
Occurrence of Hepatitis E virus (HEV) in Calabrian wild boars 1 

 2 

Lorusso Patrizioa, Bonerba Elisabettaa, Pandiscia Annamariaa*, Mottola Annaa, Di Pinto Angelaa, 3 

Piredda Robertaa, Terio Valentinaa 4 

 5 

 6 

aDepartment of Veterinary Medicine– University of Bari, Provincial Road to Casamassima Km 3, 7 

70010 Valenzano (Bari), Italy 8 

 9 

 10 

 11 

 12 

Corresponding author at: Annamaria Pandisciaa 13 

a Department of Veterinary Medicine– University of Bari, Provincial Road to Casamassima Km 3, 14 

70010 Valenzano (Bari), Italy 15 

Telephone number: +39 3271898562 16 

E-mail address: a.pandiscia1@studenti.uniba.it 17 

 18 

Declarations of interest: none 19 

 20 

 21 

 22 

 23 

 24 

Manuscript with Line Numbers Click here to view linked References



2 
 

ABSTRACT 25 

Hepatitis E virus (HEV) is an emerging pathogen in industrialized countries. HEV infections in humans 26 

are mainly related to the HEV-3 genotype, predominant in Europe and widespread in wild boars’ 27 

food products. However, there are little relevant data around HEV prevalence in wild boars, 28 

although they are considered the main HEV reservoir and used for typical food products such as 29 

liver sausages. Our study aimed to assess HEV occurrence and genetic variability in Calabrian wild 30 

boars hunted in the central and ionic area of Catanzaro’s province. A total of 86 wild boar liver 31 

samples were analyzed showing an overall HEV RNA prevalence of 26.7% (23/86).  All positive 32 

samples were characterized molecularly as genotype 3 and predicted as HEV-3c subtype despite the 33 

shortness of fragment employed for the molecular analysis. This data is in line with previous studies 34 

conducted in Europe highlighting the public health concern of these results. 35 

Biomolecular methods performed in our study detected only the HEV RNA positivity of analyzed 36 

samples without information about the virus viability. Consequently, it is not possible to fully 37 

estimate the risk related to the consumption of wild boar’s liver sausages or wild boar meat 38 

products. Our results highlight the need for further studies in order to investigate the virus viability 39 

and to link wild boar’s meat consumption with HEV human seroprevalence in Italian regions 40 

(Abruzzo, Lazio, Campania and Calabria) where typical wild boar’s products are consumed. In this 41 

way, the Competent Authorities could perform a complete risk assessment, implement risk 42 

management and establish proper measures to ensure the public health and prevent relative human 43 

disease.   44 

 45 
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1. INTRODUCTION 52 

Hepatitis E virus (HEV) belongs to the family Hepeviridae, genus Orthohepevirus, species 53 

Orthohepevirus A and it is a hepatotropic, non -enveloped, and single-stranded RNA virus. Five 54 

different genotypes of Orthohepevirus A can infect humans (Johne et al., 2014). Of them, genotypes 55 

HEV-3 and HEV-4 can infect both humans and animals (pigs, wild boar, deer, cows, goats, rabbits) 56 

and are the main cause of hepatitis E in humans in several developed countries (Huang et al., 2016; 57 

Kamar et al., 2017; La Bella et al., 2021; Treagus et al., 2021). HEV is the etiological agent of self‐58 

limiting human acute hepatitis and it can also produce chronic hepatitis in immunocompromised or 59 

with chronic liver disease patients (Adlhoch et al., 2016).  60 

It has been estimated that 20 million people contract HEV, 3.3 million develop an symptomatic form 61 

and 70.000 die every year all over the world (La Bella et al., 2021; WHO, 2021).  62 

During the last decade, in the European Union (EU) there were more than 21,000 cases of HEV, with 63 

28 deaths. The major infection route was the zoonotic transmission, in particular, the foodborne 64 

pathway due to the consumption of uncooked or undercooked infected meat or derivatives (Di Cola 65 

et al., 2021; Ricci et al., 2017). 66 

In Europe, human cases are mainly associated with HEV-3 that is the predominant genotype and 67 

widespread in animals used in food products such as domestic pigs, wild boar, and deer (Doceul et 68 

al., 2016; Montone et al., 2019). Foodborne zoonotic transmission of HEV-3 was frequently reported 69 

in sporadic and clustered human cases and associated with the consumption of liver, offal products, 70 

sausages and raw and undercooked meat of pork, wild boar and deer (De Sabato et al., 2020; Ricci 71 

et al., 2017). 72 
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Moreover, other potential transmission pathways for this virus can be the consumption of vegetable 73 

and shellfish due to a cross-contamination with animal and human faeces (King et al., 2018; La Rosa 74 

et al., 2018; O’Hara et al., 2018; Terio et al., 2017). In Italy, wild boars have been mainly infected by 75 

3c, 3e and 3f HEV-3 subtypes (De Sabato et al., 2020; Di Pasquale et al., 2019; Zecchin et al., 2019). 76 

These are the most common subtypes in Europe (Nicot et al., 2021), although the predominance of 77 

variants within genotypes can change during the time (Nicot et al., 2018; Oeser et al., 2019).  78 

Until now, different studies showed that HEV detection in pig and wild boar muscles is rare (Di 79 

Bartolo et al., 2012) but a recent German report highlighted the HEV presence in wild boar livers 80 

and muscles equally (Anheyer-Behmenburg et al., 2017).  81 

The wild boar is the natural wildlife reservoir of HEV (Rivero-Juarez et al., 2018) and, consequently, 82 

the health surveillance in this species is important to reduce the potential effect of wild boar meat 83 

consumption on human health and to increase the information on the epidemiology of HEV. 84 

Furthermore, the risk for human health is associated with the hunted wild boars' meat that can be 85 

employed to produce wild boar sausages, a traditional Calabrian product consumed mainly in this 86 

region. 87 

During the last years, in the central and ionic area of Catanzaro’s province, there was an 88 

uncontrolled proliferation of wild boars causing a lot of damage  (Coldiretti-CALABRIA, 2021). It was 89 

necessary to prolong the hunting period leading to a possible increase in the consumption of wild 90 

boars’ products. Moreover, there were very few studies mapping the HEV spread in Calabrian wild 91 

boars. 92 

Our study aimed to evaluate the presence and the genetic variability of HEV in livers of Calabrian 93 

wild boars hunted in the central and ionic area of Catanzaro’s province to provide epidemiological 94 

HEV updated data. 95 

 96 
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2. MATERIALS AND METHODS 97 

2.1 Sampling 98 

Eighty-six liver samples were collected from wild boars during the hunting season in 9 Catanzaro’s 99 

municipality (Calabria, Italy) from October 2019 to January 2020 (Table 1). During the inspection 100 

activity by the local health authority, livers (30-40 cm3) were collected and transported under 101 

refrigerated conditions to the laboratory and stored at -80 °C until use. 102 

 103 

2.2 Sample preparation and nucleic acid extraction  104 

Virus extraction was performed following the method described by Di Pasquale et al. (2019) with 105 

appropriate modifications. Briefly, 1 g of liver was shredded with sterile blade and was added to a 106 

tube containing 3.5 ml of TRIZOL Reagent (Life Technologies, Monza, Italy) and 1 sterile tungsten 107 

carbide bead (3mm diameter). Samples were homogenized for 5 min at 25 hz/s in Tissue Lyser II 108 

(Qiagen, GmbH, Hilden, Germany). After mechanical disruption of the livers, samples were 109 

incubated at Room Temperature (RT) for 15 min and centrifugated at 8000 x g for 20 min at 4 °C. 110 

Then the supernatant was added with 0.7 ml of chloroform and vortexed for 15 sec and incubated 111 

for 15 min at RT. The aqueous phase obtained by centrifugation at 8000 x g for 15 min at 4°C, was 112 

recovered and stored at – 80°C until use. 113 

Nucleic acid extraction was performed using Nuclisens MiniMag extraction system (bioMerieux, 114 

France) following the manufacturer’s instruction. The RNA extracted was stored at -80°C.  115 

 116 

2.3 Touchdown RT-PCR  117 

The touchdown RT-PCR (TD/RT-PCR) assay was carried out in a single step using SuperScriptTM One 118 

Step RT-PCR with Platinum Taq (ThermoFisher scientific, Milan, Italy). All components for TD/RT-119 

PCR were assembled in a 25 μl reaction with primers described by Drexler et al. (2012) that amplify 120 
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a part of ORF 2 region of HEV genome since, as described by the authors, the test is able to amplify 121 

all members of the family Hepeviridae. The reaction contained 12.5 µl of 2X Reaction Mix, 0.5 µl of 122 

RT/Platinum™Taq Mix, 1µM of forward primer 1853 (5’-ACYTTYTGTGCYYT[I]TTTGGTCC[I]TGGTT-3’), 123 

1 µM of reverse primer 1854 (5’-GCCATGTTCCAGAYGGTGTTCCA-3’) and 2 µl of viral RNA. The 124 

thermocycling conditions were 30 min at 50 °C, 2 min at 94°C, followed by touchdown step included 125 

10 cycles of 15 sec at 94°C, 15 sec from 60°C to 50°C with a decrease of 1°C for cycle and 30 sec at 126 

68 °C. The amplification step consisted of 40 cycles of 15 sec at 94°C, 30 sec at 52°C, 30 sec at 68°C 127 

and final elongation for 10 min at 68°C. 128 

2.4 Touchdown hemi-nested PCR 129 

Touchdown hemi-nested PCR (TD/hn-PCR) amplified a part of the ORF 2 region of HEV genome to 130 

increase the sensibility of methods . The reaction was performed in a final volume of 25 μl using 131 

12.5 μl of HotStarTaq Master Mix (Qiagen, GmbH, Hilden, Germany), 1 µM of forward primer 1853 132 

(5’-ACYTTYTGTGCYYT[I]TTTGGTCC[I]TGGTT-3’), 1 µM of reverse primer 1855 (5’-133 

CCGGGTTCRCC[I]GAGTGTTTCTTCCA-3’).  TD/hn-PCR was performed with 2,5 μl of RT-PCR product, 134 

previously diluted 1:100. The thermocycling conditions were 3 min at 94°C, followed by touchdown 135 

step included 10 cycles of 15 sec at 94°C, 15 sec from 60°C to 50°C with a decrease of 1°C for cycle 136 

and 30 sec at 68 °C. The amplification step consisted of 40 cycles of 15 sec at 94°C, 13 sec at 50°C, 137 

30 sec at 68°C and final elongation for 10 min at 68°C. Amplifications were carried out using standard 138 

pre- cautions followed to prevent PCR contamination. All positive results were confirmed by 139 

replicating the analysis in a second, independent, PCR amplification. 140 

2.5 Detection of amplified products 141 

TD/hn-PCR-amplified products were displayed by electrophoresis on 1.5% (w/v) agarose NA 142 

(Pharmacia, Uppsala, Sweden) gel in 1X TBE buffer containing 0.089 M Tris, 0.089 M boric acid, 0.002 143 

M EDTA, pH 8.0 (USB, Cleveland, OH, USA), and stained with Green Gel Safe 10000X Nucleic Acid 144 
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Stain (5 ll/100 ml) (Fisher Molecular Biology, USA). The Gene RulerTM 100 bp DNA Ladder molecular 145 

weight marker (MBI Fermentas, Vilnius, Lithuania) was used.  146 

Image acquisition was performed with Gel DocTM EZ imager Bio-rad. 147 

 148 

2.6 Sequencing and analysis 149 

Cycle sequencing was carried out using BigDye Terminator Cycle chemistry (Applied Biosystems, 150 

Foster City, California, US). Consensus sequences were obtained using the Geneious software 151 

version 10.0.5 (Biomatters Ltd, New Zealand). Redundancy of the sequences generated was 152 

collapsed grouping identical sequences (unique haplotypes) by using mothur v 1.45.3 (Schloss et al., 153 

2009). 154 

Taxonomic assignment to genotypes and subtypes of HEV sequences was performed using the 155 

online tool HEVnet (“Hepatitis E Virus Genotyping Tool,”; Mulder et al., 2019) that uses phylogenetic 156 

method in order to identify the Hepatitis E virus genotype and subtypes also using subgenomic 157 

nucleotide sequences. 158 

Moreover, our haplotypes were pooled with the reference sequences for hepatitis E virus subtypes 159 

generated and listed by Smith et al. in Table 1 (2020). The sequences were multialigned using MAFFT 160 

(Katoh et al., 2018) and the alignment was manually checked using SeaView v.4.0 (Gouy et al., 2010). 161 

The final alignment was used to infer an haplotype network using Minimum spanning network 162 

(Bandelt et al., 1999) implemented in PopART v1.7 (Bandelt et al., 1999; Clement et al., 2000; Leigh 163 

and Bryant, 2015). Relationships with other HEV 3 sequences of the same study area were also 164 

explored. Molecular data, including the RNA-dependent RNA polymerase fragment sampled in the 165 

Italian regions from several hosts, were downloaded from GenBank (February 2022). Data were 166 

merged with our haplotypes in addition to representative sequences from other geographic areas 167 

or hosts.  Sequences were aligned using MAFFT (Katoh et al., 2018) and the alignment was manually 168 
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checked using SeaView v.4.0 (Gouy et al., 2010). A Maximum Likelihood tree was built in FastTree 169 

(Price et al., 2010) using GTR gamma model and HEV-4 strain was used as outgroup (AB197673). 170 

Visualization and annotation of the tree was performed  in iTOL (“iTOL: Interactive Tree Of Life,” 171 

n.d.) (Letunic and Bork, 2019). 172 

Map of sampling was built using leaflet R package (“leafletR: Interactive Web-Maps Based on the 173 

Leaflet JavaScript Library. R package version 0.4-0”). 174 

3. RESULTS 175 

The presence of HEV was detected in 23/86 (26.7%) of samples by the amplification of a fragment 176 

of 306 bp. Generation of unique sequences reduced the dataset from 23 sequences to 4 non 177 

redundant unique sequences (haplotypes) (Table 2), one of them (Hap_1) including sequences 178 

sampled from three different geographic sites (Figures 1,2).  Molecular identification using HEVnet 179 

identified all haplotypes belonged to hepatitis E virus with high support (>90%) and the subtype 180 

HEV-3c was inferred with low support (about 70%) for three haplotypes (Hap_1, Hap_3, Hap_4), 181 

whereas no subtype was inferred for Hap_2 (Table 2) (Suppl. Trees Files 1-4). Evolutionary prediction 182 

by HEVnet showed all haplotypes matched FJ705359 as closest reference sequence (Hap_1 296/305 183 

nt (97%); Hap_2 293/302 nt (97%); Hap_3 294/305 nt (96%); Hap_4 295/305 nt (97%)) that was 184 

previously found both in human and wild boar and in several geographical areas (France, Germany, 185 

Netherlands, Sweden, UK, Thailand, Canada). A final multi alignment including 65 sequences with 186 

306 nucleotides (data not provided) was used to generate haplotype network that highlighted our 187 

haplotypes as distinct respect the other HEV-3 subtypes (supplementary figure). In particular, the 188 

most abundant haplotype (Hap_1) was linked with the closest reference FJ705359 (nine nucleotides 189 

of differences), while the other haplotypes (Hap_2, Hap_4, Hap_3) diverged from it. Based on a total 190 

of 103 sequences, the tree-building was selected, and removing redundant sequences, the final 191 

alignment included 87 sequences of 291 bp (including the four haplotypes and the outgroup) (figure 192 



9 
 

3). In the tree, our haplotypes were grouped together in a clade and the Germany reference sampled 193 

in wild boar (FJ705359) was confirmed to be the most related with the Calabrian haplotypes. Sister 194 

sequences to the clade also included two references, one collected in Central Italy from wild boar 195 

(MT840360) by Aprea et al., 2020  and a second sampled in Bulgaria from swine (MZ519907) by 196 

Palombieri et al., 2021 . In the Supplementary Table 1 were reported the sequence’s details used in 197 

the tree, including Accession number and all the features extracted from the entries GenBank and 198 

the HEV3 subtypes summarized or predicted by Nicot et al., 2021. 199 

4. DISCUSSION 200 

Our results confirmed the circulation of HEV-3 in wild boar populations and an overall prevalence 201 

of 26.7%.   These results were in line with Italian studies highlighting a high HEV circulation in wild 202 

boars as described by Martelli et al., (2008) and De Sabato et al., (2018b) with  an overall prevalence 203 

of 25% and 52.2%, respectively. These data are higher if compared to results obtained in the 204 

previous studies conducted in animals hunted in Italy, with an HEV positivity ranging from 2.45 % to 205 

16.3 % (Aprea et al., 2020; Di Pasquale et al., 2019; Forzan et al., 2021; Martelli et al., 2008; Pierini 206 

et al., 2021). Furthermore, in Europe, several epidemiological investigations reported an HEV RNA 207 

prevalence in retail liver and liver products of pigs ranging from 4% to 11.8%  (Treagus et al., 2021). 208 

In detail, it has been reported that 4% of retail livers in France and Germany, 3% of slaughterhouse 209 

livers in Spain and 11.8% of raw liver sausages in Switzerland, tested positive for HEV RNA (Di Bartolo 210 

et al., 2012; Moor et al., 2018; Rose et al., 2011; Wenzel et al., 2011). Instead, the prevalence of HEV 211 

RNA in wild boars liver samples was detected in percentage ranging from 1.9% to 33.5% (Ricci et al., 212 

2017). 213 

Our results could be justified by the wild boar population density, the sampling strategy, and the 214 

hunting area. In detail, in our study, the sampling area is restricted; every municipality is at a 215 
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maximum of 60 Km away from each other but, the geographical barriers between Catanzaro's 216 

municipalities could explain the detection of different haplotypes. 217 

The analyses of positive samples obtained from wild boars at Calabria municipalities, revealed that 218 

all the haplotypes belong to the HEV-3 genotype which is the prevalent genotype in European 219 

countries. All the haplotypes found the same best hit, previously isolated both in human and wild 220 

boar and in several geographic areas (Smith et al., 2020), suggesting in the industrialized countries 221 

a transmission by food or close contact with animals (Brayne et al., 2017). Subtype inference showed 222 

that three haplotypes could belong to HEV 3c subtype. However, the nomenclature of HEV subtypes 223 

isn’t stable making difficult the comparison among subtypes from different studies. 224 

 Moreover, HEV-3 strains are known to be highly divergent (Okamoto, 2007; Smith et al., 2020) and 225 

some of them do not fit the subtype definitions remaining unassigned as in recent studies detecting 226 

unclassified strains from wild boar in Central and southern Italy (De Sabato et al., 2018a; Pierini et 227 

al., 2021). In our study, despite the shortness and the highly conserved nature of the fragment used, 228 

analysis of the haplotypes suggest they could be distinct or diverging variants within the 3c subtype. 229 

Interestingly, in the phylogenetic tree built, the molecular data of HEV 3c generated from wild boars 230 

or other hosts sampled in Italian areas, seem to be poor related with our Calabrian sequences. These 231 

findings could be related to the different management applied on wild boar host populations during 232 

the time and in different Italian areas also including National parks. The different pressures could 233 

have generated cycles of restriction and expansion in the host population size of the wild boars and 234 

a consequent bottleneck in HEV genotype variants. This suggests that the marked divergence among 235 

Italian HEV 3c haplotypes could be a signal related to a founder effect and it highlights the need for 236 

a closer link between epidemiology of HEV, history and management of the host population. This 237 

data is in line with other studies conducted in other countries confirming general HEV 3 genotypes’s 238 

high divergence reported by Takahashi et al., 2011  in Japan wild boar and with the multiple 239 
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subtypes’ circulation in German wild boars described by  Adlhoch et al., 2009; Oliveira-Filho et al., 240 

2014.  241 

However, a limitation of the present study is the relatively short length of the fragment used for the 242 

evolutionary inference. Larger studies and the sequencing of full-length or near full-length genomes 243 

will needed to clarify the influence of host factors with the diversity on HEV-3 genotype variant. 244 

During the last years, there was an uncontrolled proliferation of Calabrian wild boars that led to an 245 

increase in hunting activity and, consequently, in potential local consumption of wild boar products 246 

(meat and liver) by consumers (“Coldiretti - CALABRIA”).   247 

To date, studies regarding the detection of HEV in the Calabria region were performed only in swine 248 

(Costanzo et al., 2015; Pavia et al., 2021). Furthermore, as described by Montagnaro et al., (2015) 249 

and Wu et al., (2011), there is evidence of environmental interaction between wild boars and swine. 250 

Hence, considering this topic, our study focused on the prevalence and characterization of 251 

circulating HEV genotype in the Calabrian wild boars’ population since wild boars are considered 252 

reservoirs for HEV and are widespread all over the country (Aprea et al., 2018).  253 

Based on the georeferentiation of collected samples, our results highlighted that positive samples 254 

were detected in restricted areas of Catanzaro’s province. This could suggest a higher exposure to 255 

the virus in these territories with a potential increment of the risks related both to the consumption 256 

of wild boars’ meat and their professional handling by hunters (Montone et al., 2019). In fact, in the 257 

last decade, in Italy, it has been observed a trend in continuous increase of human HEV reported 258 

cases (Stroffolini et al., 2015) with a 100 % increment observed in 2019 compared to 2018 (SEIEVA, 259 

2020). It seems mainly due to foodborne outbreaks that occurred in Marche, Lazio, and Abruzzo 260 

regions where wild boars’ meat is mostly consumed (SEIEVA, 2020) even if its consumption in other 261 

Italian regions or other countries cannot be ruled out. 262 
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Although, no human HEV cases have been notified in the last year, in the Calabria region, our results 263 

showed the presence of HEV RNA in 26.7% of wild boar livers which suggest a potential HEV 264 

underdiagnosis and/or asymptomatic infections (Ricci et al., 2017). Furthermore, it is known that 265 

patients infected with subtype 3c were at a lower risk of hospitalization than those infected with 266 

subtypes 3f or 3e (Abravanel et al., 2020; Subissi et al., 2019).  267 

Our results, apparently in contrast with the results previously mentioned, could be explained by the 268 

existing gap between animal and food sanitary surveillance and the development of HEV outbreaks 269 

in humans. In fact, In Italy, although the notification of hepatitis E virus is mandatory thus providing 270 

data on acute cases of the disease, until now, none of the cases notified have been directly linked 271 

to food-borne transmission (Montone et al., 2019) suggesting a potential underestimation of HEV 272 

incidence (Alfonsi et al., 2018). Hence, based on the evidence that the HEV-3c subtype causes fewer 273 

hospitalizations, more studies are now needed to clarify the influence of host factors and virus 274 

diversity on HEV-3 pathogenesis (Nicot et al., 2021). 275 

Moreover, biomolecular methods performed in our study detected only the HEV RNA positivity of 276 

analyzed samples without information about the virus viability. Consequently, it is not possible to 277 

fully estimate the risk related to the consumption of pigs or wild boar’s liver sausages or meat 278 

products. 279 

 280 

5. CONCLUSIONS 281 

The circulation of HEV-3 in Calabrian wild boars was detected in 23/86 (26.7%) liver samples by the 282 

amplification of a short fragment. Most positive samples belonged to HEV-3c subtypes and different 283 

strains can be found, confirming the high heterogeneity of HEV in wild boars.  Although, no human 284 

HEV cases have been notified in the last year, in the Calabria region, our results showed a high HEV 285 

RNA prevalence in wild boar livers suggesting a potential HEV underdiagnosis and/or asymptomatic 286 
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infections. Furthermore, biomolecular methods performed in our study detected only the HEV RNA 287 

positivity of analyzed samples without information about the virus viability. 288 

to confirm the HEV genetic variability found in our study, future studies will carried out using whole 289 

genomic sequences or at least the complete capsid. Our results highlight the need for further studies 290 

in order to investigate the virus viability and to better evaluate the relationship between the wild 291 

boar’s meat consumption and HEV human seroprevalence in Italian regions (Abruzzo, Lazio, 292 

Campania and Calabria) where typical wild boar’s products are consumed. In this way, the 293 

Competent Authorities could implement risk management in order to establish proper measures to 294 

ensure the public health and prevent relative human disease. Therefore, currently, in the absence 295 

of specific control measures for HEV, hunters should be informed about implementing good hygiene 296 

practices during slaughtering procedures to minimize the potential zoonotic and foodborne risks of 297 

exposure for humans.  298 

 299 
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TABLES 551 

TABLE 1. GEOREFERENTIATION 552 

 553 

Numbers of 
samples 

Municipality Latitude Longitude 

3 Andali - CZ 39,0145 16,7693 

30 Borgia - CZ 38,82627 16,5077 

3 Germaneto- CZ 38,88579 16,5768 

9 Montauro - CZ 38,7498 16,5142 

5 Fossato Serralta - CZ 38,9968 16,5787 

4 San Floro - CZ 38,839 16,5195 

8 Satriano - Laganosa - CZ 38,6797 16,5272 

18 Simeri Crichi - CZ 38,9548 16,6412 

6 Squillace - CZ 38,7805 16,513 

 554 
Table 1. Sampling details of wild boars hunted in nine municipalities of Calabria region. 555 

 556 
TABLE 2. PHYLOGENETIC RESULTS 557 
 558 

Haplotype              Samples Genotype Subtype 

(bootstrap%) 

Reference 
Description 

Hits/ 

Identity 
(%) 

Hap_1 ANDALI_1,ANDALI_2,SIMERICRICHI_1,SIMER
ICRICHI_2,SIMERICRICHI_3,SIMERICRICHI_8,
SIMERICRICHI_9,SANFLORO_1,SANFLORO_2
SANFLORO_3 

HEV3 HEV3c 

(72%) 

Germany – 

Sus scrofa 
(FJ705359) 

296/305 
(97%) 

Hap_2 SIMERICRICHI_4,SIMERICRICHI_5,SIMERICRI
CHI_6, SIMERICRICHI_7 

HEV3 Not 
assigned 

Germany – 

Sus scrofa 
(FJ705359) 

293/302 
(97%) 

Hap_3 BORGIA_1,BORGIA_2, BORGIA_3, BORGIA_4 HEV3 HEV3c 

(74%) 

Germany – 

Sus scrofa 
(FJ705359) 

294/305 
(96%) 

Hap_4 SQUILLACE_1,SQUILLACE_2,SQUILLACE_3,S
QUILLACE_4,SQUILLACE_5 

HEV3 HEV3c 

(70%) 

Germany – 

Sus scrofa 
(FJ705359) 

295/305 
(97%) 

 559 
Table 2. Summary of dataset. the list of identical samples included and the assignments to genotype 560 

and subtypes inferred by HEVnet was reported for each haplotype. Subtype column includes the 561 

bootstrap support values from the phylogenetic trees generated in HEVnet. Inference at subtype 562 
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level wasn’t possible for Hap_2 (bootstrap < 70%). The column identity reports the match details 563 

between the haplotype and the reference best hit. 564 

 565 

 566 

 567 



FIGURES 

Figure 1. GEOREFENTIATION OF HEV-POSITIVE WILD BOARS 

 

Figure 1: The map shows the municipalities of Catanzaro’s province where samples were collected, 

and the number of HEV-positive samples. Symbols indicate different HEV sub clustering as specified 

in the legend.  
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Figure 2.  SAMPLE MAP AND HAPLOTYPES 

 

Figure 2: Map of sampling and corresponding haplotypes found in each municipality. Black circles 

indicate sites where HEV-positive wild boars were absents. 

 

 

 

 

 

 

 

 

 

 

 

 

  



Figure 3. Maximum Likelihood tree of HEV 3 genotype using the RNA-dependent RNA polymerase. 

 

 



Figure 3. Maximum Likelihood tree of HEV 3 genotype using the RNA-dependent RNA polymerase. 

The tree included our four haplotypes and all samples available from other Italian regions and 

sources. Representatives’ sequences of other geographic areas were also included and one HEV-4 

strain was used as outgroup (AB197673). Bootstraps >70% were showed as symbols (dots) 

proportional to the values. Metadata associated to sequences were showed by three colour code 

panels: Subtype (Sb), Source (S) and Geographic area (Ga).  
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