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A B S T R A C T

Salmonella enterica serovar Enteritidis strain SE86 has been associated with several foodborne diseases occurring
in Southern Brazil, becoming and important causative agent of human salmonellosis. In this work, the complete
genome of the bacterium Salmonella Enteritidis SE86 was sequenced using the Illumina MiSeq platform. An in
silico analysis of the SE86 genome was performed in order to compare it with different Salmonella strains as well
as to investigate the presence of stress-resistance and virulence genes. This strain showed a variety of genes that
can be involved in antimicrobial and biocide resistance, acid and thermal resistance as well as virulence and
adhesion. These genetic features could explain its increased resistance and the prevalence of this strain in
foodborne outbreaks in Southern Brazil.

1. Introduction

Salmonellosis is one of the most common food-borne diseases in the
world, accounting for 93.8 million cases of foodborne illness and
155,000 deaths per year (Oh and Park, 2017). In the USA, this pathogen
causes about 1.2 million illnesses, 23,000 hospitalizations, and 450
deaths annually (CDC, 2019). In Brazil, during the period of 2000 to
2017, 12,503 food outbreaks were recorded, and Salmonella spp. was
the main etiological agent identified in these outbreaks (Brasil, 2018).

The genus Salmonella belongs to the family Enterobacteriaceae and
forms a complex group of bacteria, classified in two species (S. enterica
and S. bongori), six subspecies (enterica, salamae, arizonae, diarizonae,
houtenae and indica) and over 2600 serotypes (Andino and Hanning,
2015). Among these serovars, S. Typhimurium and S. Enteritidis have
been more frequently associated with human salmonellosis (WHO,
2019). The human cases of Salmonella Enteritidis increased in Europe
during the period 2013–2017, and were normally associated with the
consumption of contaminated egg products and poultry meat (EFSA,
2018).

In Southern Brazil, more specifically in the State of Rio Grande do
Sul (RS) a specific strain named S. Enteritidis SE86 was responsible
for> 95% of the investigated salmonellosis occurring from 1999 to

2013 (Geimba et al., 2004; Tondo and Ritter, 2012; Tondo et al., 2015).
This strain was accurately studied, demonstrating a greater capacity for
adaptation and survival compared to other strains or serotypes of Sal-
monella, especially regarding its resistance to acid, heat, sanitizers and
antimicrobials (Capalonga et al., 2014; Ritter et al., 2014; Ritter et al.,
2018). A clone relationship among S. Enteritidis responsible for food-
borne outbreaks occurring in Southern Brazil, including SE86 and re-
lated strains, and S. Enteritidis found on poultry samples has been
suggested. This clonal relationship was suspected, but not proved,
for> 10 years, based on epidemiological results collected by the Bra-
zilian Ministry of Health (Borges et al., 2017).

Even though these studies have contributed to explain the possible
reasons why the strain SE86 was involved in several salmonellosis
outbreaks in Southern Brazil, the whole genome sequencing of this
strain was not performed to date. This information would be a valuable
tool making possible to understand phenotypic characteristics and their
possible origins in the SE86 genome. Thus, the main objective of this
study was to explore the genome of the Salmonella Enteritidis SE86 and
to relate its more relevant properties with previously studied phenotype
characteristics.
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2. Materials and methods

2.1. Strain and growth conditions

The S. Enteritidis SE86 strain was isolated from a cabbage re-
sponsible for a salmonellosis outbreak occurring in RS State, Brazil, in
1999. This bacterium was characterized by phenotypic and genotypic
methods and showed the same genotypic profile of S. Enteritidis strains
involved in>95% of the investigated salmonellosis of RS State during
1999 to 2013 (Tondo et al., 2015). The strain was cultivated in brain
heat infusion (BHI; Oxoid, Basingstoke, UK) broth for 24 h at 37 °C.

2.2. Genome sequencing and annotation

S. Enteritidis SE86 total DNA was extracted with phenol-chloroform
following usual procedures and purified using a Genomic DNA Clean &
Concentrator (Zymo Research, Irvine, CA, USA). DNA fragment li-
braries were further prepared with 50 ng of DNA using a Nextera XT
DNA sample preparation kit and sequenced using an Illumina® MiSeq
System (2×250 paired-end reads with the Illumina v2 reagent kit)
(Illumina, San Diego, CA, USA), followed by quality-based read trim-
ming. The quality of generated sequences was evaluated using FastQC.
The sequences with bases having a Phred quality score < 20 were
trimmed with the aid of Geneious software (version 10.2.3). The paired-
end sequence reads were assembled into contigs with SPAdes 3.9.0
(Bankevich et al., 2012), following confirmation by mapping reads to
contigs generated by SPAdes using the Geneious software (version
10.2.3).

NCBI Prokaryotic Genome Annotation Pipeline (PGAAP) was em-
ployed to identify coding sequences (CDS) based on the best-placed
reference protein set. Similarly, to aid the gene prediction and anno-
tation, S. Enteritidis SE86 genome was analyzed by RAST (Rapid
Annotation Subsystem Technology) webservice. Genes of interest had
their annotation refined manually. The genome sequence is available at
the database under de accession number NZ_CP019681.1.

2.3. Genome comparisons

Graphic genome comparisons were performed by using BRIG
package (Alikhan et al., 2011), as well as the BLAST tool from the NCBI
database, taking as reference the complete available genome from
Salmonella enterica subsp. enterica serovar Enteritidis str. P125109
(GenBank accession AM933172.1) and Salmonella enterica subsp. en-
terica serovar Enteritidis str. ATCC BAA-708 (GenBank accession
CP025554.1). To calculate the Average Nucleotide Identity (ANI) be-
tween the genome of SE86, P125109 and ATCC BAA-708 strains, was
used the JSpecies (Richter et al., 2016) software. Additionally, the
genome of strain SE86 was subjected to the ResFinder 3.1 Server
(Zankari et al., 2012) to check for mutated and acquired antimicrobial
resistance genes.

3. Results and discussion

3.1. Genome comparisons and annotation

The SE86 genome consists of a chromosome of 4,685,718 bp, with
an overall GC content of 52.2% and 4615 predicted coding sequences of
which 132 correspond to pseudogenes, according to NCBI Prokaryotic
Genome Annotation Pipeline. Comparatively, the reference isolate
(P125109) is 130 bp longer than S. Enteritidis SE86 and 7332 bp longer
than S. Enteritidis ATCCBAA-708. The properties of the genome are
summarized in Table 1.

Average Nucleotide Identity (ANI) was calculated among SE86,
P125109 and ATCC BAA-708. SE86 vs P125109 presented 99.81% of
identity, and SE86 vs ATCC BAA-708 presented 99.08% of identity. The
comparison of SE86 genome with the other genomes included in this

work is shown in Fig. 1.
Some important genes like fliH, sapA and emrE demonstrated dif-

ference between SE86, P125109 and ATCC BAA-708 genomes. These
genes, especially emrE (Multidrug transporter EmrE) can be one of the
most responsible for the resistance of S. Enteritidis SE86 in relation to
other serovars as already mentioned in several studies as well as further
discussed in this article.

The RAST webservice analysis provided a subsystem where the
SE86 genes were grouped (Fig. S1). A total of 176 genes were associated
with stress response, which contains oxidative stress and cold-response
compounds, 107 genes for virulence, disease and defense (being that 74
for resistance to antibiotics and toxic compounds), 274 genes for cell
wall and capsule. The relationships between genome findings and
previous information about the phenotypical behavior of S. Enteritidis
SE86 regarding stress response, virulence and defense will be discussed
below.

3.2. Antimicrobial and biocide resistance

The presence of several genes associated with resistance to anti-
microbials and biocides was found in the genome of SE86 strain (Tables
2 and S1). The resistance of S. Enteritidis SE86 to tetracycline and
streptomycin was previously reported (Geimba et al., 2005; Oliveira
et al., 2006) and could be explained by the dissemination of tetR and
aadA genes. The tetR repressor controls the expression of tetracycline
efflux pumps, which tightly regulates the tetA mRNA expression (Møller
et al., 2016). The aadA gene encodes for an aminoglycoside adenylyl-
transferase that inactivates streptomycin and spectinomycin and is
generally placed on gene cassettes localized into integrons (Stern et al.,
2018). These resistance genes have been probably selected due to tet-
racycline and streptomycin utilization, as they are common anti-
microbials used for veterinary purposes (Liljebjelke et al., 2017).

According to the ResFinder server, the SE86 genome contains
chromosomal point mutations in gyrA gene (gyrA p.S83F mutation)
promoting nalidixic acid and ciprofloxacin resistance. In addition, the
server has detected acquired antimicrobial resistance gene to ami-
noglycoside. The investigation about antibiotic resistance of S.
Enteritidis isolated from foods involved with salmonellosis in Southern
Brazil revealed that the resistance to nalidixic acid and ampicillin in-
creased in the period from 1999 to 2012 (Oliveira et al., 2006;
Capalonga et al., 2014). SE86 genome contains the genes coding for
tripartite efflux systems EmrAB-TolC and AcrAB-TolC, which confers
resistance to antibiotics such as carbonyl cyanide m-chlorophenylhy-
drazone (CCCP), carbonyl cyanide p-(trifluoro-methoxy) phenylhy-
drazone (FCCP), 2,4-dinitrophenol and nalidixic acid. The resistance to
quinolones has been also attributed to changes in membrane perme-
ability causing a reduction in their intracellular concentration (Ballesté-
Delpierre et al., 2014). Quinolones have been extensively employed in
animal feed and are known to select for quinolone-resistant Salmonella
in animals. At the same time, quinolones are one of the few existing
therapies for severe Salmonella infections, particularly in adults (Tondo
and Ritter, 2012). The expression of acrAB is controlled by acrR, the
local repressor of acrAB, and the global regulators marA (marRAB), soxS

Table 1
General genome features of S. Enteritidis SE86, S. Enteritidis P125109 and S.
Enteritidis ATCCBAA-708.

Feature S. Enteritidis
SE86

S. Enteritidis
P125109

S. Enteritidis
ATCC BAA-708

Size (bp) 4,685,718 4,685,848 4,678,516
Genes (total) 4615 4424 4852
Protein coding genes (CDS) 4615 4318 4518
Pseudogenes 132 133 211
rRNA (5S/16S/23S) 8/7/7 8/7/7 8/7/7
tRNA 83 84 86
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(soxRS) and ramA, all genes found in the genome of S. Enteritidis SE86.
Biocides are widely used as disinfectants to sanitize equipment,

utensils and facilities surfaces in the food industry. However, the ex-
tensive exposure to biocides can cause bacterial adaptation, also in-
creasing antibiotic resistance (Romero et al., 2017). Previous studies
demonstrated that the SE86 strain was resistant to different sanitizers
commonly used in food industry (Tondo et al., 2010), which might be
associated the presence of several genes related to biocide resistance in
SE86 genome (Table S1). The resistance of strain SE86 to sodium

hypochlorite was compared with different S. Enteritidis strains isolated
in Albania, Zimbabwe, Morocco and Pakistan. The strains were sub-
mitted to 200mg/L sodium hypochlorite and SE86 demonstrated to be
significantly more resistance than the other strains tested (Ritter et al.,
2012).

The most frequently genes found in Escherichia sp. and Enterobacter
sp. increasing resistant to disinfectants and antibiotics were qacED1 and
qacA/B (Márquez et al., 2017), belonging to the group of quaternary
ammonium compounds (QACs). Two QAC resistance genes, namely

Fig. 1. Whole genome sequence analysis of Salmonella Enteritidis SE86 and comparison with other strains. Circular diagram of the SE86 genome showing from in to
out the homology based on BLASTn analysis with strains BAA708 and P125109.

Table 2
Genes associated with resistance and virulence in the genome of S. Enteritidis SE86.

Feature Genes (locus ID)a,b

Drug resistance emrAB operon (B0663_14490, B0663_14495), katG (B0663_21270), acrA-acrB-acrZ-tolC (B0663_08260, B0663_08265, B0663_03900,
B0663_17580), marA-marB-marR (B0663_08260, B0663_08265, B0663_02700), floR (B0663_23250), tetR (B0663_02910), bcrC (B0663_16630),
gidB (B0663_09645), ramA (B0663_02915), acrD (B0663_02400), mdfA (B0663_17580), qacE (B0663_22360), osmC (B0663_08050), acrEF/envCD
(B0663_17575), soxS/ompX (B0663_21985), addA (B0663_09645), ybjC (B0663_04390)

Thermal and acid resistance dnaK (B0663_00055), dnaJ (B0663_00060), grpE (B0663_14150), hscAB (B0663_13700), rpoS (B0663_15060), hns (B0663_02385), ompR
(B0663_16750), nhaC (B0663_08085), phoPQ (B0663_08140), groL (B0663_22315)

Adhesion fimH (B0663_00115), sefB (B0663_23075), lpfA (B0663_18880), fimA (B0663_02750), stdA (B0663_15660), bapA (B0663_13575), hin
(B0663_05670), csgA (B0663_10300), shdA (B0663_13545)

Virulence pipB (B0663_05110), ssap (B0663_08795), sifA (B0663_09855), sopA/sopD (B0663_12920), hilD (B0663_14815), fliB (B0663_05675), fliZ
(B0663_05685)

a Detailed functional description of gene/coded protein is provided as electronic Supplementary material.
b Locus ID according to NCBI accession number NZ_CP019681.1.
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qacE and mdfA, were identified in SE86 genome. The qacE gene is lo-
cated in the 3′-CS of class 1 integrons in Gram-negative bacteria, sug-
gesting that exposure to QACs could also select for antibiotic resistance
associated with such integrons (Zou et al., 2014; Romero et al., 2017).
In addition, all biocide-tolerant Escherichia sp. and Enterobacter sp.
isolates carried efflux pump genes acrB and mdfA, being that cells ex-
pressing MdfA are substantially more resistant to a diverse group of
cationic or zwitterionic lipophilic compounds and to chemically un-
related, clinically important antibiotics (Márquez et al., 2017).

Sodium hypochlorite is recognized as a powerful oxidant and at
high doses, can lead to DNA damage, oxidize cellular proteins and in-
hibit enzymes involved in glucose metabolism (Ritter et al., 2012). The
genes of transcription factors oxyR and soxR present in SE86 genome
(Table S1) are linked to bacterial responses to reactive chlorine species
(RCS) (Gray et al., 2013). Genes regulated by oxyR, one of the best-
characterized redox-sensitive transcription factors known to date, are
strongly upregulated after HOCl treatment of E. coli and S. enterica. The
soxR (soxRS operon), together with marA (also present in the SE86
genome) can activate acrAB expression, as previously discussed. Fur-
thermore, the regulation of the SoxRS regulon is mediated by the
conversion of the SoxR protein to an active form, which induces the
transcription of soxS. The SoxS protein bind to the promoter region of
many genes associated with response to oxidative damage (Gray et al.,
2013; Sheplock et al., 2013).

3.3. Acid and thermal resistance

Salmonella needs to surpass some barriers such as low stomach pH,
limited nutrient availability to survive and colonize the human body,
and a high body temperature (42 °C) in the case of poultry birds
(Dawoud et al., 2017). The acid and the thermal resistance of the strain
SE86 were observed in phenotypical studies (Malheiros et al., 2008),
and this resistance could be explained by the presence of several genes
involved in the response to acid and thermal stress in the genome
(Table 2).

The comparison of strain SE86 with S. Typhimurium and S.
Bredeney strains (either acid-adapted or non-adapted) exposed to dif-
ferent pH and temperatures revealed that SE86 had a better capacity for
acid adaptation and more thermal resistance than other strains tested
(Malheiros et al., 2008). In another study, strains SE86 and S. Typhi-
murium ST99 (either acid-adapted or non-adapted) were exposed to
simulated gastric fluid pH 1.5, and then inoculated in germ-free adult
male Wistar rats, which were observed under aseptic conditions for
twelve days. Acid-adapted SE86 had a significant higher survival rate
than non-adapted SE86, non-adapted ST99 and acid-adapted ST99 in
the simulated gastric fluid. The in vivo experiments showed higher
counts of acid-adapted SE86 in the ileum-cecal junction as compared
with the other treatments. Despite all strains were able to rapidly
multiply in germ-free animals, more intense mortality was caused by
acid-adapted SE86, suggesting that acid adaptation influenced the
virulence of this microorganism (Perez et al., 2012).

After revealing this phenotypic behavior, the ompR gene was in-
vestigated in S. Enteritidis SE86, showing increased expression when
the strain was exposed to 52 °C and 60 °C (Ritter et al., 2014). This
result indicates that acid adaptation is required for S. Enteritidis SE86
to resist elevated temperatures. Another genes involved in acid and
thermal resistance were found in SE86 genome, such as dnaK, dnaJ,
grpE, hscAB, rpoS, hns, nhaC, phoPQ, groL and their functions are listed
in the Table S2.

3.4. Virulence and adhesion

Salmonella has settled a number of mechanisms to modulate the
production of virulence factors in response to natural environmental
stresses. In order to establish a successful infection in the broad-host-
range, Salmonella utilize a wide variety of virulence factors, encoded by

a large number of genes distributed along its chromosome and in mo-
bile genetic elements. The genome sequence of S. Enteritidis SE86 re-
vealed the presence of many virulence genes (Tables 2 and S3) related
with flagella, host colonization factors (fimbriae, adhesins/invasins),
and biofilm-related proteins.

The high adhesion capability of SE86 on different surfaces has been
described, including stainless steel (AISI 304 or 316), polyethylene and
metal welds (Casarin et al., 2014; Tondo et al., 2015; Casarin et al.,
2016). These phenotypic characteristics may be related with fimH, lpfA,
sefB, stdA, bapA genes, present in SE86 genome and previously reported
by other works about the formation of Salmonella biofilms (Jonas et al.,
2007; Fàbrega and Vila, 2013; Berne et al., 2015).

Regarding the virulence of SE86, previous studies demonstrated that
acid-adapted SE86 was capable to causing more intestinal morpholo-
gical abnormalities and showed higher counts in the ileum-cecal junc-
tion of germ-free adult mice as compared with other strains (Perez
et al., 2012). Besides that, the histopathological analyzes revealed
greater severity of the infection caused by SE86. In addition, the ability
of Lactobacillus acidophilus LA10 to exert antagonistic effects against
SE86 in the gastrointestinal tract of conventional mice was investigated,
but a significant number of SE86 cells were able to colonize the gas-
trointestinal tract of mice, specifically in the colon and ileum (Scapin
et al., 2013). In the SE86 genome, the presence of pipB, sifA, sopA, SopS,
hild and fliC genes might explain the abilities of this strain to colonize
and succeed within the host. These and so many other genes are located
within the so-called Salmonella pathogenicity islands (SPIs), horizon-
tally acquired genomic segments known to contribute to Salmonella
pathogenesis (Fàbrega and Vila, 2013).

4. Conclusion

The genome of S. Enteritidis SE86 presents a variety of genes that
can be associated with antimicrobial and biocide resistance, acid and
thermal resistance as well as virulence and adhesion. The analysis of
this genome permitted to confirm the phenotypic characteristics that
SE86 strain has demonstrated in previous studies over the last years.
The data provided will help to understand why this pathogen continues
to be the major cause of outbreaks in Brazil, in addition to helping us to
understand the role of the resistances demonstrated by this peculiar
strain in the occurrence of these outbreaks.

Declaration of Competing Interest

Authors declare no conflicts of interest regarding this article.

Acknowledgments

This work received financial support of Conselho Nacional de
Desenvolvimento Científico e Tecnológico (CNPq, Brasilia, Brazil)
[grant 306936/2017-8] and FINEP Mais Água [grant 0112.0113].

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ijfoodmicro.2019.108269.

References

Alikhan, N.-F., Petty, N.K., Ben Zakour, N.L., Beatson, S.A., 2011. BLAST Ring Image
Generator (BRIG): simple prokaryote genome comparisons. BMC Genomics 12, 402.

Andino, A., Hanning, I., 2015. Salmonella enterica: survival, colonization, and virulence
differences among serovars. Sci. World J. 2015, 520179.

Ballesté-Delpierre, C., Solé, M., Domènech, Ò., Borrell, J., Vila, J., Fàbrega, A., 2014.
Molecular study of quinolone resistance mechanisms and clonal relationship of
Salmonella enterica clinical isolates. Int. J. Antimicrob. Agents 43, 121–125.

Bankevich, A., Nurk, S., Antipov, D., et al., 2012. SPAdes: a new genome assembly al-
gorithm and its applications to single-cell sequencing. J. Comput. Biol. 19, 455–477.

Berne, C., Ducret, A., Hardy, G.G., Brun, Y.V., 2015. Adhesins involved in attachment to

A.C. Ritter, et al. International Journal of Food Microbiology 306 (2019) 108269

4



abiotic surfaces by gram-negative bacteria. Microbiol. Spectr. 3. https://doi.org/10.
1128/microbiolspec.MB-0018-2015.

Borges, K.A., Furian, T.Q., Souza, S.N., Tondo, E.C., Streck, A.F., Salle, C.T.P., Moraes,
H.L.S., Nascimento, V.P., 2017. Spread of a major clone of Salmonella enterica ser-
otype Enteritidis in poultry and in salmonellosis outbreaks in southern Brazil. J. Food
Protec. 80, 158–163.

Brasil, 2018. Ministério da Saúde. Secretaria de Vigilância em Saúde - SVS. Dados
Epidemiológicos - DTA - Período de 2000 a 2017. http://www.saude.gov.br/svs,
Accessed date: 11 February 2019.

Capalonga, R., Ramos, R.C., Both, J.M.C., Soeiro, M.L.T., Longaray, S.M., Hass, S., Tondo,
E.C., 2014. Salmonella serotypes, resistance patterns and food vehicles of salmo-
nellosis occurred in southern Brazil, 2007–2012. J. Infect. Develop. Countr. 8,
811–817.

Casarin, L.S., Brandelli, A., Casarin, F.O., Paulo, A.S., Wanke, C.H., Tondo, E.C., 2014.
Adhesion of Salmonella Enteritidis and Listeria monocytogenes on stainless steel welds.
Int. J. Food Microbiol. 191, 103–108.

Casarin, L.S., Casarin, F.O., Soares, T.P., Aguzzoli, C., Figueroa, C.A., Soares, G.V.,
Brandelli, A., Tondo, E.C., 2016. Effect of plasma nitriding surface modification on
the adhesion of food pathogens to stainless steel AISI 316 and AISI 304. J. Food Saf.
36, 341–347.

CDC, 2019. Estimates of foodborne illness in the United States. Available at. https://
www.cdc.gov/salmonella/outbreaks.html, Accessed date: 31 January 2019.

Dawoud, T.M., Davis, M.L., Park, S.H., Kim, S.A., Kwon, Y.M., Jarvis, N., O’Bryan, C.A.,
Shi, Z., Crandall, P.G., Ricke, S.C., 2017. The potential link between thermal re-
sistance and virulence in Salmonella: a review. Front. Vet. Sci. 4, 93.

EFSA, 2018. The European Union summary report on trends and sources of zoonosis,
zoonotic agents and food-borne outbreaks in 2017. EFSA J. 16, 5500.

Fàbrega, A., Vila, J., 2013. Salmonella enterica serovar typhimurium skills to succeed in
the host: virulence and regulation. Clin. Microbiol. Rev. 26, 308–341.

Geimba, M.P., Tondo, E.C., Oliveira, F.A., Canal, C.W., Brandelli, A., 2004. Serological
characterization and prevalence of spvR genes in Salmonella isolated from foods in-
volved in outbreaks in Brazil. J. Food Protec. 67, 1229–1233.

Geimba, M.P., Tondo, E.C., Brandelli, A., 2005. Antimicrobial resistance in Salmonella
Enteritidis isolated from foods involved in human foodborne outbreaks occurred in
the south of Brazil, 1999–2000. J. Food Saf. 25, 173–182.

Gray, M.J., Wholey, W.Y., Jakob, U., 2013. Bacterial responses to reactive chlorine spe-
cies. Annu. Rev. Microbiol. 67, 141–160.

Jonas, K., Tomenius, H., Kader, A., Normark, S., Römling, U., Belova, L., Melefors, O.,
2007. Roles of curli, cellulose and BapA in Salmonella biofilm morphology studied by
atomic force microscopy. BMC Microbiol. 7, 70.

Liljebjelke, K.A., Hofacre, C.L., White, D.G., Ayers, S., Lee, M.D., Maurer, J.J., 2017.
Diversity of antimicrobial resistance phenotypes in Salmonella isolated from com-
mercial poultry farms. Front. Vet. Sci. 4, 96.

Malheiros, P.S., Brandelli, A., Noreña, C.P.Z., Tondo, E.C., 2008. Acid and thermal re-
sistance of a Salmonella Enteritidis strain involved in several foodborne outbreaks. J.
Food Saf. 29, 302–317.

Márquez, M.L.F., Burgos, M.J.B., Pulido, R.P., Gálvez, A., López, R.L., 2017. Biocide
tolerance and antibiotic resistance in Salmonella isolates from hen eggshells.
Foodborne Pathog. Dis. 14, 89–95.

Møller, T.S.B., Overgaard, M., Nielsen, S.S., Bortolaia, V., Sommer, M.O.A., Guardabassi,
L., Olsen, J.E., 2016. Relation between tetR and tetA expression in tetracycline re-
sistant Escherichia coli. BMC Microbiol. 16, 39.

Oh, J.H., Park, M.K., 2017. Recent trends in Salmonella outbreaks and emerging tech-
nology for biocontrol of Salmonella using phages in foods: a review. J. Microbiol.

Biotechnol. 27, 2075–2088.
Oliveira, F.A., Brandelli, A., Tondo, E.C., 2006. Antimicrobial resistance in Salmonella

Enteritidis from foods involved in human salmonellosis occurred in southern Brazil.
New Microbiol. 29, 49–54.

Perez, K.J., Martins, F.S., Cara, D.C., Nicoli, J.R., Tondo, E.C., 2012. Evaluation of in-
testinal invasion in germ-free mice challenged with acid-adapted and non acid-
adapted Salmonella Enteritidis SE86 and Salmonella Typhimurium ST99. J. Food Saf.
32, 108–114.

Richter, M., Rosselló-Móra, R., Glöckner, F.O., Peplies, J., 2016. JSpeciesWS: a web server
for prokaryotic species circumscription based on pairwise genome comparison.
Bioinformatics 32, 929–931.

Ritter, A.C., Bacciu, D., Santi, L., Silva, W.O.B., Henning, M., Rubino, S., Uzzau, S., Tondo,
E.C., 2012. Investigation of rpoS and dps genes in sodium hypochlorite resistance of
Salmonella Enteritidis SE86 isolated from foodborne illness outbreaks in southern
Brazil. J. Food Protec. 75 (347-342).

Ritter, A.C., Bacciu, D., Santi, L., Rubino, S., Uzzau, S., Tondo, E.C., 2014. Expression of
ompR gene in the acid adaptation and thermal resistance of Salmonella Enteritidis
SE86. J. Infect. Develop. Countr. 8, 474–479.

Ritter, A.C., Santi, L., Vannini, L., Beys-da-Silva, W.O., Gozzi, G., Yates, J.R., Ragni, L.,
Brandelli, A., 2018. Comparative proteomic analysis of foodborne Salmonella
Enteritidis SE86 subjected to cold plasma treatment. Food Microbiol. 76, 310–318.

Romero, J.L., Burgos, M.J.G., Pulido, R.P., Gálvez, A., Lucas, R., 2017. Resistance to
antibiotics, biocides, preservatives and metals in bacteria isolated from seafoods: co-
selection of strains resistant or tolerant to different classes of compounds. Front.
Microbiol. 8, 1650.

Scapin, D., Grando, W.F., Rossi, E., Perez, K.J., Malheiros, P.S., Tondo, E.C., 2013.
Antagonistic activity of Lactobacillus acidophilus LA10 against Salmonella enterica
serovar Enteritidis SE86 in mice. Braz. J. Microbiol. 44, 57–61.

Sheplock, R., Recinos, D.A., Mackow, N., Dietrich, L.E.P., Chander, M., 2013. Species-
specific residues calibrate SoxR sensitivity to redox-active molecules. Mol. Microbiol.
87, 368–381.

Stern, A.L., van der Verren, S.E., Kanchugal, P.S., Näsvall, J., Gutiérrez-de-Terán, H.,
Selmer, M., 2018. Structural mechanism of AadA, a dual-specificity aminoglycoside
adenyltransferase from Salmonella enterica. J. Biol. Chem. 293, 11481–11490.

Tondo, E.C., Ritter, A.C., 2012. Salmonella and salmonellosis in Southern Brazil: a review
of the last decade. In: Monte, A.S., Santos, P.E. (Eds.), Salmonella: Classification,
Genetics and Disease Outbreaks. Nova Science Publishers, New York, pp. 175–191.

Tondo, E.C., Machado, T.R.M., Malheiros, P.S., Padrão, D.K., Carvalho, A.L., Brandelli, A.,
2010. Adhesion and biocides inactivation of Salmonella on stainless steel and poly-
ethylene. Braz. J. Microbiol. 4, 10–20.

Tondo, E.C., Ritter, A.C., Casarin, L.S., 2015. Involvement in foodborne outbreaks, risk
factors and options to control Salmonella Enteritidis SE86: an important food pa-
thogen in southern Brazil. In: Hackett, C.B. (Ed.), Salmonella. Nova Science
Publishers, New York, pp. 65–77.

WHO, 2019. Reducing Foodborne Diseases by Educating Consumers. World Health
Organization, Geneva. http://www.who.int/foodsafety/en/, Accessed date: 15
March 2019.

Zankari, E., Hasman, H., Cosentino, S., Vestergaard, M., Rasmussen, S., Lund, O.,
Aarestrup, F.M., Larsen, M.V., 2012. Identification of acquired antimicrobial re-
sistance genes. J. Antimicrob. Chemother. 67, 2640–2644.

Zou, L., Meng, J., McDermott, P.F., Wang, F., Yang, Q., Cao, G., Hoffmann, M., Zhao, S.,
2014. Presence of disinfectant resistance genes in Escherichia coli isolated from retail
meats in the USA. J. Antimicrob. Chemother. 69, 2644–2649.

A.C. Ritter, et al. International Journal of Food Microbiology 306 (2019) 108269

5


