramycin, gentamicin or amoxycilin-clavulanic acid
was always observed in a single isolate. Within the given collection of strains and the set of
antibiotics used we never observed strains resistant to cefotaxime, ceftiofur, ciprofloxacin,

colistin and enrofloxacin.

PCR detection of the left junction of SGI1 and class 1 integrons

Based on the two PCRs, the strains could be clustered into three groups. The first group
consisted of 62 strains in which neither the left junction of SGI1 nor the class 1 integron was
detected. A high diversity in serovars and resistance phenotypes was found in this group (see
Table 1 and also electronic supplementary material). This type of antibiotic resistance was
most frequently found in serovar Typhimurium (59.7 %). Although the isolates were resistant
from 1 to 8 antibiotics, the most frequent type of resistance of non-SGI1 S. Typhimurium was

characterised as ASSuT.

The second group consisted of 56 strains positive for both the left junction of SGI1 and the
class 1 integron. Except for a single isolate of nonmotile Salmonella [4,12] isolated from a
shark, all the strains in this group belonged to serovar Typhimurium. The nonmotile
Salmonella [4,12] strain was resistant to ampicillin and sulphonamides and both these
resistances were associated with the presence of the SGI1-B variant present downstream from

the thdF gene.

The third group comprised five strains of serovars Braenderub (SSuT resistance phenotype),
Sandiego (SSuT), Saintpaul (SSuT), Typhimurium (ASSuT+W+Apr) and Zanzibar (CSSuT)

which were positive for the class 1 integron but negative for the left junction of SGI1. To
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determine which of the antibiotic resistances were parts of the integrons, the 5SCS-3CS PCR

products were subjected to DNA sequencing.

Sequencing of class 1 integrons

In the 5 strains in which the integrons were not part of the SGI1 and, S. Sandiego and S.
Saintpaul harboured integrons with sat/ and aadAl gene cassettes similar to the GenBank
Ac.n. AM055748. S. Typhimurium harboured integron with dfrA1 and aadA1 gene cassettes
similar to the GenBank Ac.n. DQ133164, and in S. Zanzibar and S. Braenderub, an aadA21
containing integron similar to the GenBank Ac.n. AY 171244 was found. All these gene
cassettes were different from those usually found in different SGI1 variants further

confirming the non-SGI1 nature of these integrons (Table 2).

Discussion

The S. enterica isolates in this study were most frequently resistant to streptomycin,
ampicillin and sulphonamides. Resistance to tetracycline and chloramphenicol were recorded
slightly less frequently (Fig. 1). The dominant occurrence of these resistances is closely
linked with the presence of the SGI1 and S. Typhimurium. Indeed, in 56 isolates with the
ACSSuT type of resistance all belonged to the serovar Typhimurium and only 4 of them did
not harbour the SGI1. Less frequent resistance to chloramphenicol can be explained by the
detection of 19 strains without the SGI1 (18 isolates of serovar Typhimurium and a single
isolate of serovar Infantis) which were resistant to ampicillin, streptomycin, sulphonamides
and tetracycline. Isolates of S. Typhimurium exhibiting this type of resistance have already

been recorded by other authors (Soler et al., 2006; Graziani et al., 2008).
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Sixty two S. enterica isolates resistant to antibiotics were free of the SGI1 as well as
integrons. The increased variation in serovars represented in this group indicated a recent
horizontal acquisition of antibiotic resistance from different sources. It is possible that at least
in some of the cases the resistance was encoded by conjugative plasmids which may transfer
resistance to a single antibiotic (Hradecka et al., 2006) as well as multidrug resistance

(Carattoli et al., 2001; Guerra et al., 2002).

The SGI1 and integrons were found in 56 isolates, 55 of which belonged to serovar
Typhimurium. The only non-Typhimurium serovar harbouring the SGI1 was nonmotile
Salmonella [4,12] with a SGI1-B variant (ASu type of antibiotic resistance). Although the
SGI1 can be mobilised for conjugative transfer (Doublet et al., 2005), its dominant association
with serovar Typhimurium and much less frequent presence in other serovars also suggests

that the conjugational transfer of SGI1 is probably not a common event in the environment.

Five strains were positive for the presence of integrons but negative for the SGI1. Since these
strains were all from different serovars, it is quite probable that the integrons were acquired
by each of the isolates independently. All combinations of gene cassettes identified in our
strain collection have already been described although the sat!/ aadA 1 combination is found in

S. enterica quite rarely (Guerra et al., 2000; Zhao et al., 2007).

Although antibiotic resistance testing is a relatively simple procedure, a detailed
characterisation of genotypes of antibiotic resistant S. enterica by PCR targeted to the
antibiotic resistance genes is quite laborious due to the extensive list of potential gene
candidates (Faldynova et al., 2003). The last, rather indirect result of this study therefore is

that by a combination of only two PCRs specific for the left junction of the SGI and the
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presence of integrons, S. enterica isolates can be easily classified into 3 basic clusters. The
sizes of the amplification products in 5SCS-3CS PCR enabled the further characterisation of
the field isolates and the selection of strains with unusual characteristics suitable for

subsequent detailed analysis.
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Figure legend

Figure 1. Resistance to individual antibiotics among S. enterica strains isolated from animal
sources in the Czech Republic during 2006. A, ampicillin; AMC, amoxycillin/clavulanic acid;
APR, apramycin; C, chloramphenicol, G, gentamicin; K, kanamycin; KF, cefalotin; N,
neomycin; NA, nalidixic acid; S, streptomycin; Su, sulphonamides; T, tetracycline; W,

trimethoprim.
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Table 1. Variability in serovars and antibiotic resistance patterns depending on the presence of

SGI1 or integrons

group LJ® 5CS 3CS* strains*  serovars* resistance*
1 - - 62 13 27
2 + + 56 2 5
3 - + 5 5 3

* numbers indicate number of strains, serovars or different resistance patterns in each group

& result of particular PCR
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Table 2. Integrons of Salmonella enterica as identified by DNA sequencing of 5CS-3CS PCR

products.

Serovar Resistance Presence Array of gene cassettes  Origin
phenotype of SGI1

[4,12] ASu yes blapsg. shark

Braenderub SSuT no aadA21 chicken

Sandiego SSuT no satl aadAl turkey

Saintpaul SSuT no satl aadAl turkey

Typhimurium  ASSuT+W+Apr no dfrAl aadAl pig

Zanzibar CSSuT no aadA2l turkey

A, ampicillin; Apr, apramycin; C, chloramphenicol; S, streptomycin; Su, sulphonamides; T,

tetracycline; W, trimethoprim
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Figure 1

Fig 1. Havlickova et al. Distribution of integrons and SGI1 among antibiotic resistant Salmonella...
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