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Abstract25

Hepatitis E virus (HEV) causes acute hepatitis in humans, and infects several animal species, 26

mostly asymptomatically. Swine and human HEV strains are genetically related suggesting 27

both a zoonotic and a possible foodborne transmission. The prevalence of swine HEV was 28

investigated in 274 randomly selected pigs from 6 different swine farms of Northern Italy, 29

testing viral RNA in stools by nested reverse-transcription-polymerase chain reaction. HEV 30

genome was detected in 115 stools (42%). All farms resulted positive for HEV, with a 31

prevalence ranging between 12.8% and 72.5%. HEV positive pigs were detected in all age 32

groups and production stages tested, although infection was more prevalent in weaners than in 33

the older fatteners (42.2% vs. 27.0%). Genetic characterization of swine strains identified was 34

performed by sequencing and database alignment. Phylogenetic analysis on the nucleotide 35

sequences from 16 positive PCR products indicated that all strains belonged to genotype 3. In 36

particular, one group of seven Italian strains clustered close (91.6% to 96.2% identity) to 37

human and swine European HEV strains.38

39

Key words: Hepatitis E (HEV); single-stranded RNA virus; prevalence; infection; swine; 40

genotype 3; zoonosis.41

42
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1. Introduction43

Hepatitis E virus (HEV; genus Hepevirus, family Hepeviridae) is a small non-enveloped 44

virus with a single-stranded positive sense RNA genome. The virus genome is approximately 45

7.2 kb, and contains three open reading frames (ORF). ORF1 encodes non-structural proteins 46

including an RNA-dependent RNA polymerase, ORF2 the capsid protein, and ORF3 a small 47

protein with unclear function (Li et al., 2006; Lu et al., 2006). 48

HEV causes human hepatitis E (Huang et al., 2002), generally associated to a low (<1%) 49

mortality rate , except for pregnant women (20-25% mortality) (Emerson and Purcell, 2003). 50

The disease is endemic in many developing countries of Asia and Africa, and in Mexico, 51

where it usually occurs as epidemics (Okamoto, 2007). The natural transmission of HEV is 52

fecal–oral, and contaminated drinking water following heavy rains or flooding is a major 53

source of infection (Emerson and Purcell, 2003; Okamoto, 2007). Sporadic cases of disease 54

have also been reported in US, Japan and Europe (Meng et al., 1998b; Zanetti et al., 1999; 55

Clemente-Casares et al., 2003; Li et al., 2006; Reuter et al., 2006; Renou et al., 2007). Many 56

of these are associated with traveling through endemic countries (Clemente-Casares et al., 57

2003; Renou et al., 2007), although an increasing number of cases have been reported among 58

patients without history of traveling abroad (Emerson and Purcell, 2003). In industrialized 59

countries, anti-HEV antibodies have also been detected in a significant proportion of healthy 60

individuals (Mast et al., 1997; Meng et al., 2002). 61

There is increasing evidence that HEV may represent a zoonotic agent (Meng et al., 62

1997; Tei et al., 2003; Yazaki et al., 2003; Sonoda et al., 2004; Banks et al. 2007) . Different 63

species of domestic and wild mammals have been reported to have anti-HEV antibodies (Lu 64

et al., 2006; Okamoto, 2007), and/or to be infected with viruses closely related to human HEV 65

(Tei et al., 2003; Banks et al., 2004). Conversely, avian hepatitis E viruses are genetically 66

distant from human viruses (Huang et al., 2004). HEV  encompasses at least 4 genotypes, 67

which differ with respect to geographic distribution, host range and pattern of infection, 68
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although they are similar serologically (Tei et al., 2003; Banks et al., 2004; Lu et al., 2006; 69

Okamoto, 2007).70

Genotype 1, associated with large waterborne outbreaks, and genotype 2 are prevalent 71

in Asia and Africa, and in Chad, Mexico and Nigeria, respectively, infecting mostly humans 72

(Zheng et al., 2006; Caron et al., 2006). In addition to infecting humans, genotype 3 is also 73

widespread in swine herds in industrialized countries including North America, , Europe,  and 74

Japan. Genotype 4 is mainly distributed in Asia, and is associated with sporadic cases and 75

foodborne outbreaks (Lu et al., 2006).76

Swine HEV (Meng et al., 1997) usually infect pigs subclinically, and the swine may 77

be an important reservoir of the virus (Li et al., 2006; Lu et al., 2006). In fact, increasing 78

evidenceof autochthonous cases of hepatitis E in industrialized regions suggests a zoonotic 79

transmission of HEV from pigs (Drobeniuc et al., 2001; Lu et al., 2006). HEV strains80

identified in swine show a close genetic relatedness to human genotypes 3 and 4 strains 81

(Emerson and Purcell, 2003; Clemente-Casares et al., 2003; Banks et al., 2004; Lu et al., 82

2006). Experimental interspecies transmission of HEV between non-human primates and pigs 83

has been demonstrated (Meng et al., 1998a), and seroepidemiological studies have shown that 84

pig handlers have an increased risk of HEV infection (Meng et al., 2002). Finally,  studies in 85

Japan have linked human HEV cases to consumption of raw or undercooked meat from deer, 86

wild boars and pigs (Tei et al., 2003; Yazaki et al., 2003; Masuda et al. 2005). In France a 87

direct zoonotic transmission of genotype 3 HEV from a pet pig to its owner was also 88

described (Renou et al., 2007).89

In the Mediterranean Area, hepatitis E cases in humans have been reported 90

sporadically, including Italy (Zanetti et al., 1999), and seroprevalence appears to be around 91

5%. To date very little information exists on the prevalence, epidemiology and genetic 92

characteristics of swine HEV in Italy (Caprioli et al., 2007).93
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In this study we evaluated the prevalence of swine HEV in asymptomatic pigs from six farms 94

of Northern Italy, and compared the genome sequences identified .  with HEV sequences of 95

different origin reported worldwide.96

2. Materials and Methods 97

2.1 Samples 98

From January-June 2006, 274 fecal samples were collected from randomly selected pigs of 3–99

4 (weaners) or 8–9 months of age (fatteners), gilts (0 parities), young sows (1-2 parities) and 100

old sows (>2 parities) belonging to 6 different farms of Northern Italy. The farm size ranged 101

from 500-1,100 sows. All pigs sampled appeared to be clinically healthy. From each farm, at 102

least 10 animals were sampled for each production stage, except for the 2 farrow-to-weaning 103

farms where fatteners were not sampled. This scheme allows systematic sampling of different 104

pig classes within the herds, estimating with a 95% probability, the prevalence of HEV-105

positive animals with an expected prevalence of 30% and an accepted error of 25%. 106

Information on herd typology (farrow-to-finish or farrow-to-weaning) and herd size (number 107

of sows) was also collected. Feces from rectal swabs were suspended in 10% DEPC water and 108

stored at -70°C until processing.109

2.2 RNA extraction and HEV RT-Nested-PCR110

RNA was extracted from 170 µl of fecal suspension into a 40 µl elution volume, using a 111

QIAamp Viral kit (Qiagen, Hilden, Germany).112

An HEV-specific RT-nested-PCR was performed using SuperScript One-Step RT-PCR with 113

Platinum Taq (Invitrogen; Carlsbad, CA, USA), and two degenerate primer sets targeting the 114

ORF2 region. RT-PCR primers were HEVORF2con-s1—5’ 115

GACAGAATTRATTTCGTCGGCTGG-3’ and HEVORF2con-a1—5’ 116

CTTGTTCRTGYTGGTTRTCATAATC-3’. For the nested-PCR step, HEVORF2con-s2—5’ 117

GTYGTCTCRGCCAATGGCGAGC-3’ and HEVORF2con-a2—5’ 118
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GTTCRTGYTGGTTRTCATAATCCTG-3’ primers were used, yielding a final product of 119

145 bp (Erker et al., 1999). 120

Four microliters of RNA were added to 2X Buffer RT-PCR Master Mix (Invitrogen), 121

dNTP mix (0.2mM each nucleotide) and 0.3µM of primers HEVORF2con-A1 and 122

HEVORF2con-S1, in a final volume of 15 µl. RT-PCR was performed by: a reverse 123

transcription cycle at 45°C for 30 min, followed by denaturation at 94°C for 2 min, and 40 124

cycles at 94°C for 45 s, 49°C for 45 s, and 72°C for 1 min, followed by a 7 min elongation 125

step at 72°C . 126

Samples were then subjected to nested PCR using internal primers HEVORF2con-A2 127

and HEVORF2con-S2 (Erker et al., 1999) (template amount corresponding to 10% of the 128

final volume). The PCR mix was set-up with the following reagents (final concentration): 129

1XPCR buffer (Applied Biosystem, ABI, Foster City, CA, USA), 2.5mM MgCl2, 0.2µM of 130

each primers, 2 units of AmpliTaq DNA Polymerase. The PCR was performed as follows: 1 131

cycle at 94°C for 9 min, followed by 35 cycles at 94°C for 45 s, 49°C for 45 s, and 72°C for 1 132

min, and 7 min elongation at 72°C. Negative and positive swine stools were included as 133

control in each assay. Amplified products were stained with ethidium bromide in a 2% 134

agarose gel. To control cross-contamination, each phase of diagnostic routine (from sample 135

preparation throughout nested PCR) was completed in separate rooms, inside biohazard 136

cabinets or PCR hoods, and using dedicated equipment and material.  137

2.3 Sequencing and phylogenetic analysis138

Nested RT-PCR products of the expected size from 16 samples selected randomly 139

from different farms were excised from agarose gel. DNA was purified with a Qiaquick gel 140

extraction kit (Qiagen, Hilden, Germany), and sequenced (ABI Prism 310 DNA sequencer, 141

Applied Biosystems, Foster City, CA, USA) with the BigDye Terminator Cycle Sequencing 142

Ready Reaction Kit version 3.1 (Perkin Elmer, Applied Biosystems, Foster City, CA, USA) 143

using PCR primers.144
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The sequences obtained were aligned in the NCBI GenBank (http://www.ncbi.nlm.nih.gov/) 145

and edited using the DNASIS Max software (Hitachisoft). Phylogenetic analyses were carried 146

out with the Bionumerics software packages (Applied Maths, Kortrijk, Belgium), and the 147

dendrogram was obtained with the UPGMA method. Representative human and swine HEV 148

(HuHEV and SwHEV) strains included: genotype 1 (HuHEV, Mya86-Li strain, accession no. 149

DQ079624); genotype 2 (HuHEV, Mexico strain, accession no. M74506); genotype 3 150

(SwHEV and HuHEV) (United States, accession no. AF082843 and AF060669), SwHEV 151

swJ570 (Japan, accession no. AB073912), SwHEV NLSw15 and HuHEV NLSw20 (The 152

Netherland, accession no. AF332620 and DQ200292), HuHEV (Hungary, accession no. 153

AY940427.1), SwHEV (Hungary, accession no. EF530672), SwHEV P354 (United Kingdom, 154

accession no. AF503511), SwHEV NLSW28 (The Netherlands, accession no. AF336292), 155

sewage sample HEV BCN13 (Spain, AF490994), Italian swine HEV strains accession no.: 156

MO/9_3/06/IT, EF681107; MO/36_4/06/IT, EF682083; HEVBO/01, EF681109; HEVPI/01, 157

EF681110; Italian human HEV strain accession no. AF110390; genotype 4 (HuHEV, JKK-158

SAP strain, accession no. AB074917 and SwHEV, swCH31 strain, accession no. DQ450072); 159

avian HEV (United States, accession no. AY535004) (Huang et al., 2004). 160

2.4 Statistical analyses161

A binary logistic regression was performed to analyze HEV prevalence  against the 162

animal production stage and the herd dimension. To evaluate the effect of herd size, farms 163

were arbitrarily divided into two categories based on the median of sows present: large 164

farms(> 1000 sows), and small farms (<1000sows). The proportion of positive animals was 165

evaluated using the 2 test, and factors screening through p<0.15 were then evaluated using 166

binary logistic regression. The model was based on the simultaneous entry of all variables, 167

and its efficacy was assessed based on the likelihood-ratio and the Hosmer–Lemeshow 168

statistic. The odds ratio (OR) and 95% confidence intervals (95% CI) were calculated from 169

the final binary logistic model.170

http://www.ncbi.nlm.nih.gov/
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All statistical analyses were performed using the software SPSS 12.0.0 (SPSS Inc., Chicago, 171

IL, USA).172

3. Results173

3.1 HEV Detection in Swine Fecal Samples174

HEV RNA was detected in 115 of 274 pigs tested (42%). All six farms resulted positive for 175

HEV, with a prevalence ranging between 12.8% and 72.5% (Table 1). HEV positive pigs 176

were detected and in all age groups and production stages tested (Table 2). In the fattening 177

stage, a higher HEV prevalence was observed between weaners (90 to 120-day-old), with 27 178

positives out of 64 tested (42.2%), while in fatteners (>120-day-old) the prevalence was 27%. 179

Among breeding animals, 43.1% of gilts tested positive. The prevalence decreased slightly in 180

young sows (38.6%), being higher in old sows (53.4%). To investigate risk factors for HEV 181

infection further, a logistic regression analysis was performed (Table 2). HEV prevalence was 182

significantly higher (54.2%) in herds with >1000 sows (OR 4.98, 95% CI 2.73-9.09, p = 183

0.000). The odds of virus shedding was also 2.54 times higher in old sows (>2 parities), close 184

to statistical significance (95% CI 0.98-6.55, p = 0.054). The Hosmer–Lemeshow statistic 185

showed a good fit for the final model (2 = 4.03, p = 0.777).186

3.2 Phylogenetic analysis and geographic clustering of swine HEV strains 187

The 121 bp ORF2 region amplified by nested RT-PCR was sequenced for a total of 16 188

swine HEV strains, selected randomly from each farm. Due to the insufficient amount of 189

DNA, only one readable sequence was obtained from farm No. 6. The sequences obtained (80 190

bp) were compared with sequences from the NCBI database representing human and swine 191

HEV strains circulating worldwide and belonging to the four known genotypes (Figure 1). 192

The Italian swine HEV showed a sequence homology lower than 79% with respect to 193

genotype 1, 2, and 4, and between 87.6% and 96.2% with the genotype 3 reference strains. 194

The human genotype 3 HEV/Hu/It1/99 reported by Zanetti in 1999 (Zanetti et al., 1999) 195

showed only a 79.6% identity with the swine viruses of this study, which were all assigned to 196
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genotype 3. Between the Italian swine strains, nucleotide sequence identity ranged from 90.5 197

to 100%, whereas the amino acid sequence was identical in all cases due to synonymous 198

mutations. In particular, one group of seven strains clustered close (91.6% to 96.2% identity) 199

to a human HEV strain reported in The Netherlands in 2005 (DQ200292). Nine other swine 200

strains appeared to be related (93.1%) to both a swine HEV strain from The Netherlands 201

(AF336292) and a Spanish HEV obtained from sewage (AF490994). The latter two HEV 202

strains are classified into the G3 subtype f (Lu et al., 2006).203

4. Discussion 204

This study represents the first extended survey on swine HEV prevalence conducted in 205

Italy, and demonstrates that HEV infection is largely widespread in Italian pig farms. The 206

overall rate of virus shedding observed (42% of 276 fecal samples tested) is markedly higher 207

than we detected (5.9%) previously in farms of the same area (Caprioli et al., 2007). At least 208

partially, this may be due to the individual stools examined in the present study versus fecal 209

pools in our earlier investigation, where viral load is predictably lower. Also, the limited 210

number of samples (35 from 5 farms) analyzed in the earlier study implies large variation 211

weakening comparisons.  However, our data are in line with recent reports from Spain 212

(Fernandez-Barredo et al., 2006; Seminati et al., 2007; Fernandez-Barredo et al., 2007) and 213

the Netherlands (Rutjes et al., 2007) which suggest that HEV infection is probably more 214

frequent in European intensively reared swine herds than previously thought (van der Poel et 215

al., 2001; Banks et al., 2004). This could be at least partially due to the implementation of 216

diagnostic methods for HEV (Rutjes et al., 2007), even though a change in the epidemiology 217

of infection cannot be ruled out. 218

HEV ranged from 12.8% to 72.5% between farms, independent of farm typology, with 219

a higher prevalence in herds with a number of sows >1000. This latter finding is common for 220

most swine infectious diseases and, in addition to the number of susceptible animals, may also 221

be related to the density and closeness of individuals, as suggested by Nakai et al. (2006), and 222
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the increased HEV shedding in pregnant sows (Fernandez-Barredo et al., 2006).  Other 223

variables such as the frequency of introduction of animals, the number of suppliers, etc, could 224

also influence virus spread inside bigger farms. HEV prevalence was also higher in farrow-to-225

weaning (66.7%) than in farrow-to-finish farms (32.1%), but the low number of farrow-to-226

weaning farms examined limits possible inferences. 227

Within the herd, virus shedding was observed in pigs of all age categories, although 228

prevalence of HEV in fatteners (older than 120 days) was lower than in the younger weaners 229

(27.0% vs. 42.2%). Previous studies on serum and fecal samples demonstrated that HEV 230

RNA can be primarily detected in pigs of 2-5 months of age, while animals younger than 2 231

months are generally negative (Meng et al., 1997; Meng et al., 1998b). This, together with the 232

knowledge that maternal immunity lasts approximately two months, makes occurrence of 233

natural infection more likely at approximately 2-3 months of age (Nakai et al., 2006; Satou234

and Nishiura, 2007). Our findings seem to confirm this pattern of infection. Viremia has been 235

reported to last for 1-2 weeks after infection, and virus excretion for about 3-4 weeks 236

followed by seroconversion (Meng et al., 1998a; Nakai et al., 2006). Therefore, animals older 237

than 6-8 months are expected to have cleared HEV infection. However, in our study we 238

detected HEV RNA in feces of animals of all age categories, from weaners of 3–4 months 239

(42.2%) to old sows (53.4%) well beyond 6-8 months of age.  Fairly high HEV prevalence  240

has also been reported recently among breeders in Spain (Fernandez-Barredo et al., 2006; 241

Fernandez-Barredo et al., 2007), and to a lesser extent (7%) in 5 to 6 month-old swine in 242

Japan (Nakai et al., 2006). In particular, Leblanc and colleagues (Leblanc et al., 2007) have 243

found fecal HEV in 41.2% of slaughtered swine at an age of 22-29 weeks, suggesting that the 244

swine may retain its susceptibility to HEV infection at any age. These and our present 245

findings are consistent with a recent report from USA (Feagins et al., 2007) showing that 11% 246

of commercial pig livers from grocery store contained HEV RNA of genotype 3. Infection in 247

pigs could be more prolonged than previously thought or might become chronic, possibly 248
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sustained by an incomplete protective immunity, but particularly in a virus loaded 249

environment (Fernandez-Barredo et al., 2006) the possibility of continuous re-infection 250

favored by a short-lasting immunity may not be excluded. The latter hypothesis may fit with 251

the finding that the high HEV prevalence among weaners and gilts in our study decreased in 252

fatteners and young sows, but was higher in old sows than in other age groups. Our findings 253

could otherwise be explained by a recent introduction of HEV into previously naïve herds. 254

However, both the simultaneous occurrence in six distinct farms and the identification of a 255

variety of HEV strains make such an event very unlikely. It is more reasonable to assume the 256

hypothesis that new different viruses can be continuously introduced into farms, where pigs 257

may be incompletely protected against novel strains. Although newly introduced animals are 258

the most probable vehicle of novel viral strains into farms, contaminated feed and 259

environment and humans might also play a role, in particular in farrow-to-finish or farrow-to-260

weaning farms. Biosecurity measures, and control of animal import may thus be important to 261

prevent new virus introduction. Although all farms had in place basic measures such as access 262

control, boundary fencing, and all-in/all-out production systems, our investigation was not 263

designed to examine biosecurity and risks in detail, and we cannot add any conclusive 264

evidence on these aspects.265

In our study, all pigs sampled looked clinically healthy, as reported in previous studies 266

(Clemente-Casares et al., 2003; Banks et al., 2004; Zheng et al., 2006; Fernandez-Barredo et 267

al., 2006). However, further studies should desirably evaluate  HEV pathogenesis in more 268

detail in particular when associated to other viral infectious agents such as Porcine Circovirus 269

2 (PCV2) and porcine reproductive and respiratory syndrome virus (PRRSV) (Cho and Dee270

2006; Martin et al., 2007).271

Phylogenetic analysis showed that all HEV strains sequenced in this study belonged to 272

genotype 3, sharing a 100% aminoacid identity. The Italian swine strains presented closer 273

homology with either human or swine HEV strains circulating in Europe than with other 274
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genotype 3 swine isolates from more distant geographic areas (van der Poel  et al., 2001; 275

Banks et al., 2004). Interestingly, a human genotype 3 HEV strain identified earlier in Italy 276

(Zanetti et al., 1999) showed a lower phylogenetic correlation (79% nucleotide identity) with 277

our present strains, which were only 86-88% identical with Italian swine strains from 2001 278

(Caprioli et al. 2007), suggesting continuous evolution of this virus. Within the 80 bp ORF2 279

fragment analyzed, the 16 swine HEV genomes, representing the different farms tested, 280

showed a nucleotide identity ranging from 90.5 to 100%, and five strains from 4 farms proved 281

identical. These findings suggest that at least 12 different virus variants/strains were 282

circulating in the pig farms of Northern Italy at the time of investigation, that more strains can 283

be present in a same farm, and that a same strain of HEV can be spread in farms separated 284

geographically, implying a a common source or origin of infecting virus. 285

The enzoonotic nature of HEV infection in pigs and its ability to infect across species 286

raise potential concern for zoonotic transmission and public health (Banks et al., 2007; Satou287

and Nishiura, 2007; Feagins et al., 2007). The finding of a high HEV prevalence in all 288

examined farms, together with the observation that infection may be sub-clinical and affect 289

animals at slaughtering age, highlights the possible risk of transmission of HEV to humans by 290

contact with either infected pigs or with environment and working instruments contaminated 291

with pig feces, or via ingestion of contaminated undercooked meat. 292



Page 13 of 22

Acc
ep

te
d 

M
an

us
cr

ip
t

13

293

Acknowledgements294

This study was partially supported by the European Commission, DG Research Quality of 295

Life Program 6th Framework (EVENT, SP22-CT-2004-502571) “EVENT” (FP6-2002-SSP-296

1). 297

298

299



Page 14 of 22

Acc
ep

te
d 

M
an

us
cr

ip
t

14

References300

Banks, M., Bendall, R., Grierson, S., Heath, G., Mitchell, J., Dalton, H., 2004. Human and 301

porcine hepatitis E virus strains, United Kingdom. Emerg. Infect. Dis. 10, 953-955.302

Banks, M., Grierson, S., Fellows, H.J., Stableforth, W., Bendall, R., Dalton, H.R., 2007. 303

Transmission of hepatitis E virus. Vet. Rec. 160, 202.304

Caprioli, A., Martelli, F., Ostanello, F., Di Bartolo, I., Ruggeri, F.M., Del Chiaro, L., Tolari, 305

F., 2007. Detection of hepatitis E virus in Italian pig herds. Vet. Rec. 161, 422-423.306

Caron, M., Enouf, V., Than, S.C., Dellamonica, L., Buisson, Y., Nicand, E., 2006. 307

Identification of genotype 1 hepatitis E virus in samples from swine in Cambodia. J. Clin. 308

Microbiol. 44, 3440-2.309

Cho, J.G., Dee, S.A., 2006. Porcine reproductive and respiratory syndrome virus. 310

Theriogenology 66, 655-662.311

Clemente-Casares, P., Pina, S., Buti, M., Jardi, R., Martin, M., Bofill-Mas, S., Girones, R., 312

2003. Hepatitis E virus epidemiology in industrialized countries. Emerg. Infect. Dis. 9, 448-313

454.314

Drobeniuc, J., Favorov, M.O., Shapiro, C.N., Bell, B.P., Mast, E.E., Dadu, A., Culver, D., 315

Iarovoi, P., Robertson, B.H., Margolis, H.S., 2001. Hepatitis E virus antibody prevalence 316

among persons who work with swine. J. Infect. Dis. 184, 1594-1597.317

Emerson, S.U., Purcell, R.H., 2003. Hepatitis E virus. Rev. Med. Virol. 13, 145-154.318

Erker, J.C., Desai, S.M., Mushahwar, I.K., 1999. Rapid detection of Hepatitis E virus RNA by 319

reverse transcription-polymerase chain reaction using universal oligonucleotide primers. J. 320

Virol. Methods 81, 109-113.321

Feagins, A.R., Opriessnig, T., Guenette, D.K., Halbur, P.G., Meng, X.J., 2007. Detection and 322

characterization of infectious Hepatitis E virus from commercial pig livers sold in local 323

grocery stores in the USA. J. Gen. Virol. 88, 912-917.324

Fernandez-Barredo, S., Galiana, C., Garcia, A., Vega, S., Gomez, M.T., Perez-Gracia, M.T., 325



Page 15 of 22

Acc
ep

te
d 

M
an

us
cr

ip
t

15

2006. Detection of hepatitis E virus shedding in feces of pigs at different stages of production 326

using reverse transcription-polymerase chain reaction. J. Vet. Diagn. Invest. 18, 462-465.327

Fernandez-Barredo, S., Galiana, C., Garcia, A., Gomez-Munoz, M.T., Vega, S., Rodriguez-328

Iglesias, M.A., Perez-Gracia, M.T., 2007. Prevalence and genetic characterization of hepatitis 329

E virus in paired samples of feces and serum from naturally infected pigs. Can. J. Vet. Res. 330

71, 236-240.331

Huang, F.F., Haqshenas, G., Guenette, D.K., Halbur, P.G., Schommer, S.K., Pierson, F.W., 332

Toth, T.E., Meng, X.J.. 2002. Detection by reverse transcription-PCR and genetic 333

characterization of field isolates of swine hepatitis E virus from pigs in different geographic 334

regions of the United States. J. Clin. Microbiol. 40, 1326-1332.335

Huang, F.F., Sun, Z.F., Emerson, S.U., Purcell, R.H., Shivaprasad, H.L., Pierson, F.W., Toth, 336

T.E., Meng, X.J., 2004. Determination and analysis of the complete genomic sequence of 337

avian hepatitis E virus (avian HEV) and attempts to infect rhesus monkeys with avian HEV. J. 338

Gen. Virol. 85, 1609-1618.339

Leblanc, D., Ward, P., Gagne, M.J., Poitras, E., Muller, P., Trottier, Y.L., Simard, C., Houde, 340

A., 2007. Presence of hepatitis E virus in a naturally infected swine herd from nursery to 341

slaughter. Int. J. Food. Microbiol. 117, 160-166.342

Li, X., Kamili, S., Krawczynski, K., 2006. Quantitative detection of hepatitis E virus RNA 343

and dynamics of viral replication in experimental infection. J. Viral Hepat. 13, 835-839.344

Lu, L., Li, C., Hagedorn, C.H., 2006. Phylogenetic analysis of global hepatitis E virus 345

sequences: genetic diversity, subtypes and zoonosis. Rev. Med. Virol.16, 5-36.346

Martin, M., Segales, J., Huang, F.F., Guenette, D.K., Mateu, E., de Deus, N., Meng, X.J., 347

2007. Association of hepatitis E virus (HEV) and postweaning multisystemic wasting 348

syndrome (PMWS) with lesions of hepatitis in pigs. Vet. Microbiol. 122, 16-24.349



Page 16 of 22

Acc
ep

te
d 

M
an

us
cr

ip
t

16

Masuda, J., Yano, K., Tamada, Y., Takii, Y., Ito, M., Omagari, K., Kohno, S., 2005. Acute 350

hepatitis E of a man who consumed wild boar meat prior to the onset of illness in Nagasaki, 351

Japan. Hepatol. Res. 31, 178-83.352

Mast, E.E., Kuramoto, I.K., Favorov, M.O., Schoening, V.R., Burkholder, B.T., Shapiro, 353

C.N., Holland, P.V., 1997. Prevalence of and risk factors for antibody to hepatitis E virus 354

seroreactivity among blood donors in Northern California. J. Infect. Dis. 176, 34-40.355

Meng, X.J., Purcell, R.H., Halbur, P.G., Lehman, J.R., Webb, D.M., Tsareva, T.S., Haynes, 356

J.S., Thacker, B.J., Emerson, S.U., 1997. A novel virus in swine is closely related to the 357

human hepatitis E virus. Proc. Natl. Acad. Sci. U.S.A 94, 9860-9855.358

Meng, X.J., Halbur, P.G., Haynes, J.S., Tsareva, T.S., Bruna, J.D., Royer, R.L., Purcell, R.H., 359

Emerson, S.U., 1998a. Experimental infection of pigs with the newly identified swine 360

hepatitis E virus (swine HEV), but not with human strains of HEV. Arch. Virol. 143, 1405-361

1415.362

Meng, X.J., Halbur, P.G., Shapiro, M.S., Govindarajan, S., Bruna, J.D., Mushahwar, I.K., 363

Purcell, R.H., Emerson, S.U., 1998b. Genetic and experimental evidence for cross-species 364

infection by swine hepatitis E virus. J. Virol. 72, 9714-9721.365

Meng, X.J., Wiseman, B., Elvinger, F., Guenette, D.K., Toth, T.E., Engle, R.E., Emerson, 366

S.U., Purcell, R.H., 2002. Prevalence of antibodies to hepatitis E virus in veterinarians 367

working with swine and in normal blood donors in the United States and other countries. J. 368

Clin. Microbiol. 40, 117-122.369

Nakai, I., Kato, K., Miyazaki, A., Yoshii, M., Li, T.C., Takeda, N., Tsunemitsu, H., Ikeda, H., 370

2006. Different fecal shedding patterns of two common strains of hepatitis E virus at three 371

Japanese swine farms. Am. J. Trop. Med. Hyg. 75, 1171-1177.372

Okamoto, H., 2007. Genetic variability and evolution of hepatitis E virus. Virus Res. 127, 373

216-228.374

Renou, C., Cadranel, J., Boulière, M., Halfon, P., Ouzan, D., Rifflet, H., Carenco, P., Harafa, 375



Page 17 of 22

Acc
ep

te
d 

M
an

us
cr

ip
t

17

A., Bertrand J.J., Boutrouille, A., Muller, P., Igual, J., Decoppet, A., Eloit, M., Pavio, N., 376

2007. Possible zoonotic transmission of Hepatitis E from pet pig to its owner. Emerg. Infect. 377

Dis. 13, 1094-1096.378

Reuter, G., Fodor, D., Katai, A., Szucs, G., 2006. Identification of a novel variant of human 379

hepatitis E virus in Hungary. J. Clin. Virol. 36, 100-102.380

Rutjes, S.A., Lodder, W.J., Bouwknegt, M., de Roda Husman, A.M., 2007. Increased hepatitis 381

E virus prevalence on Dutch pig farms from 33 to 55% by using appropriate internal quality 382

controls for RT-PCR. J. Virol. Methods 143, 112-116.383

Satou, K., Nishiura, H. (2007) Transmission dynamics of hepatitis E among swine: potential 384

impact upon human infection. BMC Vet. Res. 3, 9.385

Seminati, C., Mateu, E., Peralta, B., de Deus, N., Martin, M., 2007. Distribution of hepatitis E 386

virus infection and its prevalence in pigs on commercial farms in Spain. Vet. J., 387

doi:10.1016/j.tvjl.2006.11.018.388

Sonoda, H., Abe, M., Sugimoto, T., Sato, Y., Bando, M., Fukui, E., Mizuo, H., Takahashi, 389

M., Nishizawa, T., Okamoto, H., 2004. Prevalence of hepatitis E virus (HEV) Infection in 390

wild boars and deer and genetic identification of a genotype 3 HEV from a boar in Japan. J. 391

Clin. Microbiol. 42, 5371-5374.392

Tei, S., Kitajima, N., Takahashi, K., Mishiro, S., 2003. Zoonotic transmission of hepatitis E 393

virus from deer to human beings. Lancet 362, 371-373.394

van der Poel, W.H., Verschoor, F., van der Heide, R., Herrera, M.I., Vivo, A., Kooreman, M., 395

de Roda Husman, A.M., 2001. Hepatitis E virus sequences in swine related to sequences in 396

humans, The Netherlands Emerg. Infect. Dis. 7, 970-976.397

Yazaki, Y., Mizuo, H., Takahashi, M., Nishizawa, T., Sasaki, N., Gotanda, Y., Okamoto, H., 398

2003. Sporadic acute or fulminant hepatitis E in Hokkaido, Japan, may be food-borne, as 399

suggested by the presence of hepatitis E virus in pig liver as food. J. Gen. Virol. 84, 2351-400

2357.401

http://dx.doi.org/10.1016/j.tvjl.2006.11.018


Page 18 of 22

Acc
ep

te
d 

M
an

us
cr

ip
t

18

Zanetti, A.R., Schlauder, G.G., Romano, L., Tanzi, E., Fabris, P., Dawson, G.J., Mushahwar, 402

I.K., 1999. Identification of a novel variant of hepatitis E virus in Italy. J. Med. Virol. 57, 403

356-360.404

Zheng, Y., Ge, S., Zhang, J., Guo, Q., Ng, M.H., Wang, F., Xia, N., Jiang, Q., 2006. Swine as 405

a principal reservoir of hepatitis E virus that infects humans in eastern China. J. Infect. Dis. 406

193, 1643-1649.407

408

409

410

411



Page 19 of 22

Acc
ep

te
d 

M
an

us
cr

ip
t

19

Figure 1. Dendrogram, drawn using UPGMA and an avian HEV strain (United States, 412

accession no. AY535004) as outgroup, was based on 80 bp of the ORF2 fragment. GenBank 413

accession no., origin, country, and genotype are reported. Animals are indicated as: YS (0 414

parities), Young sow 7-10 months; YS (1-2 parities), Young sow 11-15 months; OS (>2415

parities), Old sows 1-5 years; Weaners, < 120 days; Fatteners, >120 days. Strains identified 416

in this study are indicated with code MO/individual no._farm no./06/IT (boldface type).417

418
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Table 1. Detection of swine HEV RNA in stools, by type of herd and production stage.

Pigs positive/tested by production stage (%)

Type of farm* Farm no.
Gilts

(0 paritiesa)

Young sows

(1-2 paritiesb)

Old sows

(> 2 paritiesc)

Weaners

(< 120 days old)

Fatteners

(> 120 days old)
Total

F-W 2 7/10 (70.0) 7/10 (70.0) 7/10 (70.0) 8/10 (80.0) - - 29/40 (72.5)

F-W 6 4/9 (44.4) 4/10 (40.0) 8/10 (80.0) 7/9 (77.8) - - 23/38 (60.5)

Total F-W 11/19 (57.9) 11/20 (55.0) 15/20 (75.0) 15/19 (78.9) - - 52/78 (66.7)

F-F 1 3/10 (30.0) 5/10 (50.0) 9/10 (90.0) 1/10 (10.0) 6/10 (60.0) 24/50 (48.0)

F-F 3 4/9 (44.4) 2/10 (20.0) 2/9 (22.2) 2/10 (20.0) 2/10 (20.0) 12/48 (25.0)

F-F 4 2/10 (20.0) 2/10 (20.0) 1/10 (10.0) 1/7 (14.3) 0/10 (0.0) 6/47 (12.8)

F-F 5 5/10 (50.0) 2/7 (28.6) 4/9 (44.4) 8/18 (44.4) 2/7 (28.6) 21/51 (41.2)

Total  F-F 14/39 (35.9) 11/37 (29.7) 16/38 (42.1) 12/45 (26.7) 10/37 (27.0) 63/196 (32.1)

All farms 25/58 (43.1) 22/57 (38.6) 31/58 (53.4) 27/64 (42.2) 10/37 (27.0) 115/274 (42.0)

* F-W = farrow-to-weaning; F-F farrow-to-finish

aAge range: 7-10 months

bAge range: 11-15 months

cAge range: 1-5 years

Tables 1-2 revised
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Table 2. Logistic regression analysis of HEV shedding according to swine age, production stage and herd size

HEV positive pigs/ total (%) Odds ratio 95.0% C.I.for OR p

Production stage gilts (0 parities)a 25/58 (43.1) 1.58 0.61-4.09 0.345

young sows (1-2 parities)b 22/57 (38.6) 1.33 0.51-3.47 0.559

Old sows (>2 parities) c 31/58 (53.4) 2.54 0.98-6.55 0.054

Weaners (<120 day-old) 27/64 (42.2) 1.38 0.54-3.51 0.504

Fatteners (> 120 day-old) 10/37 (27.0) - - -

Herd size > 1000 sows 97/179 (54.2) 4.98 2.73-9.09 0.000

< 1000 sows 18/95 (18.9) - - -

Constant - 0.15 0.000

aAge range: 7-10 months

bAge range: 11-15 months

cAge range: 1-5 years


