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Introduction

Multidrug-resistant (MDR) Salmonella enterica is a 
threat to animal and human health. Salmonella Dublin, a 
bovine-adapted S. enterica serotype, causes severe outbreaks 
among calves that frequently result in high mortality. Addi-
tionally, S. Dublin causes invasive infections in people, and the 
incidence of S. Dublin infections in people has been increasing 
over the past decade. Recovered isolates are frequently resis-
tant to antimicrobials necessary for the treatment of invasive 
infections in calves and people. The transmission pathways 
of virulent Salmonella serotypes are not well characterized. 
Genomic characterization of recovered strains can be used 
to elucidate the genetic relatedness and identify potential 
routes of transmission. Therefore, the objective of this study 
as to characterize the genetic relatedness and genomic an-
timicrobial resistance determinants of S. Dublin recovered 
from cattle in Ohio.

Materials and Methods

Twenty-four S. Dublin isolates recovered from samples 
submitted to the Ohio Department of Agriculture from sick 
cattle were selected for whole-genome sequencing (WGS) 
with Illumina MiSeq. Genotypic analysis of AMR determi-
nants and plasmid replicons in each assembly was performed 
through Center for Genomic Epidemiology (https://cge.
cbs.dtu.dk/services/) and nucleotide BLAST analyses. The 
webtool CSIPhylogeny 1.4 was used for phylogenetic recon-
struction to determine S. Dublin relatedness.

Results

All isolates were multilocus sequence type (MLST) 
ST-10 and showed close clustering in single nucleotide poly-
morphism (SNP) phylogenetic analyses, demonstrating the 
circulation of a single clonal strain. Additionally, WGS effi-
ciently characterized genomic determinants of resistance. All 
genomic determinants of resistance were plasmidmediated, 
and the majority of identified resistance genes were located 
on plasmid incompatibility group IncA/C2; however other 
plasmid replicon groups (IncFII(S) and IncX1) were also pres-
ent. Among fluoroquinolone resistant isolates, WGS identified 
chromosomal point mutations, but no plasmid-mediated 
quinolone resistance genes were identified.

Significance

Strains of Salmonella Dublin recovered from Ohio cattle 
were highly genetically related, demonstrating on-going 
circulation of single clonal complex. Additionally, WGS was 
useful to comprehensively identify the genomic-mediators 
of the previously identified resistance phenotypes and their 
genomic location. Genes mediating resistance to critically 
important antimicrobials were located on horizontally trans-
missible plasmids. Regardless, further characterization of the 
transmission pathways for S. Dublin and other virulent sero-
types Salmonella serotypes is necessary to identify optimal 
prevention practices and reduce the incidence of disease in 
animals and people.
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Introduction

Johne’s disease (JD) is an untreatable disease of rumi-
nants caused by Mycobacterium avium subspecies paratuber-
culosis. The long latent period and variable manifestation in 
clinical presentation poses some significant challenges in its 
detection and control on farms. JD results in economic losses 
from early culling and production loss due to chronic enteric 
disease. In January 2010, Ontario began a voluntary control 
program called the Johne’s Education and Management As-
sistance program. The program consisted of an on-farm risk 
assessment survey and whole herd testing by either milk or 
serum ELISA with subsequent permanent removal of any 
high titre cow. The purpose of the risk assessment surveys 
or RAMPs (Risk assessment and management plans) were 
to identify areas on farm that would result in increased risk 
of acquiring or transmitting JD. After completing the RAMP, 
the farm would be given a score out of 300; a higher score 
correlating with a higher risk of JD. The veterinarian would 
then make a maximum of three recommendations for im-
provement of facilities or management for JD control. Based 
on data collected from over 2,000 dairy farms in Ontario 
from 2010 to 2013, using individual animal ELISA testing 
of milk or serum, approximately 26% of farms had at least 
one test positive animal. Through testing of bulk tank (BT) 
milk from all Ontario farms in 2013, roughly 50% of farms 
had a positive bulk tank test for Johne’s. There are numerous 
barriers to the efficacy of extension programs targeting JD 
control, and the benefit of risk assessment-based programs 
for a disease such as Johne’s remains unclear. The objectives 
of the study are to 1) assess changes in herd-level prevalence 
of JD 2) to describe associations between RAMP score and 
herd bulk tank test changes.

Materials and Methods

Samples were obtained through regular BT sample col-
lection from all licensed Ontario dairy farms. Samples were 
tested using the modified IDEXX ELISA technique described 
by Wilson et al (2010). The results from the 2017 test were 
compared to the 2013 results to describe changes in the pro-
portion of BT samples testing positive, and to identify herds 
which had, based on these BT results, changed in status over 

the 4-year period. RAMP scores for participants in the control 
program were matched to herd BT test results. Section scores 
were used to evaluate the strength of assessments in each 
separate management area in predicting herd risk. The data 
were modelled in 2 separate logistic regression models. One 
model, representing the failure of Johne’s control, included 
herds with an original negative BT test and a follow up nega-
tive test, compared to those who began with a negative test 
and a follow up positive BT test. The other model represented 
successful Johne’s control, comparing the herds with an initial 
positive BT test and a follow up positive test to herds with an 
initial positive test and a follow up negative test.

Results

The change in BT milk ELISA test positive prevalence 
in Ontario appeared to increase. Using the modified ELISA 
technique, 46.8% of the BT samples tested positive in 2013 
while 71.4% tested positive in 2017. 10% of herds tested 
moved from positive to negative BT status, 37% remained 
positive, 34% went from negative to positive, and 19% re-
mained negative. There were no significant RAMP variables 
that were at all correlated with either a positive or negative 
change in BT test status.

Significance

These results suggest that there has been an apparent 
increase in the prevalence of JD in the Ontario dairy industry 
with a positive BT representing herds with high risk and 
prevalence of JD. Based on RAMP scores performed in 2013, 
there were no associations found between risk assessment 
elements and herd status change. This finding may suggest 
recommendations and risk assessments are temporally 
dependent and that management changes made on farms in 
the intervening years impacted the herd BT test status. This 
may suggest that risk assessments need to be conducted 
more frequently.


