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a b s t r a c t 

Monophasic Salmonella Typhimurium (1,4,[5],12:i:-) is one of the leading Salmonella serovars causing hu- 

man salmonellosis in Europe. It has been observed in Poland since 2008. This serovar is considered 

the one with the highest rate of mcr prevalence. This report presents a sequence characteristic of the 

multidrug-resistant (MDR) monophasic S . Typhimurium isolated from a pig faecal sample with the con- 

firmed presence of the mcr-1.1 gene. The genome was assembled into the complete chromosome and 

4 plasmids: IncHI2 (232 119 bp), IncFIB/IncFIC (133 901 bp), ColRNAI (6659 bp), and Col8282 (4066bp). 

The strain identified as ST34 carried multiple antimicrobial resistance genes located both on chromosome 

(tet(B)) and plasmids: mcr-1.1 and bla TEM-1B on ST4-IncHI2, and mef (B), bla TEM-1B, aadA1, qacL, dfrA12, 

aadA2, cmlA1, sul3, tet( M ) on IncFIB/FIC. The mcr-1.1 gene was previously identified in E. coli deriving 

mainly from poultry, but this is the first case of the occurrence of mcr -positive Salmonella in Poland. The 

obtained results of analysis of the genome content draw attention to the problem of multidrug-resistant 

pathogens, especially in the context of resistance to colistin which is a last-resort antimicrobial. 

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Monophasic Salmonella ( S. ) Typhimurium (1,4,[5],12:i:-), a 

orldwide emerging pathogen, is one of the leading Salmonella 

erovars causing human salmonellosis and the most common 

erovar among pig and pork isolates in Europe [1] . This variant has 

een occurring in Poland since 2008 mainly in pigs[ 2 , 3 ]. Resistance

o the last resort antimicrobials, including colistin, has become a 

hallenging problem that poses a threat to public health. That chal- 

enge has become even greater after discovering the mobile col- 

stin resistance ( mcr ) genes. The mcr genes are now also identified 

n different Salmonella serovars, with monophasic S . Typhimurium 

onsidered as the serovar with the highest rate of the mcr preva- 
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ence [4] . This phenomenon is noted globally including European 

ountries [4] . Many studies have focused on the detection and char- 

cterization of the new variants of this gene and ways of transmis- 

ion in different bacteria species. Here we report sequence charac- 

eristics of multidrug-resistant (MDR) monophasic S . Typhimurium 

solate with the mcr-1.1 gene located on a specific transmissible 

lasmid. 

. Materials and Methods 

The strain was isolated in 2014 from a fecal sample collected 

uring the national Salmonella monitoring program in pigs ac- 

ording to PN-EN ISO 6579:20 03/A1:20 07. The pure culture was 

onfirmed to genus level on Matrix-Assisted Laser Desorption 

onization-Time Of Flight (MALDI-TOF) using the extraction method 

ollowing the producer guidelines (Bruker Daltonik GmbH) and 

erotyped according to the White-Kaufmann-Le Minor scheme. 
iety for Antimicrobial Chemotherapy. This is an open access article under the CC 
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Figure 1. Characterization of the IncHI2 plasmid with the genetic environment of the mcr-1.1 gene 
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ntimicrobial susceptibility testing was performed with the mi- 

robroth dilution method (Sensititre EUVSEC plates; TREK Di- 

gnostic Systems, Thermo Fisher Scientific, USA). Epidemiologi- 

al cut-off values (ECOFFs) according to the European Commit- 

ee on Antimicrobial Susceptibility Testing (EUCAST) for mini- 

al inhibitory concentration (MICs) obtained for 14 compounds 

epresenting 9 antimicrobial classes: beta-lactams, quinolones, 

henicols, aminoglycosides, folate-path inhibitors, tetracyclines, 

olymyxins, macrolides, and glycylcyclines. 

DNA was extracted from overnight pure nutrient agar cul- 

ure at 37 °C for 24 h using Maxwell Rapid Sample Concentra- 

or (RSC) cultured cells DNA Kit (Promega). Quantity and qual- 

ty of DNA were assessed by Qubit 3.0 (Thermo Fisher Scien- 

ific) and capillary electrophoresis using Fragment Analyzer (Ag- 

lent). Short- and long-fragment libraries were constructed us- 

ng the KAPA HyperPlus Kit (Roche) and Ligation sequencing kits 

SQK-LSK109; Oxford Nanopore), respectively. Whole genome se- 

uencing was performed on the MiSeq (v3 2 × 300bp, Illumina) 

nd MinION (Oxford Nanopore) in parallel. QC of short reads was 

hecked using fastp 0.20.0 ( https://github.com/OpenGene/fastp ), 

f long reads with Porechop 0.2.4 ( https://github.com/rrwick/ 

orechop ). The genome was assembled by the Unicycler v0.4.8 

 https://github.com/rrwick/Unicycler ), polished with Pilon v1.24 

 https://github.com/broadinstitute/pilon ), mapped with bowtie2 

2.4.4 ( https://github.com/BenLangmead/bowtie2 ), and annotated 

sing the RAST Server ( https://rast.nmpdr.org/ ). Bioinformatic tools 

rom the Center of Genomic Epidemiology (CGE) ( http://www. 

enomicepidemiology.org/services ) have been used to determine 

L ST type (ML ST 2.0), detect plasmids replicons (PlasmidFinder 

.1; thresholds: 80% identity and 80% coverage), pDL ST (pML ST 2.0; 

atabase version: 2023-02-27), the resistance genes and the mo- 

ile genetic elements (MGE v1.0.3; database version: v1.0.2; 95% 

dentity and 90% coverage). The SnapGene 6.1.2 software ( https: 

/www.snapgene.com ) was used for the visualization of the gene 

eatures with a manual curation for the obtained annotation. 
s

219 
. Results and discussion 

Monophasic S. Typhimurium PIW95 exhibited MDR pheno- 

ype including ampicillin, chloramphenicol, colistin, sulfamethoxa- 

ole, tetracycline, and trimethoprim. The total assembly size was 

 375 002 bp with the N50 value of 499 8257 bp and a GC

ontent of 51.8%. The genome of the strain PIW95 was assem- 

led into the complete chromosome and 4 plasmids: ST4-IncHI2 

232 119 bp), IncFIB/IncFIC (133 901 bp), ColRNAI (6659 bp), and 

ol8282 (40 6 6bp). The MLST analysis showed that the strain repre- 

ented ST34. Multiple resistance genes were identified as followed: 

cr-1.1, blaTEM-1B, mef(B), aadA1, qacL, dfrA12, aadA2, cmlA1, sul3, 

et (M), and tet (B) which were in agreement with the observed re- 

istance phenotype. BLAST analysis showed the presence of the 

ene cassette containing IS1, blaTEM-1B , and mcr - 1.1 gene followed 

y PAP2 family protein which was located on the IncHI2 plas- 

id ( Figure 1 ). Moreover, multiple resistance genes to copper and 

ilver were identified. IncHI2 is a common type of large mcr-1 - 

arrying plasmid that have been found worldwide [4] . Plasmid In- 

FIB/FIC(AP001918) carried the following resistance genes: aadA1, 

adA2, blaTEM-1B, cmlA1, dfrA12, mef(B), sul3, and tet (M). The tet (B) 

ene was located on the chromosome. 

Although the mcr-1.1 gene was identified in E. coli from poultry 

n Poland [5] , this is the first case of the occurrence of mcr -positive

almonella in the country. Notably, identified plasmid carried genes 

oding tolerance to metals which were not found in IncHI2 of pre- 

iously studied E. coli (data not published). The analyzed genome 

ontent draws attention to the problem of multidrug-resistant 

athogens isolated from livestock and a potential threat to human 

ealth. 

enBank accession 

The complete genome of monophasic Salmonella Typhimurium 

train PIW95 was assigned GenBank project number PRJNA928386 
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nd accession numbers CP117033-CP117037 . The strain was in- 

luded in the reference collection created in the CARE project. The 

nformation about the isolate and its availability is located on a 

ebsite: https://cirmbp.bio-aware.com (strain ID CARE_00166). 
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