
Vol.:(0123456789)1 3

https://doi.org/10.1007/s42770-021-00508-0

FOOD MICROBIOLOGY - RESEARCH PAPER

Retrospective whole‑genome comparison of Salmonella enterica 
serovar Enteritidis from foodborne outbreaks in Southern Brazil

Andréa K. Mascitti1 · Diéssy Kipper1 · Rafael O. dos Reis1 · Juliana S. da Silva1 · André S. K. Fonseca2 · Nilo Ikuta2 · 
Eduardo C. Tondo3 · Vagner R. Lunge1,2 

Received: 17 August 2020 / Accepted: 24 April 2021 
© Sociedade Brasileira de Microbiologia 2021

Abstract
Salmonella enterica serovar Enteritidis is frequently isolated from animal-source foods associated with human salmonel-
losis outbreaks. This serovar was spread to animal (mainly poultry) farms worldwide in the 1980s, and it is still detected 
in foods produced in many countries, including Brazil. The present study reports a retrospective genome-wide comparison 
of S. Enteritidis from foodborne outbreaks in Southern Brazil in the last two decades. Fifty-two S. Enteritidis isolates were 
obtained from foodborne outbreaks occurring in different cities of the Brazilian southernmost State, Rio Grande do Sul (RS), 
from 2003 to 2015. Whole-genome sequences (WGS) from these isolates were obtained and comparatively analyzed with 
65 additional genomes from NCBI. Phylogenetic and Bayesian analyses were performed to study temporal evolution. Genes 
related to antibiotic resistance and virulence were also evaluated. The results demonstrated that all S. Enteritidis isolates from 
Southern Brazil clustered in the global epidemic clade disseminated worldwide originally in the 1980s. Temporal analysis 
demonstrated that all Brazilian isolates had a tMRCA (time to most recent common ancestor) in 1986 with an effective popu-
lation size (Ne) increase soon after until 1992, then becoming constant up to now. In Southern Brazil, there was a significant 
decrease in the spreading of S. Enteritidis in the last decade. In addition, three antibiotic resistance genes were detected in 
all isolates: aac(6′)-Iaa, mdfA, and tet(34). These results demonstrate the high frequency of one only specific S. Enteritidis 
lineage (global epidemic clade) in foodborne outbreaks from Southern Brazil in the last two decades.
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Introduction

Salmonella enterica serovar Enteritidis is one of the leading 
pathogens causing human salmonellosis in the World [1]. S. 
Enteritidis has been associated with foodborne outbreaks 
related to the consumption of poultry products, such as eggs 
and undercooked chicken meat. The frequent occurrence in 

such foods is associated with the adaption of this serovar to 
commercial bird species (mainly Gallus gallus) and to the 
poultry farm environments [2, 3]. In general, high bacterial 
loads in the birds from the poultry flocks result in the con-
tamination of the egg shells and/or the chicken carcasses at 
the slaughterhouses [4].

S. Enteritidis emerged as a major public health problem in 
the world in the mid-1980s. According to the World Health 
Organization (WHO), different countries reported an impor-
tant increase in the isolation of S. Enteritidis in avian-source 
foods, such as eggs and chicken meat [5–12]. Phage typing 
was a useful epidemiologic tool for studying outbreaks of 
Salmonella serovars, including Enteritidis, for a long time 
[13, 14]. The first detected epidemic strains were from phage 
type 8 (PT8), but later there was a predominance of strains 
from phage type 4 (PT4), most of them detected on eggs and 
chicken meat in Europe [13–16].

There was an important reduction in the number of con-
taminated foods and human infections by foodborne S. 
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Enteritidis since the beginning of the 2000s due to the imple-
mentation of preventive and control measures in animal pro-
duction and a more strict bacteriological control in the whole 
poultry production processes. Live and inactivated vaccines 
against S. Enteritidis were also used in poultry flocks world-
wide [4, 17, 18]. In Brazil, specific rules for Salmonella test-
ing in broilers, laying hens, and foods were implemented and 
used by the whole poultry-producing chain [18]. Despite all 
these control measures, S. Enteritidis has remained as one of 
the most frequent bacterial foodborne pathogens with high 
impact in human health worldwide [19, 20].

S. Enteritidis strains have remarkable genetic diversity 
that allows them to adapt to hosts and to disseminate in 
different environmental conditions. It was previously clas-
sified into three different clades (Central/Eastern African, 
West African, Global Epidemic) plus the “outliers,” each 
one presenting strains with specific metabolic characteristics 
more adapted to some hosts and causing a wide range of 
human symptoms, including invasive disease [20]. S. Ente-
ritidis strains from these different clades have some well-
established genetic features, with the occurrence of specific 
pathogenicity islands and virulence genes. The two distinct 
African epidemic lineages emerged in the human popula-
tion in the past century, and they are associated with a spe-
cific prophage profile, one virulence plasmid with several 
multidrug resistance (MDR) genes and patterns of genomic 
degradation similar to other host-restricted invasive Salmo-
nella serovars (such as Typhi and Gallinarum) [20]. On the 
contrary, the global epidemic lineage is adapted to different 
hosts and transmission niches presenting a genome with less 
pseudogenes and without a plasmid with a MDR profile. 
Most S. Enteritidis strains from this lineage seem to have 
a low number of antimicrobial resistance genes and conse-
quently high susceptibility to antibiotics [21–23].

Whole-genome sequencing (WGS) and bioinformatics 
analysis have been increasingly used to track foodborne 
pathogens. This technology has the power to differentiate 

isolates and to determine genetic relationships by applying 
the principles of evolutionary biology [24]. Moreover, data 
generated by the WGS technique can be submitted to in sil-
ico evaluation of genetic characteristics of each isolate [25]. 
Several studies have compared the S. Enteritidis genomes by 
single nucleotide polymorphisms (SNPs) to investigate the 
phylogenetic relationships, allowing to trace the source of 
contamination of a food [19, 20, 26, 27]. The present study 
aimed to perform a retrospective WGS comparison of S. 
Enteritidis isolates from foodborne outbreaks in Southern 
Brazil over a 13-year period. It was possible to assess the 
recent evolution and to define the main genetic characteris-
tics of the main circulating S. Enteritidis lineage in Southern 
Brazil.

Materials and methods

Bacteria isolates  Fifty-two S. Enteritidis isolates were 
obtained from foodborne outbreaks (30.7% [16/52] repre-
senting isolates associate with poultry) occurring in different 
cities in Rio Grande do Sul (RS), the southernmost Brazilian 
state, from 2003 to 2015 (Fig. 1; Table S1). A single colony 
was removed from xylose lysine desoxycholate (XLD) agar 
plate and placed in a brain heart infusion (BHI) broth, fol-
lowing overnight incubation at 35 °C. Then, one aliquot of 
0.1 mL was used to extract DNA with a commercial kit fol-
lowing the manufacturer’s instruction (NewGene, Simbios 
Biotecnologia, Cachoeirinha, Brazil).

One S. Enteritidis–specific PCR was used to test all iso-
lates as previously described [28]. Amplification conditions 
followed an initial denaturation cycle of 3 min at 95 °C 
followed by 40 cycles of 15 s at 95 °C and 60 s at 60 °C 
performed on StepOne Plus equipment (Applied Biosys-
tems, Carlsbad CA, USA). The evaluation of the result was 
performed directly on the equipment by the analysis of the 

Fig. 1   Geographical distribu-
tion of 46 out of 52 S. Enter-
itidis isolates from foodborne 
outbreaks in thirty-three cities 
in the Brazilian state of Rio 
Grande do Sul (six isolates had 
no origin information). The cir-
cles represent the geographical 
location of the different cities 
in the study. The diameter is in 
accordance with the number of 
isolates in each city
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presence of amplification curves and determination of the 
cycle threshold (Ct) values. Only DNAs with Ct value < 20 
were used for the next steps.

Whole‑genome sequencing  PureLink® Genomic DNA 
Mini Kit was used to extract the genomic DNA following 
the manufacturer’s instructions (Thermo Fisher Scientific, 
Waltham, MA, USA). DNA was visualized on 2% agarose 
gel stained with ethidium bromide. Sequencing library was 
prepared using Nextera XT kit (Illumina, Inc., San Diego, 
CA, USA). DNA concentration was adjusted to 0.5 ng/
µL and sequenced on the Illumina NextSeq platform with 
150 bp paired end reads (Wadsworth Center, New York State 
Dept. of Health, Albany, NY, USA).

Genome Data Acquisition, Multi‑Locus Sequence Typing 
(MLST) and Salmonella In Silico Typing Resource (SISTR)  The 
raw sequence reads were trimmed and low-quality bases 
removed with Trimmomatic v0.33 [29]. Quality of trimmed 
reads was checked using FastQC v0.11.2 [30] prior to de 
novo assembly using SPAdes v3.6.0 [31]. The quality of 
draft genomes was evaluated using QUAST v4.0, and aver-
age coverage was estimated using BBmap v38.26 [32] and 
Samtools v1.8. Legacy MLST (7-gene MLST) sequence 
type and confirmation of serovar were determined using 
SISTR v0.3.1 [33].

SNP phylogeny  Single nucleotide polymorphisms were 
identified by kSNP3 with an optimal kmersize of 19 nucle-
otides [34] using a total of 117 S. Enteritidis assemblies, 
including the 52 isolates sequenced here and 65 WGS 
data downloaded from NCBI (Table S2), all from differ-
ent sources (foods, animals, human, environment, organs). 
Additional NCBI data were defined according to S. Enter-
itidis previously sequenced in Brazil and other South Ameri-
can countries as well as reference genomes [20, 27]. A maxi-
mum parsimony tree was used to cluster the sequences based 
on the core SNPs identified.

The CFSAN SNP Pipeline v2.0.2 [35] was used to map 
high-quality SNPs (hqSNPs) in these 117 genomes. SF297-
04 was used as reference. The resulting SNP matrix of pre-
served sites was then used to build a phylogeny using the 
maximum likelihood (ML) method with the IQtree program 
with 1000 bootstraps [36].

Tip‑dated evolutionary analyses  Linear regression models 
implemented in TempEst v1.5 [37] were used to evaluate 
the temporal signal and clock likeness of the phylogenies 
based on associations between temporal sequence diver-
gence and isolation dates. Tip-dated phylogenies were con-
structed using BEAUti v2.6.0 and BEAST v2.6.0 [38] with 
a combination of the GTR substitution model and lognormal 

relaxed clock and coalescent Bayesian skyline models [39]. 
The runs were carried out with a substitution rate prior set 
to 1.0 × 10−7/site/year (default of program).

Markov Chain Monte Carlo (MCMC) algorithm was run 
for 1 × 108 generations [20], and parameters were logged 
every 1 × 104 generations. The confirmation of model com-
bination was identified based on marginal likelihood val-
ues and ESS (effective sample size) of run statistics (e.g., 
prior, posterior, tree likelihood, clock rate, and coalescent). 
The output statistics and traces were analyzed in Tracer 
v1.7.1, and the trees file was annotated in TreeAnnotator 
v2.6.0 (burn-in set at 10) and edited in FigTree v1.4.4. This 
unrooted maximum credibility tree was presented with 
height (i.e., ages relative to the youngest sequence), 95% 
highest posterior density (HPD) intervals on node bars, and 
posterior probabilities placed on the branch labels.

The investigation of the relationship among isolates 
was performed by comparing the median of SNPs among 
sequences. Isolates with less than 21 hqSNPs of difference 
were considered with strong epidemiological relationship 
[40].

Identification of gene for prediction of antimicrobial resist‑
ance  The Abricate v0.8 (https://​github.​com/​tseem​ann/​abric​
ate) and BLASTN algorithm (http://​blast.​ncbi.​nlm.​nih.​
gov/​Blast.​cgi) were used to search the genome assemblies 
for antimicrobial resistance genes (using ResFinder data-
base: https://​bitbu​cket.​org/​accou​nt/​user/​genom​icepi​demio​
logy/​proje​cts/​DB). Matches with ≥ 75% sequence identity 
and ≥ 50% sequence length coverage were considered rel-
evant, after the output.

Results

WGS data of S. Enteritidis and sequence type (ST)  Raw 
sequencing reads obtained in this study (n = 52) and down-
loaded from NCBI (n = 65) were assembled with a median 
of 25 contigs larger than 1 Kb (ranging from 18 to 163 Kb), 
a median N50 of 406,263  bp (ranging from 45,084 to 
594,007 bp), and median average coverage of 114 × (ranging 
from 62 to 617 ×). The median length of the 117 assembled 
S. Enteritidis genomes (made of contigs ≥ 1000 bp) was 4.70 
Mbp (ranging from 4.59 to 4.83 Mbp). In silico analysis 
showed that all isolates matched to serovar Enteritidis with 
SISTR. ST11 was detected in all S. Enteritidis genomes used 
in this study.

SNP‑based phylogenetic analysis of S. Enteritidis  The phylo-
genetic relationship among the 52 genomes sequenced in the 
present study and 65 S. Enteritidis WGSs downloaded from 
NCBI identified 26,287 core SNPs, which were used to build 
an initial maximum parsimony phylogeny (Figure S1). All 
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Fig. 2   Maximum likelihood 
phylogeny constructed using 
high-quality SNPs (hqSNPs) 
identified among 117 S. 
Enteritidis genomes using the 
CFSAN SNP Pipeline. Red 
are isolates sequenced in this 
study of foodborne outbreaks 
(n = 52), black are Brazilian 
isolates downloaded from NCBI 
(n = 52), pink are isolates from 
other America countries (USA, 
Argentina, Colombia, and 
Uruguay [n = 10]), green are 
isolates from Europe (UK and 
Portugal [n = 2]), and brown is 
P125109. The phylogeny was 
constructed using IQ-TREE and 
is midpoint rooted, with branch 
lengths representing the number 
of substitutions per site
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S. Enteritidis foodborne outbreak isolates sequenced in the 
present study (n = 52) clustered together with other strains 
of the global epidemic lineage from around the world in a 
monophyletic group. All these set of 117 isolates were used 
to further investigate the relationship of the isolates using 
a high-quality single nucleotide polymorphism (hqSNP) 
approach.

The CFSAN SNP Pipeline identified 0 to 129 pairwise 
hqSNPs (median 57). It was used the hqSNP alignment 
with the TVM e substitution model defined, of the previous 
analysis, to build a phylogeny that guided further analyses 
(Fig. 2). The topology of the ML tree clearly demonstrated 
that the isolates from food sources, humans, and poultry are 
phylogenetically similar. This monophyletic clade with S. 
Enteritidis isolated between 1990 and 2016 also contained 
all isolates from foodborne outbreaks of Rio Grande do Sul 
(n = 52) and other genomes data from Brazil (n = 52), Por-
tugal (n = 1), UK (n = 1), USA (n = 1), Colombia (n = 2), 
Argentina (n = 5), and Uruguay (n = 2).

Bayesian phylogenetic analysis of S. Enteritidis  The 104 
Brazilian S. Enteritidis genomes were used to perform 
the Bayesian temporal analysis. For this analysis, twelve 
genomes belonging to other countries and the genome 
P125109 were removed. In addition, two evolutionary analy-
ses were performed: (i) with all Brazilian genomes (52 iso-
lates sequenced in this study from foodborne outbreaks of 
Rio Grande do Sul State and 52 WGS data downloaded from 
NCBI from several Brazilian regions); (ii) with only the 52 
isolates sequenced in the present study from foodborne out-
breaks of Rio Grande do Sul State.

The results of the correlation coefficient of TempEst demon-
strated that R = 0.80 (104 isolates) and R = 0.66 (52 isolates) 
indicated a correlation between isolation date and sequence 
divergence, which indicates that our dataset is suitable for 
temporal analysis.

One combination of lognormal relaxed clock model and 
coalescent Bayesian skyline was run in BEAST to recon-
struct tip-dated Bayesian phylogenies. The model combina-
tion was run with a GTR substitution model. The 104 isolates 
included were estimated to evolve with a rate of 4,71 × 10−7 
substitutions/site/year (95% HPD 4.14 × 10−7–5.28 × 10−7), 
while the temporal analysis of 52 isolates presented a rate 
of evolution of 5.40 × 10−7 substitutions/site/year (95% HPD 
4.35 × 10−7–6.54 × 10−7).

All 104 analyzed isolates presented a common ancestor 
dated back to 1983 (95% HPD: 1946–2011). Interestingly, 
there were two main clusters with all more recent isolates in 
the branch located at the bottom of the tree (Fig. 3). The addi-
tional analysis of the 52 isolates from Southern Brazil pre-
sented a common ancestor 3 years later, dating back to 1986 

(95% HPD: 1953–2009). Again there were two main clusters 
with all more recent isolates at the bottom of the tree (Fig. 4).

Historical demographic trend of the S. Enteritidis popula-
tion size over time was reconstructed using a Bayesian skyline. 
An important increase was observed in the population size in 
Brazil from late 1988 up to 1992 and afterward apparently 
remains constant until recently (Fig. 5). On the contrary, S. 
Enteritidis population size related to foodborne outbreaks of 
Rio Grande do Sul decreased after 2007 and stabilized in 2012 
(Fig. 6). This situation may reflect the adoption of important 
preventive measures to control Salmonella in poultry farms as 
well as in food inspection in this period of time.

Outbreak investigation  S. Enteritidis genomes from the 
same and different outbreaks (according information of city 
and year) were comparatively analyzed to assess molecular 
identity among the isolates. The median of SNPs among 
the forty-four isolates from the most disseminated cluster 
(Cluster I) ranged from 0 to 42 SNPs (Fig. 4). Interestingly 
there was a subcluster (A) that the median number of SNPs 
was 21 SNPs, indicating strong epidemiological relation-
ship. This subcluster showed a range of twenty-nine isolates 
belonging to a period of 10 years (2006 to 2015) from dif-
ferent cities. There were even isolates from different cities 
that showed a difference value median of 0 hqSNPs. These 
values are within the range observed between isolates from 
the same source causing S. Enteritidis foodborne outbreaks 
[19, 40, 41].

Antimicrobial resistance profiling of S. Enteritidis iso‑
lates  Genomic analysis demonstrated that all 52 foodborne 
outbreak isolates from Southern Brazil (100%) had the anti-
microbial resistance genes (ARGs) aac(6′)-Iaa, mdf(A), and 
tet(34). The aac(3)-Iva, aph(3′’)-Ib, aph(4)-Ia, tet(A), and 
aph(6)-Id genes were present in 3.8% (2/52) isolates. No 
other antibiotic resistance gene was detected in the genomes 
from S. Enteritidis sequences (Figure S2).

Discussion

Foodborne diseases occur worldwide and are responsible 
for outbreaks in different countries. However, outbreak 
investigation is often limited because many episodes of 
foodborne diseases are not reported [42, 43]. Laboratorial 
data generated by the diagnostic and screening techniques 
help to reduce the incidence of outbreaks, supporting the 
adoption of preventive and control measures and, conse-
quently, contributing to the improvement of the popula-
tion’s quality of life [44].

S. Enteritidis is a serovar of great public health concern 
in several countries around the world. Since the 1980s, 
food surveillance agencies have reported several outbreaks 
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Fig. 3   Maximum clade credibil-
ity tree constructed using high-
quality SNPs (hqSNPs) identi-
fied among 104 S. Enteritidis 
genomes using the CFSAN SNP 
Pipeline, rooted using BEAST. 
Red are isolates of foodborne 
outbreaks from RS sequenced 
in this study (n = 52) and black 
are genomes downloaded from 
NCBI from several Brazilian 
regions (n = 52). Time in years 
is plotted along the X-axis. 
Branch labels denote posterior 
probabilities of branch support, 
and node bars correspond to 
95% highest posterior den-
sity (HPD) intervals for node 
heights
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by this serovar, most of them caused by products of poul-
try origin, such as chicken meat and eggs [45–47]. Pheno-
typic serotyping, phage typing, and pulsed field gel elec-
trophoresis have been used for a long time to investigate 
foodborne outbreaks by S. Enteritidis. Now SNP-based 
WGS analyses are contributing to improve the tracking of 
foodborne outbreaks by this pathogen in different coun-
tries, due to the possibility of sharing information and 
online databases [41, 48].

Here we described a large WGS study of S. Enteritidis 
associated to foodborne outbreaks in Southern Brazil in the 
last 18 years. Noteworthy, all genomes were highly simi-
lar to previously sequenced isolates of the global epidemic 
lineage that has been circulating since the 1980s in Brazil 
and other countries in the world. All S. Enteritidis isolates 
here sequenced seem to have the same common ancestor that 
started to spread around 1983 in Brazil and more specifi-
cally around 1986 in Southern Brazil. A previous study has 

Fig. 4   Maximum clade credibility tree constructed using high-quality 
SNPs (hqSNPs) identified among 52 S. Enteritidis genomes (red) 
using the CFSAN SNP Pipeline, rooted using BEAST. Time in years 

is plotted along the X-axis. Branch labels denote posterior probabili-
ties of branch support, and node bars correspond to 95% highest pos-
terior density (HPD) intervals for node heights
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already shown the worldwide dissemination of this lineage 
by foods in the 1980s and 1990s [20].

Chicken, eggs, and other avian-source foods have been 
associated as the major vehicles for increasing infections by 
the global epidemic lineage of S. Enteritidis in the western 
world [6, 49]. Undoubtedly, the poultry production chain 
seems to have a pivotal role in the introduction and dis-
semination of this lineage in Brazil. Results presented here 
demonstrated a high increase of S. Enteritidis population 
exactly in this same period (1980s to 1990s), clearly rein-
forcing the wide spreading of this serovar by this produc-
tion chain. International poultry and foods trade probably 
further contributed to several introductions of this lineage 
in the country in this period. Other data and epidemiological 

studies also proposed that the entry of S. Enteritidis in Brazil 
occurred in the late 1980s with a wide spread soon after 
in the whole country as well as in some specific regions 
[49–51].

Additionally, all Brazilian S. Enteritidis isolates clearly 
clustered into one monophyletic cluster. All recent isolates 
belonged to a more specific cluster together with the iso-
late SE86 (SE86-RS-99), recently sequenced [52]. Previous 
studies have already shown that this strain was the first best 
characterized of this lineage highly spread in Southern Bra-
zil. It was also demonstrated that SE86 has a great capacity 
for adaptation and survival compared to strains from other 
Salmonella serovars, especially regarding its resistance to 
acid, heat, sanitizers, and antimicrobials [53–55].

Fig. 5   Effective population size 
over the time. Bayesian skyline 
plot, based on a “relaxed clock” 
coalescent framework analysis, 
was constructed using 104 
sequences from foodborne out-
break isolates of Rio Grande do 
Sul State (n = 52, sequenced in 
this study) and genomes down-
loaded from NCBI from several 
Brazilian regions (n = 52). 
X-axis represents time in years, 
while Y-axis shows the effective 
population size. The blue band 
represents 95% highest posterior 
density (HPD) intervals

Fig. 6   Effective population 
size and time for most recent 
common ancestor. Bayesian 
skyline plot, based on a “relaxed 
clock” coalescent framework 
analysis, was constructed using 
52 sequences of foodborne 
outbreaks in Rio Grande do 
Sul sequenced in this study. 
X-axis represents time in years, 
while Y-axis shows the effective 
population size. The blue band 
represents 95% highest posterior 
density (HPD) intervals
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Although S. Enteritidis remains a significant problem 
in poultry, the prevalence of this serovar has declined in 
poultry flocks since the 2000s in the USA. The implemen-
tation of guidelines to control S. Enteritidis increased flock 
immunity from bird exposure or vaccination likely contrib-
uted to this decline [2]. In our study, there was a reduction 
in the population of S. Enteritidis after 2007 in Southern 
Brazil that probably was a consequence of the implementa-
tion of the National Poultry Health Plan (PNSA, Programa 
Nacional de Sanidade Avícola) and the adoption of sanitary 
measures instituted in instructions from the Brazilian gov-
ernment [56]. Noteworthy, the introduction of vaccination 
against S. Enteritidis in breeding and laying hens together 
with the frequent control of poultry-producing flocks seems 
to have also contributed to the reduction of the occurrence 
of foodborne outbreaks by this serovar in Southern Brazil in 
recent years, as clearly observed in the skyline plot (Fig. 6). 
Further, a food regulation was launched in Rio Grande do 
Sul State prohibiting the preparation of food meals contain-
ing raw or undercooked eggs in 2009. The same regulation 
established the necessity of a specific training for food han-
dlers, focusing on good hygienic practices and how to pre-
vent foodborne diseases, mainly salmonellosis [57]. These 
preventive and control measures in Southern Brazil were 
necessary (and now seem to have been very successful) to 
reduce the occurrence of foodborne outbreaks caused by S. 
Enteritidis. Data from the UK’s Health Protection Agency 
(HPA) also demonstrated a decline in the number of food-
borne outbreaks caused by S. Enteritidis between 1997 and 
2008 [58]. All this data provides additional evidences that 
the introduction and adherence to control the spreading of 
this serovar minimized foodborne infection risk in Southern 
Brazil too.

Furthermore, the comparison of the complete genomes 
data of the S. Enteritidis isolates demonstrated a strong 
epidemiological relationship among the isolates of the out-
breaks that occurred in different places and periods in South-
ern Brazil. In the analysis of the hqSNP differences, there 
was not any genetic difference (0 SNPs) among many iso-
lates from the same outbreak site. In addition, similar result 
was obtained for isolates from different cities, indicating 
strict epidemiological relationships. Unfortunately, there was 
a lack of data that could contribute to a better investigation 
of these outbreaks as previously published [40]. However, all 
these data generated here will help in future studies in Brazil 
to trace back and forward S. Enteritidis foodborne outbreaks. 
A recent study in Poland identified eggs as the vehicle of 
infection and the source of the outbreak. This study has also 
demonstrated that in the implementation of control meas-
ures, there was a change in population dynamics and the 
number of human salmonellosis case reports decreased, indi-
cating a practical application in foodborne disease control 
[19]. This approach can be applied in tracking foodborne 

outbreaks to diagnose the source of the contamination. This 
would be very useful for real-time tracking of foodborne 
outbreaks.

Finally, the present study demonstrated the occurrence 
of some genes for antimicrobial resistance (mainly for ami-
noglycosides and tetracyclines) in the S. Enteritidis isolates 
from Southern Brazil. Previous reports have already dem-
onstrated by phenotypic methods an intermediate resistance 
in foodborne outbreaks S. Enteritidis isolates, which may 
corroborate the detection of antimicrobial resistance genes 
in isolates from Southern Brazil [21, 59]. It is important to 
continue monitoring the use of antibiotics in animal pro-
duction, mainly in commercial poultry flocks in Southern 
Brazil, an emerging hotspot for antimicrobial resistance [60].

In conclusion, the study shows that the global epidemic 
lineage continued to circulate in Brazil in the last two dec-
ades, causing community outbreaks due to the consumption 
of food contaminated with S. Enteritidis.
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