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Infection of humans and animals caused by Salmonella is a major public health problem worldwide.
Among the more than 2500 serovars, S. Infantis has been one of the 15 most isolated serovars in the
world. Despite its clinical importance, little is known about the molecular characteristics of S. Infantis
strains from Brazil. The aims of this study were to type S. Infantis isolates of this country and to assess
their pathogenic potential. The molecular epidemiology of 35 S. Infantis strains, isolated from human
sources (25) and food items (10) between 1984 and 2009 in Sdo Paulo State, Brazil, were investigated

?gﬂ‘;‘;onrgfl; Infantis using ERIC-PCR, PFGE and MLST. Furthermore, the presence of some virulence markers from Salmonella
ERIC-PCR pathogenicity islands (SPIs) SPI-1 and SPI-2 and from the virulence plasmid was assessed by PCR. Using
PFGE ERIC-PCR, 34 S. Infantis strains exhibited a high genetic similarity (>93.7%) and using PFGE, 32 strains
MLST exhibited a similarity >80.6%. Additionally, MLST showed a high clonal similarity among strains that
Virulence markers all presented the same ST32. Thirty-two isolates under investigation contained the virulence markers
Brazil invA, sopB, sopD, sipA, sipD, ssaRr, sifA, figK, fliB and figL. In conclusion, the S. Infantis strains studied were

genetically similar, suggesting that a prevalent subtype has been causing disease and food contamination
during a 25 year period in Sdo Paulo State, an important metropolitan region in Brazil. Furthermore, the
contamination between strains from food items and sick humans indicates that better control measures

for S. Infantis may be needed in this country.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Salmonella is an important foodborne pathogen that causes ill-
ness worldwide. It is estimated that 93.8 million cases occur glob-
ally each year, which results in approximately 155,000 deaths
(Majowicz et al., 2010). The genus consists of two species, Salmo-
nella enterica and Salmonella bongori, and more than 2500 serovars.
Some serovars, such as Enteritidis, Typhimurium, Newport, Infan-
tis, Virchow, Hadar and Agona have been the most frequently iso-
lated serovars from humans throughout the world from 2001 to
2007 (Guibourdenche et al., 2010; Hendriksen et al., 2011).

Specifically, S. Infantis has been one of the 15 most isolated
serovars in African, Asian, European, North American, Oceanic
and Latin American countries (Hendriksen et al., 2011). S. Infantis
has been isolated from veterinary and human hospitals, foods such
as vegetables and meat and production animals, such as broiler
chickens (Dunowska et al., 2007; Merino et al., 2003; No6grady
et al., 2008; Shahada et al., 2006).
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Salmonella pathogenicity involves chromosomal genes present
in the Salmonella pathogenicity islands (SPIs), of which SPI-1 and
SPI-2 are the most extensively studied. The SPI-1-associated pro-
teins include the following: effectors proteins, Sop (SopA-E); pro-
teins associated with invasion, SipA and InvA; translocon
assembly protein SipD and flagella associated proteins, FIgK, FljB
and FIgL. The SPI-2-associated proteins, SsaR and SifA, are associ-
ated with survival and replication within host cells (Giacomodona-
to et al., 2007; Hur et al., 2011; Shah et al,, 2011; Zou et al., 2012).
Moreover, there are virulence-associated plasmids that have the
spv operon, which consists of five genes (spvRABCD), are associated
with Salmonella survival and growth in macrophages (Rychlik et al.,
2006).

Molecular typing methods, such as: pulsed-field gel electropho-
resis (PFGE), repetitive sequence-based PCR (rep-PCR) and
Multilocus Sequence Typing (MLST), have been used successfully
in Salmonella epidemiological and phylogenetic studies (Albufera
et al, 2009; Campioni et al., 2012; Fonseca et al, 2006;
Harbottle et al., 2006; Hauser et al., 2012; Johnson et al., 2001;
Kotetishvili et al., 2002; Merino et al., 2003; Ross and Heuzenroeder,
2008).

There is very limited data available on the molecular character-
istics of S. Infantis isolated in Brazil, despite its clinical importance
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(Fonseca et al., 2006). In Brazil, S. Infantis has been isolated from
human sources, hospital outbreaks and food items, including may-
onnaise, poultry meat, among others (Fonseca et al., 2006; Hofer
and Reis, 1994; Moraes et al., 2000; Pessoa-Silva et al., 2002; Tave-
chio et al., 1996, 2002). From 1950 to 2003, S. Infantis was among
the sixth most isolated serovars from human and non-human
sources in Sdo Paulo State, Brazil, behind Enteritidis, Typhimurium
and other common serovars (Fernandes et al., 2006; Taunay et al.,
1996; Tavechio et al., 2002).

Therefore, molecular typing studies with the strains of this sero-
var, isolated from food and human sources, may improve the under-
standing of the epidemiology of S. Infantis in Brazil. It should be
emphasized that according to the available published data, there
are currently no MLST studies on Salmonella isolated from Brazil.

Thus, the aims of this study were to type S. Infantis strains iso-
lated from human sources and food items over a 25-year period in
Brazil using enterobacterial repetitive intergenic consensus-PCR
(ERIC-PCR), PFGE and MLST, and to investigate the presence of
some virulence markers. These data were analyzed to gain a deeper
understanding of the epidemiology and pathogenic potential of S.
Infantis strains isolated for more than two decades in this country.

2. Material and methods
2.1. Bacterial strains
A total of 35 Salmonella Infantis strains were studied; these

strains were isolated from human feces (25) and food items (10)
from sporadic cases from various cities in the S3o Paulo State,

Table 1

Brazil between 1984 and 2009. These strains were selected from
a collection of strains available at the Adolfo Lutz Institute of Ri-
beirdo Preto in Brazil and represent strains isolated during a
25 year period in this state. Table 1 lists the year, source of isola-
tion and city of origin of the 35 S. Infantis strains used in this study.

2.2. Detection of virulence markers by PCR

The genomic DNA of the 35 strains listed in Table 1 was ex-
tracted as described by Falcdo et al. (2006), and the DNA concen-
tration was determined as described in Sambrook and Russell
(2001). The general PCR procedure was performed according to
the method described in Falcdo et al. (2006). The 11 virulence
markers investigated were invA, sopB, sopD, sipA, sipD, figK, fljB, flgL,
ssaR, sifA, and spvB. The PCR conditions and the primers used were
described in the following studies: Hur et al. (2011) for invA, sopB,
sopD, ssaR and sifA genes; Shah et al. (2011) for sipA, sipD, fIgK, fliB
and figl genes; and Rychlik et al. (2008) for spvB. A template PCR
without DNA was used as the negative control.

To evaluate the reproducibility of the experiments, the PCR
reactions were repeated twice for some strains. The PCR products
were analyzed by agarose gel electrophoresis and visualized under
UV light after staining the gel with ethidium bromide
(1.0 pgmL™).

2.3. ERIC-PCR typing and analysis

Genomic DNA was extracted as described above. The ERIC-PCR
assay was performed for all 35 strains presented in Table 1, and the

Source and year of isolation, city of origin, virulence markers, ERIC and PFGE profiles of 35 Salmonella Infantis strains studied.

Strains Source Year City ERIC profile PFGE profile Presence of
virulence markers
SI 01 Human diarrheic feces 1984 Ribeirao Preto ERIC-6 PFGE-3 Profile 1
SI 02 Human diarrheic feces 1985 Ribeirao Preto ERIC-6 PFGE-9 Profile 2
SI1 03 Meat 1986 Ribeirao Preto ERIC-6 PFGE-2 Profile 1
SI 04 Human diarrheic feces 1986 Ribeirao Preto ERIC-6 PFGE-22 Profile 1
SI 05 Human diarrheic feces 1986 Ribeirao Preto ERIC-6 PFGE-3 Profile 3
SI 06 Human diarrheic feces 1986 Ribeirao Preto ERIC-6 PFGE-3 Profile 4
SI 07 Human diarrheic feces 1986 Ribeirao Preto ERIC-7 PFGE-23 Profile 1
SI 08 Human diarrheic feces 1986 Cravinhos ERIC-6 PFGE-8 Profile 1
SI1 09 Human diarrheic feces 1986 Ribeirao Preto ERIC-6 PFGE-8 Profile 1
SI 10 Human diarrheic feces 1988 Ribeirao Preto ERIC-7 PFGE-2 Profile 1
SI 11 Human diarrheic feces 1989 Ribeirao Preto ERIC-5 PFGE-17 Profile 1
SI 12 Human diarrheic feces 1989 Ribeirao Preto ERIC-6 PFGE-3 Profile 1
SI13 Human diarrheic feces 1990 Ribeirao Preto ERIC-6 PFGE-4 Profile 1
SI 14 Human diarrheic feces 1990 Ribeirao Preto ERIC-7 PFGE-4 Profile 1
SI 15 Human diarrheic feces 1990 Ribeirao Preto ERIC-7 PFGE-6 Profile 1
SI 16 Human diarrheic feces 1991 Ribeirao Preto ERIC-6 PFGE-2 Profile 1
SI17 Human diarrheic feces 1991 Ribeirao Preto ERIC-6 PFGE-10 Profile 1
SI 18 Human diarrheic feces 1992 Ribeirao Preto ERIC-7 PFGE-7 Profile 1
SI 19 Human diarrheic feces 1993 Ribeirao Preto ERIC-2 PFGE-10 Profile 1
SI 20 Human diarrheic feces 1993 Jardinopolis ERIC-1 PFGE-1 Profile 1
SI 21 Meat 1995 Ribeirao Preto ERIC-1 PFGE-5 Profile 1
SI 22 Chicken 1995 F.1.S.2 ERIC-1 PFGE-15 Profile 1
S123 Human diarrheic feces 1995 Ribeirdo Preto ERIC-6 PFGE-13 Profile 1
SI 24 Human diarrheic feces 1995 Ribeirdo Preto ERIC-6 PFGE-19 Profile 1
SI 25 Human diarrheic feces 1995 Ribeirdo Preto ERIC-2 PFGE-20 Profile 1
SI 26 Human diarrheic feces 1995 Ribeirdo Preto ERIC-3 PFGE-14 Profile 1
SI 27 Chicken 1996 F.1.S2 ERIC-3 PFGE-15 Profile 1
SI 28 Chicken 1997 F.1.S2 ERIC-4 PFGE-16 Profile 1
SI 29 Vegetable 1997 Ribeirao Preto ERIC-5 PFGE-18 Profile 1
SI 30 Tuscan raw sausage 1998 F.1.S2 ERIC-8 PFGE-11 Profile 1
SI 31 Pre-ground meat 2000 Ribeirao Preto ERIC-3 PFGE-12 Profile 1
SI 32 Raw kebab 2001 Ribeirao Preto ERIC-6 PFGE-1 Profile 1
SI 33 Human diarrheic feces 2001 Ribeirao Preto ERIC-6 PFGE-2 Profile 1
SI 34 Raw ground meat 2003 Orlandia ERIC-6 PFGE-2 Profile 1
SI 35 Human diarrheic feces 2009 Serra Azul ERIC-6 PFGE-21 Profile 1

F. I. S.: Federal Inspection Service.

¢ From various cities of Sao Paulo State. Profile 1 = sipA, sipD, sopB, sopD, invA, figK, fljB, flgL, sifA, ssaR. Profile 2 = sipA, sipD, sopB, invA, figkK, fliB, figL, sifA, ssaR. Profile 3 = sipA,

sipD, sopB, sopD, invA, flgK, fljB, figL, sifA. Profile 4 = sopB, sopD, figK, fliB, flgL, invA, sifA.
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results were analyzed as described by Souza et al. (2010), with a
few modifications. All amplifications were performed in a total vol-
ume of 50 pL with 100 ng of DNA template. The PCR reaction mix-
ture also contained 1.25mM of each deoxyribonucleotide
(Invitrogen - Life Technologies), 5 mM MgCl, (Invitrogen - Life
Technologies), 1.0 U of Klentag™ DNA polymerase (Ab peptides),
1x PCR buffer (Invitrogen - Life Technologies) and 50 pmol of each
primer synthesized by IDT - Integrated DNA technologies (United
States). PCR primers and cycle conditions were previously de-
scribed by Versalovic et al. (1991). The ERIC-PCR reaction was re-
peated at least twice for each strain to verify the reproducibility
of the experiment. Reaction mixtures without the DNA template
were used as negative controls. The PCR was performed in a DNA
Engine® Peltier Thermal Cycler (Bio-Rad). Using 1.5% agarose gel
electrophoresis, the ERIC-PCR amplicons were resolved into bands
which were stained with ethidium bromide (0.5 ug mL™!) and
visualized under UV light.

Data were analyzed using the software package BioNumerics
5.1 (Applied Maths, Keistraat, Belgium). Only bands that repre-
sented amplicons between 298 and 4072 bp in size were included
in the analysis. A similarity dendrogram was constructed by the
unweighted-pair group method (UPGMA) using the Dice similarity
coefficient and a position tolerance of 1.5%. A standard molecular
weight ladder (1 kb Plus DNA Ladder from Invitrogen - Life Tech-
nologies) was included three times on each gel to normalize the
images and allow for valid comparisons of the generated finger-
prints between different gels.

2.4. PFGE typing and analysis

The genomic DNAs of the all isolates were prepared in agarose
plugs using the protocol described by Souza et al. (2010) with only
one modification: pure cultures of each bacterial strain were
grown in BHI broth (HiMedia Lab, India) overnight at 37 °C. The
plugs were digested with 40 U of Xbal (Invitrogen - Life Technolo-
gies) for 12-18 h.

Macrorestriction fragments were resolved by counter-clamped
homogeneous electric field electrophoresis in a CHEF-DR III appa-
ratus (Bio-Rad Laboratories) as described by Ribot et al. (2006).

A standard molecular weight ladder (Lambda Ladder PFG Mar-
ker - New England BioLabs) was included three times on each
gel to compare the fingerprinting over several gels. The gels were
stained with ethidium bromide (0.5 pg mL™') for 30 min and de-
stained in distilled water for 20 min. The restriction fragments
were viewed under UV light.

The similarities of the PFGE profiles were analyzed using the
software package BioNumerics 5.1 (AppliedMaths). PFGE analysis
with Xbal only bands that represent fragments between 48.5 and
582.0 kb in size were included. A similarity dendrogram was con-
structed by the UPGMA method using the Dice similarity coeffi-
cient and a position tolerance of 1.5%.

2.5. MLST

A total of 16 S. Infantis strains were selected for MLST analysis:
SI01, S102, SI03, SI04, SI05, SI06, SI07, SI10, SI14, SI15, SI18, SI24,
SI26, SI28, SI29 and SI34. These isolates were chosen based on
the concatenated dendrogram constructed from the ERIC-PCR
and PFGE results. The dendrogram presented two clusters. Repre-
sentative isolates of these two clusters, as well as one strain that
failed to cluster (SI07) were systematically chosen for the MLST
technique (data not shown).

MLST was performed using seven conserved housekeeping
genes (aroC, dnaN, hemD, hisD, purE, sucA and thrA). A detailed pro-
tocol of the MLST procedure, including the housekeeping gene’s
amplification primers and the annealing temperatures, is available

in the MLST database (http://www.mlst.ucc.i.e./mlst/dbs/Senteri-
ca/documents/primersEnterica_html). All amplifications were per-
formed in a total volume of 50 puL as described by Souza et al.
(2010). A sample of the complete mix, without the DNA, was used
as a negative control in all runs. The PCR reactions were performed
in a DNAEngine® Peltier Thermal Cycler (Bio-Rad). Automated DNA
sequencing was performed with a MegaBACE 1000 DNA Sequencer
(GE HealthCare) using the primer set described in the MLST data-
base. Each forward and reverse strand was sequenced at least three
times.

2.6. Discrimination index (DI)

The discrimination index of ERIC-PCR and PFGE was evaluated
using the Hunter and Gaston (1988) formula:

DI =1—[1/N(N - 1)|=nj(nj — 1),

where N is the total number of isolates in this population, and nj is
the number of isolates representing each type. This approach is
based on the probability that two unrelated strains from the test
population will be placed into different groups.

3. Results
3.1. Virulence markers

All 35 S. Infantis strains carried the fIgK, fIjB, flgL, invA, sopB and
sifA genes. All isolates, with the exception of the SI06 strain, carried
sipA and sipD. All isolates, with the exception of the SI02 strain, car-
ried sopD. All 35 isolates, with the exception of the SI05 and SI06
strains, carried ssaR. However, none of the 35 isolates carried the
spvB gene. These data are presented in Table 1.

3.2. ERIC-PCR

The dendrogram based on the ERIC-PCR fingerprint analysis
showed a high similarity among the majority of the strains. Of
the 35 strains, 34 (97.1%) strains presented a similarly above
93.7%. The strains were grouped in three main clusters, denomi-
nated as A, B and C. In the A cluster, nine (25.7%) strains, which
were isolated from human sources and food items between 1993
and 2000, exhibited a similarity above 94.0%. In the B cluster, 25
(71.4%) strains, which were isolated from human sources and food
items between 1984 and 2009, exhibited a similarity above 95.4%.
Only one representative (SI30), which was isolated from Tuscan
raw sausage in 1998, was grouped in the C cluster, and it had a
similarity above 87.7% when compared with the A and B clusters
(Fig. 1).

ERIC-PCR revealed 8 different ERIC profiles. The main ERIC
profile was ERIC-6, which was found in 18 strains isolated from
human sources and food items between 1984 and 2009 (Fig. 1).

3.3. PFGE

Of the 35 strains, 32 strains (91.4%), isolated between 1984 and
2003, from food items and human sources, exhibited a similarity
above 80.6%. PFGE revealed 23 different PFGE profiles. The main
PFGE profile was PFGE-2, which was found in 5 strains and was iso-
lated from food items and human sources, between 1986 and 2003
(Fig. 2). The grouping of strains in main clusters was not observed.

3.4. MLST

For the 16 S. Infantis strains selected and typed by MLST, no
nucleotide differences were detected in the seven housekeeping
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Strains Source Isolation year Profile ERIC

[si20 Diarreic feces 1993 ERIC-1
PWsi2t eat 1995 ERIC-1
Msi22  Chicken 1995 ERIC-1
[si19  Diareic feces 1993 ERIC-2
[lsi25 Diarmeic feces 1995 ERIC-2
[s128 Diarmeic feces 1995 ERIC-3
[lsi31 Pregroundmeat 2000 ERIC-3
si27  Chicken 1996 ERIC-3
BMsi28 Chicken 1997 ERIC-4
[l si11  Diarrheic feces 1989 ERIC-S
Bsi2s Vegetabe 1997 ERIC-S
[s101  Diarmeic feces 1984 ERIC-6
[lsi02  Diareic feces 1985 ERIC-6
Wsioz  Meat 1988 ERIC-5
[Isi04  Diarmeic feces 1988 ERIC-8
[Isi0s  Diarmeic feces 1988 ERIC-S
.SI06 Diarmeic feces 1986 ERIC-6
[s108 Diarmeic feces 1986 ERIC-6
[l si09 Diarrheic feces 1985 ERIC-5
Blsi12  Diarreic feces 1989 ERIC-5
5113 Diarmeic feces 1990 ERIC-6
[si118  Diareic feces 1991 ERIC-6
5117 Diarreic feces 1991 ERIC-6
5123 Diarmeic feces 1995 ERIC-8
[si2¢  Diarmeic feces 1985 ERIC-6
Bsi32 Rawkebab 2001 ERIC-S
5133 Diarrheic feces 2001 ERIC-5
si3¢ Rawground meat 2003 ERIC-5
Bl 5135 Diarrheic feces 2008 ERIC-6
[si107  Diarmeic feces 1985 ERIC-7
[si10  Diareic feces 1988 ERIC-7
Ml si14  Diarreic feces 1990 ERIC-7
[Isi15  Diarmeic feces 1990 ERIC-7
.SI 18  Diarrheic feces 1992 ERIC-7
Bsi20 Tuscanrawsausage 1998 ERIC-8

Fig. 1. Dendrogram representing genetic relationships among 35 Salmonella Infantis strains based on ERIC-PCR fingerprints. Similarity (%) between patterns was calculated by
using the Dice index and is represented by the numbers beside the nodes. The data were sorted by the UPGMA method.

genes (aroC, dnaN, hemD, hisD, purE, sucA and thrA) that were ana-
lyzed. The 16 S. Infantis strains that were studied were character-
ized as carrying the following alleles: 17 (aroC), 18 (dnaN), 22
(hemD), 17 (hisD), 5 (purE), 21 (sucA) and 19 (thrA). This numerical
sequence resulted as ST32. The sequence data for each allele are
available in the publically available MLST database (http://
www.mlst.ucc.i.e./mlst/dbs/Senterica/Downloads_HTML).

3.5. Discrimination index

The DI was 0.71 and 0.965 for ERIC-PCR and PFGE, respectively.

4. Discussion and conclusion

This study examined the molecular epidemiology of 35 S. Infan-
tis strains isolated from human sources and food items in sporadic
cases between 1984 and 2009 from various cities in Sdo Paulo
State, an important metropolitan region in Brazil, using ERIC-PCR,
PFGE and MLST techniques. Moreover, the presence of some viru-
lence markers, including SPI-1, SPI-2 and virulence-associated
plasmids, were studied.

All strains were positive for most of the virulence markers lo-
cated in SPI-1 and SPI-2 (Table 1). However, spvB, located in viru-
lence-associated plasmids, was absent in all 35 S. Infantis strains.
One explanation for the absence of spvB containing plasmids is that
some serovars, such as Typhi, Paratyphi, Hadar and Infantis, are
usually plasmid free. This characteristic is not true for some sero-
vars that are frequently associated with infections in humans and
farm animals, which includes the following serovars: Enteritidis,
Typhimurium, Dublin, Choleraesuis, Gallinarum, Pullorum and
Abortus-ovis. These serovars usually harbor a virulence associ-
ated-plasmid (Rychlik et al., 2006). However, S. Infantis strains har-
boring an antibiotic resistance plasmid have been reported in
Brazil (Moraes et al., 2000).

The high prevalence of virulence markers that were investi-
gated highlights the pathogenic potential of these S. Infantis strains
that have been causing disease in humans and contaminating food
for more than two decades in Brazil. Specifically in this country, S.
Infantis was reported as the fourth most isolated serovar from hu-
man sources during the period of 1950-1990 and the sixth most
isolated during 1996-2003 (Taunay et al., 1996; Fernandes et al.,
2006). Furthermore, it was the most frequently isolated serovar
from non-human sources during 1970-1990 and was the sixth
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~ I Wsi20  Darmeic feces 1993 PFGE-1
= :::'d"’" F Wiz Rawkebab 2001 PFGE-1
BWsioz  Meat 1986 PFGE-2
i B si10  Diarmeic feces 1988 PFGE-2
[ 5116 Diarrheic feces 1891 PFGE-2
L [l 5133 Diareic feces 2001 PFGE-2
zasl B3¢ Rawground meat 2003 PFGE-2
[sio1  Diarmeic feces 1984 PFGE-3
[sios  Diarmeic feces 1986 PFGE-3
ais = [l si08 Diarmeic feces 1986 PFGE-3
[ [ s112  Diarrheic feces 1989 PFGE-3
et [ s113  Diarrheic feces 1990 PFGE-4
Tl ! Pl si14  Diarmeic feces 1890 PFGE-4
gy - W2t eat 1995 PFGE-S
- o [ si1s  Diarmeic feces 1990 PFGE-6
[ s118  Diarrheic feces 1992 PFGE-7

[ si08  Diarmeic feces 1986 PFGE-3
P sios  Diarmeic feces 1986 PFGE-3
[l si02  Diareic feces 1985 PFGE-9

[l 5117 Diarmeic feces 1991 PFGE-10

[ si1e  Diarmeic feces 1993 PFGE-10

B 5130  Tuscanrawsausage 1993 PFGE-11

B si31  Preground meat 2000 PFGE-12

[ s123  Diarmheic feces 1995 PFGE-13

[ si26  Diarmeic feces 1995 PFGE-14

B si22 Chicken 1995 PFGE-15

Bl si27 Chicken 1996 PFGE-15

[l si28 Chicken 1997 PFGE-16

Bl si11  Diareic feces 1989 PFGE-17

BWsi2e  vegetable 1997 PFGE-18

[ si2¢4  Diarmeic feces 1995 PFGE-19

[ si2s  Diarmeic feces 1995 PFGE-20

[l si35  Diarreic feces 2008 PFGE-21

‘81 0 Psios  Diarmeic feces 1986 PFGE-22

Bl sio7  Diarmeic feces 1986 PFGE-23

Fig. 2. Dendrogram representing genetic relationships among 35 Salmonella Infantis strains based on PFGE Xbal fingerprints. Similarity (%) between patterns was calculated
by using the Dice index and is represented by the numbers beside the nodes. The data were sorted by the UPGMA method.

most isolated during 1996-2000 (Taunay et al., 1996; Tavechio
et al., 2002). However, despite the importance of this serovar,
few molecular typing studies have been performed in Brazil (Fons-
eca et al., 2006).

There are only a few published studies that used ERIC-PCR to
type S. Infantis strains (Johnson et al., 2001; Merino et al., 2003;
Weigel et al., 2004). In the study by Johnson et al. (2001), ERIC-
PCR proved to be an adequate method to type S. Infantis strains,
isolated from 1996 to 1997, and helped to retrospectively evaluate
a hospital cafeteria-associated outbreak of gastroenteritis caused
by strains of this serovar. In contrast, Merino et al. (2003) could
not differentiate 15 S. Infantis strains isolated from 1997 to 1998
because the patterns contained few clearly visible bands. Although
Weigel et al. (2004) concluded that Rep-PCR, including ERIC-PCR,
could greatly discriminate 68 Salmonella of different serovars, only
four S. Infantis strains were studied, making it difficult to draw
conclusions on the genetic diversity of this serovar.

In the present study, 34 out of 35 S. Infantis strains investigated
by ERIC-PCR exhibited a genetic similarity higher than 93.7% and
were discriminated into only eight ERIC-types (Fig. 1). Similarly,

this high genomic similarity was observed by PFGE where 32 of
35 strains presented a similarity over 80.6% and were discrimi-
nated into 23 PFGE-types (Fig. 2). Although both techniques gave
similar results, indicating a high similarity among S. Infantis strains
isolated from human sources and food items during 25 years in
Brazil, the PFGE methodology could discriminate S. Infantis more
efficiently than could ERIC-PCR.

Despite the development of new molecular typing methods,
PFGE remains as the preferred method for typing Salmonella strains
and other important foodborne pathogens (Heir et al., 2002). Spe-
cifically, PFGE has been used successfully to type S. Infantis strains
isolated from different sources worldwide, elucidating outbreaks
and their epidemiology (Hauser et al., 2012; Lindqvist and Pelko-
nen, 2007; Négrady et al., 2007, 2008, 2012; Rivoal et al., 2009).
However, despite the abundance of research on strains of this sero-
var worldwide, there is only one previously published study using
PFGE to type 35 S. Infantis strains in Brazil. These strains were iso-
lated from children admitted to four different hospitals in Rio de
Janeiro between 1996 and 2001, and PFGE results indicated that
33 strains came from the same genetic lineage (Fonseca et al.,
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2006). Similar to the results presented in this study, Gal-Mor et al.
(2010) found high genetic similarity among 87 S. Infantis strains
isolated between 1970 and 2009 in Israel.

Our results, obtained by ERIC-PCR and PFGE, showed a high
genotypic similarity among the strains isolated from 1984 to
2009, suggesting that the majority of S. Infantis strains studied
may have descended from a common ancestor that has differed lit-
tle and is responsible for the contamination of human population
and food items in Brazil for 25 years.

It is important to note that both ERIC-PCR and PFGE were found
to be adequate tools for long-term epidemiological investigations.
However, based on the results obtained in this work, PFGE remains
the preferred method for typing Salmonella strains for some rea-
sons. First, PFGE presented a higher discrimination power in com-
parison to ERIC-PCR. This finding may be explained by the fact that
only inter-ERIC regions are included in ERIC-PCR analyses com-
pared the PFGE method, which allows for the analysis of nearly
the entire genome. Second, the PFGE furnished more consistent
epidemiological information than ERIC-PCR. For example, strains
SI07, SI10, SI14, SI15 and SI18 that were unlikely to be epidemio-
logically related were indistinguishable by ERIC-PCR (ERIC-7), but
PFGE showed that these strains were differentiated and actually
epidemiologically unrelated.

All S. Infantis strains studied in this work were found to be ST32
by MLST. Interestingly, this is consistent with previous results gen-
erated from S. Infantis strains collected from different sources,
countries and years (Hauser et al., 2012; Liu et al., 2011; Torpdahl
et al., 2005). Therefore, ST32 may be the main allelic profile for this
serovar. The MLST results generated in this study contributed with
additional typing information from S. Infantis isolated in Brazil,
which could be compared with other strains isolated worldwide.

The results in this study provide additional information on the
epidemiology and genetic diversity of S. Infantis isolated from hu-
man sources and food items over many years in Brazil.

In conclusion, the S. Infantis strains studied were genetically
similar, suggesting that a prevalent subtype may have been caus-
ing disease and contaminating food for 25 years in Sdo Paulo State,
an important metropolitan region in Brazil. Furthermore, the con-
tamination between strains from food items and sick individuals
indicates that better control measures for S. Infantis are needed
in this country.
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