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Background: The Salmonella enterica serovar Newport red onion outbreak of 2020 was 
the largest foodborne outbreak of Salmonella in over a decade. The epidemiological 
investigation suggested two farms as the likely source of contamination. SNP analysis 
showed that none of the Salmonella isolates collected from the farm regions were 
linked to the clinical isolates. We explored an alternative method for analyzing the 
whole genome sequencing data driven by the hypothesis that if the outbreak strain had 
come from the farm regions, then the clinical isolates would disproportionately contain 
plasmids found in isolates from the farm regions due to horizontal transfer.

Conclusions: Phylogenetic analysis of the plasmids provided limited information about 
their geographic origin, isolation source, or time of transfer, seemingly due to 
promiscuous horizontal transfer. However, our resampling analysis suggested that 
observing a similar number and combination of highly similar plasmids in random 
samples of environmental Salmonella enterica was unlikely. A limitation of our study 
was that the environmental Salmonella isolates were the only representatives of the 
farm microbiome. It would have been informative to survey the farm microbiome, the 
gut microbiomes of local animals, and the gut microbiomes of patients for plasmids to 
increase the chance of detecting horizontally transferred plasmids and to better identify 
their source. Nonetheless, horizontally transferred plasmids provided evidence for a 
connection between clinical isolates and the farms implicated as the source of the 
outbreak. Our case study suggests that such analyses might add a new dimension to 
source tracking investigations, but highlights the need for detailed and accurate 
metadata, more extensive environmental sampling, and a better understanding of 
plasmid molecular evolution.

FDA Mission Statement: This study provides an additional method for using whole 
genomic sequence data to trace the source of foodborne illness outbreaks. Our results 
indicate that plasmids might be an important, and often overlooked, source of 
information for outbreak investigations.

SNP analysis confirmed the previous findings of the FDA and CDC outbreak investigation. The clinical clade 
formed a single, nearly-clonal clade indicative of a single source. The closest-related environmental isolates 
from the NCBI Pathogen Detection database were from California, indicating ancestry going back a decade. 

The core genome of the clinical clade was large (4,399 genes) compared to the median number of genes per 
genome (4,512 genes). Nonetheless, there was a substantial accessory genome (2,577 genes) that was 
sparsely distributed—genes occurred in 6% or less of the isolates, indicative of horizontal transfer.

For the clinical clade, ≥64% of the 
accessory genes were carried on 
plasmids. More plasmid types (n = 
20) were observed in the clinical 
clade than in the literature for 
Salmonella Newport. The IncFII(S) 
plasmid type was the only plasmid 
present in all clinical isolates. 

The 512 farm isolates, consisting of 
30 different Salmonella serovars, 
carried 14 known plasmid types. No 
plasmid type was common to all 
farm isolates and 346 isolates had 
no plasmid contigs.

Plasmid types in red were identified 
in both the clinical and farm 
isolates.

We identified high similarity (≥95% identity, ≥90% alignment coverage) plasmids that 
might have undergone recent horizontal transfer between the clinical and farm isolates. 
There were 14 plasmids from 13 clinical isolates with high similarity to 17 plasmids from 
8 farm isolates—comprising 3 known and 1 uncharacterized plasmid type.

The 8 farm isolates with the plasmids had been collected from 2 sampling sites 
separated by 409 km: 1) water samples from the New River in Seeley, California (about 
30 km West of Holtville); 2) soil samples near an irrigation filling station next to the 
Bakersfield onion farm.

Amongst the highly similar clinical and farm plasmids was 
a cryptic plasmid (~4.2 kbp, 6 genes) previously observed 
across the Enterobacteriaceae. The clinical variants 
differed by 6 SNPs and had been collected from two 
patients in Oregon and Missouri separated by 13 days. The 
five farm plasmids (4 Salmonella Corvallis, 1 Salmonella
Liverpool) were collected on the same day at the Holtville 
collection site. The four Holtville Salmonella Corvallis 
plasmids differed from each other by 2 SNPs and the 
Salmonella Liverpool plasmid by 62 SNPs. The phylogeny 
shows that the two clinical plasmids and four Holtville 
Salmonella Corvallis plasmids belonged to sister subclades, 
differing by 29 to 41 SNPs.

Amongst the highly similar clinical and 
farm plasmids were IncI1-I(gamma) 
plasmids (~85 kbp, ~90 genes) which 
have been observed across the 
Enterobacteriaceae. The pangenome of 
the clinical and farm plasmids and the 
best BLAST hits from the NCBI contained 
286 genes with 28 core genes. The core 
gene phylogeny of these plasmids 
showed that eight of the clinical plasmids 
belonged to a subclade with the two 
farm isolates. Hierarchical clustering of 
the pangenome gene presence and 
absence matrix had similar groupings as 
the core gene phylogeny.  

We tested if the number of highly similar plasmids in 
the clinical and farm isolates was due to originating 
from the same regional microbiota through a 
resampling experiment. The null hypothesis was that 
just as many high similarity ColpVC, Col440I, and IncI1-
I(gamma) plasmids could be found in randomly sampled 
environmental Salmonella enterica isolates (those in the 
NCBI Pathogen Detection database, collected across the 
world) as were found in the farm isolates. The 
uncharacterized plasmid type was excluded because we 
could not confidently identify all instances in the clinical 
and farm isolates.

The frequency of observing the outbreak counts or 
higher for individual plasmid types was high for the 
ColpVC plasmid type (98.3%), but 0% for the IncI1-
I(Gamma) and Col440I plasmid types. Isolates 
simultaneously carrying two or more highly similar 
plasmids was never observed. There was a low 
frequency (0.6%) of observing two of each plasmid type 
and the frequency of observing a similar sum (n = 17) of 
Col440I and IncI1-I(Gamma) plasmids as in the outbreak 
was 0%. These results led us to reject our null 
hypothesis.
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