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SUMMARY

We used whole-genome sequencing (WGS) technology
to identify known antimicrobial resistance genes in 20
samples of Salmonella enterica Serovar Infantis  (Enter-
obacteriales Enterobacteriaceae) and correlated genomic
data with susceptibility phenotypes to evaluate the pos-
sibility of surveillance of multidrug resistant strains by
means of WGS sequencing. Twenty Salmonella samples
were selected among retail chicken meat and human clin-
ical isolates that were tested for susceptibility to 15 an-
timicrobials using broth microdilution. The MIC for each
drug was used to categorize isolates as susceptible or re-
sistant based on European Committee on Antimicrobial
Susceptibility Testing (EUCAST) and Clinical and Lab-
oratory Standards Institute clinical breakpoints (CLSI).
Each isolate was subjected to whole-genome shotgun se-
quencing according to Illumina protocol. Raw reads were
assembled by means of software Spades ver. 3.11 and re-
sistance genes were identified from assembled sequences
through software ResFinder ver. 3.0. A total of 127 plas-
midic resistance genes were identified in all the samples.
We found a good concordance between phenotypic re-
sistance profiles and genotypic data.

INTRODUCTION

Salmonella enterica Kauffmann et Edwards,
1987 (Enterobacteriales Enterobacteriaceae) is one
of the most common causes of bacterial foodborne
illnesses worldwide. In fact, manipulation, transporta-
tion, and marketing of poultry products in some case
do not meet the standards of good manufacturing
practices, promoting contamination of food product
with Salmonella strains (CORTES VÉLEZ ET AL., 2017).
The majority of Salmonella Lignieres, 1900 infections
are attributed to consumption of contaminated food
of animal origin such as eggs, chicken, pork, etc.
(HUR ET AL., 2016). For decades, the development of
antimicrobial multidrug resistance in many Salmo-
nella isolates often caused by misuse of antibiotics
for treatment of non bacterial diseases or viral infec-
tions has been occuring.  According to the American
Centers for Disease Control and Prevention, up to
one-third to one-half of antibiotic use in humans is
unnecessary or inappropriate.

Recently, the occurrence of Salmonella isolates
resistant to quinolones, fluoroquinolones or ex-
tended-spectrum cephalosporins antibiotics has in-
creased among food and human isolates.

Recently, the public health commision was estab-
lished to track resistance in Salmonella, Campylobac-
ter, and other foodborne bacteria by comparing
strains from food-producing animals, raw retail meats,
and human infections (MCDERMOTT ET AL., 2016). 

MATERIAL AND METHODS

The bacterial suspensions of Salmonella enterica
isolates were inoculated in Mueller-Hinton (Oxoid,
Germany) agar plates and cultured at 37 ºC for 24
hours. The susceptibility to various antibiotics mole-
cules was evaluated according to the guidelines of
the Clinical Laboratory Standards Institute (CLSI,
2015). The agar plates containing the isolates were
subjected to an antimicrobial microdilution suscepti-
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bility test by using the BD PhoenixTM NMIC/ID-132
panels (Becton Dickinson, Sparks, MD, USA). 

Considering three level of antimicrobial concen-
tration, Salmonella strains were classified in resist-
ant, intermediate, and susceptible (European
Committee for Antimicrobial Susceptibility Testing:
EUCAST, 2003).

Sequencing of the Salmonella isolates was per-
formed at Molecular Biology Department of Experi-

mental Zooprophylactic Institute of Sicily, Palermo.
Genomic libraries were prepared according to Nex-
tera DNA library preparation kit protocol (Illumina,
San Diego, CA). The library pools were subjected to
sequencing on a MiSeq platform (Illumina), generat-
ing 150-bp length paired end reads. (FAKSRI ET AL.,
2016).

Reads were assembled using a local installation
of Spades software, a de novo assembler that uses
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Table 1. List of resistance genes found in Salmonella enterica samples through bioinformatics analysis.
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(Chloramphenicol) and Sulphonamide resistance
genes.

DISCUSSION AND CONCLUSIONS

The phenotypic MDR pattern of Salmonella
showed good correlation with the genotypic analysis.
Many resistance genes were present and correlated
positively with the resistance phenotype.

The presence of a resistance gene in a bacterial
strain does not mean that it is biological active (e.g.
may not be transcribed or translated) but it can be
very indicative of the presence of phenotypic resist-
ance in a particular strain.

The presence of a particular gene was tested with
classical Polymerase Chain reaction PCR emplying
specific primers.

The advantage of NGS technics is low cost per
sample, standardized library preparation, possibility
to detect unknown genes or mutations in known
genes, the possibility to store the data produced for
further elaboration like transcriptional analysis,
metagenomic analysis (to study more species and
resistance in the same samples), and many other.
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applies the de Bruijn graphs algorithm for generating
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RESULTS

In our result we found a total of 23 resistance
genes transmitted by means of plasmid vectors be-
tween bacterial strains and 1 point mutation involv-
ing a chromosomal gene that is involved in
Quinolone resistance. The analysis pipeline involved
the whole genome sequencing by means of Illumina
Miseq NGS platform and a bioinformatic analysis
pipeline developed by Center for Genomic Epidemi-
ology of Danmark CGE - DTU. A detail of resistance
genes are shown in Table 1. The point mutation
found in the samples of Salmonella species is
shown in Table 2.

This result were comparable with classical micro-
biological phenotypic resistance test. In particular the
techniques of agar antibiotic disk and that of mini-
mum inhibitory concentration (MIC) were tested
against the Salmonella enterica isolates.  Disks con-
taining antibiotics solution or strips with a gradient of
antimicrobial solution were placed onto agar plates
to detect the minimum concentration of antimicrobial
at which bacteria cannot grow. All samples showed
resistance producing  genes like blaCTX-M-1,
blaTEM-1B, and blaTEM-1D for beta-lactamase, or
tet(A) and tet(J) genes for tetracycline resistance,
and other showed in Table 1.

The data were confirmed by phenotypic resist-
ance test including resistance to antibiotics as beta-
lactam antibiotics (Ampicillin, Ticarcillin, Ampicillin),
Tetracycline antibiotics (Tetracycline, Doxycycline),
Quinolones (Nalidixic acid), Phenicol resistance

Table 2. Point mutation in chromosomal gene of various Salmonella enterica strains.
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