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Introduction

Rotaviruses (genus Rotavirus, family Reoviridae) are important enteric pathogens that cause diarrhea in humans and animals. They are icosahedral, triple-layered, nonenveloped viruses with a genome of 11 segments of double-stranded RNA [START_REF] Estes | Rotaviruses and their replication[END_REF][START_REF] Kapikian | Rotaviruses[END_REF].

Rotaviruses may be distinguished into (sero)groups on the basis of serologic cross-reactivity of the major inner-capsid protein, VP6, or, alternatively on the basis of migration patterns of the genomic segments in polyacrylamide gels (electropherotype). Accordingly, members of the genus are classified into seven groups (A to G). Group A to C rotaviruses have been found in association with human and animal diseases, while group D to G rotaviruses have been detected only in animals [START_REF] Estes | Rotaviruses and their replication[END_REF][START_REF] Kapikian | Rotaviruses[END_REF]. The recently described human rotavirus strains ADRV-N and B219 have not yet been taxonomically specified [START_REF] Yang | Cloning and sequence analysis of dsRNA segments 5, 6 and 7 of a novel non-group A, B, C adult rotavirus that caused an outbreak of gastroenteritis in China[END_REF][START_REF] Alam | Genetic analysis of an ADRV-N-like novel rotavirus strain B219 detected in a sporadic case of adult diarrhea in Bangladesh[END_REF] Group A rotavirus (GARV) infection of pigs has been recognized to occur in both enzootic and epizootic form of diarrhea, resulting in serious economic losses in the nursing and weaning piglet population of commercial piggeries and rotavirus vaccines are available [START_REF] Saif | Group A rotavirus veterinary vaccines[END_REF]. In addition, indirect evidence demonstrate that porcine GARVs are able to cross the interspecies barrier and infect other economically important animals and even humans [START_REF] Martella | Genomic characterization of porcine rotaviruses in Italy[END_REF][START_REF] Gentsch | Serotype diversity and reassortment between[END_REF][START_REF] Banyai | Prevalence and molecular characterization of human group C rotaviruses in Hungary[END_REF].

The economic importance and the ability to infect heterologous host species of porcine non-GARVs are less clear [START_REF] Chang | Dual infection of gnotobiotic calves with bovine strains of group A and porcine-like group C rotaviruses influences pathogenesis of the group C rotavirus[END_REF]. Discovery and early laboratory diagnostics of non-GARVs (formerly referred to as atypical rotaviruses or pararotaviruses) have been based on detection of typical rotavirus morphology by electron microscopy together with unusual genome pattern and/or lack of specific reaction with immunologic reagents prepared against of group specific hyperimmune sera is limited and virus load in clinical samples is often insufficient to perform analysis of the RNA electropherotype. PCR amplification of target sequences using group-specific oligonucleotide primers supported with nucleotide sequencing provides currently an alternative tool to identify non-GARVs. The utilization of these methods, coupled with seroepidemiologic studies, is leading to a more in-depth understanding of the relative importance of various rotavirus groups in humans and animals (Saif et al., 1994;[START_REF] Estes | Rotaviruses and their replication[END_REF].

Group C rotaviruses (GCRVs) were first identified in swine in 1980s [START_REF] Saif | Rotavirus-like, calicivirus-like, and 23-nm virus-like particles associated with diarrhea in young pigs[END_REF][START_REF] Bohl | Porcine pararotavirus: detection, differentiation from rotavirus, and pathogenesis in gnotobiotic pigs[END_REF]. Subsequently, GCRVs have been detected in humans, cows, ferrets and dogs [START_REF] Rodger | Detection of a rotavirus-like agent associated with diarrhea in an infant[END_REF][START_REF] Torres-Median | Isolation of an atypical rotavirus causing diarrhea in neonatal ferrets[END_REF][START_REF] Tsunemitsu | Isolation, characterization, and serial propagation of a bovine group C rotavirus in a monkey kidney cell line (MA104)[END_REF][START_REF] Chang | Dual infection of gnotobiotic calves with bovine strains of group A and porcine-like group C rotaviruses influences pathogenesis of the group C rotavirus[END_REF][START_REF] Otto | Demonstration of group C rotaviruses in fecal samples of diarrheic dogs in Germany[END_REF][START_REF] Mawatari | Detection of a bovine group C rotavirus from adult cows with diarrhea and reduced milk production[END_REF]. In humans, infection by GCRVs has been associated with both sporadic episodes and outbreaks of human gastroenteritis throughout the world, leading to the recognition that GCRVs are important enteric pathogens [START_REF] Bridger | 23, 760-763 with fatal enteritis in a family outbreak[END_REF][START_REF] Szucs | Atypical human rotaviruses in Hungary[END_REF][START_REF] Arista | Electropherotypes, subgroups and serotypes of human rotavirus strains causing gastroenteritis in infants and young children in Palermo, Italy, from 1985 to 1989[END_REF]Caul et al., 1990;[START_REF] Saif | Nongroup A rotaviruses of humans and animals[END_REF][START_REF] Jiang | First detection of Group C rotavirus in fecal specimens of children with diarrhea in the United States[END_REF][START_REF] Kuzuya | Survey of human group C rotaviruses in Japan during the winter of 1992 to 1993[END_REF][START_REF] Schnagl | Incidence of group C human rotavirus in central Australia and sequence variation of the VP7 and VP4 genes[END_REF][START_REF] Kuzuya | An outbreak of acute gastroenteritis caused by human group C rotavirus in a welfare institution in Okayama prefecture[END_REF][START_REF] Rahman | Detection and characterization of human group C rotaviruses in Bangladesh[END_REF][START_REF] Banyai | Prevalence and molecular characterization of human group C rotaviruses in Hungary[END_REF].

Previous studies have reported 28% to 70% antibody prevalence against GCRVs in pigs by 8 weeks of age. The antibody prevalence increases with age and reaches 79% to 100% in adult pigs (Terret et al., 1987;[START_REF] Saif | Nongroup A rotaviruses of humans and animals[END_REF]. Outbreaks of diarrhea associated with GCRVs have been documented in nursing, weaning and post-weaning pigs [START_REF] Saif | Rotavirus-like, calicivirus-like, and 23-nm virus-like particles associated with diarrhea in young pigs[END_REF][START_REF] De San Juan | Incidence of group A and atypical rotaviruses in Brazilian pig herds[END_REF][START_REF] Morin | Porcine group C rotavirus as a cause of neonatal diarrhea in a Quebec swine herd[END_REF][START_REF] Saif | Nongroup A rotaviruses of humans and animals[END_REF][START_REF] Kim | Characterization of group C rotaviruses associated with diarrhea outbreaks in feeder pigs[END_REF] either alone or in mixed infection with other enteric pathogens. The signs include profuse diarrhea and occasionally vomiting [START_REF] Morin | Porcine group C rotavirus as a cause of neonatal diarrhea in a Quebec swine herd[END_REF][START_REF] Kim | Characterization of group C rotaviruses associated with diarrhea outbreaks in feeder pigs[END_REF].

Overall, due to the low number of investigation on porcine GCRVs, several questions remained unanswered with regard to their epidemiological features, their genetic heterogeneity as well as their pathogenic potential. This prompted us to investigate the occurrence of infections by GCRVs in swine herds located in Italy, between 2003 and2006. We were also interested in if GCRVs occur in piggeries as single viral infections and if the gene encoding the group specific antigen serves as a good surrogate to perform molecular epidemiologic studies.

Materials and methods

Samples. Two sets of porcine fecal samples collected from diarrheic piglets aged between 1 and 3 months were screened for the presence of GCRVs. Collection A included 102 fecal samples collected from sporadic episodes of diarrhea in individual piglets from 12 swine herds of Central Italy. Collection B included either single or pooled fecal specimens positive for rotavirus-like particles by electron microscopy (86 samples), each representative of a distinct enteritis outbreak, from Northern Italy. Regardless of the sample sets, however, all samples were screened for the presence of GARVs and enteric caliciviruses (ECVs) by reverse transcription-polymerase chain reaction (RT-PCR), using oligonucleotide primers previously described by others [START_REF] Gentsch | Identification of group A rotavirus gene 4 types by polymerase chain reaction[END_REF][START_REF] Jiang | Design and evaluation of a primer pair that detects both Norwalk-and Sapporo-like caliciviruses by RT-PCR[END_REF] (Table 1).

Detection of group C rotaviruses by RT-PCR.

The viral RNA was extracted from dilutions of rectal swabs or stool samples. The RNA was extracted from 200 µl of 10% (wt/vol) fecal suspensions in phosphate buffered saline (PBS), using guanidinium isothiocyanate/silicae in according with the procedure of [START_REF] Boom | Rapid and simple method for purification of nucleic acids[END_REF]. RNA was eluted in 50µl H 2 O DEPC with RNasin (0.2µg/µl, Promega) and used in RT-PCR.

A one-step RT-PCR procedure (Superscript III One step, Invitrogen, UK) was utilized to amplify the 3' end of the viral VP6 gene using oligonucleotide primers described elsewhere [START_REF] Sanchez-Fauquier | First detection of group C rotavirus in children with acute diarrhea in Spain[END_REF]. The amplicons were analyzed in 2% agarose gels following ethidium-bromide staining and UV-light transillumination.

Sequencing and molecular analysis. In order to confirm the PCR results and to gain genetic information on virus diversity, the RT-PCR amplicons of 13 samples were sequenced. The samples were selected because the intensity of the bands by agarose gel visualization and ethidium staining was discrete and the DNA was purified by using a QIAquick gel extraction kit (QIAGEN, Inc.). The amplicons were sequenced directly using primers F and R. DNA sequencing was done by using BigDye Terminator Cycle chemistry and 3730 DNA Analyzer (Applied Biosystems, Foster, CA). The resulting partial sequences of the group C rotavirus VP6 gene were aligned with corresponding fragments of selected reference strains, the human strains Bristol, Preston, Belem and Moduganari, the porcine strain Cowden and the bovine strains Shintoku, Yamagata and WD534tc. Distance analysis and phylogenetic inference were carried out using the Mega 3.0 software package [START_REF] Kumar | MEGA3: Integrated software for Molecular Evolutionary Genetics Analysis and sequence alignment[END_REF]. The nucleotide sequences are freely available upon request.

Results

Occurrence of group C rotaviruses in Italian pig herds. Sample collection A included 102

fecal specimens from 12 swine herds. GCRVs were detected in 32 (31.3%) samples, while GARVs and ECVs in 73 (71.5%) and 30 (29.4%), respectively. Mixed infections with two pathogens were identified in a total of 39 samples (GARV + GCRV, n=13; GARV + ECVs, n=10; GCRVs + ECVs, n=2) and 14 samples were positive for all three viruses. GCRV was the single identified enteric virus only in 3 samples (2.9%). In a total of 20 diarrheic samples (19.4%) no viral pathogen was identified (Table 2 and3). Collection B included 86 samples (each one from a distinct herd), all of which positive for rotavirus-like particles by electron microscopic investigation. In these samples, group A rotavirus was identified in 70 samples (81.3%), while GCRVs in 22 samples (25.5%). The RT-PCR based diagnosis identified 29 samples positive for ECV (33.7%). Mixed infections included dual positivity for GARVs and GCRVs (n=10, 11.6%), GARVs and ECVs (n=18, 20.9%), GCRV and ECVs (n=4, 4.6%) and 6 samples (6.9%) positive for all three agents (Table 2). Altogether, 90.6% (collection A) and 90.9% (collection B) of all samples positive for GCRV were associated with multiple infections. GCRVs were detected in 12 of 12 piggeries from collection A, while GARVs and ECVs, respectively, in 11 and 8 herds.

Molecular analysis of the VP6 gene of identif ied strains. The 339 bp long amplicon (that spanned a 192 bp stretch from the protein coding region (nt 1015 to 1303) and a 147 bp fragment of the 3' end untranslated region of the VP6 encoding genome segment; reference strain, Cowden) from 13 strains was subjected to sequencing and phylogenetic analysis to obtain information about the genetic relatedness among strains detected in distinct herds. For 3 strains, only shorter sequence information was available (235 to 265 bp), therefore, the analysis was done over the 235 bp sequence stretch (nt 1015 to 1249). All 13 strains clustered in a common branch with the reference porcine strain, Cowden, and porcine-derived bovine isolate WD534tc, and separated clearly from the human and the bovine reference strains. The nucleotide sequence similarity within porcine strains ranged from 88.6% (strain 43-06 22 vs. 134-04 2 and 43-06 22 vs. 42-05 22) to 100% (strain 200-05 13 vs. 200-05 18), revealing some extent of genetic heterogeneity among field isolates. The sequence identity values were slightly less in the comparisons with heterologous species (porcine vs. genuine bovine strains, range 83.6% to 86.8%; porcine vs. human strains, range 82.6% to 87.2%). In contrast, the nucleotide sequence identity was 98.6% between the selected human strains and 99.5% between the two genuine bovine strains.

Discussion

GCRV is an important cause of acute gastroenteritis in swine, cattle, and man [START_REF] Estes | Rotaviruses and their replication[END_REF].

Limited seroepidemiologic surveys conducted in swine herds suggest that group GCRVs are widespread and presumably enzootic in pig herds [START_REF] Terrett | Physicochemical characterization of porcine pararotavirus and detection of virus and viral antibodies using cell culture immunofluorescence[END_REF]Tsunemitzu et al., 1992;[START_REF] Saif | Nongroup A rotaviruses of humans and animals[END_REF]. Direct detection of the virus from clinical specimens has been, however, rarely performed resulting in significant gaps in our knowledge about virological and epidemiological features, as well as about the ecology and pathogenic potential of these enteric pathogens. Understanding these features would be important to estimate the disease burden of GCRV in piggeries and to implement appropriate control measures if necessary.

In this study we provided evidence for the occurrence of GCRV and for the genetic heterogeneity among the identified strains in Italian pig farms. A broadly specific primer pair, originally utilized in the laboratory diagnosis of human GCRV strains (Sanchez-Faquier, 2003) was adopted in our RT-PCR assay. Using this method, a total of 188 samples were tested for GCRV. Most of these samples were also screened for the presence of GARV and ECV. In general, testing the 102 samples of collection A allowed us to get unbiased insight into the incidence of GCRV infection in individual episodes of acute diarrhea in pigs (Table 3). GRCV was the second most frequently identified enteric pathogen after group A rotaviruses, but the prevalence in the herds was 100%, as GCRVs were detected in 12 of 12 piggeries, while GARVs and ECVs, respectively, in 11 and 8 herds. The overall detection rate of GCRVs was similar for collection B (25.5%). Collection B was a subset of a large collection of samples collected in Northern Italy between 2003 and 2006 at the Istituto Zooprofilattico of Brescia, Italy. Out of 3453 samples examined in this time span, rotaviruslike particles were detected by electron microscopy in 411 samples (11,9%), with marked variations between consecutive years (6.4% to 18.8%) (Lavazza et al., unpublished).

Collection B contained a subset of 86 samples selected randomly from this large collection of rotavirus-positive samples. Accordingly, a true prevalence data could not be determined for this sample set. However, the possibility to investigate the presence of GCRVs in a large number of enteritis outbreaks allowed us to gather important information on the impact of these viruses in pigs and on the genetic heterogeneity of GCRVs.

When compiling the results obtained from individual or pooled fecal specimens with corresponding data obtained for GARVs and ECVs, we observed that all but 5 GCRV positive samples contained at least one additional virus. The very low detection rate of GCRV as single pathogen in our study raises questions with regard to their real etiology of acute enteric diseases in piglets. It may hypothesised that mixed infections may trigger synergistic effects and this may occur more frequently in intensive herds, where animals are kept overcrowded, and at the post-weaning phase, when pigs from the various piglets are mixed and are under social and environmental stress [START_REF] Fitzgerald | Diarrhea in young pigs: comparing the incidence of the five most common infectious agents[END_REF][START_REF] Kim | Characterization of group C rotaviruses associated with diarrhea outbreaks in feeder pigs[END_REF][START_REF] Wang | Prevalence of noroviruses and sapoviruses in swine of various ages determined by reverse transcription-PCR and microwell hybridization assays[END_REF]. These mechanisms have been observed to occur in calves experimentally coinfected by GARV and bacterial pathogens such as E. coli [START_REF] Gouet | The experimental production of diarrhoea in colostrum deprived axenic and gnotoxenic calves with enteropathogenic Escherichia coli, rotavirus, coronavirus and in a combined infection of rotavirus and E. coli[END_REF][START_REF] Hess | Synergism in experimental mixed infections of newborn colostrum-deprived calves with bovine rotavirus and enterotoxigenic Escherichia coli (ETEC). Zentbl. Vetmed[END_REF][START_REF] Runnels | Effects of microbial and host variables on the interaction of rotavirus and Escherichia coli infections in gnotobiotic calves[END_REF]. Synergistic mechanisms have been also observed in mixed viral infections. Experimental coinfection of calves with either attenuated or virulent group A rotaviruses enhanced faecal shedding of a bovine group C rotavirus and the extent of histopathological lesions in the small intestines [START_REF] Chang | Dual infection of gnotobiotic calves with bovine strains of group A and porcine-like group C rotaviruses influences pathogenesis of the group C rotavirus[END_REF].

The extent of multiple infections in enteric diseases raise diagnostic issues, as well. In this regard, electron microscopy observation or parallel detection of viral antigens/genomes in a multiplex format should be the most appropriate approach for correct laboratory diagnosis of enteric infections. A number of samples (9 out of 86) contained rotavirus-like particles (as defined by electron microscopy observation) but we failed to detect GARV or GCRV RNA, even after re-screening these samples with additional primer pairs specific for GCRVs or GARVs. Whether non-A non-C rotaviruses were present in the samples is an interesting issue that warrants further investigations.

Molecular analysis of partial sequences of the VP6 genome segment allowed all 13 selected strains to be classified as genuine porcine GCRV although an unexpected heterogeneity in a relatively short fragment was revealed. The nucleotide sequence divergence was higher among porcine strains than among strains of human or bovine origin. Only 2 out of 13 sequenced strains had complete sequence identity. These two strains were collected in different pig herds and different periods, suggesting the possible spread of the same strain throughout more herds.

Human GCRVs appear to have a sporadic pattern of detection and this may be interpreted as a spill-over introduction from unidentified animal sources [START_REF] Banyai | Prevalence and molecular characterization of human group C rotaviruses in Hungary[END_REF]. By converse, sequence analysis of the VP7, VP4 and VP6 genes of human GCRVs suggests a strong genetic homogeneity, suggesting a strong host-species restriction [START_REF] Rahman | Detection and characterization of human group C rotaviruses in Bangladesh[END_REF][START_REF] Banyai | Prevalence and molecular characterization of human group C rotaviruses in Hungary[END_REF]. However, there is direct evidence that porcine GCRV may infect cows, as the bovine strain WD534tc genetically resembles porcine rather than bovine GCRVs [START_REF] Chang | Dual infection of gnotobiotic calves with bovine strains of group A and porcine-like group C rotaviruses influences pathogenesis of the group C rotavirus[END_REF] (Figure 1). Also, serological investigations in humans suggest higher incidence in rural than in urban populations, a finding that is consistent with transmission from animals [START_REF] Iturriza-Gomara | Seroepidemiology of group C rotavirus infection in England and Wales[END_REF]. Even more interestingly, direct demonstration of the zoonotic potential of porcine GCRVs has been obtained by analysis of archival faecal samples of Brazilian children. Analysis of a short fragment of the VP6 gene revealed the presence in children of viruses related to the porcine strain Cowden [START_REF] Gabbay | Excretion profiles of procine and human group C rotaviruses in children from Belem, Para, Brazil: evidence for interspecies transmission and sequential infections[END_REF].

Accordingly, there is evidence that interspecies transmission by GCRVs may also occur, raising interesting questions on the real ecology of human and animal GCRVs. Gathering epidemiological and molecular data on animal GRCVs is important to understand better the ability of GCRVs to cross the host species barriers.

In conclusion, in this study GCRVs have been demonstrated to be frequent in Italian pig farms with problems of enteritis in weaning and post-weaning piglets, as GCRVs were found in 12 out of 12 herds. Also, by analysis of a collection of rotavirus-positive samples (as defined by electron microscopy observation), we could detect GCRVs in 22 out of 86 outbreaks. Most infections with GCRVs were, however, associated with multiple virus infections, thus leaving unanswered question with regard their etiological role in diarrheic diseases. In addition, the pathogenic potential of distinct GCRV strains remains to be determined. To our knowledge, this is the first report documenting the prevalence of GCRVs in a large-scale survey in piggeries and to document the extent of multiple virus infections in enteritis outbreaks. It will be important to include GCRVs in diagnostic routine. This practice might help determine the need for implementing specific control measures, with particular regard to the development of vaccines. [START_REF] Gentsch | Identification of group A rotavirus gene 4 types by polymerase chain reaction[END_REF].

2 [START_REF] Jiang | Design and evaluation of a primer pair that detects both Norwalk-and Sapporo-like caliciviruses by RT-PCR[END_REF].

3 [START_REF] Sanchez-Fauquier | First detection of group C rotavirus in children with acute diarrhea in Spain[END_REF]. 

Figure 1 .

 1 Figure 1. Neighbor-joining tree based on partial sequences (nt 1015 to 1249) of VP6 gene of 13 group C rotavirus strains described in this study and 8 reference strains (porcine (Po), Cowden; bovine (Bo), Shintoku, Yamagata and the porcine related WD534tc (marked with an asterisk); human (Hu), Belem, Bristol, Moduganari, and Preston) retrieved form DNA data bases. A single porcine strain, designated 200-05 18, were not included in the phylogenetic reconstruction because it had complete sequence identity with 200-05 13. The scale bar is proportional with the phylogenetic distance.
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 1 Figure 1: Martella et al.
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Table 1 :

 1 list of the oligonucleotides used in this study. Sequence and position are reported as indicated in the original studies.

	Target	Primers (sense) Sequence (5'-3')	Position
	GARVs Calicivirus p290 2 (+) Con3 1 (+) Con2 1 (-) p289 2 (-) GCRVs F(BMJ45) 3 (+) R(BMJ44) 3 (-)	tgg ctt cgc cat ttt ata gac a att tcg gac cat tta taa cc gat tac tcc aag tgg gac tcc ac nt 4568-4590, RdRp region of the polymerase nt 11-32, 4 th dsRNA segment (VP4) nt 868-887, 4 th dsRNA segment (VP4) tga caa tgt aat cat cac cat a nt 4886-4865, RdRp region of the polymerase agc cac ata gtt cac att tc nt 1334-1353, 5 th dsRNa segment (VP6) agt ccg ttc tat gtg att c nt 1032-1014, 5 th dsRNa segment (VP6)
	1		

Table 2 .

 2 Relative distribution of three enteric viruses (GCRV, GRAV and ECV) in fecal specimens of diarrheic pigs.

		Identified viruses	Sample collection
			A (n=102)	B (n=86)
		Single infections GCRV	3	2
		GARV	36	36
		ECV	4	1*
		M ixed infections GCRV + GARV	13	10
		GCRV+ ECV	2	4*
		GARV + ECV	10	18*
		GCRV + GARV + ECV	14	6*
		Total GCRV	32	22
		Total GARV	73	70
		Total ECV	30	29*
		Negative	20	9**
	*	the selection criteria in this sample collection has been the presence of rotavirus-like
		particles in the feces	
	**	these 9 samples were determined positive for rotavirus by electron microscopy, but
		molecular methods failed to recognize GCRVs or GARVs.

Table 3 :

 3 distribution of viral enteric pathogens in the porcine herds of collection A. 1

	2											
	Herd 1	2	3	4	5	6	7	8	9	10 11 12
													Total (%)
	GCRV	1	1							1			3 (2.9)
	GARV		1	2	13	2		6		3	4	1	4 36 (35.3)
	ECV		1									3	4 (3.9)
	GCRV+GARV				3	2		2	1		1		4 13 (12.7)
	GCRV+ECV									2			2 (1.9)
	GCRV+GARV+ECV			1			8				3	2	14 (13.7)
	GARV+ECV		2			1			1		2	4	10 (9.8)
	Negative	5	3	4	2			1	3	2			20 (19.6)
	Number of samples	6	8	7	18	5	8	9	5	8	10 10	8 102 (100)
	Total GCRV (%)	16.6 12.5 14.3 16.6 40 100 22.2 20 37.5 50 20 50 32 (31.3)
	Total GARV (%)	0	37.5 42.8 88.9 100 100 88.9 40 37.5 100 70 100 73 (71.5)
	Total ECV (%)	0	37.5 14.3	0	20 100	0	20 25	50 90	0 30 (29.4)