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Abstract

Salmonella Infantis (SI) became endemic in Hungary where theGP cluster B,
characterized by a large multiresistance (MDR) mldsemerged among broilers leading to
an increased occurrence in humans. We hypothesiise¢dhis plasmid (pS154/04) assisted
dissemination of Sl. Indeed, Nal-Sul-Tet phenotypasying pS154/04 occurred increasingly
between 2011-2013 among Sl isolates from broilerd &umans. Characterization of
pS154/04 based on genome sequence data of the MBIR S154/04 indicated a size of ~277
kb and a high sequence similarity with the megapidspESI of S| predominant in Israel.
Molecular characterization of 78 representativeileroand human isolates detected the
prototype plasmid pSI54/04 and its variants of tbge with novel plasmid associations
within the emerging cluster B. To test vitro andin vivo pathogenicity of pSI54/04 we
produced plasmidic transconjugant of the plasmeé-fpre-emergent strain SI169/94. This
parental strain and its transconjugant have bestedeon chicken embryo fibroblasts (CEFs)
and in orally infected day old chicks. The uptake p&154/04 did not increase the
pathogenicity of the strain S169/94 in these systemhus, dissemination of Sl in poultry
could be assisted by antimicrobial resistance rétren by virulence modules of the endemic
plasmid pS154/04 in Hungary.

Keywords: S. Infantis; plasmid; broilers; PFGE clone; molecuigping

1. Introduction

Salmonella Infantis has been the most prevalent serovar teblrom fresh poultry
meat and broiler flocks all over in Europe (EFSAIdBCDC, 2015) and in several other
countries like Israel in 2007-2009 (Gal-Mor et &010) and Japan 2000-2003 (Asai et al.,
2006; Shahada et al., 2006). Concomita&lynfantis became the fourth most widespread
serovar isolated from humans in the EU, behBdEnteritidis, S Typhimurium and
monophasicS. Typhimurium 1,4,[5],12:i:- (EFSA and ECDC, 201%arlier S Infantis has
been frequently isolated from asymptomatic poulkgai et al., 2006; Shahada et al., 2006),
and human patients in Japan (Murakami et al., 200Became the most dominant serovar in
poultry and in the human population in Israel (GHlr et al 2010).

Dissemination of multidrug resistant (MDR) S. Intignin Belgian poultry carrying a
blarem-s2 plasmid has been reported by Cloeckaert et al.R0he first evidence for clonal

spread ofS Infantis strains in broiler and in human popua$ with a large conjugative
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MDR plasmid (>168 kb) carrying a class 1 integroantaining theaadAl gene cassette for
streptomycin/spectinomycin resistance) andt#@\) gene for tetracycline resistance came
from Hungary (N6grady et al., 2007). Emerging sisatharacteristically showing nalidixic
acid-streptomycin-sulphonamide-tetracycline (N&8tmet) resistance belong to the
dominant PFGE cluster B (Nogrady et al., 2007; 2008e representative strain S154/04 of
this cluster B has been sequenced and its large |dB$stnid, earlier estimated as >168 kb,
has been determined as ~277 kb (Olasz et al., 2@%) further studies have shown that
these MDRS. Infantis strains are also endemic among broileseveral European countries,
especially in Austria and Poland and belong to same or closely related clones as the
Hungarian cluster B (Nogrady et al., 2012). Funtihere, they also carry the same or very
similar large MDR plasmid with class 1 integron aetdA) gene.

Here we aimed at studying the recent epidemioldgyilbR S. Infantis in Hungary by
molecular characterization of the strains and & #merging ~277 kb MDR plasmid
designated as pS154/04. Plasmid pSI54/04 of thegngeHungarian broiler strain S154/04
revealed high sequence similarity with the megapldspESI of a humars. Infantis strain
(Aviv et al., 2014) concerning its specific regiongh functions in antimicrobial resistance,
virulence, plasmid maintenance and transfer. Maédyping of recent. Infantis strains of
broiler and human origin indicated that the PFQEStr B carrying this MDR plasmid is still
endemic and pSI54/04 might have contributed to uhprecedented spread 8f Infantis

between 2000-2013 in the Hungarian broiler floakd 8 a much lesser degree in humans.

2. Materialsand methods

2.1. Strains of Salmonella Infantis and antimicrobial resistance phenotyping

A collection of 186 epidemiologically unrelatedasirs of S Infantis was established,
by choosing isolates with differing geographic orjgcovering as much of Hungary as
possible for the years of 2011-2013, containingraxmately equal numbers of broiler and
human isolates without causative links between tfieable S1). This basic collection was set
up in order to represent the antimicrobial resistgorofiles ofS. Infantis in Hungarian broiler
flocks and in humans. It provided a basis for comaee epidemiological and molecular
studies for Hungary, keeping in mind that abou®@f poultry meat consumed is produced
in this country. Broiler strains (n=91) were proatby the Food and Feed Safety Directorate
of the National Food Chain Safety Office (NEBIH)g part of the nationatalmonella

monitoring program, representing overwhelmingly tlwve major broiler breeds Ross 308 and
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Cobb 500. Human strains & Infantis (n=95) were provided by the National @erfor
Epidemiology, representing sporadic clinical caS¢gins were stored at -80°C in LB (Luria-
Bertani) broth containing 10% glycerol.

Antimicrobial susceptibility testing ofS Infantis strains was performed by disc
diffusion against the listed antimicrobial composn@mpicillin (Amp), cefotaxime(Ctx),
chloramphenicol (Chl), ciprofloxacin (Cip), kananryc(Kan), nalidixic acid (Nal),
sulfonamide compounds (Sul), tetracycline (Tet) dnchethoprim (Tmp). Results were
interpreted according to Clinical and Laboratoraristard Institute (CLSI) guidelines and
interpretive standards (CLSI, 2013. Infantis isolates with intermediate zone diameter
values to respective antimicrobials were considesasteptibleE. coli ATTC 25922 was

used as a reference strain.

2.2. Molecular characterization: pulsed-field gel electrophoresis, plasmid profiling and
antimicrobial resistance genotyping

A reduced number of broiler (n=31) and human (n=gffains ofS Infantis were
selected for molecular analysis (Table S1). Sedactf the strains was based on their
antimicrobial resistance phenotype to represent diversity of the existing resistance
patterns. As a reference, two sequenced straitsagder origin, S169/94 and SI54/04 were
also included (Olasz et al., 2015). They represkenttee pre-emergent plasmid-free
pansensitive isolates from the 1990s and the emgfgDR strains from the 2000s carrying
the plasmid pSI154/04 respectively (Nogrady et 2007; Nogrady et al., 2008; Olasz et al.,
2015).

PFGE analysis was carried out according to the ®DISeNet standardizeghimonella
protocol usingSalmonella Braenderup H9812 as a molecular standard. PFGEajedeDNA
profiles were entered into the Fingerprinting Iftd@re (Bio-Rad Laboratories, Ventura, CA,
USA). Cluster analysis was performed by the unweigpair-group method (UPGMA) with
arithmetic means. DNA sequence relatedness wasilasd on the basis of the Dice’s
coefficient. A 1.0% position tolerance and 1.5% mptation setting were applied.

Plasmid preparation was carried out using the m&dlysis method of Kado and Liu
(1981), and plasmids were separated in 0.75% agagae$ in a vertical system. The
approximate sizes of plasmids were estimated bypapimg them with the reference plasmids
of E. coli V517 (2.0-53.7 kb) an#. coli MD112 (168 kb) using the Quantity One software
(Bio-Rad Laboratories).
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Resistance gene patterns of the above selectedssivare identified by AMRO5 PCR-
microarray (http://alere-technologies.com/en/prasileb-solutions/amr-ve-genotyping.html),
designed to detect among others several plasmigineg conferring resistance to
aminoglycosides,p-lactams (including extended spectrufilactams), quinolones and
tetracyclines, as well as genes associated to &laswd class 2 integrons (Batchelor et al.,
2008). Array spots were read with ArrayTube ReaBR0O3 and the signals were detected

and analyzed using IconoClust 2 software, withpgbsitive threshold values seta0.4.

2.3. Sequence analysis of specific regions and PCR-typing of plasmid pS54/04

The deposited genome contigs of the emerging s8Hi#/04 (Olasz et al., 2015) were
used for the extraction of specific regions of plakpS154/04 with functions in antimicrobial
resistance, virulence, plasmid maintenance andfganAs a reference for the assembly of
these plasmidic regions, the corresponding coffAGRF01000099 - ASRF01000108) of the
published megaplasmid pESI from an Israeli MDRistegf humansS. Infantis were used
(Aviv et al., 2014). Bioinformatic analysis was feemed by Geneious 9.0.5 software
package (Biomatters Ltd), for pairwise alignmerd thbuilt application Geneious Alignment
was used under default settings.

In order to identify pSI54/04 and its possible aats, we developed a PCR typing
system with primers designed to identify marker ggefrom each specific regions of the
prototype plasmid pSI54/04. Primers and the cooeding target genes are presented in
Table 1. Primers were tested for specificity agathe NCBI nucleotide database by using
BLAST. Broiler and human strains 8f Infantis that carried a large plasmid of >168nkdre
subjected to pSI54/04 typing by using the above RBg&Rem. The emerging strain S154/04
and the plasmid-free pre-emergent strain S169/94e virecluded as positive and negative
controls. Simplex PCR reactions were performed fimal volume of 25 pul, containing 0.6 u
of PCRBIO Tag DNA polymerase, 5 ul of 5x PCRBIO &e&m buffer, 400 nM of each
primer (Sigma-Aldrich), and 2 ul of template DNAmlifications were performed in a BIO-
RAD iCycler PCR system, and reaction conditionsenaniform for all set of primers: 94 °C
for 3 min, 35x% 94 °C for 30 s, 60 °C for 1 min, A2 for 30 s and a final extension at 72 °C
for 10 min. Detection of genet(A), intll and sull considered as prime markers for
pS154/04, were performed by the above PCR-micrgafBatchelor et al., 2008). Plasmid
incompatibility of pSI54/04 was determined by PCéséd replicon typing (PBRT) developed
by Carattoli et al. (2005).
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2.4. Conjugative transfer of plasmid pS54/04 and S Infantis strains used for pathogenicity
testing and the setup of in vitro and in vivo experiments

To model the scenario of a possible transfer obp®K into a plasmid-free strain, the
plasmid pS154/04 was conjugated from the wild tgp® strain SI154/04 into S169/94 wt. The
donor strain S154/04 was resistant to both naledixcid and rifampicin (Nal-Rif). As the
recipient strain SI69/94 was also resistant to Rife plasmid pST76-C having a
thermosensitive pSC101ts replication system @tdl gene, was transiently introduced by
electroporation. This plasmid confers chloramphaniqChl) resistance for the
S169/94:pST76-Chl transformants grown at 30°C,dautt easily be eliminated at 42°C (Posfai
et al., 1997). The transfer of plasmid pSI54/04 i8169/94:pST76-Chl transformants was
performed by conjugation. Transconjugant coloniesewselected on LB plates supplemented
with TetStrChl, incubated overnight at 30°C. PlasmBT76-C then was cured from four
StrSpcTetChl transconjugants by spreading onto B Tet plates incubated overnight at
42°C. Single colonies were tested for the loss bF @sistance marker and one resulting
S169/94:pS154/04 transconjugant (StrSpcTet), wasignated as HP1834 and selected for
subsequentn vitro and in vivo pathogenicity studies using the emerging straib4®u
carrying pSI54/04 and the pre-emergent plasmidgtesn S169/94 as controls. For testing
vitro andin vivo pathogenicity, chicken embryo fibroblasts and dhdychicks were infected

with the above three strains markered for thespgaas with nalidixic acid (Nal) resistance.

2.5. Infection of chicken embryo fibroblasts

Chicken embryo fibroblast (CEF) cell cultures wgrerchased from the Virology
Laboratory, Veterinary Diagnostic Directorate oé tNational Food Chain Safety Office of
Hungary, where freshly prepared cultures of CEEgamtinely used for virus isolation. CEFs
were prepared from 12-day old chicken embryos ef ltbghorn breed and maintained in
MEM (Sigma-Aldrich) with 5% fetal calf serum (FC8intil infection. Handling of chicken
embryos was performed in accordance with the rekewtungarian legislation (Animal
Protection and Welfare Act No. 103/2002).

The day before infection, CEFs were seeded intmB6Petri dishes (Nunc) and grown
for 18 hours at 37°C under 5% CO2. The invasiverm#sS Infantis strains in CEFs was
tested as described by Barrow et al. (1989). Briafh the second day of growth, semi-
confluent cell cultures were washed 3x with HBSkrf&-Aldrich) and MEM was replaced
with DMEM (Sigma-Aldrich) with 5% fetal calf serurand 1% D-mannose. CEFs were
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infected for 2 h at 37°C and 5% CO2 with overnightterial cultures at a multiplicity of
infection (MOI) equal to 10. After the incubatiorEEs were washed 3x with HBSS and
incubated for 1.5 h at 37 °C and 5% CO2 in MEM (&gAldrich) containing kanamycin
250 pg/ml to eliminate extracellular bacteria. Finall@EFs were digested with 0.025%
trypsin (Sigma-Aldrich) and 1% Tween 20 (Sigma-Add) in 0.01M NaHPO, (pH: 8) for
30 min at 37 °C. Intracellulg®. Infantis counts were determined by plating 10utains on
BTB plates. Infection with each of the strains vpasformed in two different experiments,

with two replicates each.
2.6. Infection of day old broiler chickswith S. Infantis

For testingin vivo pathogenicity, 6 newly hatched broiler chickenBRSR0ss308) per
group were orally inoculated with 0.5 ml of the abdhree Nal resistant strains®flnfantis.
The infectious dose was ~1GFU/animal and the infected chickens were killechanely at
5 days post infection. The control group consigie@ non-infected chickens killed on day 4
of life, when theSalmonella-free status of the control group was also conftrfieO 6579).

During sample processing, the cecal content andpleen as well as 0.2g of the liver
were removed aseptically from each bird. Cecal emintvas re-suspended in Rappaport
Vassiliadis (RV) enrichment broth (1:10) containinglidixic acid (50 pug/ml). From these
suspensions, 10x dilutions were made from whichul@liquots were plated onto nalidixic
acid-selective BTB agar plates in order to deteentiheSalmonella colonization in the cecum
(CFU/qg). Liver and spleen samples were homogerigaasing a STOMACHER 80 (Seward,
Labsystem, UK) tissue homogenizer, in RV (1:50)@emented with nalidix acid, and were
further processed similar to the cecal samplesrideroto determine the organ invasion
(CFU/g of Salmonella in the parenchymal organgh vivo pathogenicity was tested in two
independent experiments. The specific experimeerte \a@pproved by the Food Chain Safety
and Animal Health Directorate of the Pest Countw&@oment Office, Budapest (No. IV-I-
001/229-4/2012).

2.7. Satistical analysis

Statistical analysis concerning the prevalence rainacrobial resistance phenotypes
between 2011 and 2013, was performed by using dfieit regression analysis tool of the

Analysis ToolPak for Excel. Determination coeffitie(’) values higher than 0.7 were
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considered as indicating strong relation betweem ykar of isolation and prevalence.

Resistance patterns present in less than 5% chthes were not included in the analysis.
Statistical analysis of the pathogenic potentiak yparformed by the Student’s t-test.

Analysis aimed to detect differences in CEF invasiad cecal colonization abilities of tBe

Infantis strains tested. Significant differenceseveonsidered at p<0.05.
3. Results
3.1. Multiresistance phenotype of Nal-Sul-Tet is predominant in recent isolates of S Infantis

Antimicrobial susceptibility testing of the 186 dpmiologically unrelated strains &f
Infantis from broilers and humans showed that 8.8%) broiler and 57 (60.0%) human
strains were resistant against multiple antimiabloompounds representing at least three
different antimicrobial classes.

In general a large diversity of antimicrobial résiece patterns were observed for the
tested strains db. Infantis, but only four of these patterns reachedean prevalence of >5%
with nalidixic acid resistance in common (Fig. Thhe MDR pattern of nalidixic acid-
sulfonamide-tetracycline (Nal-Sul-Tet) was predaoamin both in broiler and in human
collections with a mean prevalence of 69.3% an8%Qespectively in the three years period.
In the prevalence of the above dominant resistpattern an increasing trend was observed
between 2011 and 2013, ranging from 64.5% to 71a8%ng broiler isolates %0.80) and
from 35.7% to 65.6% among isolates from humafw0(B9) (Fig. 1).

The closely related resistance pattern of Nal-8olyever was decreasing overtime
particularly in humans $£0.93). In contrast to this, the prevalence ofdizic acid resistance
showed differing tendency between 2011-2013, anslin@easing in broilers (from 6.5% to
18.8%) but decreasing in humans (from 21.4% to 9.4#%0.80-0.97). Trimethoprim
resistance (Tmp) was detected only SnInfantis from broilers, in association with the
multiresistance pattern Nal-Sul-Tet (12.9%). Norieghe broiler strains but 23.6% of the
human strains were susceptible to all antimicreltested (Fig. 1).

3.2. Molecular epidemiology of the plasmid pS54/04 of emerging S. Infantis

PFGE analysis of selected strains (n=78) of brodad human origin revealed a
diversity of clonal lineages, but three clones (B4, and Al, in decreasing order) were

regarded as major clones. The rest of them weresepted by one isolate each. Strains from
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clones B2 and B1 demonstrated the most prevalerR MBenotype of Nal-Sul-Tet (Fig. S1,
Table S2). A 54.8% of the broiler and 61.7% of thenan strains were grouped into the
PFGE clone B2 (17 and 29 strains respectively)n€IB1 was also common in broilers and
humans (22.6% and 12.8%, with 7 and 6 strains)emidne A1 comprising the pansensitive
isolates (susceptible to all antimicrobials tested)s identified in the human group only
(12.8%, with 6 strains). There were further 12 mialenes identified, with one isolate each
(Fig. S1, Table S2). Resistance to ampicillin wasoaiated with a number of MDR
phenotypes, and related strains were grouped intopie clones (Table S2). Plasmid profile
analysis resulted in the identification of largagrhids in 68 (32 broiler and 36 human) out of
the 78 strains, indicating that these 68 straing caary the ~277 kb plasmid pSI54/04 or its
variants. This was confirmed and extended by PQigyusing the primers designed to
identify representative genes from each specifitoreof pSI154/04.

PCR typing detected the geneet(A) (tetracycline resistance)merA (mercury
resistance),intl1-aadAl-sull (class 1 integron)iehA (tellurit resistance) as appropriate
marker genes for the antimicrobial- and heavy metaistance regions of the prototype
plasmid pSI54/04. Furthermore the gengd-fyuA (yersiniabactin)htrE-fael-pefC (fimbrial
proteins) were assigned as markers representingrmaulence regions of this MDR
plasmid. All these marker genes of pSI154/04 werewshby PCR to be present in the
pS154/04 transconjugant of the pre-emergent s8#9/94 (designated as HP1834) but none
of them, were present in the strain SI69/94. Sa@R B/ping results were obtained on the
pSI154/04 transconjugant & coli K12 strain J5-3 (results not shown).

From the 68 strains @ Infantis subjected for pS154/04-typing, the castance of the
above resistance and virulence marker genes o#fiBl9prototype plasmid was identified in
a total of 54 strains (23 of 32 from broilers antd & 36 from humans). The pSI54/04
prototype was mostly related to PFGE clone B2, wad associated with the predominant
MDR phenotype Nal-Sul-Tet (Table 2, Fig. S1). Warfd that the specific virulence pattern
of pSI154/04 was stable in all strains tested, bet esistance regions were more variable.
Deletion of consecutive gendst(A)-merA-intll-aadAl-sull (variant 1) were detected in
some broiler and human strains belonging mostlycleme B1. The rest of the variants
occurred in some individual isolates and were attarazed by the deletion o&t(A), intll or
aadAl genes. In case of multiplasmidic strains, the mldspSI54/04 was associated with
plasmids carryingblarem-s and gnrS genes conferring resistance to ampicillin and
ciprofloxacin (Table 2). In one of the pSI154/04 awge strains representing clone A5 a large
MDR plasmid of ~180 kb was identified, mediatingistance to Amp-Chl-Kan-Sul-Tet-Tmp



254  associated withntll, sull, aadA4, catAl, strB, sul2, tet(B), blargw-1 resistance genes (Table
255  S2).

256 Concerning the above functional regions and gessigi@ed for PCR typing of plasmid
257  pSI54/04, we found in 89.4-100% sequence simildrdgyween the Hungarian broiler MDR
258 plasmid pSI54/04 and the Israeli human megaplag®&8I| of S Infantis. The PCR-based
259 replicon typing indicated that plasmid pSI54/04dmgjs to the incompatibility group IncP.

260 3.3.p954/04 did not increase pathogenic potential of S. Infantis in chicken fibroblasts and in
261  day old chicks

262 For testing pathogenic potential of pSI54/04, twe wild type strains, the plasmidic
263  SI54/04 and the plasmid-free S169/94 were compana the plasmidic transconjugant of
264  SI69/94 designated as HP1834 in terms of CEF iowaand cecal colonization in day old
265  chicks.In vitro infection of CEFs resulted in a significantly (0.€4) reduced invasion for
266  both plasmidic strains S154/04 and HP1834 (4.08484d log, CFU/mI) in comparison with
267  the plasmid-free strain S169/94 (4.98 4@ FU/ml). In orally infected day old broiler chicks
268 these thre&. Infantis strains were colonizing the intestinehigh numbers (7.22-7.86 lag
269 CFU/g) without any significant differences but wigbmewhat reduced colonization by the
270  plasmidic strains SI54/04 and HP1834 in compariaith the plasmid-free strain SI169/94

271  (Fig. 2). None of the three strains proved to vagive for parenchymal organs.

272 4. Discussion

273 According to the Commission Regulation (EC) No 12085,S Infantis is part of the
274  community target for the reduction of the prevateraf certainSalmonella serovars in
275  breeding flocks ofGallus gallus as one of the five most frequegilmonella serovars in
276  human salmonellosis. The prevalence of the mosicalriserovarsS. Enteritidis andS.
277  Typhimurium have been essentially reduced due ¢oeffective prevention systems aimed
278  primarily to these two serovars. Simultaneously éesv, S. Infantis became widespread in
279 the broiler flocks of several European countrieBEE and ECDC, 2015), and outside Europe
280 (Asai et al., 2006; Shahada et al., 2006; Gal-Mail.¢ 2010). The increased prevalenc&.of
281 Infantis among broilers could partly be a conseqaeonf decreasing prevalence 6&f
282  Enteritidis due to reduction of intestinal inflamimiy responses and/or changes in chicken
283  microbiome potentially favourable for colonizatiby S. Infantis (Videnska et al., 2013; Mon
284  etal., 2015).
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However, in most countries there have been a swit¢he epidemiology o8 Infantis
strains around the late 1990s early 2000s assdciaith the increased incidence of
multiresistant (MDR) strains and clonal lineagesHungary, results of Nogrady et al. (2007;
2008) reported the emergence of the multiresige&GE cluster B of. Infantis in human
and broiler populations, characterized by a largg&68 kb) conjugative MDR plasmid
carrying class 1 integron anet(A) gene. This was followed by very similar repoftem
Israel (Gal-Mor et al. 2010), Japan (Shahada et24108; 2010) and from several EU
countries with additional appearance and dissemimabf B-lactam-resistant isolates
(Cloeckaert et al., 2007; Dionisi et al., 2011; Kty et al., 2012). Although these reports
were indicating the role of large MDR plasmids lire emergence and spread, the molecular
characterization of such plasmids encoding putativemicrobial resistance, virulence and/or
survival functions of thé&. Infantis strains was lacking until recently. Swdterminants of
the megaplasmid pESI characterizing emergent MD&nst of S. Infantis of human origin
have been reported from Israel (Aviv et al., 2014).

Due to the high prevalence of S. Infantis in bmodarcasses and in broiler flocks in
Hungary (EFSA, 2007; 2010), we have been focusmgmdemiologic markers & Infantis
possibly related to this increase of multiresiseanitherefore we aimed to provide molecular
characterization of plasmid pS154/04 endemicSininfantis from broilers in Hungary, and
distribution of associated antimicrobial resistarared virulence determinants within the
endemic clones of Hungarian isolatesSoiinfantis of broiler and human origin. In order to
understand the background for the exceptionallyh Ipgevalence ofS Infantis in broiler
flocks of Hungary, we also wanted to explore théhpgenic significance of this large
conjugative MDR plasmid.

Results on molecular typing of pS154/04 typing libse the selected marker genes for
resistance and virulence indicated that the pStbgfdtotype plasmid was mostly related to
PFGE clones B2 and B1 and was associated withré@ominant MDR phenotype Nal-Sul-
Tet. The deletion of consecutive gengsg(A)-merA-intll-aadAl-sull (variant 1) were
detected in some broiler and human strains belgngiostly to clone B1. In case of three
multiplasmidic strains representing clone B1 and 82 plasmid pS154/04 was associated
with smaller plasmids (~45 kb) carryifbbarey-1 and/orgnrS genes indicating potentially new
emerging PFGE subclones. However these seemed diffeeent from those described by
Kehrenberg et al. (2006), Dionisi et al. (2011)Kameyama et al. (2012) f@ Infantis of

broiler origin in Germany, Italy and Japan respesyi.
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Concerning specific functional regions and genagyasd as resistance and virulence
markers, plasmid pSI54/04 of Hungarian broiler iorigas shown a high sequence similarity
with the Israeli megaplasmid pESI of human orighviy et al., 2014). PBRT indicated IncP
incompatibility for pS154/04, although it seemsttlfae functional incompatibility group of
certain MDR plasmids o&. Infantis is difficult to determine (Aviv et a014; Dionisi et al.,
2016).

The source of human infections Bylnfantis has been mainly related to poultry meat.
The carcass prevalence &fInfantis was 85% in Hungary (EFSA, 2010) and @svaround
50% in poultry processing plants in Israel (Gal-Mbial., 2010). In spite of this, the reported
incidence of human infections caused 8y Infantis in Hungary and Israel were quite
different: 4.4 cases @. Infantis infection/100,000 in Hungary in contr&st14.7/100,000 in
Israel, representing 8.6% and 34% Satmonella isolates respectively (Anonymous, 2016;
Gal-Mor et al., 2010). One explanation for thiscdepancy could theoretically be a higher
pathogenicity of thé&. Infantis strains prevalent in Israel (Aviv et,&014), but several other
factors such as differences in the infectious diseaurveillance systems, as well as
differences in climatic conditions could also ptagir role.

Testing pathogenicity of the emerging plasmi8icinfantis strain SI154/04 of broiler
origin in comparison with a pre-emergent strain9®@ and its pS154/04 transconjugant on
CEFs and on orally infected day old chicks, showelicedin vitro invasion andn vivo
colonization by the pS154/04 transconjugant straims reduction of pathogenic potential as
compared to the plasmidless pre-emerging straif/$46indicated that the pathogenicity of
S Infantis could not be influenced by the plasm&51/04 in chicken host, in contrast to the
results about pathogenic significance of pESI imause model (Aviv et al. 2014). One
reason for a possible differing pathogenic potémfahe Hungarian and the Israeli strains
could also be in their differing host adaptatiotv@kez-Ordoéiez et al., 2015; Langridge et al.,
2015). In case o0& Infantis, the adaptation to the chicken host ddadve resulted in a more
attenuated host-pathogen interaction in chicken atsodThe degrees of pathogenicity for
different hosts (i.e. for human, mouse or chicker@y also differ between clusters &f
Infantis as it has been reported by Yokoyama €@atl5).

As the Hungarian strain S154/04 &f Infantis used for pathogenicity studies have been
of broiler origin, the choice of using primary CEglls and day old broiler chick models for
in vitro andin vivo pathogenicity testing of ous. Infantis strains was appropriate. These
systems have already been useful in our earlietieguon poultry strains ofalmonella
Enteritidis as well (Imre et al., 2015; Szmolkakt 2015). On the other hand, it could also be
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hypothesized that the predomingdtinfantis strains in Israel could have more eéitly

utilized the specific virulence determinants of fplasmid pESI in a mouse model and in
immortalized cell lines thereby enhancing pathogéniand stress tolerance of the recipient
strains (Aviv et al., 2014). However, elucidatiohtbe role of these factors would need a
systematic comparative study in the sametro andin vivo models, using the same parental
S Infantis strains and their transconjugants comagi pSI54/04 and pESI respectively,
produced by the same methods and verified for plattmids by detailed molecular analysis.
Such detailed comparative studies on these twarptissand their carrier S. Infantis strains

were outside the scope of our molecular epidemiofggproach.
5. Conclusion

These results of molecular epidemiologic studiesherplasmid pSI154/04 are extending
the earlier reports from Hungary, Israel and froapah on the significance of large MDR
plasmids in dissemination and persistence of emgr& Infantis clones. Our findings
indicate that the plasmid pS154/04 contributeshi hultiresistance of endemic clonesSof
Infantis in Hungary. Concerning specific regionghaiunctions in antimicrobial resistance,
virulence, plasmid maintenance and transfer plasp#ib4/04 shares a high sequence
similarity with the plasmid pESI endemic $ Infantis from humans in Israel, thus, it could
also be referred to as a pESI-like plasmid. Thesfiexr of pSI54/04 to a pre-emergeht
Infantis of broiler origin did not increase the lpagenic potential of this strain in thevitro
andin vivo chicken models. Thus, plasmid pSI54/04 assistegediination ofs. Infantis by
antimicrobial resistance determinants rather tharthe virulence genes. Our studies also
highlighted that the emergence of plasmhlldargy., and gnrS mediating g-lactam- and
fluoroquinolone resistance, that have already lseestribed in other countries, may become

more prevalent in the Hungarian broiler and humagpugations in the future.
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Figurelegends

Fig. 1. Prevalence of associated antimicrobial resistatmanqypes of recently isolated S.
Infantis of broiler and human origin. A total of@8. Infantis strains from the above sources,
isolated between 2011-2013 were clustered accotditige antimicrobial resistance patterns.
Most frequent resistance phenotypes with a precelesf >5% are presented within the

frame.

Fig. 2. In vitro andin vivo pathogenic potential of emerging plasmidic andpgheemergent
plasmid-free strains o&. Infantis. For testing pathogenic potential of 804, the two
reference wild strains, the plasmidic S154/04 anel plasmid-free S169/94 were compared
with the plasmidic transconjugant of SI69/94 (deaigd as HP1834) in terms of CEF
invasion and cecal colonization in day old chicks.
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Tables

Table 1. Specific regions and marker genes of prototypemuilpS154/04 used as targets for PCR-based plagatéttion and typing.

Gene Description pS154/04 target region Forward primer sequence Reverse primer sequence AHZE::):OH

merA  mercuric ion reductase antimicrobial resistance GATGTCTCCTACGCCAAGGG CCTATAGCTGGGTCTTCGCG 842

tehA tellurit resistance protein tehA heavy metal resistance  CAAGGAGCTGTGTGGTTTGC GTATTATCCCCTGGAGCCGC 642

repA DNA replication protein plasmid maintenance = CACTTTGTCCTTTCGCGGTG TAAGGTCTGGCTCGGGATCA 616

irpl iron aquisition yersiniabactin synthesis enzyme iron aquisition GAAACGCCACACTTCACCAC AGCACGTTGTCCATGCAGTA 581
iron aquisition outermembrane yersiniabactin o

fyuA o iron aquisition TGGGAAATACACCACCGACG * CGCAGTAGGCACGATGTTGTA 541
receptor (FyuA, Psn, pesticin receptor)

pefC plasmid encoded fimbriae adhesion CGGCATCATTCCCGAGTACA AGGCCGGGATTTATGTCAGC 587

fael K88 minor fimbrial subunit fael precursor adhesion TGCAGGTCGTCATACAACCC AATCCCTGGGTCTGGAAGGT 365

htrE outer membrane usher protein htrE precursor adhesion TTCCCGTCTCCTCTGCTGTA ACTGGCTGCCTACCGGTATA 414

* Schubert et al., 1998
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Table 2. Prototype plasmid pSI54/04 and its variants witfiedng gene patterns in antimicrobial- and heawgtal resistance regions. Gene

pattern and the plasmidic environment of pSI1544@d its variants are presented in relation withRR&E clone.

pS154/04-like Resistance genes of pS154/04
plasmids

Virulence genes &4

PSISA/04 —yp)  mera, intll, aadAl, sull,
prototype

variant 1 -

variant 2 - merA, intll, aadAl, sull,
variant 3 tet(A), merA, - aadAl, sull,

Plasmids carrying the geikargy.; were ~45 kb large in size.

tehA

tehA

tehA
tehA

irpl,

irpl,

irpl,
irpl,

fyuA,

fyuA,

fyuA,
fyuA,

htrE,

htrE,

htrE,
htrE,

fael,

fael,

fael,
fael,

pefC

pefC

pefC
pefC

pS154/04  Associated plasmidic

range (~ kb)  resistance genes

190-225
225
180

175-200

225
200

blargm.1

blargm.1, gnrS

blarem-1

PFGE clone (n)

Origin (n)

B2(43), B1(4), B3, Al,
L1, M1, N1, O1, P1
B2

B1
B2(2), B1(6), B10

Bl
Bl

broiler (23)
human (31)

broiler (1)
human (1)

broiler (6)
human (3)
broiler (1)

human (1)
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Supporting information legends

Table S1. List of the 186 isolates &. Infantisof broiler and human origin included in this
study. Strains are grouped according to the rewistphenotype. Grey background indicates

strains selected for further molecular charactéona(n=78).

Table S2. Antimicrobial resistance pheno- and genotypé&.oinfantis of broiler and human
origin in major and minor PFGE clones. Grey backgaindicates strains carrying pSI154/04

plasmid or its variants.

Fig. S1. Distribution of PFGE clones @& Infantis of broiler and human origin.
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Highlights

to the this manuscript entitled ‘Molecular epidelogy of the endemic multiresistance
plasmid pS154/04 ofalmonella Infantis in broiler and human population in Hungar

» plasmid pS154/04 contributes to multiresistanceecent isolates of S. Infantis

pS154/04 and plasmid pESI of S. Infantis in Isisiere high sequence similarity

variants of pS154/04 differ iantimicrobial- and heavy metal resistance regions

 transfer of pSI54/04 did not increase pathogentemial ofS. Infantis



