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ABSTRACT. Present work aimed to examine the antibiotic resistance of the Salmonella enterica serotype Enteritidis (SE) iso-
lates from poultry, to study the plasmid-mediated ampicillin resistance and to detect and determine the distribution of sodCI,
sopE and sefd genes. Thirty-five SE isolates from one-day chicks, layers and broilers were studied for susceptibility/resistance
to sixteen antimicrobial agents; 23 (65.7%) of them showed resistance to ampicillin, 5 (14.3%) to ampicillin and tetracycline,
4 (11.45%) to tetracycline and 1 (2.9%) isolate showed multi-drug resistance. Ampicillin (Amp®) and ampicillin/tetracycline
(AmpRTeR) resistance was easily transferred by conjugation, and all isolates except two possessed a common band. The molecu-
lar mass of the plasmid carrying ampicillin resistance was approximately determined at 41kb after DNA digestion with BamHI,
Hindlll, EcoRl, EcoRV and Pstl restriction enzymes and ligation of EcoRI fragments to pET29c. For the detection of TEM-1
or/and TEM-2 B-lactamases, two pairs of primers were used in a polymerase chain reaction (PCR). The PCR products showed
the presence of bla,,,  gene in all isolates. The presence of SodCl, sopE, sef4 genes was also examined by PCR. Twenty-two
(62,8%) isolates carried the sodCI gene, thirty-four (97,2%) isolates carried the sopE gene and all isolates carried the sef4 fim-
brial locus.
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Mepitnyn. H mapovoa epyacia eiye wg 6tdx0 va tpocdiopicet v aviifoaviektikotnta otekexmv Salmonella enteric serotype
Enteritidis (SE) opvifelog mpoéhevong, vo pHeletioel TNV TAOCHOI0-EE0PTAONUEVT] AVOEKTIKOTNTA GTNV OUTIKIAALIYY KO VO TPOG-
dopicel v katavoun HETaED TV oTEleX®@V TmV Yovidiov sodCI, sopE ko sefd. Tpidvta névie SE otedéyn mov amopovdon-
Kav oo veoooovg nAkiog piog nuépag, amd 6pvifec moToking Kol KPEomapaymyng LeEAETONKAY ©G Tpog TV avBekTikdTNTO/
evatoncio oe dekaéél avtifrotikd. Eikoot tpia oteléyn (65,7%) eppdvicov avlektikdtnta oty aumkiAiivn, névte otehéym
(14,3%) oV apmkiAAivn Kot TV TETPaKLKALVN, Téooepa otehéyn (11,45%) oty tetpaxvkiiv kot £va (2.9%) epupdvice ToAv-
avOextikotnTa. H avBektikomnta oty apmikiAdivi (AmpR) kot 1o cuvdvacpd oumikidlivig/tetpakvkhivig (AmpRTer) petapép-
Onke evoAa pe T o0Levén o€ Oha Ta oTEAEYN TO omoio — pe e€aipeom dV0- eppavicay pia kown mAacdiokn {ovn. H poplaxn
pélo tov TAacdiov Tov £Pepe TO YOVISLo avOEKTIKOTNTAG 0TIV QUTIKIAAIVY TTpocdiopiotnke ota 41kbuetd amd méyn tov DNA
pe ta évlopa meplopiopov BamHI, Hindlll, EcoRl, EcoRV ko Pstl. H eradnBgvom tov peyébouvc g poprokng palog éywve pe
v emideon (ligation) oto mAacpido pET29¢, tov tunpdtov DNA ta onoia mpoékvyov petd omd méyn pe 1o EvEupo meplopt-
opo¥ EcoRlL T'a v aviyvevon tov TEM-1 f/kor TEM-2 B-loxtoapocdv, ypnoyonotnkay dbo eEetdikevpéva Cevyn ekkivn-
TV pe T PEB0do ¢ alvcdwtg avtidpaong g moivpepdong (PCR). Ta mpoidvta tng PCR &dei&av v mapovsia tov yovidiov
bla oe Oha ta oteréyn. EAéyyOnke emiong n mopovcia twv yovidiov of SodCl, sopE, sefA pe eEE1OIKELIEVOVG EKKIVITEG TNG

TEM-1

PCR. Eikoot 600 (62,8%) otedéyn €pepav to yovidwo sodCl, tpibvta tpia (97,2%) 10 yovidio sopE Kor OAa Ta GTEAEXN NTOV

popeig Tov yovidiov sefA.

Aéeig evpernpiaong: S.enteritidis, avilvon Thacudiov, yovidwo sodCl, sopE, sefA genes, bla

INTRODUCTION

almonella enterica serotype Enteritidis (SE) is
S one of the two most frequent etiological agents of
human foodborne salmonellosis. Contaminated poul-
try facilities is the main vehicle of SE, ranging from
29% to 34% of all Salmonella infections (Sarna et
al. 2002, CDSC 2004; Altekruse et al., 2006; Braden,
2006; Jain and Chen, 2006; Linam and Gerber, 2007;
CDC 2013; Henriques et al., 2013).

Most SE isolates harbour serovar-associated fac-
tors as the virulence, the fibrial and the antibiotic
resistance genes (Lu et al., 1999; Angu-Kiigiiker et
al., 2000; Bakshi et al., 2003). Virulence genes
encode products that assist organisms to express
the virulence in the host cells. Some genes as Sod
and Sop are associated with the survival in the host
system or in the actual manifestation of pathogenic
processes and others as Sef genes, are involved in
adhesion and invasion (Murugkar et al., 2003). As
for Sef genes, the sef14 fimbriae operon contains
four structure genes (sefABCD) required for the
translocation and biogenesis and the sef4 gene,
encodes the main subunit of the SEF14 fimbrial
protein in SE (Turcotte and Woodward, 1993; Lopes
et al., 2006; Zhu et al., 2010). Virulent serovars
of S. enterica possess two different periplasmic
[Cu, Zn] superoxide dismutases, the SodCI and the

TEM-1° Kol blaTEM—Z

SodCII. The SodCI dismutase, encoded by SodCI
gene, seems to be of higher importance as it is
involved in the defence against oxidative stress, to
which SE is exposed when residing intracellular-
ily in macrophages or neutrophils. SopE is a SPI-
1-dependent translocated protein that modulates
host cell RhoGTPase function. It is located on a
cryptic A-like phage in serotypes Enteritidis, Dublin,
Hadar and Gallinarum (Hopkins and Threfall, 2004).
Although not studied in such a detail, sodCI gene
has been reported to be highly associated to the
virulence activity of SE strains, while sopE gene is
relatively randomly distributed among S. enterica
serovars (Karasova et al., 2009).

Antibiotics are used in livestock, including
chickens, to treat or prevent disease and to promote
growth. The correlation between the use of antibiot-
ics and the emergence of resistance has been docu-
mented. Moreover, the increasing rate of antibiotic
resistance has been reported from 1993 (Threfall
et al., 1993) until recently (Smith et al., 2002;
Maripandi and Al-Salamah, 2010; Melendez et al.,
2010). A variety of antibiotics such as ampicillins,
tetracyclines, sulfonamides and streptomycin, have
been used for the treatment of salmonellosis lead-
ing to the emergence of resistant or multi-resistant
strains (Glynn et al., 1998; Metzer et al., 1998; Buyd
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et al., 2002; Snow et al., 2007; Yang et al. 2002). The
resistance genes involved in Salmonella strains are
usually plasmid encoded and they can be transmit-
ted to other bacteria (Foley and Lynne, 2008). These
conjugative plasmids have a high molecular weight
and as they can disseminate genetic information
within cells and species, are of great significance
(Rychlik et al., 2006).

In Greece, the most detailed data about antibi-
otic resistance in humans have been published from
‘80s to ‘90s. The frequency of resistance SE isolates,
started from a low level (7.9%) in 1987, increased
to 30.4% in 1991 and reached a plateau or even
decreased in 1997 (Vatopoulos et al., 1994; Tassios
et al., 1997; Tassios at al., 1999; Markogiannakis
et al., 2000). In 1998, Arvatitidou et al., found that
chicken carcasses from the hospitals in Thessaloniki
were contaminated by SE strains at a frequency up
to 69% while the same period the ampicillin resist-
ant isolates from poultry, were found up to 91.6%.
The majority of the SE resistant isolates of poultry
origin, were resistant to ampicillin or/and tetracy-
cline (Zdragas, 2001). Similar high prevalence of
ampicillin resistant SE isolates from poultry have
been reported from many countries in Europe such
as France (Llanes et al., 1999), the U.K. (Yates and
Amyes, 2005; Papadopoulou et al., 2009), or world-
wide as in Korea (Suh and Song, 2006) Pakistan
(Mirmomeni et al., 2007) and Tynisia (Abbassi-
Ghossi et al., 2011).

The aim of the present work was to examine the
antibiotical resistance of the SE isolates from poultry,
to study the plasmid-mediated ampicillin resistance
and to detect and determine the distribution of sodClI,
sopE and sefA genes.

MATERIALS AND METHODS
Bacterial strains

Thirty-five SE isolates obtained from one-day
old chicks with high or low mortality ratio, from
layers with sporadic egg-peritonitis and from clini-
cally healthy broilers by random sampling in slaugh-
ter-houses (G1 Group) or from healthy meat producer
broilers, randomly selected from thirty flocks (Group
2). For the selective enrichment of all strains, the

modified Rappaport-Vassiliadis broth was used (Vas-
siliadis, 1983). Isolation of the SE strains was per-
formed according to ISO 6579-2002. Isolated strains
were identified biochemically and checked serologi-
cally by Polyo A-S (Prolab) antiserum.

Antimicrobial resistance testing

Routine screening for antibiotic susceptibility
was performed using Mueller—Hinton agar (Biorad-
Marnes-la-Coquette. France) and the disk diffusion
method according to the current recommendations of
the CLSI (2009), against:Enrofloxacin (ENR), Tet-
racycline (TE) 30ug, Trimethroprim Sulphamethox-
azole (SXT) 1,25/23,75ug, Erythromycin (E) 30ug,
Cephalothin(CEF) 30pg, Nalidixic Acid (NA) 30pg,
Kanamycin (K) 30pg, Ampicillin (AM) 10pg, Strep-
tomycin (S) 10ug, Floumequin (UB) 30ug, Apramy-
cin (APR) 30pg, Amoxycillin (AMX) 30pg, Ceftri-
axone (CRO) 30ug, Neomycin (N) 30ui, Gentamicin
(GM) 10pg, Penicillin (P) 10ui. Minimal Inhibitory
Concentration (MIC) was performed to resistant
strains according to the current recommendations of
the Clinical Laboratory and Standards Institute (CLSI,
2009) in a series of twofold antibiotic concentrations
in Brain Heart Infusion Broth (Scharlau).

Conjugation

SE isolates, E. coli N99 and TOP10F" recipient
cells were grown in LB broth to logarithmic phase.
Conjugation experiments were carried out in Brain
Heart Infusion (BHI) broth by the filter method (Ekat-
eriniadou et al., 1994) at a 1:10 donor/recipient ratio.
In E. coli TOP10F" cells culture, 50pg/ml S was add-
ed. Transconjugants were selected on MacConkey
agar containing 50pg/ml AM or 50pg/ml AM + 30ug/
ml TE, after 24-48h incubation at 37°C. The trans-
fer frequency was expressed as the number of the
transconjugant colonies per donor colony.

Plasmid isolation

Single colonies of the donors and the transcon-
jugants were transferred in 70 ml of BHI and LB
broth respectively with 50ug/ml AM or 50ug/ml AM
+ 30pg/ml TE and were incubated overnight. Plas-
mid DNA was extracted by the Concert™ High Puri-
ty — Plasmid Midiprep System kit (Life Technologies,
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GibcoBRL). The isolated DNA was electrophoresed in
0.7% agarose gels at 70 V for 6 h or in 0.7% agarose
gels at 90 V for 4 h, stained with ethidium bromide, and
analyzed under UV illumination by the TEX-20M (Life
Technologies, GibcoBRL) system (Balis et al., 1996).

Plasmid analysis by Restriction Fragment Length
Polymorphism - RFLP

The approximate moleculat mass of the plasmid
was determined by RFLP analysis and confirmed by
ligation. Plasmid DNA from ten SE AMR isolates was
digested with BamHI, EcoRl, Hindlll, EcoRV and
Pstl (Brown et al., 1993; Llanes et al., 1999). DNA
fragments were subjected to electrophoresis in 1%
w/v agarose gel with (L) Hindlll and 1Kb DNA ladder
as markers. Restriction endouneclease analysis was
repeated three times for EcoRV and EcoRI to better
determine the plasmid molecular mass. To confirm the
estimated plasmid molecular mass, the EcoRI frag-
ments of the AMR plasmid DNA, at a concentration
of 120 fmol each, were ligated to 30 fmol of plasmid
pET29c (Invitrogen) previously digested with EcoRI.
In all reactions, 1 Unit of T4 DNA ligase (TAKARA
BIO Inc) was used. After 16h incubation at 15°C, the
product was transformed to E. coli competent cells
(Sambrook and Russell, 2001).

Detection of bla_,  and bla . ,genes

The presence of bla_,,  and bla.,, , genes was
examined by PCR. Oligonucleotide primers were
used to amplify a 291-bp fragment for the bla,,
,gene and a 489-bp fragment for the bla ., , gene
(Table 1). Amplification reaction mixtures were
prepared at a final volume of 25 pl containing 1x
PCR Taq Polymerase Buffer (Invitrogen), 2.5 mmol
MgCI2 (Invitrogen), 0.2 mmoldNTPs, 1 umol of
each primer, 100 ng of genomic DNA and 1.5 U
of Taq polymerase (Invitrogen). The temperature
cycling for amplification was performed in a PTC-
200 Peltier Thermal Cycler (MJ Research) as fol-
lows: initial denaturation 95°C for 5 min followed
by 30 cycles at 95°C for 1 min denaturation, 48°C for
30sec annealing, 72°C for 30sec extension and 5 min
final extension at 72°C. The resulting amplification
products were separated by the electrophoresis in
1.5% w/v agarose gel, stained with ethidium bromide
and visualized under UV light.

Identification of sodCI, sopE and sefA genes

The presence of plasmid-mediated virulence
genes was examined by PCR. Oligonucleotide prim-
ers were used to amplify a 912-bp fragment for the
sodClI gene, a 722-bp fragment for the sopE gene and
a 498-bp fragment for the sef4 fimbrial locus (Table

Table 1. Primers used in PCR for the detection of sodCI, sopE, sefA, blaTEM1, blaTEM1/2 B-lactamases genes in S. enteritidis

Primer [arget gene Seguence 5 Amphified
. Frugment Size (bp)

WILF CTTGCAAACATATACCTGE D12

VILIR sod ! GACTATOCTGAATGCTTA

WIL2F TCAGLGAGTOTTTTUOTATATATITA 722

WL2R .'.u.':-."'.'“'r OTOUACAAAAATAACTT TATCTOLCC

VL3F ATGCGTAAATCAGCATCTGCAGTAG 498

VL3R vl o PIA T TG ATA UG Ol AAD LA

TEMIF GOA COA OGTG GOGT TAC ATC GA 291

TEMIR il _~_|;|"' GOT CCT COG ATC GTT GTC AG

TEMI/2F GAG TACT CA CCA GTC ACA GAA AAC 489

TEMIZR  blamas . TTAGTTTTGATACTGCTGAACGTAG
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Table2. Antibiotic resistance of S. enteritidis strains

a/a Isolates Antibiogramme M.I1LC.

Group 1*

3, 4, 6, K 16E, AM Slpe'ml AM

17/E. 358, 162
2. 9, 0x, 334, 32,34, AM 100pg ml AM
3. 10, 11E, 162, %;5,  AM/TE SOpg/ml AM, 30pg/mITE
4. x/15 AM/TE 100pz/ml AM, 30ug/mITE
3 197, 4x, 29, 294 TE 30puegmITE
. 35 AMMGMASXTTE AMAMMOGM/SXT/TE
7. 146, 371 Sensitive (blank))

Ciroup 2%
l. 105 - 100G A hpgml AM

* Trirty-five isolates from one-day old chicks with a high mortality ratio, one-day old chicks with a low mortality ratio, layers with spo-
radic egg-peritonitis and clinically healthy broilers by random sampling in slaughter-houses.
**Ten isolates from thirty flocks with healthy meat producer broilers, randomly selected.

1). Amplification reaction mixtures were prepared
at a final volume of 25 pl containing 1x PCR Taq
Polymerase Buffer (Invitrogen), 2.5 mmol MgCI2
(Invitrogen), 0.2 mmoldNTPs, 1 pmol of each prim-
er, 100 ng of genomic DNA and 2.5 U of Taq poly-
merase (Invitrogen). The temperature cycling for
amplification was performed in a PTC-200 Peltier
Thermal Cycler (MJ Research) as follows: initial
denaturation 95°C for 5 min followed by 30 cycles at
95°C for 1 min denaturation, 58°C for 40sec anneal-
ing, 72°C for 40sec extension and 5 min final exten-
sion at 72°C. The resulting amplification products
were separated by the electrophoresis in 1.5% w/v
agarose gel, stained with ethidium bromide and visu-
alized under UV light.

RESULTS

All the thirty-five isolates of current study
were identified serologically and biochemical-
ly as Salmonella enteric serotype Enteritidis (SE).
Thirteen to twenty-five isolates of G1 group (52%)
were resistant to ampicillin, five isolates (20%) to

ampicillin and tetracycline, four isolates (16%) to
tetracycline, one isolate (4%) appeared multi-drug
resistance and two isolates (8%) were susceptible.
All ten isolates (100%) from G2 group were resistant
to ampicillin (results are shown in Table 2). It is also
significant that six of the twenty-five (17.1%) SE
isolates from the G1 group carried resistance to more
than one antimicrobial.

From the MIC test it was pointed out that resis-
tance to ampicillin was five or ten times higher than
the disk concentration (50pg/ml or 100pg/ml instead
of 10pg/ml). Ampicillin or ampicillin/tetracycline
resistance was transferred to E. coli N99 and E. coli

SE4SE 10 SEX,S, Sel62
AMR  AMRTER AMRTER

SE 17/E SEIA
AMR

AMFRTER AMR

Figurel. Analysis of antimicrobial resistance plasmidDNA
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Figure 2a. Plasmid DNA from SE AMRafter treatment with
EcoRV, EcoRI restriction enzymes. Lane 1:A/HindIIl DNA, lane
2: uncut pDNA, lanes 3-6: digestion with EcoRV, EcoRI, EcoR1,
EcoR1, respectively

TOP10F" recipients at a frequency from 1x10*up to
2.5x107. DNA isolation and agarose gel electropho-
resis of both SE donors and E. coli recipients showed
that all isolates possessed a common band of the
same molecular mass. Two isolates have more than
one band (162 and 17/E Amp®Te®?). These extra bands
could be different conformations of the same plasmid.
The results are shown in Figure 1.

Plasmid analysis of the ten SE AMR isolates after
endonuclease digestion with BamHI showed three
bands, with HindlIl two bands, with EcoRI seven
bands, with EcoRV thirteen bands and with PstI one
band. Plasmid DNA from the same isolates was also
digested with BamHI1, EcoRl, Hindlll, EcoRV and
Pstl after ligation to compare the plasmid molecu-
lar mass. The results of the digestion are shown in
Figures 2a and 2b. The restriction endonuclease anal-
ysis revealed that ampicillin resistance was encoded
by a 41 kb plasmid in all isolates.

Identification of the obla .,  and bla ., . genes
associated with resistance to ampicillines was accom-
plished using PCR. Only bla_,,  gene was detected in
all isolates.

As for the sodCl, sopE and sef4 genes, twenty-two
(62.8%) isolates harboured the sodCI gene and among
them fourteen (40%) belonged to the G1 group and
eight (22.8%) to the G2 group. Thirty-four (97.2%)
isolates carried the sopE gene and among them twen-
ty-four (68.6%) belonged to G1 group and ten (28.6%)
to the G2 group. All isolates carried the sefA4 gene.

R G B O Sy
MDD OOk
T

[
[=]
1

=2
wn

Figure 2b.Analysis of plasmid DNA after treatment with BamHI,
Pstl, EcoRI and HindIII restriction enzymes. Lanes 1 and 7: 1Kb
DNA Ladder, lane 2: uncut pDNA, lanes 3-6: digestion with
BamHI, Pstl, EcoRI and HindIII, respectively.

DISCUSSION

Animals are the consumers of almost half of
Europe’s production of antimicrobials. The preva-
lence of S. Enteritidis (SE) strains in poultry farming
has as a result the appearance of this serotype in
human food chain (Altekruse et al., 2006). The most
recent data in European Union(www.efsa.europa.eu/
en/efsajournal/2597.pdf) indicate that S. Enteritidis
(SE) is the most frequent serovar observed in con-
firmed human salmonellosis. In Greece, Arvanitidou
et al, (1998) reported SE as the predominant sero-
type. Past decade, the most common Salmonella
serotypes, from broiler flocks in EU were Enteritidis,
Infantis, Mbandaka, Typhimurium and Hadar (van
de Giessen et al., 2006; www.efsa.europa.eu/en/
efsajournal/2597.pdf). In the United States, during
the Surveillance for Foodborne Disease Outbreaks
2009-2010, among the 225 confirmed Salmonella
outbreaks with a serotype reported, Enteritidis was
the most common serotype with 76 outbreaks (34%).
In parallel with the increased gastroenteritis cases in
humans of high-risk groups, the problem of the resis-
tance to antibiotics has raised.

This study describes phenotypic and genotypic
characteristics of thirty five isolates. All isolates were
identified as Salmonella enterica serotype Enteritidis
(SE). The results from the antibiotic resistance tests
were similar to earlier studies in Greece (Balis et
al., 1996,; lordanidis and Georgopoulou, 1998;
Vatopoulos et al., 1994) and in other countries (Dogru
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et al., 2010; Hur et al. 2011). It is remarkable that
ampicillin resistant SE strains were also isolated from
healthy broilers. S. Enteritidis was one of the predomi-
nant serotypes carrying tetracycline and ampicillin
resistance in Zdragas et al., (2012). Although healthy
carriers of ampicillin resistant SE isolates transfer the
resistance to other animals and they could contribute to
the resistance transfer from animals to humans being a
threat still their role is not absolutely clarified.

The restriction endonuclease analysis revealed
that ampicillin resistance was encoded by a ca. 41 kb
plasmid in all isolates while earlier studies showed
that the ampicillin resistance has been correlated to
plasmids with a molecular mass varying from 54.44
kb to 160 kb (Balis et al., 1996; Vatopoulos et al.,
1994).The last ten years some studies — especially in
Europe, resulted that while human and poultry strains
possess many common structural features, they rep-
resent two distinct populations (Suh et al. 2006).
This hypothesis seems to be enhanced from the fact
that antibiotic resistance is transferred from plasmids
with different molecular mass depending on the ori-
gin (human or animal). In Southern Italy, where SE
isolates resistant to ampicillin and ampicillin/tetracy-
cline have been found at a high frequency, the molec-
ular mass of the isolated plasmid DNAs were esti-
mated to be from 40kb to 128kb (Nastazi et al., 2000;
Villa et al., 2002). In Taiwan, the size of the isolated
plasmids ranged from 3.6 to 100 kb including a plas-
mid of 36kb (Chu et al., 2009). Present findings from
India revealed that SE isolates possessed more than
one plasmid. The plasmids size ranged between 0.43
and 115 MDa (Maripandi and Al-Salamah, 2010).

In Iran, six different plasmid patterns were detect-
ed among 49 isolates and a 68-kb plasmid w as found
in 98% of isolates (Morshed and Peighambari, 2010).
The fact that in Greece also,there are plasmids of dif-
ferent molecular mass is probably a first indication
that human and poultry strains possess plasmids of
two distinct populations.

The distribution of virulence factors used by
Salmonella to induce enteropathogenesis has not
been fully explored. Although all the serovars of S.
enterica are considered as potentially pathogenic,
the fact that there are significant differences between
virulence genes, even among the isolates of the same

serovar, makes more crucial to obtain as much data
as we can. The sodCI gene appears to be functionally
important as it is carried by selected strains belong-
ing to some of the most highly pathogenic serotypes
(Fang et al., 1999). Many investigations have demon-
strated the contribution of the gene to the ability of
Salmonella to cause disease in the host. It has been
showed that the differences in their virulence are
associated to the presence or absence of sodCI gene;
a number of mutations in thegene confer different
reductions in virulence for mice. The presence of
sodCI gene in the genome of SE may influence its
persistence in poultry flocks (Karasova et al., 2009).

The sopE gene, it has been detected in different
phage types of SE and that may contribute for the ex-
pression of Salmonella invasion by stimulating mem-
brane ruffling; it has been found to be encoded by a
temperate phage. The presence of sopE gene has been
associated with many Sa/monella species such as S. #y-
phimurium, S.typhi, S.enteritidis, S.dublin, S.hadar, S.
gallinarum and it is associated with epidemic disease in
both humans and animals (Hopkins and Threlfall, 2004;
Rahman et al., 2004; Smith et al., 2010; Dione et al.,
2011). In present study the great majority of the isolates
(34/36 or 97.2%) harbored the sopE gene.

As for the SEF14 fimbriae, although they have not
a demonstrable role in the pathogenesis or virulence
of SE, may be important in the attachment to the host
epithelium in the early stages of infection (Ogunniyim
et al., 1997). In our study, all isolates carried the sef4
fimbrial locus giving probably higher abilities to the
attachment to the host epithelium.

CONCLUDING REMARKS

In our study the prevalence and combinations of
SE antimicrobial resistance were determined in iso-
lates from chickens, which contribute the majority
of food-borne salmonellosis found in humans. From
the thirty-five isolates of the current study, thirty three
(94.3%) appeared resistance to antimicrobials and
from them twenty nine (82.9%) to ampicillin while ten
(28.6%) to streptomycin.

Plasmid DNA of poultry origin carrying ampicillin
resistance was identified and analyzed for the first time
in Greece. DNA analysis showed one band, common
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in all isolates, possessing the antimicrobial resistance
genes. The plasmid isolation, ligation and RFLP anal-
ysis, revealed that the ampicillin resistance is encoded
by a ca. 41 kb plasmid in all isolates. The fact that
from poultry and human strains identified plasmids
of different molecular mass possibly indicates that
in Greece, the above strains possess plasmids of two
distinct populations. Moreover, according to recent
unpublished data the prevalence of the AMR isolates

is gradually reducing due to the limited use of this an-
tibiotic in poultry industry, resulting to the improve-
ment of current situation.

The possession of virulence-associated genes in
these SE isolates and especially in the isolates from
the healthy broilers, suggests that they could cause se-
rious disease and give rise to public health problems if
they were dispersed in the human population..
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