Caterina Graziani 
email: caterina.graziani@iss.it
  
L Busani 
  
A M Dionisi 
  
C Lucarelli 
  
S Owczarek 
  
A Ricci 
  
M Mancin 
  
A Caprioli 
  
I Luzzi 
  
  
Antimicrobial resistance in Salmonella enterica serovar Typhimurium from human and animal sources in Italy
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Salmonella Typhimurium strains isolated in Italy in the period 2002-2004 from human and animal sources were examined for their antimicrobial susceptibility. Resistance to tetracycline (T, 73.6%), sulfonamides (Su, 73.3%), ampicillin (A, 67.6%), streptomycin (S, 65.4%) and chloramphenicol (C, 32.3%) were frequently observed. Resistance to ciprofloxacin was only observed in a swine strain, but most human strains resistant to nalidixic acid showed reduced susceptibility to that drug (MIC ≥ 0,125 mg /l). Overall, 64% of the strains were resistant to four or more drugs. The most common resistance profiles were ACSSuT, prevalent in strains belonging phage type DT104, and ASSuT, prevalently associated with strains unable to be typed.

A c c e p t e d M a n u s c r i p t 3 Salmonella enterica represents a leading cause of foodborne infections worldwide and includes more than 2500 different serovars [START_REF] Popoff | Antigenic formulas of the Salmonella serovars, 8th edn. Who Collaborating Center for Reference and Research on Salmonella[END_REF]. In particular, Salmonella Enteritidis and Salmonella Typhimurium are the most common serovars isolated from human infections in Europe and the US (Enter-net, 2005;Weill et al., 2006).

In Italy, surveillance of human Salmonella infections is coordinated by the Istituto Superiore di Sanità (ISS) [START_REF] Busani | Antibiotic resistance in Salmonella enterica serotypes Typhimurium, Enteritidis and Infantis from humans infections, foodstuffs and farm animals in Italy[END_REF]. To better understand the epidemiology of salmonellosis in our country, surveillance also involves the National Veterinary Reference Laboratory for salmonellosis at the Istituto Zooprofilattico delle Venezie, which collects data on isolates from animals and foodstuffs of animal origin [START_REF] Busani | Prevalence of Salmonella enterica and Listeria monocytogenes. Contamination in Foods of Animal Origin in Italy[END_REF]. S. Typhimurium and S.

Enteritidis isolates from different sources are sent to the medical and veterinary national reference laboratories for phage typing and antimicrobial susceptibility testing.

Since 2001, S. Typhimurium represents the prevalent serovar causing human infection in Italy. Such a predominance seems to be peculiar of Italy, as in most of the other European countries S. Enteritidis still remains the most common serovar isolated from human infections (Enter-net, 2005;Weill et al., 2006;[START_REF] Maraki | Serotype distribution and antimicrobial resistance of Salmonella enterica from patients with gastroenteritis in Crete, Greece[END_REF]. The public health impact of S.

Typhimurium infections is increased by the high rate of antimicrobial resistance associated with this serovar [START_REF] Rabatsky-Her | Multidrug-resistant strains of Salmonella enterica Typhimurium, United States, 1997-1998[END_REF], related to the circulation of multidrug resistant clones (Weill et al., 2006). In this respect, comparing the antibiotic resistance profiles of S.

Typhimurium strains from human and animal sources may provide a better understanding of the epidemiology of the clones mainly involved in human infections. The aim of this study was to describe the antimicrobial resistance of S. Typhimurium strains isolated in Italy from human infections and different animal sources.

During the period from January 2002 to December 2004, 6897 isolates of S. Typhimurium from human infections and 2827 from animals and foodstuffs of animal origin were reported to the Italian surveillance system. The medical laboratories participating in the surveillance were A c c e p t e d M a n u s c r i p t 4 requested to forward to ISS one strain every 5 of S. Typhimurium isolates according to order of isolation; only one strain per person and per outbreak was included in the sample. The animal isolates were collected during the Salmonella monitoring activities routinely performed in Italy on slaughtered animals, food samples collected at retail and in process plants and from diagnostic activities. Strains from pigeons were mainly from feral birds. The selection for the animal strains included the choice of one isolate from the same farm, only one strain per homogenous group of animals or consignment of food product in case of abattoir or processing plant. According to these selection criteria, a total of 1909 strains (755 from human infections and 1152 of animal origin) of S. Typhimurium isolated in [2002][2003][2004] were included in this study. Serotyping was performed by the slide agglutination method using commercial O and H antisera (purchased from the Statens Serum Institut, Denmark). Phage typing was performed using the method described by [START_REF] Anderson | Bacteriophage-typing designations of Salmonella Typhimurium[END_REF] and the interpretative guidelines supplied by the Health Protection Agency, Colindale, United Kingdom. Isolates that did not react with any phage suspension were classified as unable to be typed (DTNT). The antimicrobial susceptibility testing was performed using the disk diffusion method, according to the CLSI recommendations (Clinical and Laboratory Standard, 2002;Clinical and Laboratory Standard, 2006). The antimicrobials tested were those included in the Enter-net reference panel (Threlfall et al., 2003a). Isolates resistant to four or more separate classes of antimicrobials were defined as multidrug resistant [START_REF] Threlfall | A comparison of antimicrobial susceptibilities in nontyphoidal salmonellas[END_REF]. Data analysis was performed with EpiInfo2000 version 3.3.1 (CDC, Atlanta 2005).

The rates of resistance to the individual drugs and of multiple resistances are shown in Table 1.

Since no significant differences were observed between isolates from an animal species and its by-products, the results were grouped by species of origin irrespective of the animal or food source of the strains. Eighty-seven percent of the strains from human infections and 81% of that from animal sources presented resistance to at least one of the nine antimicrobial drugs tested. The highest frequency of resistance was against ampicillin (A), chloramphenicol (C), streptomycin (S), sulphonamides (Su), and tetracycline (T). On the other hand, these drugs are those most frequently related with resistance in Salmonella in other parts of the world (Wedel et al., 2005;[START_REF] Soler | Antimicrobial resistance in non-typhoidal Salmonella from human sources, Spain, 2001-2003[END_REF].

Only one swine strain was resistant to ciprofloxacin (Cip) and four strains (one human strain, two from pigs and one from turkey) were resistant to cefotaxime.

The rate of resistance to nalidixic acid (Nx) among human isolates was 9.8%, higher than those reported in previous studies in Italy (3.1% in 1996 and 4% in 2001) [START_REF] Fantasia | Serotype and phage type distribution of salmonellas from human and non-human sources in Italy in the period 1973-1995[END_REF][START_REF] Busani | Antibiotic resistance in Salmonella enterica serotypes Typhimurium, Enteritidis and Infantis from humans infections, foodstuffs and farm animals in Italy[END_REF] or in similar studies in Europe (Enter-net, 2005;[START_REF] Soler | Antimicrobial resistance in non-typhoidal Salmonella from human sources, Spain, 2001-2003[END_REF], Weill et al., 2006). Sixty of the human isolates resistant to Nx were tested by the Etest method (AB Biodisk, Solna, Sweden) to determine their minimum inhibitory concentration (MIC) to Cip.

Reduced susceptibility to Cip, defined as MIC ≥ 0,125 mg /l [START_REF] Hakanen | Increasing fluoroquinolone resistance in Salmonella serotypes in Finland during 1995-1997[END_REF], was observed in 91.7% of the strains. The high rate of resistance to Nx and the decreased susceptibility to Cip of the Nx resistant strains is a cause of concern, since reduced fluoroquinolone susceptibility has been associated with therapeutic failures in invasive salmonellosis [START_REF] Rabatsky-Her | Multidrug-resistant strains of Salmonella enterica Typhimurium, United States, 1997-1998[END_REF].

Similarly to studies conducted in other countries [START_REF] Gorman | Characterization of Salmonella enterica serotype Typhimurium isolates from human, food and animal sources in the Republic of Ireland[END_REF][START_REF] Rabatsky-Her | Multidrug-resistant strains of Salmonella enterica Typhimurium, United States, 1997-1998[END_REF]Vo et al., 2006), multiple resistance was a common feature in S. Typhimurium causing human infections in Italy, with 68% of the isolates showing resistance to four or more separate classes of antimicrobials (Table 1). The prevalence was also high in the isolates from all the different animal sources, with the exception of the strains isolated from pigeon. Multiple The association between the main resistance profiles and phage type is presented in Table 3, where the strains typed as 104a, 104b, 104c, 104h, and 104l are classified altogether as DT104.

Sixty-three percent of the isolates showing the penta-resistant ACSSuT profile and its variants belonged to DT104, in particular DT104l. Conversely the 13 DT104a strains examined did not show resistance. Other phage types showing the ACSSuT profile were DT12 (8.6%) and DT120

(2.7%). As reported by Lawson and co-workers [START_REF] Lawson | Multiply resistant (MR) Salmonella enterica serotype Typhimurium DT 12 and DT 120: a case of MR DT 104 in disguise?[END_REF], MDR strains belonging to DT12 and DT120 could have originated from changes in phage susceptibility of DT104 strains.

Fifty-four percent of the strains with the ASSuT profile, with or without additional resistances, were unable to be typed with the standard Colindale panel of phages (DTNT).

S. Typhimurium strains showing both the ASSuT profile and the DTNT phage type have already been described by [START_REF] Rabatsky-Her | Multidrug-resistant strains of Salmonella enterica Typhimurium, United States, 1997-1998[END_REF] in the US, Weill et al. (2006) in France, andVo et al. (2006) in the Netherlands. In other studies, the ASSuT profile has also been associated with the DT193 phage type [START_REF] O'hare | Antimicrobial resistance and phage types of human and non-human Salmonella enterica isolates in Ireland, 1998-2003[END_REF][START_REF] Soler | Antimicrobial resistance in non-typhoidal Salmonella from human sources, Spain, 2001-2003[END_REF] and U302 [START_REF] Ethelberg | Prolonged restaurant-associated outbreak of multidrug-resistant Salmonella Typhimurium among patients from several European countries[END_REF] phage types. S. Typhimurium strains with the ASSuT profile were first observed in Italy in 1999 in human infections and in pigs, representing 7% and 14% respectively of the strains isolated from those sources [START_REF] Busani | Antibiotic resistance in Salmonella enterica serotypes Typhimurium, Enteritidis and Infantis from humans infections, foodstuffs and farm animals in Italy[END_REF]. In this study, the prevalence of the ASSuT profile in human infections increased, reaching 23.9% of the strains in 2002 and 31.4% in 2004. As far as the animal reservoirs are concerned, this study confirms that the ASSuT strains were prevalent in the swine production but also indicates their presence in chicken and turkey operations.

In conclusion, this work indicates that the strains of S. Typhimurium isolated in Italy from both human and animal sources exhibited two main multi drug resistance profiles. The ACSSuT profile was typically associated with phage type DT104 and the ASSuT profile, emerged as an Weill, F.X., Guesnier, F., Guibert, V., Timinouni, M., Demartin, M., Polomack, L., and Grimont, P.A.D., 2006. Multidrug resistance in Salmonella enterica serotype Typhimurium from humans in France (1993France ( to 2003)). J. Clin. Microbiol. 44, 700-708. Wedel, S.D., Bender, J.B., Leano, F.T., Boxrud, D.J., Hedberg, C., Smith, Kirk E., 2005. Antimicrobial-drug susceptibility of human and animal Salmonella Typhimurium, Minnesota, 1997[START_REF] Threlfall | Antimicrobial drug resistance in isolates of Salmonella enterica from cases of salmonellosis in human in Europe in 2000: results of international multi-centre surveillance[END_REF]. Emerg. Infect. Dis. 11, 1899-1906. A c c e p t e d M a n u s c r i p t 
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  resistance was almost entirely due to the circulation of two phenotypes (Table2): the tetraresistant profile ASSuT (20.9%) and the penta-resistant profile ACSSuT (19.2%), which often presented additional resistance to Nx or sulfamethoxazole/trimethoprim (SXT). Altogether, and their variants represented 88.6% of the multidrug resistant isolates from both human and animal sources.

  human infections in our country, with DTNT strains. An increase in resistance to nalidixic acid and decreased susceptibility to ciprofloxacin has been observed and deserves further monitoring. This study confirms the usefulness of an integrated medical and veterinary surveillance of antimicrobial resistance to follow the emergence and spread of multidrug resistant strains of S. Typhimurium.

  food animals in England and Wales in 2000. Microb. Drug Resist. 9, 183-189. Vo, A.T., van Duijkeren, E., Fluit, A.C., Wannet, W.J., Verbruggen, A.J., Maas, H.M., Gaastra, W, 2006. Antibiotic resistance, integrons and Salmonella genomic island 1 among nontyphoidal Salmonella serovars in The Netherlands. Int. J. Antimicrob. Agents. 28, 172-9.

Table 1 .

 1 Occurrence of antimicrobial drug resistance in S. Typhimurium by source of isolation,Italy 2002Italy -2004 
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Table 2 .

 2 Antimicrobial multiresistance patterns of S. Typhimurium isolated from human and animal sources

	Source		No. (%) of strains with the pattern:	
	(No. of strains)	ASSuT	ASSuT + Other	ACSSuT	ACSSuT + Other Other patterns
	Human (755)	205 (27.1)	53 (7.0)	153 (20.3)	68 (9.3)	35 (4.6)
	Bovine (122)	18 (14.8)	7 (5.7)	43 (35.2)	19 (15.6)	12 (9.8)
	Swine (632)	145 (22.9)	42 (6.6)	129 (20.4)	47 (7.9)	63 (9.9)
	Chicken (94)	10 (10.6)	7 (7.4)	14 (14.9)	5 (5.3)	6 (6.4)
	Turkey (117)	11 (9.4)	23 (19.7)	11 (9.4)	31 (26.5)	15 (12.8)
	Rabbit (83)	7 (8.4)	1 (1.2)	14 (16.9)	15 (18.1)	13 (15.7)
	Pigeon (105)	3 (2.9)	0	3 (2.9)	0	3 (2.9)

Total (1907) 399 (20.9) 133 (7.0) 367 (19.2) 185 (9.7) 139 (7.7)
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Table 3 .

 3 Relationship between the main multiresistance profiles and the phage types in S. Typhimurium isolates,Italy 2002Italy -2004 

	No. of isolates (%)
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