
SafePork 2019 | 6766 | SafePork 2019

PROCEEDINGSPROCEEDINGS

Or
al
 P
re
se
nt
at
io
ns

O6

Evaulating average MIC over time using 
a Baysian latent class mixture model: 
examples from a Salmonella enterica serovar 
Typhimurium and S. enterica serovar 
4,[5],12:i:-
Zhang M.1, Wang C.1,2, Kreuder A.2,3, Krull A.2,4, 
O’Connor A.2

1Iowa State University, Department of Statistics, Ames, 

United States, 2Iowa State University, Veterinary Diagnostic 

and Production Animal Medicine, Ames, United States, 3Iowa 

State University, Department of Veterinary Microbiology and 

Preventive Medicine, Ames, United States, 4Dupont-Pioneer, 

Johnson, United States 

The minimum inhibitory concentration is a measure 
of resistance to an antibiotic that is used commonly 
to describe the resistance of an isolate. As these 
data arise from a serial dilution experiment, the 
average MIC cannot be calculated using the standard 
average formula. As a consequence, MIC data often 
dichotomized based on a threshold that splits the 
population into two (resistant and non-resistant) 
or three categories (susceptible, resistant, 
intermediate) and the changes the proportion of 
bacteria in the population evaluated. This approach 
although valid can result in a less complete picture 
of the patterns of MIC seen in the bacterial 
communities, in particular, gradual increases 
(MIC creep) and decreases (MIC decline) below the 
threshold of resistance. We used data from MIC results 
from 15 antibiotic and two Salmonella: Salmonella 
enterica serovar Typhimurium and S. enterica serovar 
4,[5],12:i: to evaluate patterns of mean MIC and 
the proportion of the population in the resistant 
population using the Bayesian latent class mixture 
model.The results of the analysis demonstrated that 
for some antibiotic there appears to be evidence 
of MIC creep in the non-resistant population which 
would otherwise go undetected, as no significant 
changes in the proportion of the bacterial community 
in the resistant population are detected. Also, the 
results document that when the serial dilutions are 
severely truncated, that application of the Bayesian 
latent class mixture model might be unsuitable. The 
use of Bayesian latent class model has the potential 
to add an additional dimension to the analysis 
of MIC data obtained from surveillance programs. 
However, a limited the spectrum of MIC dilutions is 
also discussed can limit the application for some 
antibiotic.
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Introduction
Nontyphoidal Salmonella is a leading cause of 
bacterial foodborne disease in humans. Salmonella 
enterica serovar I 4,[5],12:i:- has emerged as the 
fourth most frequent cause of human salmonellosis 
in the U.S. based on 2015 National Antimicrobial 
Resistance Monitoring System (NARMS) data, and the 
most common multidrug-resistant (MDR; resistance to 
3 or more antimicrobial classes) serovar with ~68 % 
of isolates being considered MDR (CDC, 2018). An MDR 
serovar I 4,[5],12:i:- outbreak was linked to pork 
in 2015 with 188 infections and 30 hospitalizations 
(Kawakami, et al. 2016); 523,380 pounds of pork were 
recalled. The pork outbreak-associated isolates were 
resistant to ampicillin, streptomycin, sulfisoxazole, 
and tetracycline (R-type ASSuT). Colonization and 
pathogenesis of a pork outbreak-associated serovar 
I 4,[5],12:i:- isolate in swine was consistent with 
trials conducted with virulent serovar Typhimurium, 
indicating that the increased prevalence of serovar I 
4,[5],12:i:- is not due to an increase in pathogenesis 
(Shippy, et al. 2018). We sought to characterize 
strain FSIS1503788 associated with the pork outbreak 
and its derivatives using genomic, transcriptomic, 
and phenotypic analysis.

Material and Methods
Salmonella serovar I 4,[5],12:i:- strain FSIS1503788 
was recovered from the cecal contents of a pig 
postslaughter during investigation of the 2015 
outbreak by FSIS. Strains SX240 (isolated from swine 
ileocecal lymph node following passage) and BBS 1270 
[Salmonella Genomic Island 4 (SGI-4) deletion mutant] 
are derivatives of strain FSIS1503788. Recombineering 
was used to delete SGI-4 from FSIS1503788 by insertion 
of neo, resulting in a kanamycin resistant phenotype 
for BBS 1270.
The genome sequence of strain FSIS1503788 was 

assembled using PacBio sequencing reads and error 
corrected using Illumina data. Growth of strains 
FSIS1503788 and BBS 1270 were evaluated using Biolog 
Phenotype MicroArrays to determine metal tolerance. 
Transcriptional analysis using RNA-Seq was determined 
for FSIS1503788 and BBS 1270 following 60 minutes 
of growth during early log-phase in the presence or 
absence of 5 mM copper sulfate.
Swine were administered a diet with or without zinc 
oxide (2,000 mg/kg) and copper chloride (200 mg/kg; 
n=10/group) for 4 weeks prior to and 3 weeks post-
inoculation with 8 x 107 CFU of SX240 via intranasal 
route. Fecal shedding of serovar I 4,[5],12:i:- was 
monitored at 2, 7, 14, and 21 days post-inoculation 
(dpi) with SX240. Colonization of the cecum, cecal 
contents, ileocecal lymph nodes, and Peyer’s Patches 
region of the ileum by SX240 was determined at 21 dpi.

Results
Genome analysis of pork outbreak-associated serovar 
I 4,[5],12:i:- isolate FSIS1503788 indicates 2 large 
insertions compared to serovar Typhimurium. An ~28 
kb module contains antimicrobial resistance genes 
for R-type ASSuT and mercury tolerance genes; the 
insertion deletes ~15 kb of the fljB genomic region, 
resulting in the monophasic phenotype. Salmonella 
genomic island 4 (SGI-4) is ~80 kb and encodes genes 
for metal tolerance (copper, silver, and arsenic) and 
DNA mobilization and transfer.
Growth in Biolog Phenotype Microarrays (Figure 
1) indicate that strain FSIS1503788 has increased 
tolerance to copper and arsenic compounds compared 
to BBS 1270 (SGI-4 deletion mutant) or serovar 
Typhimurium (data not shown).
Exposure of SX240 to 5 mM copper for 60 minutes 
resulted in significant differential expression of 
1,635 genes including transcriptional induction of 
metal tolerance genes for copper, arsenic, silver, 
and mercury; copper tolerance genes in both the core 
genome and SGI-4 were induced.

Figure 1. Reduced metal tolerance of BBS 1270 (SGI-4 mutant) 

compared to wildtype FSIS1503788. 
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Inclusion of copper and zinc as an antimicrobial 
in the swine diet did not significantly reduce 
quantitative fecal shedding (2, 7, 14, or 21 dpi) 
or intestinal tissue colonization (21 dpi; data not 
shown) of SX240 compared to control pigs receiving 
a diet without metals. A strong trend towards a 
significant increase (P=0.0572) in fecal shedding of 
SX240 was seen at 21 dpi in Zn/Cu fed swine compared 
to control pigs (Figure 2).

Discussion and Conclusion
Salmonella serovar I 4,[5],12:i:- has emerged as a 
common cause of human salmonellosis and the most 
frequent MDR Salmonella serovar in the U.S. Serovar 
I 4,[5],12:i:- strain FSIS1503788 has 2 large DNA 
insertions conferring antimicrobial resistance 
(R-type ASSuT) and metal tolerance (copper, silver, 
arsenic, and mercury); this 2015 pork outbreak-
associated isolate is genetically related to other 
MDR serovar I 4,[5],12:i:- strains that are globally 
distributed (Europe, Australia, and Japan). 
Exposure of serovar I 4,[5],12:i:- to 5 mM copper 
for 60 minutes resulted in a metabolic shift with 
significant differential expression of >1,600 
genes including induction of metal tolerance genes 
present in the core genome, SGI-4 (copper, silver, 
and arsenic), and the antimicrobial resistance 
module (mercury). This suggests that exposure of 
serovar I 4,[5],12:i:- to copper may co-select for the 
MDR phenotype of this strain due to induction of 
mercury tolerance genes located on the antimicrobial 
resistance module. 
The inclusion of copper and zinc in the diet did 
not reduce swine fecal shedding or intestinal tissue 
colonization of serovar I 4,[5],12:i:-, and at 21 dpi, 
a strong trend for increased fecal shedding in pigs 
administered the metals was observed. The use of 
copper and zinc in swine feed as alternatives to 
antimicrobials to limit microbial pathogens may have 
the unintended consequence of selecting for the 
persistence of MDR Salmonella serovar I 4,[5],12:i:- 
in swine production. 

The prevalence of MDR Salmonella serovar I 4,[5],12:i:- 
has increased globally and the combined presence of 
multiple antimicrobial resistance and metal tolerance 
genes may be beneficial for swine colonization or 
environmental survival.
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Figure 2: Swine fecal shedding following Salmonella serovar I 

4,[5],12:i:- inoculation 
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Introduction
In the pig industry, the nursery is a critical 
production period as piglets are susceptible to a 
variety of enteric infections after weaning, and 
antimicrobials are commonly used as prophylactics 
to control Gram-negative (GN) infections. Colistin 
has been traditionally used to prevent post-weaning 
diarrhoea. Until recently, prevalence of colistin 
resistance (CR) was considered low and associated 
with chromosomal mutations of pmrA and pmrB genes 
(Adams et al., 2009). The recent detection and spread 
of new plasmid-mediated CR-associated genes (Lima 
et al., 2019), prompted the WHO in 2017 to declare 
colistin as a ŕeservé  drug against multidrug 
resistant (MDR) infections in human. In 2015, its 
use as prophylactic had been banned in Europe. In 
Spain, the use of colistin remained high (31.4 mg/
PCU) until 2015. In that year, a voluntary plan to 
reduce colistin use in pigs resulted in a significant 
drop in colistin use (9 mg/PCU)[1]. 
β-lactam antibiotics have become some of the most 
used in pig production against GN bacteria (van 
Rennings et al., 2015). Resistance to these antibiotics 
is mediated by a wide range of genes coding for 
β-lactamase enzymes, which are associated with 
mobile genetic elements (Michael and Schwarz, 2016). 
The emergence of resistance to these antimicrobials 
in Salmonella enterica has been reported worldwide 
(Michael and Schwarz, 2016).
We estimate and characterize the prevalence of CR 
on a collection of Salmonella strains isolated from 
slaughtered pigs in Spain between 2008–2009, that 
is, much before the official policies on colistin 
reduction in animals. We also tested a subset of 
these strains for the detection of extended-spectrum 
β-lactamases (ESBLs) or AmpC enzyme production. 

Methods
A total of 625 Salmonella isolates from mesenteric 
lymph nodes (MLN) from slaughtered pigs were tested 
for CR by the broth microdilution method (ISO 20776-
1:2006), and the epidemiological cut-off (ECOFF) value 
of >2 mg/L was considered[2]. To assess the possible 
chromosomal origin of CR, pmrA and pmrB genes from 
resistant strains were sequenced and compared to 
the reference Salmonella strain LT2 using BLAST. The 
presence of the plasmid-mediated CR genes mcr-1 to 
mcr-4 was tested by PCR (García et al., 2018) on all 
strains with MIC>1mg/L. 
A subset of 271 isolates were analysed for ESBL/
AmpC production (Total ESBL+AmpC Confirm kit; Rosco 
Diagnostica, Denmark). At least one isolate of each 
serotype found in each Salmonella-positive herd was 
selected. Genetic characterization of ESBL/AmpC 
production was further assessed by PCR (Dallenne 
et al., 2010). 

Results
Six (0.96 %) Salmonella isolates from 4 different pig 
farms located far apart showed CR (4 S. 4,5,12:i:-, one 
S. Enteritidis, and one S. 9,12:-:-). The mcr-1 gene 
was detected in all S. 4,5,12:i:-, 3 belonging to the 
same herd. In one strain (S. 9,12:-:-) polymorphisms 
producing protein variants in pmrAB were observed. 
The resistance detected in S. Enteritidis is still 
under characterization. Only one (0.37 %) Salmonella 
(S. Bredeney) showed AmpC production, which was 
associated with the bla

CMY-2
 gene.

Discussion and Conclusion
The mcr-1 gene was identified in Salmonella strains 
isolated one year earlier than the first Salmonella 
and E. coli strains reported to bear this gene in 
Spain (Quesada et al., 2016). Despite its presence, 
the prevalence of CR in Salmonella isolates from 
pigs exposed to colistin was low. Three of the mcr-1 
positive Salmonella isolates belonged to the same 
farm, suggesting a clonal spread, but the transmission 
of the mcr-1 gene among Salmonella isolates might 
not be so frequent. mcr-1 was detected only in S. 
4,5,12:i:-, supporting the idea that S. Typhimurium 
and S. 4,5,12:i:- are the most common serotypes 
harbouring mcr genes (Lima et al., 2019). Most of 
resistant strains belonged to zoonotic serotypes, 
thus a potential transmission of CR to humans is 
possible. All Salmonella isolates harbouring the mcr-1 
displayed MDR (i.e. to aminopenicillins, phenicols, 
aminoglycosides, sulphonamides and tetracyclines), 
which may contribute to the co-selection of CR (Lima 
et al., 2019).


