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Recently, multiresistant Salmonella enterica serovar 
1,4,[5],12:i:-, a monophasic variant of S. Typhimurium 
(1,4,[5],12:i:1,2) emerged, and is now among the most 
common serovars isolated from humans in many coun-
tries. In Greece, monophasic Typhimurium which was 
recorded for the first time in human isolates in 2007 
(0.3% of total isolates), increased sharply thereafter, 
and since 2009 is the third most frequent serovar. In 
the present study, 119 S. enterica 1,4,[5],12:i:- strains 
of human, animal and food origin, isolated during 
the period between 2006 and 2011, were examined. 
Strains verified as monophasic Typhimurium variants 
by polymerase chain reaction (PCR) (97 strains), were 
further characterised by phenotypic (antibiotic resist-
ance and phage typing) and molecular (pulsed-field 
gel electrophoresis – PFGE) methods. The results indi-
cate that multiple clones of multiresistant monopha-
sic Typhimurium are circulating in Greece. The most 
frequently encountered clone in humans and pigs was 
that of phage type DT120, R-type ASSuTSpTm and PFGE 
profile STYMXB.0010, while in poultry other clones 
were detected. The data indicate that pigs may be a 
reservoir of this clone in Greece.

Introduction
Salmonella enterica serovars Enteritidis and 
Typhimurium have been reported to be the most com-
mon causes of human salmonellosis worldwide [1,2]. 
S. enterica serovar 1,4,[5],12:i:- is considered to be a 
monophasic variant of Typhimurium due to antigenic 
and genotypic similarities between the two serovars 
[3,4]. Recently, the number of cases infected with mul-
tiresistant S. enterica serovar 1,4,[5],12:i:- increased 
and, although it is difficult to monitor trends of 
monophasic strains because of the inconsistent way 
reported by different countries and organisations 
internationally, it is now considered to be among the 
ten most common serovars isolated from humans in 
many countries in Europe [5] and the United States of 
America (US) [2].

The European Food and Safety Authority (EFSA) pro-
poses the use of polymerase chain reaction (PCR) to 
confirm S. Typhimurium monophasic variants, and also 
to discriminate from the other serovars that share the 
same somatic and flagellar (phase 1) antigens [5].

It is not as yet clear if infections caused by  
S. Typhimurium and S. enterica serovar 1,4,[5],12:i:- 
strains differ in severity, even though studies so far 
indicate that both serovars present similar virulence 
mechanisms [6-9].

Several studies [9,10] indicate that certain S. enterica 
monophasic Typhimurium isolates belong to multiple 
clones or clonal lines, which have emerged through 
independent deletion events, and can be further dif-
ferentiated only by highly sensitive molecular methods 
(e.g. multilocus variable-number tandem repeat analy-
sis (MLVA) and DNA microarray analysis).

Many studies support the hypothesis that pigs may 
be the reservoir of this serovar [6,11]. In the European 
Union (EU) wide baseline survey of slaughter pigs car-
ried out in the period between 2006 and 2007 [12], 
serovar 1,4,[5],12:i:- ranked fourth in frequency in the 
pig lymph nodes, with an isolation rate of 4.9% in the 
EU.

Several foodborne outbreaks caused by this monopha-
sic serovar have been reported, mainly due to contami-
nation of pig products, e.g. in Luxembourg in 2006 [13] 
and France in 2010 [14], where pork meat and dried 
pork sausage were the suspected vehicles, respec-
tively. Recently, other food vehicles were involved 
in outbreaks; a multistate outbreak was recorded in 
the US in 2011 linked to the consumption of contami-
nated alfalfa sprouts [15]. In Denmark an outbreak was 
reported in August 2012 due to beef [16]. 

In Greece S. enterica serovar 1,4,[5],12:i:- was first 
recorded from humans in 2007, accounting for only 
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0.3% of human cases of salmonellosis; its rate of 
isolation increased sharply thereafter, ranking third 
in frequency since 2009 [17]. In an EFSA report for 
the EU-wide baseline survey on the prevalence of 
Salmonella in slaughter pigs, the ‘top five’ serovars in 
Greece were S. Typhimurium, S. Derby, S. Thompson, 
S. Bredeney, S. Enteritidis, with S. serovar 1,4,[5],12:i:- 
accounting for the 2.7% of the isolates [12]. However, 
if all isolates gathered during the study are consid-
ered (including those that did not meet certain crite-
ria as assessed by EFSA) the ‘top five’ serovars were 
S. Typhimurium, S. serovar 1,4,[5],12:i:-, S. Derby, S. 
Kottbus, and S. Bredeney [18].

In this study, we present the results of the pheno-
typic and molecular characterisation of S. serovar 
1,4,[5],12:i:- strains, of human, food and animal origin 
isolated in Greece since 2006, with respect to their 
antimicrobial susceptibility profile, phage type and 
DNA fingerprinting using the pulsed-field gel electro-
phoresis (PFGE) method. 

Methods

Human isolates
Human salmonellosis is a mandatory notifiable dis-
ease in Greece. All cases diagnosed by clinical and 
diagnostic laboratories must be notified to the Hellenic 
Centre for Disease Control and Prevention (HCDCP), 
which manages the surveillance of infectious dis-
eases in Greece; Salmonella isolates are forwarded on 
voluntary basis to the National Reference Centre for 
Salmonella (NRCS) for serotyping and antimicrobial 

susceptibility testing. NRCS has been accredited by 
the National Accreditation Board (ESYD). Molecular 
typing is performed in outbreak investigations and 
epidemiological studies. During the period from 2006 
to 2011, NRCS received 2,995 clinical isolates from 77 
clinical microbiology laboratories (64 hospitals and 
13 diagnostic laboratories). Surveillance data (patient 
information, specimen source, travel history, sporadic 
case/outbreak) were reported. During this period, 70 
isolates were serotyped as Salmonella enterica serovar 
1,4,[5]:i:- and were included in the study (Table 1).

Food and veterinary isolates
The National Reference Laboratory for Salmonella in 
Animals (NRL-Vet) receives strains isolated during offi-
cial monitoring programmes carried out by the Hellenic 
Food Authority [19], food and feed business operators’ 
control programmes, EU baseline studies, national 
control programmes and also veterinary isolates. NRL-
Vet has been accredited by the National Accreditation 
Board (ESYD). Between 2006 and 2011 a total of 1,660 
isolates, 577 from foodstuff and 1,083 from livestock, 
were submitted to NRL-Vet for serotyping; Salmonella 
enterica serovar 1,4,[5]:i:- accounted for 20 isolates 
from food of Greek origin and 29 isolates from animals, 
all included in the study (Table 1).

Strain characterisation
Serotyping of Salmonella spp. isolates was performed 
for the identification of somatic antigen O and flagel-
lar antigens H (phase 1 and 2) by the slide agglutina-
tion method according to the White-Kaufmann–Le 
Minor Scheme [20]. To confirm that strains serotyped 
as S. serovar 1,4,[5]:i:- were S. Typhimurium monopha-
sic variants, one multiplex PCR assay was applied to 
detect the presence of a specific for S. Typhimurium 
IS200 fragment, and the phase 2 (fljB) flagellar antigen 
gene, as described by Tennant et al. [21]. 

Susceptibility testing was performed by the agar disk 
diffusion method (Kirby-Bauer) according to the pro-
tocols and guidelines of the Clinical and Laboratory 
Standard Institute (CLSI) [22]. The following antibiotics 
(Biorad) were tested: ampicillin (A), amoxicillin-clavu-
lanic acid, ceftazidime, ciprofloxacin, chloramphenicol 
(C), ceftriaxone, kanamycin, tobramycin, netilmicin, 
nalidixic acid (Na), streptomycin (S), spectinomycin 
(Sp), sulfonamides (Su), tetracycline (T), trimethoprim 
(Tm), sulfamethoxazole-trimethoprim.

Phage typing was performed on 50 isolates, 29 of 
human, 16 of animal and five of food origin, according 
to the protocol of the former Health Protection Agency 
(HPA).

PFGE was performed after digestion of genomic 
DNA with XbaI according to the Pulse-Net protocol 
[23]. Fingerprints were analysed using GelCompar 
II v.4.1 software (Applied Maths) and submitted to 
the PulseNet Europe database for assigning profile 
names. Dendrograms were constructed using the Dice 

Table 1
Origin of Salmonella enterica serovar 1,4,[5],12:i:- strains 
included in the present study, Greece, 2006–2011 (n=119)

Year
Source of S. enterica serovar 1,4,[5],12:i:- isolates 

Human
N

Animal 
N (type)

Food 
N (type)

2006 0 1 (pig)a 0

2007 2 15 (pig)a 2 (chicken meat)

2008 5 0 4 (beef, chicken, pork 
meat)

2009 18 2 (poultry) 2 (pork cold meat)

2010 20 2 (poultry, 
cattle)

8 (pork cold meat, pork 
souvlaki, beef ground 
meat, bivalve mollusc 

– shellfish)

2011 25 9 (poultry) 4 (beef, lamb ground meat)

Total 70 29 20

a Porcine lymph nodes, isolated and serotyped during the 
European Union monitoring study in 2006–2007 on the 
prevalence of Salmonella in slaughter pigs, from various regions 
in Greece [12,18].
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Table 2
Salmonella Enteritidis, Typhimurium and monophasic Typimurium human isolates, Greece, 2006–2011 (n=2,995)

S. enterica 
serovars

2006 2007 2008 2009 2010 2011 Total
n (%)n (%) Rank n (%) Rank n (%) Rank n (%) Rank n (%) Rank n (%) Rank

Enteritidis 407 (58) 1 353 (56) 1 378 (63) 1 208 (51) 1 73 (30) 1 130 (31) 1 1,549 (52)

Typhimuriuma 87 (12) 2 68 (11) 2 40 (7) 2 39 (10) 2 55 (23) 2 86 (21) 2 375 (13)

Monophasic 
Typhimuriumb 0 NA 2 (0) 16 5 (1) 10 18 (4) 3 11 (5) 3 17 (4) 3 53 (2)

All others 203 (29) NA 210 (33) NA 176 (29) NA 144 (35) NA 102 (42) NA 183 (44) NA 1,018 (34)

Total n (%)c 697 (99)c 633 (100)c 599 (100)c 409 (100)c 241 (100)c 416 (100)c 2,995 (101)c

NA: not applicable.
The rank represents the classification of a serovar in terms of its relative frequency compared to all other serovars identified in human 

isolates in Greece.

a  Excluding monophasic variants.
b  After confirmation by polymerase chain reaction.
c Due to rounding, the sum of the percentages in a given category does not always equal to 100.

Figure 1
Differentiation of monophasic and biphasic Salmonella Typhimurium 1,4,5,[12]:i from other H:i serovars by polymerase 
chain reaction

 
 
 
1,389 bp Phase 2 (fljB) flagellar gene 
 
1,000 bp fliB-fliA intergenic region including IS200 fragment 
 
 
 
 
 
250 bp fliB-fliA intergenic region lacking IS200 fragment 
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similarity coefficient and the unweighted pair group 
method with arithmetic averages (UPGMA), with opti-
misation and position tolerance set at 0.5% and 1.5%, 
respectively. 

Results
Total Salmonella isolates and percentages of the most 
frequent serovars, S. Typhimurium and S. Enteritidis, 
along with monophasic Typhimurium variants, from 
2006 to 2011, are presented in Table 2. Total Salmonella 
isolates decreased by 40% (281/697) from 2006 (697 
isolates) to 2011 (416 isolates). The frequency of S. 
Enteritidis decreased by 47% during the six-year period 
studied, from 58% (407/697) of all isolates in 2006 to 
31% (130/416) in 2011. On the contrary, S. Typhimurium 
frequency (excluding monophasic variants) increased 
by 9%, from 12% (87/697) in 2006 to 21% (86/416) in 
2011. Since 2007, when monophasic Typhimurium vari-
ants were first isolated from humans in Greece (2 iso-
lates), their number increased almost ten times in 2011 

(17 isolates), ranking third in frequency since 2009 
(>4% of total isolates). 

From a total of 119 isolates (70 of human, 29 of animal 
and 20 of food origin) (Table 1) serotyped as mono-
phasic S. 1,4,[5],12:i:-, 97 (53 of human, 26 of animal 
and 18 of food origin), or 82%, were confirmed by the 
PCR assays as S. Typhimurium monophasic variants. 
The remaining of the 119 isolates included 18 (16 of 
human, 1 of food and 1 of animal origin) classified as 
S. Typhimurium and four (1 of human, 1 of food and 2 of 
animal origin) characterised as biphasic serovars but 
not Typhimurium (positive for the phase 2 (fljB) flagel-
lar gene, but negative for the 1,000 bp IS200 fragment) 
(Figure 1). 

Concerning the resistance of the 97 monophasic 
Typhimurium isolates to selected antibiotics, although 
several multiresistant patterns were observed (Table 
3), the ASSuTSpTm pattern predominated (54/97, 56%), 
when all sources were considered together. The ASSuT 

Table 3
Salmonella monophasic Typhimurium resistance-types and corresponding pulsed-field gel electrophoresis profiles and phage 
types, Greece, 2006–2011 (n=97)

Resistance types Pulsed-field gel electrophoresis profiles Phage typesa

Resistance-type n (%) Origin STYMXB n (%) Origin Phage type n (%)a Origin

ASSuTSpTm 54 (56) 1C, 5F, 30H, 
11PG, 7PL

0010 39 (40) 4F, 23H, 
11PG, 1PL

DT120 24 (48) 1F, 13H, 10 
PG 

DT193 2 (4) 1H, 1PG

DT97 1 (2) 1F

0079 9 (9) 1F, 3H, 5PL NT NA NA

0131 3 (3) 2H, 1PL DT120 2 (4) 2H

Other 3 (3) 1C, 2H, UTb 2 (4) 2H

ASSuT 22 (23) 7F, 10H, 
3PG, 2PL

0010 4 (4) 2F, 2PG DT 193 3 (6) 1F, 2PG

0079 3 (3) 1F, 1H, 1PL NT NA NA

0131 7 (7) 5H, 1PG, 1PL DT193 3 (6) 2H, 1PG

Other 8 (8) 4F, 4H DT193 2 (4) 1F, 1H

Otherc 21 (22) 6F, 13H, 2PG

0010 3 (3) 1F, 1H, 1PG
DT120 2 (4) 1F, 1H

DT193 1 (2) 1PG

0079 6 (6) 4F, 1H, 1PG

DT120 1 (2) 1PG

DT195 1 (2) 1H

UTb 1 (2) 1F

0131 5 (5) 5H DT193 1 (2) 1H

Other 7 (7) 1F, 6H
DT120 2 (4) 2H

DT7 2 (4) 2H

C: cattle; F: food; H: human; NA: not applicable; NT: not typed; PG: pig; PL: poultry; UT: untypable.
Due to rounding, the sum of the percentages in a given category does not always equal to 100.

a  Of the 97 isolates considered, only 50 were phage typed, so for the phage types the percentage is relative to a total of 50.
b  Isolates that do not react with any of the typing phages.
c  T (n=6), ACSSuSpTTm (n=4), SuSSpTm (n=4), ASSuSpTm (n=3), AT (n=1), S (n=1), AS (n=1), ASSuTTm (n=1).
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phenotype was observed in 23% (22/97) of the iso-
lates; a remaining 21% (21/97) displayed resistance to 
one to four antibiotics.

PFGE analysis identified 17 unique profiles (Figure 2). 
Seventy-nine of 97 isolates (81%) were represented 
by the three predominant profiles (STYMXB.0010, 
STYMXB.0079 and STYMXB.0131) that shared more 
than 85% similarity (Figure 2). The remaining 14 pro-
files corresponded to one to two isolates each. The 
most frequent PFGE profile was STYMXB.0010 (46/97, 
47%) (Table 4).

Phage typing of the 50 strains examined using the 
S. Typhimurium typing phages identified five differ-
ent phage types (PTs), DT120, DT193, DT7, DT195, DT97 
(Table 3). When all sources were considered together, 
the most frequently identified PTs were DT120 (31/50, 
62%) and DT193 (12/50, 24%).

Combining PFGE profile and resistance-type (R-type) 
of all isolates, the STYMXB.0010 and ASSuTSpTm clus-
ter was predominant (39/97, 40%); most of the iso-
lates of this cluster belonged to DT120 (Table 3). This 
clone, represented in humans (13 of 53 human isolates) 
and pigs (10 of 16 pig isolates), is the most frequently 

Figure 2
Pulsed-field gel electrophoresis profiles identified in isolates determined as Salmonella monophasic Typhimurium 
1,4,5,[12]:i:- (n=97) and S. biphasic Typhimurium (n=18) by polymerase chain reaction, Greece, 2006–2011 
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1,4,[5],12:i: - 

1,4,[5],12:i:  

Unnamed a 

STYMXB0151  

STYMXB0217  

STYMXB0028  

STYMXB0013  

STYMXB0202  

STYMXB0087  

STYMXB0161  

STYMXB0010  

STYMXB0010  

STYMXB0079  

Unnameda 
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STYMXB0132  
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STYMXB0131  
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(1)  H  

(8)  1F 6H 1PG  

(1)  H  

(1)  H  

(4)  H  

(1)  H  

(1)  H  

(1)  H  

(1)  H  

(46) 7F 24H 14PG 1PL  

(18) 6F 5H 1PG 6PL  

(2)  H  

(2)  H  

(1)  C  

(1)  F  

(1)  H  

(1)  F  

(1)  H  

(2)  H  

(15) 12H 1PG 2PL  

(2)  F  

(1)  H  

(1)  F  

(1)  H  

(1)  H  

Antigenic Type           PFGE profile                     
Number of 
isolates (n) Source 

C: cattle; F: food; H: human; PFGE: Pulsed-field gel electrophoresis; PG: pig; PL: poultry.

a No match to PulseNet PFGE profile names.
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occurring clone in Greece. Many other combinations 
were observed, though at very low frequencies (2–6%). 
Fifty-six percent (5/9) of the poultry isolates belonged 
to the cluster of ASSuTSpTm and STYMXB.0079.

Strains identified after PCR as biphasic Typhimurium 
presented different R-type (11 susceptible, five 
ACST(Na), and 1 T) and grouped in a PFGE cluster of 
74% similarity with that of monophasic (Figure 2); only 
one strain exhibited similar R-type and PFGE profile as 
monophasic Typhimurium (ASSuTSpTm, STYMXB.0010).

Discussion
The incidence of infections caused by different 
Salmonella serovars and subtypes associated with dif-
ferent animal sources appears to change considerably 
over time. In Greece, between 2006 and 2011, the num-
ber of human isolates submitted to NRCS decreased by 
40% and the notification rate fell by 47% [24]. Annual 
differences observed in the number of isolates are 
almost comparable to reported cases, even in 2010, 
when a sharp decrease of isolates (58%) and notifica-
tions (57%) occurred [24]. This decrease resulted from 
the proportionally fewer isolates and cases reported 
by each one of the clinical laboratories (hospitals and 
diagnostic laboratories). A decreasing trend was also 
observed for the Enteritidis serovar; the number of  
S. Enteritidis isolates decreased by 68% between 2006 
and 2011, whereas total number of S. Typhimurium, 
and other isolates were fairly consistent over time. 
Considering together S. Typhimurium and its mono-
phasic variant, their total numbers in 2010 and 2011 
approximate those of S. Enteritidis. The above data 
indicate that the reduction of the total number of iso-
lates can be attributed to the reduction of Enteritidis 
serovar. In the EU, the numbers of human salmonel-
losis confirmed cases declined from 2006 to 2010, by 
almost 40% [1,5], attributed to the marked reduction of 
S. Enteritidis cases reported in several European coun-
tries [25-28] and the successful Salmonella control pro-
grammes in fowl populations.

In the first decade of 2000, an international increase 
of the monophasic 1,4,5,[12]:i:- serovar was observed. 
This serovar appears to be ecologically success-
ful since it has spread rapidly causing numerous 
human infections in many countries [5]; so far it does 
not appear to carry such virulent mechanisms as  
S. Typhimurium DT104, a particularly virulent clonal 
subtype that emerged in the early 1990s [10,29]. In 
Greece, monophasic Typhimurium ranks third among 
all serovars in humans since 2009 and in the EU was 
the fourth most common serovar in humans in 2010 
[1]. According to our results, 18% of isolates (22/119) 
serotyped as 1,4,5,[12]:i:- were not confirmed as mono-
phasic Typhimurium variants by PCR assays. Hopkins 
et al. [10] who examined 116 Salmonella 1,4,5,[12]:i:- 
isolates by PCR from several European countries, con-
cluded that 19% were biphasic S. Typhimurium. Given 
that S. Typhimurium is included in the Commission 
regulations concerning the reduction of the prevalence 
of certain Salmonella serovars in Gallus gallus [30,31], 
and that the monophasic variant is targeted by meas-
ures to control Salmonella serovars of public health 
concern in laying hens [32], standard serotyping needs 
to be combined with PCR for the correct reporting of 
strains as Typhimurium (monophasic or biphasic) [33]. 
Moreover, the recent increase observed in monophasic 
variants of various serovars (NRCS, data not shown), 
makes the use of PCR assays necessary for epidemio-
logical surveillance of such strains. For consistency in 
reporting monophasic strains in Greece, since 2012, 
NRCS and NRL-Vet have combined serotyping with PCR 
(IS200 fragment and phase 2 (fljB) flagellar antigen 
gene detection). This will also allow the identification 
of variants of Typhimurium serovar.

In this study, multiresistant phenotype ASSuT(SpTm) 
in all sources combined, accounted for 79% (76/97) of 
monophasic isolates in Greece between 2006 and 2011. 
This phenotype, being characteristic for monopha-
sic Salmonella Typhimurium (1,4,[5],12:i), represents 
only 3.7% of S. Typhimurium human isolates in Greece 
(2006–2011) [17]. From 2007, when a multiresistant 
monophasic Typhimurium variant was first reported 
in humans, to 2011, susceptible non-monophasic 
Typhimurium isolates increased almost three times 
and penta-resistant ACSSuT – related to phage type 
DT104 – and other resistant isolates decreased pro-
portionally in Greece [17]. According to Hopkins et al. 
[10], multiresistant monophasic Typhimurium variant 
counteracted to some extent the overall decline in the 
level of resistance in serovar Typhimurium observed in 
several European countries.

According to Hopkins et al. [10] and Lucarelli et al. [34] 
a clonal group of this monophasic serovar with resist-
ance pattern ASSuT has emerged in Denmark, France, 
Germany, Italy, Poland, Spain, the Netherlands and the 
United Kingdom. However, in our results the major-
ity of the isolates (54/97, 56%) presented additional 
resistance to trimethroprim and spectinomycin, both 
used widely in the pig and poultry industry in Greece. 

Table 4
Origin and proportion of pulsed-field gel electrophoresis 
profiles in Salmonella monophasic Typhimurium isolates, 
Greece, 2006–2011 (n=97)

Pulsed-field gel 
electrophoresis profile n (%) Origin

STYMXB.0010 46 (47) 7F, 24H, 14PG, 1 PL

STYMXB.0079    18 (19) 6F, 5H, 1PG, 6PL

STYMXB.0131    15 (15) 12H, 1PG, 2 PL

Other  18 (19) 1C, 5F, 12 H

C: cattle; F: food; H: human; PG: pig; PL: poultry.
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Resistance to spectinomycin or trimethoprim is quite 
frequent in human and pig Salmonella Typhimurium 
isolates in European countries [35-37]. Whether these 
additional resistances are located on the same genomic 
resistance regions as ASSuT resistances [38], needs to 
be further investigated.  

Seventeen unique PFGE profiles were identified among 
the 97 isolates, supporting previous observations that 
serovar 1,4,5,[12]:i:- can demonstrate considerable 
diversity, even among isolates from a single country 
[4,9,11,39]. However the majority of the monophasic 
isolates were allocated in the three most common pro-
files (STYMXB.0010, STYMXB.0079 and STYMXB.0131) 
with profile STYMXB.0010 accounting for 47% (46/97). 
Phage type DT120 (31/50, 62%) and DT193 (12/50, 24%) 
were the most frequently observed phage types for 
human, animal and food isolates.

Hopkins et al. [10], who examined 116 monophasic 
strains, of human and pig origin, from seven European 
countries, found that the most common phage types 
included DT193 (44%) and DT120 (23%), also found 
in biphasic S. Typhimurium; 47% of strains were 
represented by one of the three PFGE profiles also 
observed in Greece, STYMXB.0010, STYMXB.0079 and 
STYMXB.0131, with STYMXB.0131 being the predomi-
nant (28%). 

All strains (except one) classified after PCR as S. bipha-
sic Typhimurium in this study were of different R-type 
and PFGE cluster compared to monophasic variants, an 
indication that they represent a different clone. 

According to our results, the main clone of monopha-
sic Typhimurium (1,4,5,[12]:i:-) circulating in humans in 
Greece is that of phage type DT120, R-type ASSuTSpTm 
and PFGE profile STYMXB.0010. This clone predomi-
nates among pig isolates as well, indicating that pigs 
may be a reservoir of this clone in Greece. Clone of 
DT193, R-type ASSuT and PFGE profile STYMXB.0131, is 
predominant within several European countries [10,40], 
but has a low frequency in Greece. 

This is an ongoing study, given that preliminary NRCS 
data, (January–September 2012), reveal a further 
increase of S. monophasic Typhimurium isolates in 
Greece (>15% of total isolates).
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