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Plain Language Synopsis
Using DNA sequence data, the diversity of
Salmonella enterica collected from papayas during
outbreaks in 2017 was measured. Genes that make
S. enterica resistant to antibiotics were also
identified. The study shows high levels of diversity
and the presence of resistance genes. These results
will inform future outbreak investigations.

Background
• In 2017, the US Food and Drug Administration
investigated multiple outbreaks of salmonellosis.
• Epidemiologic and traceback investigations
identified Maradol papayas as the vehicles.
• The genomes of 55 Salmonella enterica that were
isolated from papayas were sequenced.
• A retrospective genomic analysis of the 55
isolates is presented.

Purpose
The purpose of this study was to:
1. gain a greater understanding of the genetic
diversity of S. enterica that were collected from
papayas;

Materials and Methods
Whole-genome sequence data was generated with
the Illumina MiSeq platform. Single-nucleotide
polymorphism distances were estimated with the
CFSAN SNP pipeline. Phylogenetic analysis was
performed with GARLI v2.01. Reads were
assembled into contiguous sequences with SPAdes
v3.11.0. Serovars were predicted with SeqSero.
Plasmids were identified with PlasmidFinder.
Antimicrobial genotype predictions were performed
at the National Center for Biotechnology Information,
using the National Database of Antibiotic Resistant
Organisms.

Results and Discussion
This study shows that:
1. pairwise single-nucleotide polymorphism
(SNP) distances of isolates within serovars
are generally between 0 and 20 SNPs,
although distances as high as 87 SNPs were
observed (Figure 2, dark red and bright red);
2. SNP distances between isolates from different
serovars were high (median 51 812; Figure 2,
green, light blue, medium blue, dark blue, and
purple);
3. the genomic diversities of isolates collected
from individual firms or localized geographic
regions were high, with samples from one firm
yielding five of the ten serovars (Table 1, Firm
A) and another five serovars originating from
samples collected within a small geographic
area (Firms D-F);
4. antimicrobial resistance genes are present in
three of the serovars studied here [aph(3’)-lb,
aph(6)-ld, tet(C), fosA7, and qnrB19] and we
detected the plasmid IncHI2A among S.
Urbana isolates.
Table 1. Metadata for Salmonella enterica isolated from
papaya samples.
Sample
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Serovars
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2. use in silico predictions to determine serovar,
antimicrobial resistance genotypes, and plasmid
identities;
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3. assess the use of whole-genome sequence data
for investigating foodborne outbreaks.
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Figure 1. Phylogenetic analysis of 55 Salmonella
enterica isolated from papaya samples with serovars.
The tree shows that there are ten genetically distinct
clusters.
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Figure 2. Heat map of pairwise SNP distances
for 55 Salmonella enterica isolated from
papaya samples. Trees illustrate the
relationships between the isolates. A pairwise
SNP matrix is shown that is color-coded to
illustrate the distances between each
sequence in the analysis.

Conclusion
These results further our knowledge of the genomic
diversity of S. enterica:
• High levels of genomic diversity are possible within
individual firms and small geographic regions.
• The study shows that the presence of antimicrobial
resistance genes and plasmids can be predicted in
silico.
• This information should be considered when using
whole-genome sequence data for outbreak
investigations.
• https://doi.org/10.1099/mic.0.000895

