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Summary
Hepatitis E virus (HEV) is responsible for sporadic acute hepatitis in developed countries, where
the infection is acquired probably through ingestion of contaminated food, in addition to travel-
related cases. In this study, the circulation of HEV in wild boar from nine Italian provinces was
evaluated. An overall seroprevalence of 10.2% was found, although there were differences among
the provinces, while no samples were positive for HEV RNA detection. This study indicates an
active circulation of HEV in the Italian wild boar populations and suggests to consider the zoonotic
risk in handling and eating meat from this animal

Introduction
Hepatitis  E virus (HEV) is an important  cause of sporadic and epidemic enterically transmitted
human acute hepatitis.  It is responsible for a self-limiting infection with an overall  mortality of
<1%, but this can reach 31% in pregnant women (Boccia et al., 2006). In developing countries,
HEV is responsible for epidemics, primarily due to the consumption of contaminated water, while
in developed countries, infection with hepatitis E virus occurs as a sporadic disease. 
Hepatitis E virus is a single-stranded, positive-sense RNA virus without an envelope, and it belongs
to the genus Hepevirus of the family Hepeviridae. Although it is divided into four major genotypes
and 24 subtypes, there is only one recognized serotype. Genotypes 1 and 2 are often associated with
large outbreaks and epidemics in developing countries. Genotypes 3 and 4 are considered zoonotic,
with a reservoir in pigs, and are responsible for sporadic cases of hepatitis E in both developing and
industrialized countries. Hepatitis E virus RNA has been revealed in several mammalian species,
including pigs, wild boars, rats, deer, rabbits, horses and mongoose, and recently ferrets (Sonoda et
al., 2004; Saad et al., 2007; Meng, 2011; Raj et al., 2012).
Recently,  an  increasing  number  of  locally  acquired  infections  in  non-endemic  areas  has  been
reported;  some  of  these  cases  were  associated  with  zoonotic  transmission,  particularly  by
consumption of uncooked deer, wild boar (Sus scrofa) or pig meat or offal (Colson et al., 2010).
The zoonotic risk of human infection arises not only from dissemination of HEV in domestic pigs,
but also from wild animals such as deer (Takahashi et al., 2004) and wild boar (La Rosa et al.,
2011). This risk was also suggested by a case–control study in Germany, where consumption of
wild boar meat was independently associated with autochthonous HEV infection (Wichmann et al.,
2008). Furthermore in Sweden, the RNA nucleotide sequences recovered from wild boar showed
close relatedness with strains from humans and pigs from the same geographical region (Widèn et
al., 2011). Moreover, genotype 4 has been suggested to be responsible for human infection through
ingestion of wild boar bile (Kim et al., 2011). Consumption of raw wild boar meat and liver was
shown to be a risk, as well as the contact with wild boars, including hunting and slaughtering (La
Rosa et al., 2011). In Italy, the relatively high seroprevalence of HEV in domestic pigs indicates
that there is active circulation of HEV (Martinelli et al., 2011). Genotype 3 is the only one that has
been  reported  in  Italian  pigs  and  also  in  wild  boars  (Martelli  et  al.,  2008).  To  evaluate  the
prevalence  of  HEV  infection  in  wild  boars,  we  performed  a  cross-sectional  serological  and
molecular survey in populations of central northern Italy.

Materials and Methods
Samples
Wild boar serum samples were collected during the hunting season, in the winter months, between
late 2009 and early 2012 from animals hunted in nine provinces located in the central and northern
part  of Italy,  see Fig.  1. A total  of 2211 hunted wild boars were included in the study. Serum
samples were collected from all animals, while liver samples were obtained from 493 wild boars
(453 from the northern part of Brescia Province and 40 from a natural reserve in Pisa Province).
Specimens were frozen at 20°C, immediately after collection (within 4 h from shooting), and then
stored at 80°C until processing, which occurred within 4 months. 



Gender and age were estimated by the hunters and recorded for 665 animals. The age of the animals
was determined on the basis of the tooth eruption pattern (Saez-Royuela et al., 1989): individuals
were considered ‘young’ when <12 months of age, ‘sub-adults’ when 13–24 months of age and
‘adults’ when >24 months of age. Liver samples were obtained from 188 young animals, 103 sub-
adults and 202 adults, while serum samples were collected from 86 young, 231 sub-adults and 348
adult boars. 
During  the  period  of  the  study,  the  densities  of  the  wild boar  population  were  1.1,  7.1 and 3
animals/km 2 in the hunting areas of Brescia, Arezzo and Pisa, respectively.

Detection of HEV antibodies in serum
The 2211 serum samples were tested for specific  anti-HEV IgG antibodies  using a commercial
human ELISA diagnostic kit (HEVabR ; DIA-Pro, Milano, Italy), modified as described previously
by Martinelli et al. (2011).

Detection of HEV RNA
Forty  liver  and  37  serum  samples,  derived  from  wild  boars  of  the  province  of  Pisa,  were
individually analysed. As regards to the samples collected in the province of Brescia, 41 livers from
areas  with  positive  serological  results  were  processed  individually,  while  the  other  412  liver
samples were clustered in 18 pools.
Liver tissue samples (500 mg) were placed in 2-ml safelock tubes (Qiagen, Helden, Germany) with
1.5 ml of MEM-A, and a single lead bead (5 mm diameter) was added to each tube; the samples
were homogenized utilizing the TissueLyser (Qiagen) for 10 min at 30 Hz.
Total  RNA was  extracted  from 100  ml  of  each  serum sample  and  homogenized  liver  sample
supernatant using TRIzol LS ReagentR (Invitrogen, Tokyo, Japan) according to the manufacturer’s
instructions. 
Reverse transcription was performed with 2.5 mM random hexamers (Roche, Mannheim, Germany),
1 U/ml RNase inhibitor (RiboLock RNase InhibitorR ; Thermo Scientific, Milan, Italy) and 2.5 U/ml
reverse transcriptase (RevertAidR H Minus M-MuLV Reverse Transcriptase; Thermo Scientific).
The thermal profile was 60 min at 42°C and 5 min at 94°C. A nested polymerase chain reaction (n-
PCR) was performed as described previously by Erker et al. (1999) for all samples. Sera were also
analysed using the primers and protocol described by Huang et al. (2002).

Statistical analysis 
To investigate the effects of the explanatory variables, sampling province, sex and age classes on
the  infection  status  (positive/negative)  of  individuals,  logistic  regression  through  a  generalized
linear  model  with  binomial  distribution  was  fitted  with  second-order  interactions  between
independent variables. The significance of explanatory variables is tested through the deviance table
of generalized linear model according to a chi-squared distribution. The analyses were undertaken
with the software R (R Development Core Team, 2011), setting P < 0.05 for significance.

Results
Overall, 226 of 2211 (10.2%, 95% confidence interval (CI): 9–11.5) serum samples were positive
for anti-HEV IgG antibodies. The seroprevalence related to each province is shown in Fig. 1. The
differences among sampling provinces were highly significant (Table 1): the highest seroprevalence
(48.7%, 95% CI: 32.6–64.8) was related to Pisa, while the lowest (4.2%, 95% CI: 3–5.4) to Brescia.
In this  latter  province,  the  positive  samples  were  from the  same defined area.  Male wild boar
presented a higher, but not significantly different, seroprevalence than females (13.4% versus 9%).
The prevalence of anti-HEV IgG was 12.8% (11/86), 8.2% (19/231) and 13.5% (47/348) for young



animals,  sub-adults  and adults,  respectively.  However,  host  factors  did  not  show any direct  or
indirect effect on infection status (Table 1). No HEV RNA was detected in liver and serum samples.

Discussion
To investigate the presence of HEV in wild boar, several studies have been performed in different
European countries and in Japan. The seroprevalence values ranged between 8.1% in Japan (Sato et
al., 2011) and 29.9% in Germany (Adlhoch et al., 2009). In this study, we assessed HEV infection
prevalence  in  different  wild boar  populations  in  the central  northern part  of Italy,  reporting an
overall  seroprevalence of 10.2%. This result is similar  to the seroprevalence (12%) reported by
Rutjes et al. (2010) in the Netherlands. Moreover, we observed a variation in the HEV prevalence
among different provinces, as previously reported by Schielke et al.  (2009) in Germany and by
Carpentier et al. (2012) in France. As shown in Fig. 1, the lowest seroprevalence was observed in
Brescia (northern part of Italy), where, in contrast, the seroprevalence in farmed swine reported by
Martinelli  et  al.  (2011)  is  high  (50.2%).  The low number  of  swine  herds,  as  well  as  the  low
possibility  of  contacts  between  wild  and domestic  populations  in  the  pre-Alpine  hunting  areas
considered in this study, may account for this difference. The seroprevalence in other provinces on
the contrary is higher, ranging between 10.8% (Modena) and 26.9% (Arezzo) in the Apennine areas
and reaching  48.7% in  Pisa.  This  variation  is  probably  due  to  the  territorial  ecological  and/or
biological differences, primarily the wild boar population density as confirmed by animal density
data, although not conclusive, obtained in this study.
Regarding the age classes  of the wild boar  analysed,  no significant  differences  were found, in
contrast  to  data  previously  obtained  in  pigs,  which  indicated  a  higher  prevalence  of  anti-HEV
antibodies in older animals (Martinelli et al., 2011). The main effect of the sampling area compared
with the small influence of age suggests a different dynamics of infection in wild boars.
In Europe, detection of HEV RNA in wild boars may be common (4–25%) and sometimes very
frequent (25–68%), which actually reflects the seroprevalence data. In particular,  for wild boars
from Italy, a high prevalence of 25% has been reported (Martelli et al., 2008). However, only a
single and managed population in a confined park area had been investigated in that study.
We investigated the presence of HEV RNA in liver and serum samples from wild boars of different
ages and hunted in two different areas;  none of them was positive.  Considering the serological
results, samples from seronegative areas resulted, as expected, virologically negative, confirming no
viral  circulation.  But,  unexpectedly,  also those from areas  with low (part  of  Brescia)  and high
seroprevalence (Pisa) tested negative. This result may have been caused by different factors. First of
all, viremia is short, approximately 11 days, as reported by Bouwknegt et al.(2009), and this may be
the cause of the low presence of the virus in the serum. Moreover, Lee et al. (2009) stressed that
HEV RNA can be hardly detected in liver samples, probably because of the short persistence of the
virus in this organ: a maximum of 50 days post-infection in pigs (Lee et al., 2009). Furthermore,
Adlhoch et al. (2009) reported that  the virus can be more efficiently detected in bile, compared
with serum and liver.  Of 126 liver,  119 bile and 115 serum samples screened, HEV RNA was
detected in 38.1% of the livers, 56.3% of the bile but only in 15.7% of the serum samples (Adlhoch
et  al.,  2009).  Maybe the  different  result  between bile  and liver  is  due  to  the non-homogenous
distribution of the virus in this organ; that is, it is potentially possible to sample a negative part of a
HEV-positive liver.  Nevertheless,  the majority  of prevalence  studies used serum and liver  with
successful results (see Table 2). Finally, also in pigs, a sharp contrast has been reported between the
prevalence  estimated  through serological  analysis  (seroconversion rate  72%) and through RNA
detection in sera (1%;Wibawa et al., 2004).
Consumption of wild boar meat and hunting has been associated with a higher seroprevalence of
HEV antibodies in humans (Toyoda et al.,  2008; Wichmann et al.,  2008; Mansuy et al.,  2009).
These data are also supported by a recent study that demonstrated a close relationship between virus
strains  of  human and wild  boar  origin  (Corman et  al.,  2013).  However,  given that  a  true  risk



analysis  for  human  infection  has  not  been  performed,  it  is  very  important  to  use  appropriate
protection during contact with wild boars and their dissection.
In this study, the circulation of HEV in wild boars was confirmed only serologically. Nevertheless,
the zoonotic potential of HEV and its circulation in wild and farm animals highlights the need for
continuous  monitoring  in  these  species  and  investigation  into  the  role  of  wild  boars  in  the
epidemiology of the disease.
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Table 1. Factors affecting serological status of HEV in wild boars.
Variable Deviance Df P value
Province 55.24 6 <0.001

Sex 1.24 1 0.255
Age 0.07 1 0.796

Province:Sex 1.67 5 0.892
Province:Age 9.38 6 0.153

Sex:Age 0.03 1 0.861



Table 2. Seroprevalence and HEV RNA detection rate in different countries from published data. 

Country Seroprevalence
HEV RNA

detection rate
References

Italy n.d. 22/88 (25.0%) Martelli et al., 2007
Japan 41/507 (8.1%) 19/552 (3.3%) Sato et al., 2011
Japan 3/35 (8.6%) n.d. Sonoda et al., 2004

Western Japan 100/392 (25.5%) 12/392 (3.1%) Michitaka et al., 2007
Japan 4/89 (4.5%) 1/89 (1.1%) Sakano et al., 2009
Spain 42/150 (28.0%) 27/138 (19.6%) de Deus et al., 2008
Spain 248/942(26.3%) n.d. Boadella et al., 2011

Hungary n.d. 9/74 (12.2%) Reuter et al., 2009
The Netherlands n.d. 1/26 (3.8%) Rutjes et al., 2009
The Netherlands 123/1029 (12.0%) 8/106 (7.5%) Rutjes et al., 2010

Germany n.d. 10/189 (5.3%) Kaci et al., 2008
Germany n.d. 22/148(14.9%) Schielke et al., 2009
Germany 32/107 (29.9%) 90/132(68.2) Adlhoch et al., 2009
France n.d. 7/285(2.5%) Kaba et al., 2010
France 59/421 (14.0%) n.d. Carpentier et al., 2011
Sweden n.d. 13/159 (8.2%) Widén et al., 2011

n.d., not determined; b, bile; s, serum; l, liver; f, faeces; m, muscle.



Fig. 1. Map of the North-Central part of Italy showing the nine provinces studied and the 
seroprevalence of hepatitis E virus (HEV) in wild boar serum samples.


