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1.Abstract

Salmonellas the second pathogen reported in the European Union (EU) as causative agents of huma
foodborne diseases (EFSA and ECDC, 2015). In 281Bnteritidis ands. Typhimurium were the two

more frequently isolated serovariants in confirmed human cases. The main source of contamination is
food of animal origin, especially pig meat, which is largerly consumed in EU (Devine, 2003); in Italy,

in particular, the consuntipn of a wide range of salami produced with pork is very common. Pigs are
important reservoir of infection for humans as they are asymptomatic carriers of breeahigest

serovars oBalmonellgFedorkaCrayet al, 2000).

From April to December 201555 ground pork and fat mixture samples (corresponding to 155
different batches) used for salami production were testeSdiononellaAll samples were provided by
four production plants located in EmiRomagna region, northern Italy. Salami batches tested
only in case their ground raw mixture was positiveSalmonellaThe detection oSalmonellavas
performed using a molecular method based on the Reed polymerase chain reaction (PCR) and
positive samples were confirmed by the ISO 6579:200&halogical standard method . The
enumeration oSalmonellan the RealTime PCR positive samples was performed following the
miniaturized Most Probable Number (MPN) technique according to ISO-B2092. Since the
ability of Salmonellao cause systemuisease has been assessed in mice according to their survival
and growth in murine cell lines, , we evaluated the capacity of Satngonellasolatesto survive and
replicate within a human macrophagdigs cell line (U937). This study was performedinvestigate

the potential invasiveness for humansafmonellastrains found in readio-eat pork products.

Salmonellavas isolated from 24/46 (52.2%} raw mixture samples and from 16/59 (27.186gured
salami; eighSalmonellaserovars were ideffigd, with S.Derby (12/24; 50.0%) as the most common.
The MPN enumeration @almonellan raw mixture ranged from 160 MPN/g to < 1.3 MPN/g, while
in cured salami it ranged from 8.7 MPN/g to 1.3 MPN/g in seven samples (43.7%), and was < 1.3

MPN/g in the emaining nine (56.3%) hree of the four tested strains®fTyphimurium 4,[5],12:k



were able to survive and growth in the human macrophlkg¢U937) cell line. On the contrary, one

isolate of S. Typhimurium 4,[5],12:k and one strain d Infantis were not able to to survive.

1.1 Riassunto

In Europa Salmonellee il second patogenacausa dmalattia di origine alimentare trasmissibili

al | 6 {EBShand ECDC, 2015Nel 2014,S. Enteritidis €S. Typhimurium sono state le due siero
variantimaggiormente isolati in casi confermati di salmonellosi umbagrincipale fonte di
contaminazione sono gli alimenti di origine animale, principalmente la carne di suino, largamente
consumata in Europ@®evine, 2003)in Italia, in modo particolare, e rto diffuso il consumo di

salami di vario tipo, prodotti con carne di suino. | suini rappresentano importanti serbatoi di infezione
per | 6uomo, dal moment o che sono portatori as

SalmonellaFedorkaCrayet d., 2000).

Nel periodo compreso fra aprile e dicemB@4.5, 155 campioni di carne macinata e grasso
(corrispondenti a 155 diversi lotti), utilizzati per la produzione di salami, sono stati testati per la
presenza dbalmonellaTutti i campioni sono staforniti da quattro stabilimenti di produzione situati

in Emilia-Romagna, nel nord Italidlotti di salami sono stati testati solo nel caso in cui la carne
macinata, con cui erano stati prodotti, risultatava essere positiva per la prestainaotiellaLa

ricerca diSalmonellee stata condottatilizzando il metodo molecolaiReal Time polymerase chain
reaction PCR) ed i campioni positivi sono stati confermati col metodo batteriologico ISO26829
considerato lo standard di riferimentioconteggiodi Salmonellanei campioni positivi all&RealTime

e stato eseguito seguendo il metodo miniaturizzato Most Probable Number (MPN), come previsto da
Norma ISO 6572:2012.Dal momento chenei topi, é stato dimostrato cBalmonella in gradali
causarenfezioni sistemichegr azi e all a sua capacit”™ di sopr a:
cellulari murine, nel nostro studio, abbiamo valutato la capacita di alcuni isolati di Salmonella, di

sopravvivere e repl i careeamana(VU987)Questestudi@e sthio esagui@d |
5



per valutare | a potenziale invasivit”™, -tpeat | 0

a base di carne di suino.

Salmonellee stata isolata i84/46(52.2%) impasti di carne macinata edL#$/59 (27.1%) di salami;

sono state identificate otto siero varianti, di qu&t@erby é rsultata essere la piu frequente (12/24;
50%).Dal conteggio MPN eseguito sugli impasti abbiamo ottenuto un valore compreso fra 160
MPN/g e< 1.3 MPN/gmentreil valore ottenuto dal conteggio nei salami &a& MPN/g al.3 MPN/g

in sette campion(43.7%)e < 1.3MPN/g nei restanti nove (56.3%].re dei quattro ceppi di
Salmonellalryphimurium 4,[5],12:i testatis ono st at i in grado di sopr
della linea cellulare U937. Al contrario, un isolatdsdiTyphimurium 4,[5],12:k ed uno diS. Infantis

non sono stati in grado di sopravvivere.



2.Introduction

Salmonellas aGramnegativebacterium which is part of th family of the Enterobacteriaceae

This is a great importance pathogen, indeed it ranks second among pathogens reported in the
European Union (EUs causative agents of human foodborne diselns2814, a total 088,715
confirmed salmonellosisases were reported by 28 EU Memb&t&(MS), resulting in an EU
notification rate of 23.4 cases per 100,000 population. This represented a 15.3% increase in the
EU notification rate compared with 20{BFSA and ECDC2015. As in previous years, the two

most commonly reporteBalmonellaserovars in 2014 wer@ Enteritidis andS. Typhimurium,
representing 44.4% and 17.4%, respectively, of all reported serovars in confirmed human cases.
The proportion ofS. Enteritidis increased compared with 2013. This increase was mainly
attributed to increase in cases in one member s&tdyphimuium cases, including the
monophasioariant of S Typhimurium 1,4,[5],12:¢, decreased by 21.7% compared with 2013.
Cases ofS Infantis, the fourth most common serovar, returned to the lev2Dd2 after the
increase in 2013Most MSreported data osalmonellain food of anmal origin, pimarily pig

meat, which is widelgonsumed in the European Union (Devine, 2008)taly, consumption of

salami, produced with pork, was recentlyaasated with both clustered arspporadic cases of
salmonellosis due t8 Goaldcost $caviaet al, 2013).In fact, pigs are important reservoir of
infection for humans as they are asymptomatic carriers of broadrdmgst serovars of
Salmonella They usually get infected through oral intake of the organism, and, after infection,
they can become carriers inethonsils, the intestine and the -@s#sociated lymphoid tissue
(FedorkaCray et al, 2000).Most of the time, carrier are not excreting the bacteuaunder
stressful conditionse-shedding may occur. In this way, carriers are a permanent potentied¢ sour

of infection for other animals, including humans (Rostaghal, 2010).The EU requires all of

its MS to test pork and pork products for Sklmonellaserotypeswvith public health significance
(Reg(EC) 2073/200p Control of Salmonellainfection in pigsis included inthe Reg. (EC) No.
2160/2003 of the European Parliament. Article 4 of this regulation states that Community targets
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shall be established for tleduction of the prevalence 8almonellain herds of slaughter pigs
(Anonymous, 2003).

The aims bthe study wereil) to investigate the prevalence Silmonellain minced pork meat
and fat mixtures used for salami productionto test the batches of salami, manufactured with
the Salmonellapositive raw meat, at the end of their curing petiodassess the antimicrobial
effect of curingjii) to countSalmonellan dry-cured salami to ewaate the risk for the consumer,

iv) to evaluate the ability afolates to survive in a human macrophake (U937) cell line.



3.The Genusalmonella

The discovery of the gen®&almonelladates to 1885, when the American bacteriologist Daniel
Elmer Salmorand his assistaritheobald Smittweresearchingor the cause of cholera in pigs.
They proposed as causal agent a new species of bacteria isolated from ill pigs, previously called
S. choleraesuis Afterwards it has beedemonstrated that this microorganism seldom causes
enteric symptoms in pigand, tlerefore, was not the causal agent of cho{Eedbrega and Vila,
2013).

The genusSalmonellas closely related to the genkscherichia(Fabrega and Vila, 2013hey
diversified from a common andes 100 million years ago (Rychligt al, 2009)

Salmonellais a member of the familignterobacteriacegewhich includes Gramegative, roe
shaped, facultative anaerobic, rgpore forming catalaseoositive, oxidaseegative
microorganisms; these bactedaually show peritrichous motility and range in diameter from
around 0.7 to 1.%um, with a length of 2 to 5m, generally producingoloniesof 2-4 mm
diameter(Lofstromet al., 2010).

The classification of thigenuss based on the WhitKauffmanLe Minor schemgwhich is
considered by public health organizations worldwide the gold standagafimonellsserdyping
(Franklinet al, 2011) The genus includes only two spes calledS. entericaandS. bongoriS.
entericg in turn, is divided into six subspecienterica (I), salamae(ll), arizonae (llla),
diarizonae(lllb), houtenae(1V), indica (V1) (EFSA, 2010)At first S.bongoriwasconsidered to

be a different sbspecies, but now is recognizapart from the rest of th8. entericdineages
(Fabrega and Vila,2013)S. entericasubspeciesenterica (I) represent the vast majority of
Salmonellastrains isolated from wanrilooded animals and hunmsihe other subspecies ad

bongoriare insteadnore typically istated from coldblooded animals (Desat al, 2013).
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FIGURE 1. Summary of phylogenetic studi@gcQuistonet al, 2008).

According to the KauffmaiWhite-Le Minor scheme subspecies are further divioed serotypes

on the basis ofurface antigenThis identification uses polyclonal antiserum to determine O
antigens (somatic), H antigens (flagellar) and Vi antigens (capsular polysacchéfidedlin et

al., 2011). Currentlyover2.600differentseovars are known by this schert@al Mor et al., 2019,

each of these having a unique combinatbsomatic O and flagellar H1 and H2 antigens (Céten

al., 2013).Salmonellaserovars may be found predominantly in one host, may be ubiquitous or may
have an unknown host, therefoBalmonellaserovars may be hespecific, hostestricted or
ubiquitous (Lofstromet al, 2010).

The O antigen is the external component of timpolysaccharide (LPS) located in the cell

membrane and is divided in two pafise innermost is the same in all enterobacteria and is formed
10



by five carbohydratesthe outermost is formed bgaccharide chainthat contain a sequence of
oligosaccharidesind the position of these molecules in the chain determines diffesgntesof

the somatic antigen (65 knownBy convention bacteria containing structurally similar somatic
antigen are brought todetr in serogroupéA, B, C) (EFSA, 2010).

The Hantigen, the flagellar one, provides mobilitydifferent serovars oSalmonella(exceptS.
Gallinarum ands. Pullorum which arenotionless) Flagellafilaments consist of flagellin, a protein

that can exist in two forms or phasemmed H1 and 2, because i1 tbés encod:
genes.In fact it has been described, for the first timeSinTyphimurium, a phase shift through a
mechanism of molecular switching of an invertible segment of DNA that contains a prdfrbier.
invertible segmetnof DNA is oriented in H2 phase, the promoter leads the expression of two open
reading frame (ORF), one encoding for the H2 flagellin and the other one encoding for the H1
flagellin generepressor, thus you will have only the expression of H2 flagellire invertible
segment switching determines the opposite orientation of the promoter, which, in this way, can act
on fl agel | i n o nlygerpress®on of Hil diagalliitAndgews andeBéamler, 2005).

The Viantigen is the virulence capsular polysaccharide produc& Dyphi andS. Paratyphilt is

a highhrmolecularweight celts ur f ace pol ysaccharide that for ms
(Whitfield C., 2006).The capsule is often the outermost structure of a bacterial cell and therefore is
critical for interactions with the environment, it helps bacteria in resisting dessication, colonizing
host tissues, forming biofilm, resisting bacteriophages, reducing nopkagocytosis and
complemenimediaed killing (Taylor and Robert£005).1t is also implicated in the evasion of the
innate immune systeifiKeestraGounderet al, 2015).The production of Vi antigen reduces serum
complement binding/killing and promotestriacellular replication. Purified Vi antigen is currently

used in parenteral vaccines (Listenal, 2016).

11



3.1 Biochemicalcharacteristics

The biochemical characteristics 8almonellaare of practical importander its identificatiomand

also may help to better understand Hiology of thisnicroorganism (Fierer and Fleming, 1983).

Biochemically,Salmonellashows a typical profile, which is characterizgda positive reaction for

several tests, including:

A

> > > > > >

Nitrate reduction;

Methyl Red;

H>S production;

Maltose fermentation;

Growth with NH; citrate;

Sorbitol and mannitol fermentation;

Glucose fermentation with gas producti&@wig, 1966;Traubet al, 1970.

Salmonellashows instead negative reaction for the following tests:

A

> > > > > > > >

Indole production;

Saccharose fermentation;
Adonite and inosite fermentation;
Urea hydrolysis;
VogesProskauer;

Lattose fermentation;

Salicin fermentation;
Jellyliquefaction;

Growth withPotassium Cyanide (KONEwig et al, 1960; Ewig and Ball, 1966).
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3.2 Virulence factors

The most importantvirulence factors are encoded by genes located within highly conserved
Salmonella pathogenicity islands (SPJswhereasothers are encoded by genes located on a
virulence plasmid (pSLT)or in the chromosomeSalmonellaenterica possessedive major
pathogenicity island§SPFL, SP12, SP13, SP#4 and SRb) within its chromosomgbut only four

of them(SP}2 is absent) are present in the chromosonteadrhonellabongori (Fabrega and Vila,
2013).

The SPi1 and SPR genes code for proteins forming the Type Three Secretion System (T3SS)
which enable the carriageof S entericaproteins from the bacteria cell directly into the cytosol of
hostcells. T3SS requires five different kind of proteins including chapertraeslocator, effector,
apparatus proteiand transcriptinal regulator to work properlifthe structure of a T3S apparatus,
called injectisome, is conserved among different pathogenic STa88& looks like flgellar T3SS
(Galanand Colmer 1999; Corneliset al., 200Q. An injectisome is composed of a structurally
conserved basal body, which contains two pairs of rings that span the inner and the outer membrane
and is conectedto cytoplasmatic ring. When during infection,the injectisome of a pathogenic
baderium getin touch with a host cell, it extends its neelike structure which protrues outside

the cell with a pordorming protein(translocator) athe distal tip for deliveryf effectors (Hueck,
1998).

The SPi1 is ahorizontally acquired chromosomal regiond@kb, located at 63 centisome (Milkt
al.,1995). The master regulator of SRIgenes is HilD, a family of transcription factors (AraC),
encoded within SP1. HilD expression and activity are controlled by nplt pathways which
sense the environmental cues associated with invasion. HilD activates transcription of sevkral SPI
genes, including components of the T3SS , secreted effector proteins, and the TFs HilA and InvF
HilA and InvF, in turn, activate transcription of additional T3SS components and effector proteins.
Approximately half of the known HilBegulatedgeres are located outside SKRychlik et al,

2009).
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SPH1 plays an important role in the intestine invasess(Mills et al,1995) In factit encoded
T3SS forming theneedlelike complex,required for the transport dfie bactaum proteins across
cytoplasmic membrane of eukaryotic cells into their cytosol, where they elicit cytoskahekal
physiological changes, including actiearrangementeading tothe uptake ofs. enteica by non
phagocytic cells§Kaniga et al,1995). The SPi1 T3SS is a prerequisite for symptoms of both
abdominal and systemic dised&#ermeier and Slauch, 2007).has also been reported that SPI
genes induce macrophage cytotoxicity, regardless of cell invasion €€aén1996).

Instead, the SP2 correspnd to a 25 Kb fragment, located at 30 centisoarganizel in four
operons: regulatory, structural [, structural Il and effector/chaperone. The-ctwgponent
regulatory system SsrA/SsrB is responsible for the transcriptional regulation -@f &perons as
well as the regulation of effector genes located outSiEe2 (Yoshidaet al, 2014).The T3SS
needle complex comprises basal compormoteins in the inner membranadluding SsaR),
proto-channel proteins, outer membrane proteins, proteins forming a hollow tube generating the
needle and outer ring proteinadluding SseB)which forms the translocon that traverses the host
vacuolar membraneThis SP42 T3SS injects at least 20 effector proseacross the vacuolar
membrane into the host cytos®hese effectors interact with thest machinery and are necegsa
for modification of the vacuole and modtibn of intracellular process€Yoshidaet al, 2014)
which will enablethe bacteria to suive and replicate withim membrandound structure called
the Salmonellacontainingvacuole (Salcedet al, 2001).

Finally, SPF2 encoded T3SS is requirddr the carriage ofS. enterica proteins across the
phagosomalmembrane and increases bacterisarvival within phagocytic cellsavoiding its
suppression from NADPH oxidagklills et al, 1995).

The functions ofgenes loalized on the remaining SPdselesscharacterized. It can be stated that
SPI3 genes, for example, are involved both in gut colonization and in intracellular survival, while
SPH genesencode for nofiimbrial adhesin and are required for théestinal phase of disease.
Finally, SP15 geneare coeregulated with either SPlI or SPi2 genesso they encode for effector

proteins carried by either of these T3%Bychlik et al.,, 2009).
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Some Salmonellaserovars such asTyphi, Paratyphi, Hadar anthfantis do not possess any
plasmids(Rychlik et al, 2006)while serovars frequently associated with infections ehdiu and
farm animals, includingAbortusovis, Choleraesuis, Dublin, Enteritidis, Gallinarum/Pullorum,
Paratyphi CSendaiand Typhimuriumown them De Moraes andleplitski, 2015).Actually, it is
quite difficult to find a field strairof these serovanshich would be free of any plasmidkis can

be explained byhe presence of serovar specific virulence plasifigghlik et al, 2006) These
plasmidcontain virulence determinantshat contribute to pathogenesis, especially during the
systemic phase of the diseg3®zcanMerdol et al, 2001;De Moraes and Teplitski, 2015They
vary inconstitution among the differentregars, forexample theisize canary ranging from 50 Il
(serovarCholeraesuis) to 285 kb (serovar Sen@enget al, 2012).Despite several differences in
composition, these plasmids carry in common some genetic elements which are highly conserved,
not ab lSgimohela@ | & s mi d (spi) gend chusteBeringeret al, 1988; Guliget al,
1993). The spv gene cluster represents the main virulence determinant on the plasnaatt
different studies demonstrate that mutational inactivation of its expression has theffgtnen
virulence as its losgGulig and Curtiss, 198&henet al.,1988; Norelet al, 1989).In more detail,

the spv cluster includes five genessp\RABCD, identified soon after the association of the
Salmonellaserovar specific plasmids with its virulen@®neset al, 1982; Norekt al, 1989; Gulig

et al, 1992).The first gengsp\R, is a positive transcriptional regulator of the expressioapof
genesand belongs to the Lys/MetR family of prokaryotic transcriptional regulé@ognaultet al.,
1992; TezcanMerdol et al, 200) whoseactivity is typically modulated through the presence of
smallmolecula-weight ligands, such as intermediates in amino acids biosynthesis pathways
(Schell, 1993)or reactive substances such as hydrogeroxide (Aslund et al, 1999).For an
efficient expression it is also required the starvatiesociated sigma factor RpolSe¢nicket al,
2001; TezcanMerdol et al, 2001). Signals for the expression of thepv locus are growth
restrinction, reduced nutrient supply or lowered (@ineyet al, 1995).SpvB and SpvC aréé¢
central effector genes ofighoperon since the presencespi/BConly is enough to complement for

the missingvirulence plasmid irS Typhimurium In 2001,Lesnicket al (2001)and TezcatMerdol
15



et al (2001) demonstratethat SpvB ADPribosylates actin of the macrophage cell dedtabilizes

its cytoskeleton.

In conclusionwe can say that the virulence plasmid makes an important contributgainronella
infection even i f i(Guligset ah, A98). I fast i@ mivto Btiadies suggest that tlspv
genes act to enhaa bacterial replication in macrophagéselds et al, 1986; Gulig and Doyle,
1993);furthermore studies conducted in bovine monocyierived macrophages have indicated that
thespwgenes are required for bacterial gro\itibby et al, 1997).In addition in 2000,Libby et al
(2000) reported that the expression ofethpv genes is also requiretd induce cytotoxicity in
infected human monocyerived macrophages, characterized by cell detachment and eventual
apoptosis.

Salmonellacan also harbousther high molecular weight plasmids of up to 2@0itk size, which
were observed in strains isolated between 19171860 (Jonesand Stanley, 1992pefore the so
cal | ed A a nrhesebplasmids kelongead dodncl, IncX and IncF incdibpigy groups and

no functionscould be attributed to their presence, including the resistance to antibfaticsig
Salmonellatrains plasmids of Incl, IncH and IncF incompatibility groups are the most frequently
observed inSalmonella followed by the IncN, IncP and Inc@@ince plasmids of similar
incompatibility groups were found among plasmids from thegpitéoiotic era and current plasmids
coding for antibiotic resistance, it can be assumed tha the later evolved from the formy one
acquisition of new genetic elemenRychlik et al.,, 2006).

Another type ofSalmonellgplasmids are the low molecular weight plasmids, which are commonly
isolated from Enterobacteriaceae. They are found only in about 1&#abnelldield strains and
their biological functions are widely unknowNeverthelessheseplasmids have been largely used
in differentiaton and molecular typing diled strains(Threlfall et al,, 1994; Ridleyet al, 1996).
Thevirulence plasmid is observedore frequently among human extraintestinal isolates compared
with environmental or faecale isolatéSierer et al, 1992; Guineyet al, 1995. Therefore the

virulence plasmids, and consequently #@v genes, operate as virulence markers in human
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salmonellosis, besides representing virulence factor in animal infecll@zsanMerdol et al,
2001).

Gramnegative bacteria, such &@almonellaenterica and Escherichia coliand Shigella spp,
naturally release the smlled oder membrane vescicles (OMV§)iu et al, 2016, which are
produced by vesciculation, acsetory process ubiquitous to thesécroorganismsilt is believed

that the process of vesciculation is linkedbiacterial stress, with increasesscicle production
occurring during conditions of high membrane st{@acdonaldand Kuehn2013.

These paricles form during growth as the outer membrane blebs outwards and pinches off,
resulting in nanoscal€(-250 nm) spheres of the outer membraastaining soluble peroplasmic
components trapped in thdirmens (Leeet al, 2007).Therefore, the composition of OMVs reflects
components of the outer membrane and periplasm, for example soluble proteins, integral membrane
proteins lipoproteins andylycolipids (Bakeret al, 2014).In particular, the natural OMVs produced

by Sdmonellaare heterogeneousomplexes that contain pathogassociated moleculgatterns
(PAMPSs), such a$ipopolysdaccharide (LPS), lipoproteins and outer membrane proteins (OMPS),
which are the major components of OM{uehn and Kesty, 2005LPS, specificallyjs essential

for the biosynthesis and assembly of the bacterial outer membrane, and is coaipbssel parts,
including conserved lipid A, core oligosaccharide and repeteadtiQen polysaccharidgRaetz

and Whitfield, 2002) Natural OMVs play several important roleBor exampe, they can helpo
bacterial survival by decresingvels of toxic compounds such as toluga&jng off stress products
from the cell such asmisfolded periplasmic proteinsjeutralizingenvironmental agents that target
the OM such as antimicrobial peptides, promoting the release of attacking phageeating the
formation of baatrial communities, such as biofilBakeret al.,, 2014 Kulp and Kuehn, 2010

OMVs released from the envelope of pathogenic bactglag a key role in hospathogen
interactions, indeed they can protect infectimacteria from tB host immune response, allow
bacterial survival in the stressful environment within tiest during infection, and aid t@quire

nutrierts in an irorandnutrientscarce host environmegKulp and Kuehn, 2010).
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OMVs have specific viruleste-associated activities too, in fact they can contain active toxins which
can be delivered into host celluring infection, the stressful environment can cause OMV
upregulation whichdetermine increased production of these particles, accompanied by increased
toxicity and activation of both innate and adaptive immune respoksstyét al, 2009.

Fimbriae play a criticatole in virulenceby allowing bacteria to interact with hostllseand other

solid substrate (Lowet al, 1996); in more detatheir taskis to mediate the initial attachment of the
bacterium to the host cell surfadg&{mleret al, 1996).

Fimbriae are another important virulence factors, whicbmprise a class of noflagellar,
proteinaceous filamentkighly organizeghroduced on the surface of a wide ranfjbaxteria.They

are polymers composed mainly of a single protein species named fimbrin, which usually forms
filaments 2 to 7 nm wide. Tavgeneral groups of fimbriae are differentiated by the presence or
absence ofN-methylphenglarine (N-MePhe) as the ferminal amino acid residue on their
respective fimbrinsSalmonellgproduces mannossensitive type 1 fimbriae, which are rigid and 6

to 7 nm wide; the mannosensitive adherence characteristicahfered by an additional minor
fimbria-associated adhesion proteinis likely that the Bmannose forms the receptor of sbdaype

1 fimbriae on eukaryotic cells, since the presence of the carbohydrate prevents the agglutination of
erythrocytes fimbriamediated. Type 2 fimbriaare nonhemagglutinating and actually are type 1
fimbriae lacking their associated adhedigpe 3 fmbriae, finally, observed iSalmonellaspp. as

well as in otheEnterobacteriaceaeare thin filaments 2 to 4 nm in diameter and are notable for
their ability to agglutinate tannic actceated erythrocytes.

Salmonellaalso produces a cholera toxielated enterotoxin (Stn), a virulence factor and a
causative agent of diahrré@a acutegastroenteritifNakanoet al, 2013, which participate in the
pathogenesis of the intestinal phase. This enterotoxin is heat labile (100°C, 15 min) and shares
antigenic determinants with cholera toxiLike cholera enterotoxinSalmonella enterotoxin
elevates cyclic AMRCAMP) levels of cryp epithelial cells in the small intestinBgytmeieret al.,

1986). The increase in cCAMP is accompanied by an elevation in the synthesis and release of

prostaglandins, which also may contribute to the enterotoxic resflohspraet al, 1994).
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Salmonellaenterotoxin gendstn) consisted of 749 bp and encoded a gene product \{&tim)a
molecular mass of 29 kD@&hopraet al, 1999);it has been showthat thestn geneis distributed

only in Salmonellaspeciesjrrespective of their serotypes. This finding indicates thasthgene

might be useful for the identification or detectionSHImonelland that Stn might be involved in
functions unique t&almonellaNakanoet al.,2012).

Salmondh produces deatstable cytotoxic factor which facilitates bacterial disseminati{ioo

et al, 1984;Solanocet al, 2001).Specifically, Salmonellacytotoxin is a component of the bacterial
outer membranavhich disrupts and detaches green monkey kidney (VERO) cells and Chinese
hamser ovary (CHO) cell monolayers and affects the membrane conformation and shape. Because
of these findings it is thought that this toxin is involved in facilitating entry into hol ast
directly cause cytotoxicitythus favouringoaderial disseminatiorfReitmeyeret al, 1986; Solano

et al.,2001).

Another main factor implied iBalmonellavirulence is the developmeat antimicrobial resistance.
Sincethe last 30 yearthere has been an increasing concern about the worldwide emergence of
multidrugresistant phenotypes amo8gimonellaserotypes such & Typhimurium,S. Enteritidis

andS. Newport A main problem is the emergence resistance to quinolones, fluyoroquinolones or
extendeespectrum cephalosporins such as ceftiofur and ceftriaddreedevelopment akesistace

to antimicrobial agents byalmonellais attributable to one of several mechanismshsas
production of enzymes that inactivate antimicrobial agents through degradation or structural
modification, reduction of bacterial cell permeability to antibiotics, activation of antimicrobial
efflux pumps and modification of cellular drug targ@&batchaet al,, 2014).

The acquisition of this ability takes place through the horizontal transfer of resistence genes,
included in plasmids, transposons or integrons, between bacteria belonging to the same genus or to
different genusThis is a very widespread phenomenamich allowedSalmonellato survive the
treatment with different kind of antibiotiche indiscriminate use of antibiotics in human and
veterinary medicine has probably contributed to the establishment of this phes(@razianiet

al., 2008;Crumpet al,, 2015).
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Finally, the iron intake isessential for baetial growth, but its findingsidifficult since it is largely
complexed to proteins (lactoferrin, transferritin, ferritin), so its unbound is very Tdwen
Salmonellarocesses two molecules, called siderophores, which chelate iron ions friotestieal
environmentand from the seruwith high affinity. Once produced and released by the bacterium,
siderophores bind iroforming a complex whic is then reintroduceah the bacterial cell thanks to
special surface receptoi®ne of these molecules is nameterochelin or enterobactin whillee

other onas named aerobactin (Cox, 1999)

S.Typhimurium

Inner cell membrane

Peptidoglycan
Quter cell membrane

Plasmids

Lipopolysaccharide

]‘FimbraelPili ——[
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Islands

Type 3 secretion system

}— Flagellin 7[

FIGURE 2:Virulence factors o6 Typhimurium ands Typhi (De Jonget al.,, 2013.
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3.3 Survival and replicatiomwithin macrophages

The ability ofSalmonella enterida pass the intestinal barrier and spread in the badyg,
accordingly, to cause systemic disease depends on its capacity to invade, survive and replicate
within cells of the granulocyte/monocyte lineage, such as macropHagesre detailSTyphi is

adapted to grow and replicate in macrophages of humgimonhile S Typhimurium survives and
replicates preferentially in murine macrophages (Scratah, 2000).

The skills of these cells to engulf and kill bacteria is primarily determineted by their activation state.
Macrophages are originally classifiedh i o t wo di fferent phenotype
activated/ M10 or Afal ternatively -hantl Th2 drivend / M2 ¢
immune responses respectively (M#isal, 2000).In vitro the M1 phenotype can be induced from
exposure tahe proinflammatory cytokine gamma interferon (BN and t he st-i mul &
like receptor (TLR), such as the stimulation of TLR4 by lipopolysaccharide (OP&).cell, which

is equipped with antimicrobial and proinflammatory featuresherefoe indispensable for fighting
bacterial infections (Lathropt al, 2015). The M2 designation comprises indeed several distinct
noniflammatory macrophages phenotypes, which are inductedtro by exposure todifferent

agents. One of these, the product giasure to the Th2 cytokine interleukine 4-@). (designated

M2a), participates in traditional Th2ediated immune responses, such as fighting extracellular
parasites, and contributes to allergic reaction (Mantostaali, 2004).

Macrophages use severahdtericidal and bacteriostatic processes that must be prevented,
counteracted and resisted for intracellarentericato survive and replicat®uring the first few

minutes of the phagocytosis NADPH oxidase produces reactive oxgmgmieswhich damage
bacterial DNA, protein and membrane. Toxic reactive nitragpaEcieare instead produced later by
inducible NO synthase (iNO$Jhompsoret al, 2011).

In addition, a major process by which macrophages kill phagocytosed bacteria is the fusion of
lysosomego phagosomes to form the-salled phagolysosomé&arinet al, 2001).This fusion is

the fulcrum of this process and results in the delivery of lysosomal hydrolases, or endosomal
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proteases, which are active in the acidified<p) lumen of the phagosome. Supplemented further

by the activities of cationic proteins and antimicrobial peptides, such as the defensins, the mature
phagosome is extremely bactericidal and, in some cell types, also functions as the source of
antigenic peptles that are requed for the development of an adaptative immune response against
individual pathogens (SteeMortimer, 2008).

Biogenesis of the phagosome is a highly synchrounous process, characterized by the sequential
acquisition of specific cellulgproteins delivered by fusion with different endosomal compartments
ultimately resulting in the formation of the phagolysosome (Garat, 2001).

Salmonellas able to elude phagocytosis, survive, replicate and spread across the host body through
macrghages. In particularSalmonella possesses two mufinctiontal virulence systems
whichcontribute to its intramacrophage growth and virulence: the-PhoRsystem and the SPI

type Il secretion system (T3SS) (Thompsaral, 2011).

PhoRPhoQ is one ofuch twecomponent system that has been identified in several bacteria,
including Salmonella Yersinia pestiand Pseudomonas aeruginogRen et al., 2016). Thisis a
two-component system that rules bacterial virulence, mediates the adaptatior?*ttinhting
environments and regulates different cellular activities in sev@rai-negatives species; it is
compound of the inner membrane sensor kifdkeQ and the cytoplasmic response regulator
PhoP(Groisman, 2001Jhis system is encoded by thBoP genetic locus, whose name dates back

to the first identification inSalmonellaTyphimurium, while monitoring the expression of a
nonspecific acid phosphatase (Kitr al,1979). The first evidence of the direct involvement of
PhoP inSalmonellavirulencewas provided in 1986 by Fieldg al (1986 who have conducted a
genetic screen iphoPmutant bacteria which had survival defect in macrophégeset al.,2016).

In this study they developed amvitro assay to identify 83 mutants 8f Typhimurium atenuated

for survival within macrophages vitro; they discovered that all mutants were less virulent than the
parent strainn vivo, demonstrating that survival into macrophages is essential for virulence (Fields

et al, 1986).
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The realization that PhePhoQ plays a crucial role in the control of the virulenc&atmonella
promoted new interest in the system and has led to a very good characterization of the PhoP
regulon, rendering it one of the best characterized regulons in enteric bacteria (Gretisghan
2001).

The phoPregulatory locus is composed of two gengsoP and phoQ The PhoP (transcriptional
activator) and PhoQ (sensor/kinase) proteins have aminoacids similarity to other bacterial
regulatory proteins (twwomponent regulators) that coritrihe synthesis of many proteins in
response to environmental signals. The PhoP and PhoQ gene products are essential for the
transcriptional activator of a number of unlinkgtbRactivated genes, callguhgloci (Groismanet

al., 1989). Ongpaglocus isessential for full virulence and survival within macrophagesC); in

fact S. Typhimurium strains withpagC mutations are not as attenuated in virulence as phoP or
phoQ mutants, suggesting that otpagloci are essential for full virulence (Groismatal., 1989;

Miller et al, 1989).

When PhoQ senses the environmental signals such as low concentratiort*adr Mgidic pH
produced by neutrophils and macrophages, it is activated by autophospho(#dpioche et al.,

1992; Bearsort al, 1998).Subsequently, the phosphoryl of PhiQransferred to the conserved
aspartyl of PhoP and then the phosphorylated PhoP activates the transcriimP dkelf and
PhoRregulated genes. Therefore, the crucial task of PhoP for bacterial virulence iy mainl
attributed to its central role survival irto thehost (Oystoret al, 2000).

The SP42 type Il secretion system (T3SS) in mainly involved in the mechanism thanks to which
Salmonellaeludes phagocytosis; indeed ibelongs to a group ommicroorganisrs, which also
includes Leishmania spp. and Mycobacterium lepraemuriumthat resist to inactivation by
lysosomal factors within the macrophage phagolysosomes compartment (leiwaie 1979;
Buchmeier and Heffron, 1991 fact Salmonellaowns the capagitto modify its phagosome,
which i s Salmohdleednfiahei ng vacuoleo (SCV), so th

of late endosomes, but remains distinct from normal phagolysog@imaspsoret al, 2011).
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The biogenesis of SCV can be sepatatdo 3 stages: early (<30 min p.i.), intermediate 30-min
approx 5 h p.i.) and the late (>5 h p.i.), each of which is associated with specific sets or subsets of
T3SS effectors. The bedbcumented aspect of SCV biogenesis is the sequential delivery of
erdolysosomal membrane proteins that defines the conversion of early to intermediate SCVs. Thus,
the early SCV membrane is highly enriched in early endosome membrane markers, such as EEAL,
rab5 and transferrin receptor, replaced withirdROmin with late adosomal/lysosomal markers,

such as Lamps and vATPase (Stédiatimer et al, 1999; Smithet al, 2005).This variation in
membrane content is accompanied by a decrease in the luminal pi) (pH <4.5 and
redistribution of the SCV to a predominantly juxtanuclear position near the microtubule organizing
centre (MTOC)Salcedcet al, 2001 SteeleMortimer, 2008).

The Salmonellacontaining vacuoles are functionally separated from the normal degeadativ
pathway of the macrophage host cell thanks to the ability of the microorganism to diverge from it.
Indeed, intracellulaGalmonellaorganisms resideithin these vacuoles and are able to avoid the
fusion with functionl lysosomes (Rathman et al., 1997).

Salmonellaowns a third virulence system, the SlPéncoded T3SS1, whichediates interaction

between the bacterium and host cells. Unlike the other two, this system is induced in extracellular
bacteria and is essential for the bacterdnmen entry intanonphagocytic cells, such as intestinal

epithelial cells (Lathroet al, 2015).
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4. Salmonella entericaerovars responsible for human infection

Serovars ofS. entericacan be divided into Typhoidal and Ndiyphoidal (NTS) (Hurleyet al,

2014). Although this two groups present likeness at the genetic level, they cause very different
diseases and immune responses in human. Host speaidncityr clinical syndromes characterize
different serovars and symptoms can range from asyntonzatiage to invasive systemic disease.
Most S.entericaserovars associated with disease in humans and in other warm blooded animals are
part of subspecies |, which includes typhoidal and-typhoidal serovars. Differences between

thesetwo sets arise in epidemiology, clinical manifestation and human host responsgdo(Gal

al., 2014).
Typhoidal Salmonellae Non-Typhoidal Salmonellae (NTS)
Human restricted/adapted Animal/humans

Enteric Fever I

S. yyphi (human) l l
S. Paratyphi A (human)

S. Paratyphi B (human &

Gastroenteritis Extra-intestinal

animal) (Invasive)
S. Paratyphi C (human) / \
Self-limiting . Focalinfection*  Bacteraemia*
(Non- invasive) Bacteramia
(Invasive) S.choleraesuis S. choleraesuis

S.tvo himurium
S. Enteritidis
+ 13500 others

S. typhimurium
S. enteritidis
S.dublin
S.virchow

S. heidelberg
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4.1 Typhoidal SImonellosis

Thyphoidal serovars ofSalmonella entericare responsible for the salled thyphoid fever, a
systemic infection caused gy Typhi, a highly adapted humapecific pathogen that evolved
about 50.000 years ago. A very similar but often less severe disease is ca8sPdrayyphi AB

and sometiras C(Bhanet al,, 2005).

4.1.1Epidemiology

Typhoid fever is a major public health problem worldwide, for this reason have been made several
efforts to estimate its global burdéNogasaleet al, 2014). In particularin 2015,Crump and
colleagues(2015 assessed 21.6 million cases in the year 2000 with the highest incidence in
children in south and southeast Asia. For 2010, instead, Buckle and collé2agL@sestimated

13.5 million casesf typhoid fever, but the rectified estimated calculafimgthe low sensitivity of

blood cultures for isolation of the bacteria was 26.9 million cases, resulting in more than 200.000
deaths (Mogasalet al, 2014;GalMor et al,, 2014).

In the 1%'century typhoid fever was an important cause of illness andh dred&urope and United
States because of overcrowded and unsanitary urban condRamget al, 2002); then, during the

20" century, it became rare thanks to the development of industrializaitbthe improvement of
sanitary conditiongBreimanetal., 2012).

Todaytyphoid feveris endemic in the developing countries in which access to cleanand safe water
and adequate sanitary condition are still lacking {@ai et al, 2014).The paucity of these basic
services weights heavily on public healtand typhoid fever is one of thenost serious
consequences (Mogasae al, 2014). Furthermore, in these areas many hospitals lack structures
for blood cultures and up to 90 percent of patients with typhoid fever are treated as outpatients; for
this reasorreliable data to estimate the burden of the disease are difficult to obtain éPatry

2002).
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Humans are the only known reservoir for typhoi&almonella(Baumler and Fang, 2013); this
exclusive adaptation to human host is the reason for which research on typ&aibabnella
serovarss hampered (Kidgekt al, 2002). Accordingly, most of the relevant research on typhoid
fever is based om vitro studies of human immune cell lines and ondtitn of laboratory animals
with other serovars which, in contrast3oTyphi, can infect animals as well as humans (Wain
al., 2002). In fact murine infection wit8 Typhimurium cause a disease similar to human typhoid
fever and, therefore, it has lbeemployed as a model (Santisal, 2003).

This troubles would be overtaken with the demonstration that one stré Tofphi was not
restricted to humans. Such a strain is anticipated to have existed in ancient Mares.
pseudogenes were generateg dccumulation of mutations, insertions or deletions within the
genome of modertime S. Typhi, suggesting its recent evolutionary origikelying on molecular
estimation for the accumulation of synonymous polymorphism, this ancestral strain was assumed

be approximately 50.000 years old (Kidgetlal., 2002; Papagrigoraket al,, 2007).

4.1.2Risk factors and transmission

Transmission of typhoid fever occurs through the faecall route and posseses a multifactorial
nature. It depends primarilyn direct contact with the stool of an infected individ(/ullian et

al., 2015), which can contaminate water and food; for this reason food handlers hawdtéreen
implicated as source of infections (Sharetal., 2009).

Risk is highest in densely puolated areas that lack proper sanitation and access to safe drinking
water. In these endemic regions, hehs&l level hygiene,food and water safety and handling
practices, as well as close contact with a typhoid patient, are associated with theagisatisgion

of typhoidal salmonellosis (Litet al, 2011). Because typhoidaerovars ofS. entericaare

exclusively human hostdapted, reservoirs of infection exist solely within groups of infected
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individuals, a small number of which-@P6) develop a clenic state, which allows the disease to
persist during inteepidemic periods (Akulliaet al, 2015).As a conquence, latent infectgutople

are the carriers for the spread of infection and disease (Monack, 2012).

Furthermore, consumption ofraw vegetables and unwashed fruits is considered a risk factor, since
theseproducts have been associated with typhoid and salmonellosis. In Bangladesh, for example,
fruits are often sold on the streets, where vendors have dirateess to hangashing facilities,
andconsumergut and kept unrefrigeratgufoducts at homédor hours (Ranet al, 2006).

Consumption of butter and yoghurt is consideredtlaer risk factor strongly associated with
typhoid. Contaminated dairy products, by dirty handsirgrotablewater, may efficientlysupport
pathogen growth, althougihairy cattledo not carrythe microorganism(Glynn and Bradley, 1992).

In India it has been morted that many typhoid outbreaks have been transmitted through the
consumption of milk and ice cream. In this country poor people buy cheap dairy products from
local vendors who may handle them in a+sdigible way or, even, adulterate them with unteeat

water (Sharmat al.,2009).

4.1.3 Non-Typhoidal SalmonellosiNTS)

Non-typhoidal serovars ofalmonella entericdNTS) are the most common pathogens causing
gastrointestinal infectionsorldwide (Chen et al., 2013).

NTS include several serovariants, each of which is adapted to one or more particular hosts. In
particular,S. Gallinarum orS. Abortusovis are, respectively, highly host adapted to poultry and
sheep, and may only cause very mild symptoms in humans; inaspi®@ Choleraesuis, host
adapted to swine, may also induce severe systemic illness in lpopalation (Chiuet al, 2005;

Liu et al, 2009). In a similar wayS.Dublin, whose primary host is cattle, is mainly responsible for

the systemic form of infgion in humansS. Enteritidis andS. Typhimurium are ubiquitous serovars

and affect both man and animals; they also are able to cause Hjighaitfections in mice, which
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are used as laboratory model of typhoid fever, and humans, or asymptomaiitaintesonization

in chickengSu and Chiu, 2007).

4.1.4.Epidemiology

Accurate estimates of the burden of diarrheal diseases causgdirhgnellaspecies, and other
foodborne pathogens, aneeded to effectively set public health goals and allocate resources to
reduce disease burden. The World Health Organization (WHO) established the Foodborne Disease
Burden Epidemiology Reference Group for the purpose of provide global foodborne disease
edimates(Senior, 2009).

Nevertheless, these data underestimate the magnitude of the problem; in fact, to be ascertained in a
laboratorybased surveillance system, an ill person must seek medical care, submit a specimen
(generally stool), the laboratomyust test for the pathogen and report positive outcomes; finally, the
laboratoryconfirmed infection must be ascertained by public health authorities. Therefore the cases
which are reported in a laboratepased surveillance represent only a small propomif the total
community casedMajowicz et al.,2010).

Non-typhoidalsalmonellosisoccur worldwide. A total of 93.8 million cases of gastroenteritis due

to NTS infection are estimated each year, resulting in approximately 155.000 deaths; of these, 80.3
million cases are foodborne. Despite global morbidity, mortality is primarily restricted to
developing countriegMajowicz et al., 2010).

Invasive nortyphoidal salmonellae are among the most common isolates from febrile presentations
in adults and childm across suBaharian Africa, especially where the prevalence of HIV is high
(Reddyet al, 2010) they were first described in patients with HIV infection from Africa and
United states in the miti980s(Gordonet al, 2008. In this area NTS are the most common cause

of bacteriemia, provoking more than 100.000 deathyg@ar (MacLennan, 2014k more detalil,

in 1984 the first cases of ndyphoidal bacteraemia in US patients with AIR&s described, and
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the first epidenvlogical link between invasiv8almonellainfection and AIDS was made in New
Jersey(Profetaet al, 1985. Finally, after an agstratified study in New York City, which showed
that invasive NTS was oweepresented in patients with AIDS, in 1990 figphoidal Salmonella
has been confirmed as a common H#&lated pathogen in sthaharan Africamdults (Gilkset al.,

1990) Co-infection with malaria and malnutrition are other risk factors in addition to HIV.

4.1.5.Risk factors and transmission

The most common vehicles &fTS transmission are animdérived food product, such as pork,
poultry, eggs and dairy, which may be contaminate8dlynonellabecause animals are infected or
because fecal contamination occurs during processing (Rekeh 2001). The transmission can

also results from person to preson contact or from direct contact with animals, such as
petsruminants, pigs, birds, rodents, reptiles or amphibians (Haeusler and Curtis, 2013).

Another important source of infection is the camgtion of contaminated products, including
fruits, tomatoes, spinach, fesh sprouts, ice cream premix, juice and peanuts, which have all been
associated with outbreaks in recent years{@al et al., 2014).

The majority of human cases are caused by orfigwanontyphoidal serovars. In particulag
Enteritidis andS Typhimurium including the monophasic variant S. Typhimurium 1,4,[5],32:i:

are themost commonly reporte8almonellaserovardn confirmed human casés 2014, followed

by S Infantis, which was the fourth most common serovar in human salmonellosis @albsh

2001, EFSA and ECDC, 2015).
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5. Phatogenesis and Clinical Manifestation

The outcome of &almonellainfectionis determinedy the status of the host and the status of the
bacterium. Whereas the status of the bacterium is determined by virulence factors, the status of the
host is determined by age, genetic and environmental factors (Van Asten and Van Dijk., 2005).
Among host &ctors, ahlorhydriaas a result of aging, previous gastrectomy, treatments with
histamine Hreceptor antagonists, protg@ump inhibitors, or large amounts of antaawiay lower

the infective dose and favor the onset of complicati®asriet al, 2002).In particular, studies on
human volunteers reveal ed t Ffeelly may bagse asgngp®matid o n
excretion, although even smaller inocula (5 to 100 microorganisms) may cause disease in
susceptible hosi{Blaser and Newman, 1982).

In generalSalmonelleenters a host through the ingestion of contaminated food or (Litstrém

et al, 2010)and reaches the stomach where the pH approach the valtz(Biythlik and Barrow,

2005). The bacterium is relatively resistant to low pH values when in the stationary phase of
growth When in the exponential phase, however, it is less acid resistant and can survive exposure
only to moderately low pH values between 4 and 5; in both Bakesmella can become more
resistant to acidity after a short petiof adaptation at moderate pkkeet al, 1994)

This phenomenon takes the name of acid tolerance responsé (PddRer,1990;Foster, 1991and
provides for two adaptation steps: transient adaptation is achieved after 20 minutes of exposure to
moderate pH, while the second step of sustained adaptation requires about 60 minutes of exposure
(Rychlik and Barrow2005).

Leaving the stomaclsalmonéla becomes exposed to several external stress factors, including
increase in osmotic pressure and decrease in oxygen concenttiaéibheadsthe pathogerto

induce anaerobic respiratiofMerrel et al, 2002;Xu et al., 2003).

AfterwardsSalmonellareaches the small intestine, where other component of the normal microflora
restrict its growth by creating a nutrieshépleted environment, releasing metabolic products such as

propionate or butyrateyhich areharmful for Salmonella or producing bactecins. Thanks to the
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communication pathway known éguorum sensimythe pathogen is able to sense the presence of
other bacteriaspecies (Rychlik and Barrow., 2005).

In the small intestine the bacteria adhere to mucosal cells and then invade the (Pacys al.,
2002)using the fimbrial antigens. The M (microfold) cedie specialized epithelial cells located in
thefollicleas soci at ed epi t hel andam piobablythe @rimBre igtestindl sitesp a t «
targeted forinvasion (Santoset al., 2003). These cells are an important portal of entry of
Salmonellatogether withother pathogens, into the submucosal lymphoid system. They are highly
endocytic and can rapidly transfer material from their luminal side to their basal side, where the T
cells and antigepresenting cells reside, ready to elicit an immune respdinisas been suggested

that the cells of the columnar epithelium may also be an important portal of entry, since they are
more numerous than the M celldughes and Galan, 2002)

From the infected tissues bacteria spread to the regional lymph nodes, where macrophages form a
first effective barrier to prevent a further spread; if the pathogen is alaleotd them, systemic
disease can occiLofstrom et al, 201Q. Salmonella indeed, is able to elude phagocytosis, and
remain within the modified phagosome cal®dimonellacontaining vacuole, in which it survive

and replicatgSteele Mortimer, 2008)Type 1l secretion systems are used to translocate bacterial
effector proteis into the host cells, mediating both invasion and vacuole biogenesis. The latter is a
complex and dynamic process, involving extensive membrane remodeling, interactions with the
endolysosomal pathway, actin rearrangements and microtbbsezl movement entubule
extension(Steeé-Mortimer, 2008). his case bacteria disseminate via the efferent lymphatic and
the thoracic duct into vena cava, through whioly reach spleen and liver, where replicate. From
these organsicroorganisms are released in largemier to the blood stream; this happens at a
critical point, which is probably determined by the number of bacteria, their virulence and the host
responséParryet al, 2002).

The incubation period is between 7 and 14 days and, afterShlatonellareaches other organs,
widely disseminatinghe whole organism: this is known as bacteremic phasdef et al, 1978;

Wain et al, 2001).Li ver , spl een, bone marrow, gal | bl ad
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ileum are the most common sites of se@gdnfection. Microorganisms may now reinvade the
intestinal wall by retrograde spread from the bile (secondary infection) or may be naturally shed in
the stool being, in this way, ready to infect othests (Smittet al.,2016).Pathology inthe Bee r 6 s
patches include hyperplasia of lymphoid follicles, necrosis of lymphoid follicles and ulceration

the long axis of the bowel, with the possibilitypErforation andhaemorrhage (Singét al,, 2001).

5.1 Clinical manifestation

The clinical patter of salmonellosis in humans can be divided into four different forms: enteric
fever, gastroenteritis, bacteremia and other complications efypbioidal salmonellosis

The enteric fever is caused By Typhi, whereass. ParatyphiA, B and C cause paratyphoid fever

with symptoms which are milder and a lower mortality rate. Both serotypes are solely human host
adapted (Sherer and Miller, 2001).

Infection typically occurs due to ingestion of food or water contaminated with human. waste
Roughly 10% of patients may relapse, die or encounter serious complications such as typhoid
encephalopathy, gastrointestinal bleeding and intestinal perforation. Relapse is the most common
occurrence, probably due to persisting organisms within reticdtibelial system (RES). Often,
typhoid encephalopathy is accompanied by shock associated with mortality. Slight gastrointestinal
bleeding can be resolved without blood transfusion, but 1 to 2% of cases can be fatal if a large
vessel ignvolved (Hu and Kpecko, 2003).

Intestinal perforation may present with abdominal pain, riding pulse and falling blood pressure in
sick people; therefore, it is a very serious complication in 1 to 3% of hospitalized péPamntg

2006).

The gastrointestinal form isaused by nottyphoidal salmonellae, which include at least 150
serotypes witl& Typhimurium ands. Enteritidis being the most comm{@ray and Fedork&ray,

2002).
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It isusually a seHimiting infection (three to seven days) confined to the gastroinsdsslystem

which manifests as nausea, vomiting and diarrhea occursit®) lurs after ingestion. Stool are
usually norbloody and of moderate volumalthough this maybe variable; microscopy stool
examination generally shows leukocytes and red btedd (Ardaet al., 2001). Some cases of
gastroenteritis require hospitalization due to the severity of the diarrheehydratation (Meadt

al., 1999).

Associated symptoms may include fever, chills, abdominal cramps, myalgias and heSelaetee.

right guadrant pain occursometimesnimicking appendicitis (Ardat al.,2001).

Patients may continue to car®almonellan their gastrointestinal tracts after the acute infection for

a mean duration of four weeks; neonates and children usually shed bacteria for longer periods (up to
seven weeRs(Buchwaldet al, 1984).Furthermore, some patients may develop a chronigecarr

state, defined as stool or urine positive E&imonellal2 months later the unset of acute illness.
Chronic carriage represents an important public health issue as a mechanism of transmission to
other persons. Infants, women, persons with gallston&gipney stones and immunocompromised
people are at gher risk for chronic carriage (Shimaetial, 1999).

The most frequent complication of gastroenteritis is bacteremia, which occursAd af
immunocompetenpatients (Buchwaldet al, 1984).Bacterenm is a serious condition in which
bacteria enter the bloodstream after passing through the intestinal barrier. This condition it has been
associated with highly invasive serotypes li&&holeraesuis d& Dublin (Shimoniet al, 1999).

Several people are at increased risk for bacteremia; the category includes patients at the extreme of
age, such as infants and the elderly, immunocompromised persons, such as pregnant women,
acquired immunodeficiency syndrome (AIDS) people, transplanpiests and patients with
malignancy or autoimmune diseases. Hil¥ected persons have up to a #0@ increased risk for
salmonellosis compared to the normal populations. Recurrent bacteremia is classified as-an AIDS
defining even(Celumet al, 1987; Godonet al, 2008).

Moreover, in 1625% of adults with bacteremia endovascular complications, including seeding of

atherosclerotic plagues or aneurysms, especially in the aorta, may occur. Bacteremia may also lead
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to localized infections in-80% of casescluding meningitis, endocarditis, pneumonia, empyema,
abscess formation, osteomyelitis or septic arthritis Abscesses may develop in association with
malignant tumor and patients with sickle cell disease have aprediction to dSalopnella
osteomyelits. Arthritis can occur due to direct infection into the joint which is typically
monoarticular. A reactive polyarthritis can also occur after the onset of gastroenteritis; however,
this is an immune phenomenon rather than a dissemination infection (@a@theri978).

Salmonellosis can be spread by chronic carriers who potentially infect many individuals. On
average Salmonellapersists in the gastrointestinal tract from 6 weeks to 3 months, depending on
the serotypeéScherer and Miller, 2001).

Only about 0.1% of notyphoidalSalmonellacases are shed in stool samples for periods exceeding
one year. About 2 to 5% of untreated convalescent typhoid cases will éXcfefhi in feces for 1

to 3 months and between 1 and 4% become chronic cagxkersting the microorganism for more

than oneyear (Parry, 2006).
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6. Antimicrobial Resistance

Over the lastdecadesan increasing prevalence of antimicrobial resistance has been observed in
Salmonella enterica (Threlfall, 2002), causing a serious health problem worldwide. The
development of Multi Drug Restance (MDR) among isolates $&lmonellaserovar Typhimurium,

but also among other serovars, has been of overriding importance. The MDR phenotype in
SalmonellaTyphimurium began to appear in the early 1980s in the United Kingdom; the isolates
displayed resistance to five antimicrobial agents, hswas ampicillin, chloramphenicol,
streptomycin, sulfonamides and tetracycline, constituting a resistance phenotype commonly referred
to as Rtype ACSSuT. By the 1990s, this phenotype had been reported from several other countries
in Europe as well as in¢hUnited States, Canada, Israel, Turkey and J@gaelfall, 2003.

Another important resistance trend amoBgimonellaisolates has been the resistance to
guinolones, such as nalidixic acid, and to fluoroquinolones, such as ciprofloxacin. Although
nalidixic acid is not used for medical treatment, resistance to this antimicrobial agent is of clinical
importance since it nyabe associated with reduced clinical effectiveness of fluoroquinolone
treatmentgDimitrov et al, 2007;Stevensoret al, 2007).

The onset of resistant to extenelgmectrum caphalosporins, such as ceftriaxone, represents another
substantial public healtlsoncern; these drugs are, indeed, used for the treatment of invasive
Salmonellainfection, especially in children, since fluoroquinolones may be avoided. This kind of
resistance has been recognize@aimonellasince the miel980s and is usually mediatddough
betalactamases of the ESBL &mpCtype (Miriagouet al, 2004).In Europe, cephalosporn
resistantSalmonellavas first detected in France and ltaly in 1989 and 1990, respecfiXidty et

al., 2002).

Over recent years, it has been reported from several studies the emergence of extensively drug
resistant isolates abalmonella Salmonellaserovar Typhimurium isolates resistant to 12 to 15
antimicrobial agents, including 6 or 7 CLSI drug classes, comgriephems, have been oefed

from Malaysia and Vietnamin a similar way,Salmonellaisolates resistant to 6 or 7 antimicrobial
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agents, including 3 to 5 CLSI drug classes, have been detecldthiland (Wannaprasait al,

2011).

Moreover, since 2009the emergence of extendspectrum cephalosporins and carbapenems
resistant variantshas been reported, especially in China, Columbia, Pakistan and tdtete (L8

Hello et al, 2013).

Among typhoidal Salmonella isolates, resistance to the traditionalstiine antimicrobials
ampicillin, chloramphenicol and trinmethoprsalfamethoxazole is generally caused by resistant
determinants located on plasmids. Resistance to ampicillin is often mediated through beta
lactamases (i.e. hiege and blaem) whereas several mechanism may be associated with
chloramphenicol resistancéhree types of chloramphenicol acetyltransferases (CATSs, type | to IlI)
have been described, but also genes involving e@ymatic resistance mechanisire/e been
detected, such asnlA andfloR (Arcangioliet al, 2000).

In nontyphoidal Salmonellainstead, the genes mediatingype ACSSuT are generally clustered
together in chromosomal genetic element caBatimonellagenomic island (SG1) where a 1«b

region bracketed by two intemn structures contains the antimicrobial resistance genes contributing
to its ACSSuT properties. In particulablarse1 conferring resistance to ampicillirffloR to
chloramphenicol and florfenicolaadA2 to streptomycin,sull to sulfonamides andetG to
tetracycling(Boyd et al., 2002).

As a metter of fact, resistance to fluoroquinolone is determinedby mutations in genes of the
guinolone resistanedetermining regions (QRDRS); these genesgymd, gyrB, parC and parE,

which encode, respectively, f&INA gyrase and topoisomerase |V, the target enzyme of this class
of antimicrobial agents Hopkins et al, 2005). In addition to the chromosomally encoded
mechanisms, plasmichediated resistance mechanisms have been described. The first to be
described in He late 1990s wagnrA, then several other mechanisms have been discovered,
including differentgnr variants,a a ¢ {Ibécg gepAandogxAB(Strahilevitzet al, 2009).

Furthermore, resitance to cephalosporins, including extesiglectrum cephalosporins such as

ceftriaxone, is commonly mediated through Hatamases, which are enzymes which inactivate
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the drug by cleaving the bekactam ring. The betlactamases mediay resistance to extended
spectrum ephalosporins can be divided into three groups: extesgedrum betdactamases
(ESBLs), carbapenemases and Artge betadactamasesRaterson and Bonomo, 2005\mong

the AmpC plasmigmediated betdactamases, cepimycinases (CMY), encoded lmWacmy genes,

are the predominant cause of cephalosporin resistance in nontypBaidabnella The genes
encoding the betlactamase enzyme are generally located on mobile genetic elements such as
plasmids, transposons and agtons. Therefore, resistance may spread horizontally between
isolates, clones and serov@fhilipponet al, 2002).

Finally, resistance to macrolides is determined by the action of a mae2ofi@sphotransferase
encoded by thenxphAgene; the mechanism have been detect&himonella entericésolates with
elevated azithromycin MICs, defined as MICs of >16 pl/ml. The first case of azithromycin
treatment failure in a patient with invasi@lmonellainfection was reported i2010 (Mdloy et

al., 2010).
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7. The role of pig as reservoir

The transmission usually occurs through the fecal route and, after infection, pigs can become
healthy carriers,excretin§almonellain their faeces, due to the permanence of the bacteria in the
tonsils, the intestines and the gssociated lymphoid tissue (Fedo®eay et al, 2000). In this

way, carriers are a perpetual potential source of infection for other animals including Hreans
Busseret al, 2011). In addition to thi§almonellamay persist in the environment for long periods,

in particular S. Choleraesuis survives in dry faeces for at least 13 monthssipedting,
demonstrating such persistence an important risk factor @raly, 1995).

The microorganism known & Cholerasuis was first isolated from pigs. This was the predominant
serova in pigs during the 1950s and 1960s, and in 1958 and 1968 it represented 90% ahdlV4.2
Salmonellaisolates from pigs, respectivehAfterwards, its prevalence has decreased until being
considered an infrequent isolate (Sogtaal, 1977).

The impotance of pigs as a source of salmonellosis for humans has been shown in different
investigations (Pirast al, 2011) and pork contaminated 8glmonellas recognized as one of the
most important causes of human foodborne salmonellosis (Swanetahf@0017).

Pigs can become infected wilalmonellaat the breeding and/or fattening farm. However, from the
moment the pigs leave the farm, there are also many opportunities to become infected during
transport, lairage or slaughter. The stress associatédthse phasisan important cause of
infection as well as grouping with other pigs, which can be infected or shedding carriers. Contact
with a Salmonellacontaminated environment, as during lairage, may contribute to the
dissemination of the infectiorsvanenburget al, 200)). It has also been shown that the proportion

of pigs in a herd that excretealmonellaincreased after transport (Isaacson, 1999). Moreover,
FedorkaCray et al (1995) showed that the microorganism could be isolated from mesenterial
lymphnodes and caecal and rectal contents as soon as three hours after infection; hence, it can be
asserted that it is possible for pigs to pick&gdmonelladuring transport or at lairage, and start

excreting the microorganism before being slaughtered. Thus, they can infect other pigs, trucks and
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lairage environment. Moreover, carcasses can become infected at the slaughterhouse by
contaminated slaughter eguient or infected aerols (Kotula and EmswilleRose, 1988;

Sammarceet al.,1997).

7.1 Clinical Syndroms

Clinical porcine salmonellosis can be divided in two syndroms: one inv@v@&yphimurium,

which is associated with enterocolitis, while the other one inv@v&holeraesuis and is generally
associated with septicaem{Milcock and Schwartz, 1992).

Intensively reared, weaned pigs are most often affecte8ahyonella infection. In general,S
Typhimurium tends to cause disease in young pigs from 6 to 12 weeks of age. Disease from this
serovar is rare in adult animals, but infection is frequ&ntholeraesuis causes disease angsg

of a wider range of ageMlortality tends tdoe higher in younger than in older pigs, while morbidity

is often equal regardless of age. Disease f@nCholeraesuis in the adult is not a common
occurrence. However, if susceptible population is exposed, the animals will be signifattedigd

(Furk and Gebreyes., 2004).

The occurrence of salmonellosis suckling pigs is rare, presumably because of lactogenic
immunity, but infection is not uncommon. However, neonatal pigs are susceptible to oral challenge
with Salmonellaand develop a diseasanilar to that observed in weaned pi§siiik and Gebreyes,
2010).

The septicaemic form of porcine salmonellosis is usually caus&l Gloleraesuis. Affected pigs

are inappetent, lethargic and febrile, with temperatures of up to 41.7°C. Respiratorynagns
consist of a shallow, moist cough and diaphragmatic breathing. Clinical signs first appear-after 24
36 h of infectionReedet al.,1986).

Usually, diahrroea is not a characteriscticSofCholeraesuis infection until at least the fourth or

fifth day; it may last from five to seven days after insurgence if chronic reinfection is not occurring.
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It may appear gross lesions suctcadhtis, infarction of gastric mucosa, swollen mesenteric lymph
nodes, splenomegaly, hepatomegaiyg lung congestion. Random white foci of necrosis are often
observed in the livefWilcock and Schwartz, 1992).

Instead, the paratyphoid nodule is timcroscopic lesion which is most often associated 8ith
Choleraesuis. In the liver this type of lesican be observed as clusters of histiocytes amid foci of
acute coagulative hepatocellular necrosis and corresponds to the whiter foci seen(lgaossin

and Dow, 1966).

Other lesions may include fibrinoid thrombi in venules of gastric mucosa and cyahitiand
glomerular capillaries. It is often observed also swelling of histiocytes and epithelial cells, typical of
Gramnegative sepsis, as well as hyperplasia of reticular cells of the spleen and lymph nodes
(Wilcock et al, 1976).

On the contrary, the enterocolitic form in pigs is typically associatedSwviflyphimurium infection

and, occasionally, witls. Choleraesuis infection. In contrast to the septicaemic disease, the initial
sign of infection is often watery, yellow diahrroekfected pigs are inappetent, febrile and
lethargic. Mortality is usually low, howeve morbidity can be high within a few days of infection
(Wilcock andSchwartz, 1992).

At necropsy the major gross lesion is focal or diffuse necrotic colitis and typRMégsenteric limph

nodes are greatly enlarged. Intestinal lesions develop as red, rough mucosal surfaces, which may
also have greyellow debris. Colon and caecal contents aredtédéned and scant, often with black

or sandlike gritty material on the stace. Intestinal necrosis may be seen as sharply delineated
button ulcers, often associated with resolving les{gvisod and Rose, 1992).

Local or diffuse necrosis of cryptic and surface enterocytes can be revealed by histopathological
examination. The lama propria and submucosa contain macrophages and lymphocytes, with
neutrophils observed only in the very early stages of disease. It is also common to observe

lymphoid atrophy or regenerative hyperplasia associated with this d{tsedet al.,1986).
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8. Italian Salami

In recent years European consumers have gradually changed their behavior towards food. Higher
dietary, hygienic and health in foodstuffs remain fundamentals standards, but nowadays consumers
look more and more for certificzah and reas u r a n ¢ e oofiging and Eragdwctiod rmethods.

This heightened consumer awareness is reflected in the demand for products with individual
characteristics, due to specific product methods, composition or igonymous, 2004

Among traditional products, dry fermented sausages are very popular and widespread. In Europe,
and in particular in Italy, these products have a long history and they have evolved over centuries
into severaltypes (Contert al, 2007).Dry fermented saugas produced in the Mediterranean
countries are usually air dried, due to particular climate, and rarely smoked. Pork is the main meat
used and fungal starter cultures may be used on the external surface imparting a complexity of
flavor to theproduct (Tabnet al, 2004).

Dry fermented sausages, thecadled salami, that are produced in Italy differ in several aspects,
such as raw materials, formulation and manufacturing process. About one hundred of salami are
produced in the different regions of the oty, although some of them are manufactured on a
small scaldZanardiet al., 2010).

The salami manufactured in the EmiRmmagna region ohorthern Italy are generally made
exclusively with pork, have coarsely ground meat addn3m large cubes of fathe fresh meat is
carefully selectedrébm deboned shoulder and belkat used is normally pork backfat. The salami
should contain 280 %fat and hard fat is preferredfter grounding, salt, whole peppercorns and
garlic are added to the mixture. Somenfatations comprise also white wine, sugarsl starter
bacterial cultures. Thealami are then stuffed into a pork casing and aged for 25 to 40 days to
obtain final product characterized by sweet taste and detioatea (Mataragast al, 2015).

The use of salt (sodium chloride, NaCl) is essential in dry fermented sausages, due to solubilization
of proteins and emulsion of fat. Moreover, NaCl can control the growth of undesiderable bacteria

responsible for spoilage of meat and pathogeaitteria(King et al, 2016).The usual amount of

42



salt added is generally betweer 26 by weight (Ockerman and Basu, 200and these values
increase in final products due to dryipgpcess (Zanardit al, 2010).

In addition to NaCl, other salts can be addedht mixture. Nitrates (maximum 300 mg/kg) and
nitrites (maximum 150 mg/kg) are normally added to inh@istridium botulinum (Hospital et
al.,2016), Enterobacteriaceae amuhterococci (Colorettet al, 2008)and to favour the cured red

colour of the meat(Villaverde et al, 2014). Ascorbate (maximum 1 g/kghas important
antioxidative action, may be required to compensate theoyidant effect of nitrites on meat
proteins and acts as enhancer of cofotmation (Villaverdeet al, 2014).

Many salami formulations contain starter bacterial cultures and sugar. Starter cultures are composed
of selected lactic acid bacteria (LAB)e homofermentative lactobacilli and/or pediococci, and
Gramypositive, catalaspositive cocci (GCC)j.e. nonpathogenic, coagulasegative staphylococci

and/or kocuriae. They improve the quality and safety of the final product to standardize the
production process (Lucke, 1998, 2000Nonetheless, traditional manufacturers prefer the
spontaneous fermentation without added starter cultures. In this case, the required microrganisms

originate from the meat itself or from the plamvironment (Santost al, 1998).
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9. Matherials andMethods

9.1 Sample collection

From April to December 2015, 155 ground pork and fat mixture sarfg@a®sponding to 155

different batchesyvere tested foBalmonellaOnly pig meat and pig backfatereused for the salami
manufacturingWhen a mixture sample tested positive$almonellg the corresponding batch of
salami was analyzed at the end of the curing period. Oveddihtcheof salamiwere testedor
Salmonellaandanalyzed for pHay values and for NaCl content. All sampleere provided by four
production plants (heridentifiedas A, B, C, D) loated in EmiliaRomagna region,arthern Italy.

The number of samples provided by the each plant was different, vénging7 (A),to 27 (B), 11

(C) and 70 (D)In two plants (A and B; 74 samplasjcrobial starter cultures were added to the
ground meat and fat mixtures to rapidly lower the pH value at the beginning of ripening. In two plants
(C and D; 81 samples) microbial starters were not usegrédlucersadded salt, nitrites and nitrates,
ascorbates and black pepper to the ground mixtures before.Chsiagoid interference with
Salmonellagrowth,the mixture samples were collected before starter cultures or any ingredient was

added

Salami batches were ted only in case their mixture of origin was positive$afmonellaAccording
to Regulation EU 2073/2005, fivenitsper batch were tested at the end of the cysergd, which
ranged from 20 to 48 day®verall, 24 batches, corresponding to 120 salamig initially tested but
during the study a total of 160 salami were analyzed, because eight batches resulted to be
contaminated bgalmonelladespite prolonged curing. They weretested after an additional curing
period, whose duration ranged fromt®138 days and was decided by the producers, Salmonella

was nomoreisolated
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9.2 Salmonelladetection and typing

Detection ofSalmonellavas performed followinghe ISO 6579:200dacteriological standamethod

used in the European Uniamdamolecular method based on tleaktime polymerase chain reaction
(PCR. The first step was the pearichment, as expected from ISO 6579:2002, developed suspending
25 g of each sample in 225 ml of BPWuUfEeredPeptone Water, Oxoid, Basingstoke, UK) and
homogenizing for 2 minutes in a Stomacher blender. After 18 + 2 h at 37 +1@eterichment

cultures were analyzed IRealTime PCR. DNA extraction was carried out using SureFood PREP
SalmonellaKit (R-Biopharm, Darmstadt, Germany); the mastak was prepared following SureFast
Salmonell2ONE Kit (R-Biopharn). The kit is based on the utilization of two Tagman probes: HEX,
which amplifies a specific sequence of the beta actin protein, a structural protedrirfall kinds of

cells, and, for this reason, acts as internal control; FAM, which amplifies a specific sequence of the
16S ribosomal subunit &almonellaChromosomal DNA of each sample was tested for the presence
of Salmonellaby RealTime PCR with tle instrument Mx3005P QPCR SystéAgilent Technologies,
Italy). The reaction was perfocmeptdaini agf bn20lulofoa bl te
mastermix. The following thermal program was applied: a single cycle of DNA polymerase amtivati

of 5 min at 95 °C followed by 45 amplification cycles of 15 s at@%denaturing step) and 30 s at

60°C (annealingextension step The samples with a cycteresiold (CT) valudower than 40 were
considered positive and analyzeg1ISO 6579:2002 method@he samples showing a CT value equal

or higher to 40 were considered negativeSatmonellaand discharged.

At the beginning of the study, a 2Bafjquot of the samples was used both for the molecular analyses
and for ISO deteabn of Salmonella Thereafter, since we found several positive results by PCR not
confirmed by the ISO method, we preferred testing both-2d 50 g aliquots for the isolation of

the microorganism. Then we can divide the study into two pagart I: ReatTime PCR, ISO

detection and MPN enumeration®élmonellavere performed analyzing 25 g of the sampi¢gart

II: RealTime PCR was performed from 25 g fmeriched samples, but positive samples were tested

by ISO6579:2002using both 25 g and 5§ of the samples. MPN enumeration was performed on 50 g
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sample aliquots. The modification was introduced when 42 mixture samples and 25 salami had alread

been tested.

Aliquots of 1 ml and 0.1 ml of the penrichment broths were seeded in 10 ml of Mudflauffman
Tetrathionate Broth (MKTB; Oxoid) and Rappapwdssiliadis Broth (RVB; Oxoid), respectively, and
incubated at 37 N 1AC for 24 N h (MKTB) and 4
loopful each was plated on XLD Agar (Oxoid) aadlmonellaChromogenic Agar (Oxoid). Plates

were incubated at 37 +1°C for 24 £33almonellasuspect colonies were biochemically tested seeding
into Triple Sugar I ron Agar (Biolife, Milan,
Agar (Bidife) and incubated at 37 £1°C for-28l. Cultures showing positive reaction falmonella

were assayed by slide agglutination with anr®nivalentSalmonellaserum (Denka Seiken, Tokyo,
Japan). Biochemical identificatidn thegenus was carried out witkPI® 20E system (bioMérieux,

Marcy | 6Etoi |l e, France) .

Salmonellaserotyping was performddllowing the WhiteKauffmannLe Minor scheme by slide
agglutination with O and H antigen specific sdbél}, Milan, Italy; Biogenetics, Padua, Italy
Identification ofS enterica4,[5],12:ii and its differentiation frons. Typhimurium were

phenotypically obtained repeating phase inversion at least three times without evidencing expression
of phasetwo flagellar antigesand genotypically with PCiBarcoet al, 2011).

SalmonellaPFGE typing was performed according to standard metiibst(et al, 200§ with Xba

restriction of DNA.

0.3 Salmonelleenumeration

In the RealTime PCRpositive samplegheenumeration oSalmonellavas performedollowing the
miniaturized Most Probable Number technique according to ISO-B&2A.2.At the beginning of the
study (part I), the enumeration was performed by testing ag¥iggpt of the PCFpositive samples.

In the second part of the study, MPN enuatien was performed testing 50 g of the samples (part II).
46



The modification was introduced when 42 mixture samples and 25 cured salami had already been

tested.

A 25 or 50g portion of the samples was dilute@?, 102, 103and 16* in BPW in triplicae in 12
multi-well microtiter plates and incubated at 37 £ 1°C fo2Deh. Thereafter, a 20 ul aliquot from

each well was transferred in a 12 muiell microtiter plate containing 2 ml of Modified Set®aolid
RappaporVassiliadis (MSRV) per well. Aftemicubation at 41.5 + 1° C for 24 + 3h, tiells

showing a greywhite zone extending out of the inoculum drop weirthier tested by streaking a 40
loopful of the bacterial growth onto XLD (Oxoid) agar plates. Microtiter plates not showing bacterial
growth were incubated for further 24 h £ 3 h, after that they were considered negative if no well
showed a grewhite growth extending out of the inoculuXLD agarplates were incubated at 37 +

1°C for 24 h and suspe8ialmonellacolonies were selected and subjected to ISO 6579 confirmation
tests. After biochemical and serological confirmatibie, number of plates with confirm&hlimonella

colonies was used to estimate the MBNmonellag.

9.4 Measure of pH and.a

The pHvaluewas measured dhg of salami homogenized in distilled water (10/1 water/sample, w/w)
by the Crison micro pH 201 instrumentCrisoninstruments, Barcelona, Spaequipped with a
Xerolyt 52-02 electrode (Crison)lhea, valuewas measured at 25 °@ bn AqualLab series 4TEa

meter (Decagon Devices, Inc., Pullman 99163, WA).

9.5 Sodium chloride analysis

Sodium chloride (NaCl) analysis was performed following the 1ISO 1184996 method for the
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determination the chloride content of meat and meaducts with NaCl contents equal to or greater

than 10%.

9.6 Macrophage experiment

The macrophage experiment was performed following protocols obtained from different studies
(Ekmannet al, 1999; Schwanet al,, 2000; Daigleet al, 2001). We selected five strains of

Salmonellg isolated from our samples: four strains of t@nophasic variardf S Typhimurium
1,4,[5],12:i- and one strain db. Infantis, which is the fourth most common serovar in human cases of

salmonellosis iU countries.

The ability ofS. Typhimurium to cause systemic disease has been studied in mice, through survival
and replication of the bacteria in murine macrophages. However, other studies are required to assess
the ability of the microorganisms to surgiand replicate in human macrophages. In our study we
evaluated the capacity 8lmonellao survive and replicate within a human macrophdigescell

line (U937), to assess their virulence for humans.
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9.7 Laboratory protocols

DNA extraction

1- Preparation of the basic material

Transferl.0 ml of the enrichment culture under sterile conditions into a 1.5 ml reaction tube.
Centrifuge for 5 min. at 12.000 rpm.

Discard the fluid and inactivate per sterilization.

2- Lysis of the basic material

Add 400 pl of Lysis Buffer, mix it briefly and oke the reaction tube with caps.

Incubate under continuosly shaking for 10 minutes at 99°C.

3- Setting of optimal binding conditions

Centrifuge the sample lysate for 1 minute at 12.000 rpm.

Transfer ca. 300 ul dhe liquid supernatant into a new 1.5 ml reaction tube.

4- Binding of the nucleic acid on a Spin Filter

Add 200 plof Binding Buffer to the filtrate and mix the sample.

Place aginfilter into a yellow 2.0 receiveube transfer the solution directly ontbe filter and
incubate at room temperature for 1 minute.

Centrifuge for 1 minute at 12.000 rpm.

Discard the filtrate andl@ce the spin filter back into the yelow receivave.

5- Purification of the bound nucleic acids

Add 550ul of Wash Bufferto the pin filter and centrifugate for 1 minute at 12.000 rpm; aidc

the filtrate and place the spiftér back into the receiveulte (perform two times).
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6- Drying of the Spin Filter

Remove the residual ethanol by final centrifugation for 2 minutes at 12.600 rp

7- Elution of nucleic acids from the Spin Filter

Place the spinilfer into a clear 1.5 ml receiveuthe and add 100 pl de preheated Elution Buffer
directly onto the spin filter.
Incubate 3 minutes at room temperature and centrifugate for 1 minute at 10.000 rpm, after

centrifugation discard the spin filter.

The eluted DNA is readto-use for the PCR. The DNA can be stored for up 24 hours at 4°C; for a

storage time of more than 24 hours it should be kej20acC.

RealTime PCR

1- Preparation of the master mix

Calculate the total number of reactions nee@&mples and control reactions). Recommended
control reactios: negative control, positive control and extraction control. The mastarcludes

an internal amplification control (inhibition control) for each reaction.

It is also recommended to prepatee tmastemix with 10% additional volume in order to
compensate reagent loss. Allow the reagents to thaw, mix by vortexing and centrifuge before
opening and uselhe tube of the tag polymerase should be kep@tC and not be mixed by

vortexing.
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COMPONENTS FOR AMOUNT PER 10 REACTION (WITH
MASTER-MIX REACTION 10% EXCESS)
Reaction Mix 19.9 ul 218.9 ul
Tag polymerase 0.1l 1.1l
Total Volume 20 ul 220 ul

TABLE 1: Example for the calculatiomd preparation of 10 reactions.

Mix each mastemix well and centrifuge shortly before use.

2- Setup
Initial denaturation 5 minutes at 95°C
Cycles: 45
Denaturation 15 seconds at 95°C

Annealing/Extension 30 seconds at 60°C

3- Preparation of the Redlime PCRMix

Pipette 20 pl of the mastenix into appropriate tubes/wells or capillaries.

Close the tube of the negative control (the negative control consist of the-magter

Pipette 5 pl of sample DNA into the designated tubes/wells or capillaries.

Pipette 5 jiof the positive control into the designated tubes/wells or capillaries.

Centrifuge all tubes/ wells or capillaries shortly at low speed.

Place tubésvells or capillaries into the Redime PCR instrument and start the run according to

the setup.
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ISO 6510:2002 Horizontal method for the detection 8&lmonellaspp.

1-

Preenrichmenin non-selective liquid medium

Buffered Peptone Watés inoculated at ambient temperature thecubatedor 18 +2 hours at

37°C £1°C.

Enrichmentn selective liquid media

Transfer 0.1 ml of the culture obtained to a tube containing 10 RappaporVassiliads
medium with soya (RVS broth); transfer 1 ml of the culture obtained to a tube containing 10 mi
of Muller-Kauffman tetrathionataovobiocin broth (MKTTn broth).The RVS broth is

incubated at 41.5 °C #°C for 24 h £3 h and the MKTTn broth at 37 *€1°Cfor 24 h + 3 h.

Platingoutand identification

After incubation for 24 h £ 3 h, using the culture obtained in the RVS broth, inoculate by means
of a loop the surface of one largee Petri dish containing the first selective platng
medium Xylose Lysine [Roxycholate agar (XLD)so that welisolated colonies will be
obtained.

Proceed in the same way with the second selective platinghedium using a sterile loop and
Petri dishes as abov&he choice of the second appropriate medium is left to the discretion of
the testing lhoratory; in the premt studySalmonellaChromogenic Agar Bassas used.

After incubationfor 24 h = 3 h, using the culture obtained in M&TT broth repeate the
procedure just described with the two selective pladnigmedia.

Invert the dishes so thtte bottom is uppermost and place them in the incubator set at 37°C for

both the first and the second platiogt medium.
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4-

After incubation for 24 h £ 3 h, examine the plates for the presence of typical colonies of
Salmonellaand atypical colonies that méne SalmonellaMark theirposition on the bottom of

the dish.

Typical colonies ofSalmonella grown on XLD agar have a black centre and a lightly
transparent zone of reddish colour due to the colour change of the indicator

NOTE : SalmonellaH>S negative variants (i.& Paratyphi A)grown on XLD agar are pink

with a darker pink centre. Lactepesitive Salmonellagrown on XLD agar are yellow with or
without blackening.

Typical colonies oSalmonellagrown onSalmonellaChromogenic AarBaseare mauve.

Selection of colonigfor confirmation

For corirmation, take from each plataf each selectivenedium at least one colony considered
to be typical or suspect and further four colonies if the first is negative.

Streak the selectetblonies onto the surface of pdeied nutrient agar plates inmaanner which
will allow well isolated colonies to develop. Incubate thecirated plates at 37°C 2°C for24 h
+3h

Use pure cultures for biochemical and serological confirmation.

Biochemical confirmation
Inoculate the following mediavith each of the cultures obtained from the colonies selected

before.

Triple Sugariron Agar (TSI Agar) streak the agar slant surface and stab the butt; incubate at

37°C £1°C for 24 h = 3 Hnterpret the changes in the medium as follows.

Butt:

- yellow glucose positive (glucose used)

- red or unchanged glucose negative (glucose not used)
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- black formation of hydrogen sulfide

- bubbles or cracks gas formation

Slant surface
- yellow lactose and/or sucrose positive (lactose and/or sucrose used)

- red or unchanged lactose and sucrose negative (neither lactose nor sucrose used)

Typical Salmonellacultures show alkaline (red) slants and acid (yelldwjts with gas
formation (bubbles) and (in about 90% of the cases) formation of hydrogen sulfide (blackening
of the agar).

When a lactoseositive Salmonellais seededthe TSI slants yelow. Thus, preliminary

confirmation ofSalmonellecultures shall not be based on the results of the TSI agar test only

Urea Agar(Christensen)streak the agar slant surface. Inatdat 37°C +1°C for 24 h +&nhd

examine at intervals.
If the reaction is positive, splitting of urea liberates ammonia, which changes the colour of

phenolred to rospink and later to deep cerise. The reaction is often apparent after 2 h to 4 h.

L-Lysine Decarboxylation Mediumnoculate just below the surface thfe liquid medium.

Incubate at 37°C £1°Cfor24 h+3 h
Turbidity and a purple colour after incubation indicasepositive reaction. A yellow colour

indicates a negative reaction.

Detection of betayjalactosidasesuspend a loopfool of the suspected colony in a tube continent

0.25 ml of the saline solution. Add 1 drop of toluene and shake the tube. Put the tube in a water

bath set at 37°C and leave for several minutes (approximately 5). Add 0.25 ml of the reagent
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for detection of betgalactosidase and miReplace the tube in the water bath set at 37°C and
leave for 24 h + 3 h, examininh the tube at intervals.

A yellow colour indicates a positive reactidrhe reaction is often apparent after 20 minutes.

Medium for VogesProskauer (VP) reactiorsuspend a loopfool of the suspected colony in a

sterile tube containing 3 ml of the VP medium. Incubate 37°C +1°C for 24 h +ARdm.
incubation, add two drops of the creatine solution, three drops of the ethanolicnsofutio
naphthol and then two drops of the potassium hydroxide solution; shake after the addition of
each reagent.

The formation of a pink ring to bright red colour within 15 minutes indicates a positive

reaction.

Medium for indole reactianinoculate a ube containing 5 ml of the tryptone/tryptophan

medium with the suspected colony. Incubate at 37°C £1°C for 24 h Afgen incubation, add
1 ml of the Kovacs reagent. The formation of a red ring indicates a positive reaction. A yellow

brown ringindicates a negative reaction.

Biochemical identification of the isolates was performed by usindAB1e20E® (bioMérieux,

Mar cy | 0 Ee)oniclosihstrate syatem, whicbnsists of 20 microtubes containing
dehydrated substrates. These tests a@uiated withthe bacterial suspension that reconstitutes

the media. During incubation, metabolism produces color changes that are either spontaneous
or revealed by the addition of reagents. The reactions are read according to the Reading Table
and the idatification is obtained by referring to the Analytical Profile Index or using the

identification software
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6- Serological confirmation and serotyping

The detection of the presence 8&lmonellaO-, Vi- and H antigens is testedby slide
agglutination with the appropriate sera, from pure colonies and afteagghatinable strains
have been eliminated.

Elimination of auteagglutinable straingplace one drop of the saline solution onto a carefully

cleaned glass slide. Dispersethe drop, by means of a loop, part of the colony to be tested, in
order to obtain a homogeneous and turbid susperRimk the slide gently for 30 seconds to

60 secondsObserve the result against a dark background, preferably with the aid of a
magnifying glass.

If the bacteria have clumpeadto more or less distinct units, the strain is considered- auto
agglutinable and shall not be submitted to the following tests as the detdi@nantigens is

not feasible.

Examination for Gantigens using one norautoagglutinating pure colony, proceed using one
drop of the antO serum instead of the saline solution.
If agglutination occurs, the reaction is considered positive.

Use the polyand monovalent sera one after the other.

Examination foVi-antigens proceed using one drop of the autiserum instead of the saline

solution.

If agglutination occurs, the reaction is considered positive.

Examination for Hantigens inoculate the senmsolid nutrient agar with a pure non

autoagglutinable dony. Incubate the medium a7°C +1°C for 24 h + 3 HJse this culture for
examination for the Fantigens, proceding using one drop of the-Bhserum instead of the
saline solution.

If agglutination occurs, the reaction is considered positive.
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7- Definitive confirmation

Strains which are considered to $almonella or which may be&almonella shall be sent to a

recognizedsalmonellareference centre for definitive typing

8- Expression of results

In accordance with the results of the interpretatiowljcate the presence or absenof

Sdmonellain a test portion ok or x ml of product (see ISO 7218).

ISO 6579:2002 Part 2: Enumeration by a miniaturized most probable number

tecnique

The method is baseoh miniaturization of the dilution, prenrichment and selective enrichment
steps. The selective enrichment medium, modified setid RappapofVassiliadis (MSRV) is
intended for the detection of motile salmonellaeand is not appropriate for the detdEchion

motile salmonellae.

1- Test portion, initial suspension
Prepare an initial suspension by diluting the test portidold in BPW. For example, add 25 g of

sample to 225 ml of BPW and homogenize in a stomacher for 1 minute.

2- Dilution andpre-enrichment in nosselective liquid medium

Take a 12well microtiter plate with empty wells in the first row oh three wells and containing 2 mi
of BPW in the other wells (second, third and fourth row with each 3 wells).
Transfer to each webf the firga (empty) row of three wells, using a pipette, 2.5 ml of the initial

suspension.
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Transfer 0.5 ml of each well from the first row into the 2 ml of BPW in the successive wells in the

second row (first 5 dilution).

Transfer 0.5 ml of each well from the second row into the 2 ml of BPW in the successive wells in
the third row (second dilution).

Before transferring the 0.5 ml of the second row into the third row, mix the suspension in the wells
by repeatedly(carefully) sucking up and blowing out of the suspension in the pipette and in the

wells. Proceed in the same way for the other rows.

Incubate the 1-2vell microtitre plate at 37°C for 18 h+ 2 h

3- Selective enrichment on a sesulid medium

Allow the MSRYV in the 12vell microtiter plates to equilibrate at room temperature if they were
stored at a lower temperature.

Inoculate each well containing 2 ml MSRV with 20 ul of the BPW culture, i.e. using a- multi
channel pipette. Use new tips for each aithree wells.

Place the 20 ul BPW culture at the margin of the well and on the surface of the medium.

When taking a subculturgom BPW, try not to disturb particulate samples. Therefore, move the
microtitre plates carefully. Avoid pipetting particulaatter on to the MSRV plates.

Incubate the inoculated MSRYV plates at 41.5 °C for 24 h Mot invert the plates.

Suspect wells show a greyhite, turbid zone extending out from the inoculated drop. The turbid
zone is characterizda/ a white halo with a clearly defined edge.

If the wells are negative after 24 h, reincubate for a further 24 h + 3 h.

4- Selective plating

Subculture suspect MSRYV wells by dipping 1 ul loop jostde the border of the opaque
growthand by inoculating this culture material on tweface of one normal size XLD

plate, so that welisolated colonies are obtained.
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Subculture at least the highest dilutions: the onestwdtitt show three suspect MSRv

wells as well as the subsequent dilutions showing two or one suspect MSRV wells.

Incubate the inverted XLD plates at 37°C for 24 h £ 3 h.

Return negative MSRV plates to the 41.5 °C incubator and incubate for a further 24 h £ 3 h.
Perform the selective platingqredure if after 48 h of incubation additional wells become suspect.
Typical colonies ofSalmonellaspp. gown on XLD agar have a black centre and a lightly

transparent zone of reddish colour due to the colour change of the indicator.

5- Biochemicalconfirmation

Take from each XLD plate at least one colony considered to be typical or suspect.

If well-isolated colonies (of a pure culture) are available on the selective plating media, the
biochemical confirmation can be performed directly on a suspesitisolated colony from the
selective platinbg medium. The culture step on the-sedective agar medium, like nutrient agar
can then be performed in parallel with the biochemical tests for purity check of the colony taken
from the selective agar mediuincubate inoculated nutrient agar plates at 37°C for 24 h + 3 h.

Use pure cultures for biochemical and serological confirmation.

Macrophage experiment

1- Bacteria and culture conditions

Bacteria for infection assay were culd overnight in BPW (Buffered Peptone Water, Oxoid,
Basingstoke, UKt 37°Cfor revitalization. Then they were plated &almonellaChromogenic
Agar (Oxoid) and incubatedvernight at 37°C. Afterwards one pure colony was seleatatl

diluted in BPW Qxoid) to obtain thenecessary concentration
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2- U937 cell culture

U937 cells(human macrophagéke) weregrown in RPMI 1640 medium (Euroclonililan, Italy)
supplemented with glutamine and hé&aated (56°C, 30 min) 10% fetal takrum (Eurocloneand
incubatedat 37°C under an atmosphere of 95%%8i5 CO.

The U937 cells wereseeded onto 2dell tissue culture plates arattivated with phorbol 12
myristate 13acetate (PMA, Sigmaldrich) at a concentration df0® 72 hours beforénfection.

The PMA treatmenhas been shown to induce stable differentiation of U937 monocytes into
macrophages without undesiderable gene upregulation. This treatment cause the U937 cells to
become adherent and activated.

Prior to infe¢gion, PMA-containing medium wasemoved and calwere gently washed with RPMI
1640 medium to remove residual PMA and replaced with 500 ul per well of fresh medium without
PMA.

U937-macrophages were infectedth a MOI (multiplicity of infection) of 10:1, centrifugated at

800 rpm for 5 minutesptsynchronize the phagocytosisdincubated for 45 minutes at 37°C with
5% CQ(0-h time point).Then infected cell monolayers were washed three timeshitbphate
Buffered SalineRBS (Oxoid). RPMI 1640containing 50 pugf gentamicin(Eurocloneperml was
added to kill any remaining extracellular bacteddter 2 h of further incubation at 37°C, the
medium in the 24vell plates was replaced again with RPMI containing 5ug of gentamicin
(Euroclone)per ml Host cells stayeth this medium for the reainder of the infection to prevent
extracellular growth of any released bacteria.

For viable count determinationthe infected macrophages monolageeswashed three times with
PBS and bacteria were harvested by adding 300f @1 % Tryton X-100 (SigmaAldrich,
Darmstadtermany)in distilled water to each wellAfter 3 min, cell lysates were collected and
serially diluted 16€fold in PBS and aliquots were plated onto PCA (Plate Count A@axid) to
assess bacterial CF(tolony forming unit) Bacteria survival and growth were evaluated at

different time points post infectidip.i.), in particularat24, 48 and 72 h p.i.

60



PEGE(PulsedField Gel Electrophoresis)

The method for PFGE is described followiRtpot et al., 2006.

Day 1 Starting fromisolated colonies, grown onto Blood Ad&xoid), the strain to be examinated
and the strain o8 Braenderup H9812, used as internal control and molecular weight marker, were
plated onto Nutrient AgaiOxoid) and incubated overnight at 37°C for-18 h.

Day 21% Agarose (Seakem Goloh) TE 101 solution was prepared and maintained ab62C in

a double boiler.

Each bacterial culture to be examined was resuspend2dnl of CSB (Cell Suspension Buffer)
The concentration of each suspensand of thecontrol strairwere fixedt 0.81 optical density
using spectrophotometric at a wavelength of 610 nm

For each bacterial culture and for the control strathul of Proteinase K (PK) were aliquoted in
microtubes

200 ul of CBS suspension + bacterial cellsre dspersed in microtubes with PK ar2D0 ul of
Seakem Gold 1% Agarosgas added to each microtybmixing gently. Then the mixture was
transferred in the plug stencil and allowed to cool for 10 min at 4°C.

5 ml/strainof CLB (Cell Lysis Bufferjveredispensed in 50 ml Falcon tubes with 50 pl of. HKe
plugs of each strain were transferred inlysis buffer and incubated 2 h in a double boil&6aC54
with constant shakingt 156175 rpm.

Bidistilled sterile water and TE solution were conditionih§456°C.

The appropriate sieves were appleedhe microtubes and CLB was eliminatdthe plugs were
washed two times with 10 ml of bidistilled sterile water at564C in a double boiler with
constant shakg for 10 min for each washing, followed byee washing sesewith 10 ml of TE
10-1 solution Store the plugs in microtubes containing 1.5 ml of TELEdlution at 4°C.

RESTRICTION PHASE each plug was cut in 3 parts of B5mm and 1/3 was placed in a 2 ml

microtube.
The restriction solutionadr the restriction enzyme Xbal was prepared calculating a final volume of

200 ul/sample, containing: the specific buffer for the enzyme at the final concentration of 1X, the
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enzyme veume equivalent to 50 U/sample (brought to final volume with molecutdodpy water).
The incubation lasted-@ h, or alternatively, o.n., at 37°C.

Day 3 2-2.2 L of TBE 0.5X running buffer was prepared godired in the apparatus CHERII
(BIO RAD) electrophoretic cell and allowed to cool at 14°C.

110 ml of 1% running g€BIO RAD Pulsed Field Ceritified Agarose) was prepared in TBE 0.5X,
melted in microwave, cooleat 5456°C, pouredin a special mold and left to solidifgr 30 min.

For each sampkle, a plug was inserted in a well inside thegmrding to the default ordein
wells number 1, 5, 10 and 15 a plug®fBraenderup washarged Wells were sealed with 1%
Agarose in TE.

The gel was left to solidify roe 10 min. and then it was placed in the electrophoretic cell to start the
run with the following parameters: 6V/cm, switch time of 2.88.8s, 120° corner, running time
19-20 h.

Day 4 The gel was stained inlqug/ml ethidium bromide solutiofor 20 min. andhen bleacheth
water for 60 min.

The image was acquiredtasinsilluminator and stored as TIFF file.
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10. Results

Detection and enumeration 8almonellan raw mixture samples

The RealTime PCR detected GValues ranging from 24.78 to 39.99 in 46 out of 155 (29.7%) mixture
samples. Six additional samplk&9%) were characterized by &alues higher than 40 and

dischaged. The positive samples by R&aine PCR were tested by ISO 6579:2002Satmonella
detection and by ISO TS 65292012 forSalmonellaMPN enumerationSalmonellavas isolated

from 24/46(52.2%) Reallime positive samples. Its prevalence in meat and fat mixture samples prior

to the addition of additives, salt and starter cultures wa®d@5% Cl: 1061 22.0.

Eight Salmonellaserovars were identified, with. Derby (12/24; 50.0%) aséhmost common,
followed byS. Typhimurium monophasic variant 4][82:i- (4/24; 16.7%)S.London (2/24; 8.3%)
andS. Stanley (2/24; 8.3%)5.BrandenburgS.GoettingenS. Infantis andS. Rissen were identified in
one sample each (1/24; 4.2%). Differaival PFGEprofileswere found among the most common
serovars, namelg.Derby andS. entericad,[5],12:i:- . SeverPFGE profiles were identified amoisg
Derby isolates (DD7) and four among the monophasic variangaénterica4,[5],12:i:- (MT1-MT4).

One PFGE type was identified f8tLondon (L1) ands.Stanley (S1).

In part Il of the study, when ISO detectionSdImonellaon both 25 and 50 g of the samples was
performed Salmonellavas isolated from 20 samples. Twesgmpleg100%)were positive by testing
50 g 12 (60%)were positive by 25 g. The difference between the two procefi®®s50 gvs.ISO 25

g) wasstatistically significantff value=0.0033 Fi sher 06s exact test)

The MPN enumeration @&almonellaranged from 160 MPN/g to < 1.3 MPN(Table 2) In 19/24

(79.2%) samples it was <1.3 MRy, corresponding to the loweasttectable value.
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SampledBatch n° MPN values
15 (A) S.London (31/g)
78 (A) S.Stanley (12/qg)
79 (A) S.Stanley (29/qg)
96 (B) S.Derby (< 1.3/g)
121 (B) S. Derby (< 1.3/g)
140 (D) S. Goettingen (< 1.3/g)

TABLE 2: SalmonellaMPN values in ground meat positive samples.

Detection and enumeration 8&lmonellan cured salami

Twenty-four batches of cured salami, manufactured with the mixture samples contaminated by
Salmonellawere reanalyzed at the end of their curing time. A total of 160 salami were tested,
because eight batche®re still foundpositive despite prolonged curing and should beseed after

additional curing time.

By ReatTime PCR 58160 (36.9%) samples showed a-@lue ranging from 23.67 to 39.78.

Fouteen samples (8.8%) showed a-@Alue higher than 40 and were dischargede T5SO 6579

method detecte8almonellan 16 salami, belonging to six different batches. The proportion of
Salmonellapositive mixture samples, which ended up as contaminated salami, was therefore 25.0%
(6/24). Since th&almonellapositive salami belongkto 6 batches, the final prevalence of
contaminated batches was 3.9% (6/185P6 Cl:1.8-8.2). The proportion ocdalmonellapositive

salami was 10.0% (16/160) and the confirmation rate of the ISO method teeatime PCR was
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27.1% (16/59).

In partll of the study, when ISO detection 8&lmonellaon both 25 and 50 g of the samples was

performedSalmonellavas isolated from 13 salami. Eleveampleg84.6%)were positive by testing
50 g 8(61.5%)were positive byesting25 g. The difference betweehe two procedurg$SO 50 gvs.
ISO 25 g)wasnot statistically significan{ p v al ue= 0. 37 8 TwoBampldsavered s e X

negative with either ISO 50 g or ISO 25 g procedures, but were positive byMBN enumeration.

Salmonellapositivesalami were manufactured by three producers (A, B and D)S&lmeonella

positive batcheswere tested again after an additional curing time3& @ays. However, one batch

out of six (16.7%) was found to be slalmonellapositive, and resulted negatiaéer a curing period
of 8 days more (total curing time: 57 days). This batch of salami was produced by plant A with the

addition of culture starters to the ground meat.

Seventeen isolates were detected, as one sample was contaminated by two Si#feoslastrains.

Six Salmonelleserovars were identified ai®1Derby was the most prevalent (9/17; 52.9%), followed
by S.London (2/17; 11.8%)5.Panama (2/17; 11.8%$,.Branderup (2/17; 11.8%%.Goldcoast

(1/17; 5.9%) and. Stanley (1/17; 5.9%)-our PFGE profiles were identified amo&gDerby isolates
(D1, D4, D8, D9), one of which was found in the correspondent mixture sample.Two PFGE profiles
were found betwee8. Branderupstrains OnePFGE type was identified f@&.London (L1) ands.
Stanley(S1), identical to the genotypes detected in the correspondent mixture sample &wama,

PFGE analysis could not identify a genomic profile, because eflegtading DNA.

The enumeration dalmonellaanged from 8.7 MPN/g to 1.3 MPN/g in seven phs (43.7%), and

was < 1.3 MPN/g in the remaining nine (56.3%kable 3.
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Samples MPN values
PF15/1 8.7 MPN/g
PF15/2 1.4 MPN/g
PF15/3 < 1.3 MPN/g

PF15 I1/1 < 1.3 MPN/g
PF 78/4 < 1.3 MPN/g(50)
PF 79/2 < 1.3 MPN/g(50)
PF 79/3 8.7 MPN/g (50)
PF 79/4 1.3 MPN/g (50)
PF 96/1 < 1.3 MPN/g(50)
PF 96/3 < 1.3 MPN/g(50)
PF 96/4 < 1.3 MPN/g(50)
PF 96/5 < 1.3 MPN/g(50)
PF 121/1 < 1.3 MPN/g(50)
PF 121/4 < 1.3 MPN/g(50)
PF 121/5 < 1.3 MPN/g(50)
PF 140/2 2.7MPN/g (50)

TABLE 3: SalmonellaMPN values in salami positive samples.
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PFGE-PR PFGE-PR

2015/164903_1
2015/279913 1
2015/139189

20151279425
2015/127942_4
2015/301976

2015/318254_2
2015/150715_6
2015/279913 2
2015/279913 3
2015/291443 1
2015/291443 2
2015/291443 3
2015/291443 4
2015/291443 5

| 2015/291443 6

2015/318254_5
2015/150715_2
2015/164903_5
2015/164903_3
2015/164903_4
2015/197911_1
2015/197911_3
2015/197911_4
2015/127942_1
2015/127942_2
2015/127942_3
2015/150715_7
2015/172450

2015/318254_6
2015/318254_7
2015/150715_1
2015/351187_1
2015/351187_2
2015/150715_3
2015/150715_4
2015/164903_2
2015/164903_6
2015/318254_1
2015/318254_3
2015/318254_4
2015/150715_5
2015/197911_2

FIGURA 5: Similarities dendrogramslaborated byZSLER-Parma.
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Physicechemical parameters: pH, and NaCl content

The salami pH values ranged from 4.68 to 6a\&(agevalue: 5.89). pHsalues lower than 5.00 were
observed in 5 samples only (3.1%) belonging to one batch effaired salami added with starter

cultures and characterized by a diameter e132Zm.

In the Salmonellapositive salami the pH values ranged from 5.56 to G26ragevalue: 5.92). hie
protectivgoH value forSalmonellsgrowth was < 5.56 and was measured in 16 (10%) of the samples.
No difference in the pH value was observed between the samples contaminated by the highest
Salmonelldevels (8.7 MPN/g, 2.7 MPN/g and 1.4 MPN/g) and the samples contizahibg 1.3

MPN/g or < 1.3 MPN/g.

The salami @values ranged from 0.8216 to 0.95@v€ragevalue: 0.9048). In the samples
contaminated bfalmonellaay values from 0.8957 to 0.951a@Jgagevalue: 0.9177) were observed.
The protectiveay value forSalmonellagrowth was < 0.8957 and was found in 32 (20%) of the

samples.

No influence of the@value onSalmonelldevels was observed, since in salami characterized by the
highest & values (0.9201 to 0.9512) counts corresponding to PBIAg and < 1.3 MPN/g were

found.

The NaCl content of cured salami ranged from 2.25% to 4.80&dgevalue: 3.67%). In the
Salmonellapositive salami NaCl was between 2.86% and 4.28%ragevalue:3.50%). No salami
characterized by NaCl > 4.38% were found to be positiv€dtnonellaand this sodium chloride

level, together with low pH andvaalues, camprobablycontribute to prevent the growth of the
microorganism. In 21 samples (13.2%) NaCl content was higher than 4.28, thus contributing to inhibit
Salmonellagrowth. In the samples contaminated by the higBastonellacounts (1.4 MPN/g to 8.7
MPN/g) NaCl was lgher than 3.25% and reached 4.21% and 3.35% in the two highest contaminated

products (8.7 MPN/g), respectively.
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Salmonelldoad decreased in cured salami if compared to raw ground meat and fat mixtures. Counts a
high as 160 MPN/gS London) found in a mixture sample were never detected in cured products,
where the maximum load was 8.7 MPN/g. However, the cured batch of salami produced in plant B
from the raw mixture contaminated by 18 N/gwas negative foBalmonellaprobably beauseof

the starter culturesd6é activity.

Sample n° pH av NaCl %
PF15/1 6,25 0,9137 4,21
PF15/2 6,01 0,9156 4,28
PF15/3 6,19 0,918 3,66
PF15 11/1

6,29 0,8963 3,89
PR78/4

5,98 0,9017 3,72
PF79/2 5,95 0,8957 3,57
PF79/3 5,85 0,9036 3,35
PF79/4 5,99 0,9015 3,31
PF96/1 5,78 0,9463 2,86
PF96/3 6,03 0,9263 3,64
PFR96/4 5,84 0,9482 2,94
PF96/5 5,63 0,9512 2,98

PF121/1 5,93 0,9201 3,44

PF121/4 5,79 0,9077 3,47

PF121/5 5,56 0,9201 3,49

PF~140/2 5,59 0,9182 3,24

TABLE 4: Physicechemical parameters 8almonellapositive salami.

69



Addition of microbial starter cultures

Overall, we tested 74 batches of salami produced using starter cultures and 81 batches produced
traditionally without starter cultures. The proportiorSaimonellapositive batches was 6.8% (5/74)

for the salami produced with microbial starters and 1.2% (1/81) for those produced without microbial
cultures. Comparing the curing time of the salami belonging to the two gwemdserved an

average time 032.4 days for theiffst one and an average time3&.7 days for the second one.

In salami produced by using starter cultu@simonelldoad always decreased during curing and
lowered from 31 MPN/g (batch 15) and 29 MPN/g (batch 79) in the mixture sato@e7, 1.4 and <

1.3 MN/g (batch 15) and 8.7, 1.3 and < 1.3 MPN/g (batch 79) in the cured products. As shown in the
previous paragraph, in one raw mixt@almonellacount reached 160 MPN/g but was no more

isolated in the cured product. On the contrérg,only one positive batch of salami produced in plant

D without starter cultures slightly increasedSeimonelldoad during curing, which was < 1.3MPN/g

in the raw mixture and.2 MPN/g in the final product.
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Batch n° First sampling Secondsampling (curing Third sampling (curing
time: 2238 more days) time: 8 more days)
15 (A) 1) S.Goldcoast (8.7/g)
2). S.Derby (1.4/9) S.London (<1.3/g) Negative
3) S.London (< 1.3/g)
78 (A) ;
1) S.Panama (< 1.3/g) Negative
79 (A) 1) S.Stanley (<1.3/g)
2) S.PanamaS.Branderup .
(8.7/9) Negative
3) S.Branderup (1.3/g)
96 (B) 1) S.Derby (< 1.3/g)
2) S.Derby (< 1.3/g)
Negative
3) S.Derby (1.3/9)
4) S.Derby (1.3/9)
121 (B) 1) S.Derby (< 1.3/g)
2) S.Derby (< 1.3/g) Negative
3) S.Derby (< 1.3/g)
140 (D) 1)S.Derby (2.7/g) Negative

TABLE 5: SalmonellaMPN values in salami tested at different curing times.
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Survival and replication within macrophages

Three of the foutestedstrains ofS. Typhimurium 4,[5],12:i-wereable tosurvive andyrowthin the
human macrophagée (U937)cell line. One isolate ofS. Typhimurium 4,[5],12:k and thestrain of

S Infantiswere not able to to survive.further detail, one straiof S. Typhimurium 4,[5],12:k (MS

26) replicatedin all evaluated three times post infection, that means 28 h,and 72 h post infection,
while the other two strains (MS 67 and MS 163)licatedat 24h and 48 h post infection, but not at 72
h post infectioriMoreoverwe observed that these two strgossessery similarPFGEprofiles. For

this reasonwe intend to proceed with tlievhole genomeaequencing to better understand geaomic

features which enhable their surviaad growth in human macrophages.

PEGE-PR

Key PFGE Genotype AZ Previous ID  Province Region Serotype  Source
2015/127942 5 STYMXB_PR.1211  MS-26 Parma  Emilia Romagna Monofasica carne macin.
20161139189 STYMXB_PR.1220  MS-47 Parma  Emilia Romagna Monofasica ~ came macin.
20151150715_2 SXB_BS.0181 MS-56 Parma  Emilia Romagna  Infantis carne macin
f 2015/164903_ 1  STYMXB_PR.1085  MS-67 Parma  Emilia Romagna Monofasica  came macin
2015/279913_1 STYMXB_BS.0042  MS-107 Parma  Emilia Romagna Monofasica  impasto

FIGURE 6:PFGE profiles of the analyzed strains for the abilty to survive and growth in human
macrophages.
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11. Discussion

11.1 Influence of pH and.avalues

In our study on Italian salami we observed tBatmonellagrowth was absent samples showing pH
< 5.56, &< 0.8957 and NaCl #.28%. Considering thahese physiechemicalparametergooperate

in reducingSalmonellavitality, they cannot be considered single factors able to inhibis growth.

During curing, progressive drying is responsible ®aCl increases andwalowering In mixtures
added with starter cultures pH lowers more rapidly than in samples produced without microbial

starters, thus hindering the growth of anmhtolerant microorganism@&anardiet al.,2010).

In our studySalmondh was detected in curedlami showing differenphysicachemicalfeatures. In
sample No 121, after only 20 days of curing, the pH reached 5.56 but Wesastill 0.92. In sample

No. 79 the very lowa(0.8957) was balanced by a higher pH (5.95). In these sa®ale®nellavas

below the minimum detectable value (< 1.3 MPN/qg). In sample No. 15 the high NaCl content (4.28%),
associated with low pH and,&alues, was able to maintaBalmonellaload as lav as 1.4 MPN/g.

Thus we can say that our results confipil and & as the most important parameters able to prevent
Salmonellagrowth in drycured Italian salami, which are normally characterized by low NaCl values.
This finding was confirmed in the onlgne batch of salami (No. 15), which was positive for
Salmonellaafter 28 and 49 days of curing and was found to be negative after 57 dayswvahe a
dropped from 0.915 (28 days) to 0.8963 (49 days) and 0.8921 (57 days), but the NaCl showed little t

no variations.

11.2 Influence of microbial starter cultures

In the study we observeshlmonellagrowthin salami added with microbial starter cultunasstly, if

compared with the traditional salami produced without microbial cultures. This finding may be a
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consequence of the shorter curing time of the first type of salami (average time of curing: 32.4 days) if
compared to the second one (average time: 383)d@&nyway, other reasons could not be excluded,

but we can say that, probabtiie microbiology quality of raw pork and faisedn the production of

the different types of salanmor the lygienic measures at processing areratialimportance to

obtain a microbiologically safe finished product.

In the production of traditional Italian salagreatattentionis payedo hygienic measures and/or to
pork and fat of higher microbiological quality. The production of pork salami is a-stefiiprocess in
which tradition (pork and fat of high quality, natural casing, long lasting curing time) and innovation
(starter culturesshorter curing time) are often xaid together. However, starteulturesseemo be

not effectiveto overcomeSalmonellagrowth unless curing time is sufficiently long and theadue

drops below 0.895Reverthelessa positive effect of starter microbialltures can be found in the
reduction ofSalmonelldoad in contaminated salami, thus contributing to the reduction of the

infectious dose for the consumers.

11.3 Analytical methods performance

The different results between Réame PCR and ISO 6579:2002 method can be attributed to several
factors. First of all, the molecular P&iased methods aeguipped with digher sensitivityin
particular, the kit used i1 n thi sing$pectdighe has a
culturatbased methods. Acent study demonstrated that a REahe PCR protocol was able to

detect down to -2 SalmonellaCFU in 25 g of different samples, including raw pdrodriguez

Lazaroet al, 2014). A Europeastudy performed to validateRealTime PCR method to detect
Salmonellan pork meat showed that it was an excellent alternative to the 1ISO 6579:2002 standard.

The limit of detection was down to 10 CFU per 25 g, but previous testing showed that the method
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detectedsalmonelladown to 1CFU in 25 of different types of food, including pork, in I&san 24 h

(Delibatoet al., 2014).

As DNA is stable after the death of the microorganismet(hki.,2013; Wolffset al., 2005)PCR
methods are able to ampliBNA from both dead and viablecteriathiscan conduct to false
positive result©n the contrary cultural methods detect only viable cells, but arechm&uming and

labourintensive (BarbadPiednoiret al, 2014).

On the other hanctultural methodsare less sensitive amdn be unable to detect very low numbers of
Salmonellan naturally heavily contaminated samples, as ground raw pork. To increase the sensitivity
of the cultural ISO 6579 method in case of very Baimonelldoad (< 1 CFU/g), we suggest testing

more thar5 g of the samples, since we obtained more correspondence between PCR results and the
ISO cultural method testing 50 g of samplesthis study, the majority (79%) of the raw mixture

samples were contaminated by a very few numb&abdhonellgper gramwhich was <1.3 MPN/g.

The limited number o$almonellecells contaminating ground pork, associated with the high load of
accessorial flora, represents an obstacle which can be get around increasing the sample weight. For t
reason, we strongly suggesttest at least 50 g when ntarget bacteria may overgrow a very limited
number ofSalmonellecellsin naturally contaminated samples, even if the Regulation (EC) 2073/2005

laid down to detecBalmonellan 25 g of food samples.

In conclusion, our studynderlines the usefulness of the tested Raine PCR methodsince it allows
rapid detection oSalmonellan raw pork and cured pork produdisanks to its speed of execution.
This method could be associated with the ISO 6579 method; iwdlyig would be possible to reduce
the timeof executiorrequiredby the cultural method and to decrease the number of samples to be

testedby the ISO 6579 method.
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11.4 Survival and replication within macrophages

The survival and proliferation gfathogens within macrophages is critical for establishing systemic
infections (Geet al, 2010).0ur results suggest that there are differences imtreemacrophage
survival ability ofthe Salmonellastrainstested that couldinfluence thedevelopmenbof infection For
this reason, to better understand the virulence of the sisalased from drycured salamiwe will
futherinvestigde them bywhole genomasequencingind compare them with other sequenced

Salmonellehuman pathogenic strains
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