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Hepatitis E is the main cause of enterically transmitted non-A, 
non-B hepatitis in developing countries. The mortality rate for this 
infection is generally low (1%) but is up to 25% in pregnant women. 
A nonenveloped, single-stranded RNA virus of approximately 7.2 kb, 
the Hepatitis E virus (HEV) is encoded by 3 open reading frames 
(ORFs) in the genome (1). At least 4 major genotypes of HEV have 
been identified. Genotype 1 includes human isolates from Asia and 
North Africa, and genotype 2 comprises human isolates from Mexico 
and some African countries. Genotypes 3 and 4 include human and 
swine strains isolated in industrialized countries as well as develop-
ing areas (2).

Hepatitis E has been considered endemic in Asia, South America, 
and Africa. Despite the low number of sporadic acute cases in devel-
oped regions among people with no history of travel to endemic 
areas, a surprisingly high level of HEV antibodies has been reported, 
suggesting that the virus is more widespread than previously rec-
ognized (3,4). This finding has raised the suspicion of an animal 
reservoir for the virus and that hepatitis E is a zoonosis. The first 
animal strain was isolated from a pig in the United States in 1997 
(5). More studies in other developed countries have reported high 
seroprevalence rates and new isolates of swine origin (6,7). Sequence 

analysis has shown that indigenously acquired human and swine 
isolates in industrialized countries are clustered in the same geno-
type (3 or 4) (7), supporting the strong suspicion of hepatitis E as 
a zoonosis. Furthermore, swine isolates are related more to human 
strains from the same geographic region than to swine strains from 
different areas (8). Since pigs experimentally infected with human 
strains have shed the virus for several weeks in feces (9), swine 
production may represent a significant environmental reservoir 
of infection. Routes of transmission remain unclear, although in 
2004 Kasorndorkbua et al (10) reported experimental evidence of 
fecal–oral transmission between pigs in the same pen. However, the 
way in which HEV passes from pigs to humans remains unknown. 
It has been reported that swine veterinarians in the United States are 
1.51 times more likely to have positive results of HEV antibody tests 
than are normal blood donors in the same geographic area (11).

The aim of this study was to detect HEV and to investigate the 
dynamics of virus distribution in feces and serum at various ages 
in a naturally infected swine population in Spain. In addition, the 
strains isolated were to be genetically characterized and compared 
with other swine and human HEV strains from different areas of 
the world.
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A b s t r a c t
This study describes the distribution of Hepatitis E virus (HEV) in a naturally infected swine population and the genetic relatedness 
of HEV strains on swine farms in Spain. Of fecal and serum samples collected from 131 pigs and manure-ditch samples collected 
from 17 farms, HEV was detected in 16%, 14%, and 59%, respectively, for an overall prevalence rate of 23%. The maximum 
prevalence rates for feces and serum were in pigs 5 to 12 wk old. A high prevalence of the virus in feces (18%) was observed in 
sows. Gene sequencing was performed on 6 strains from feces, serum, and manure ditch: the nucleotide identities varied from 
81.5% to 99% when compared with those of other strains of genotype 3 isolated from swine. This is the first study in Europe to 
show the variation in virus distribution by age in feces and serum in a naturally infected swine population.

R é s u m é
Cette étude décrit la distribution du virus de l’hépatite E (HEV) dans une population de porcs naturellement infectés et la parenté génétique 
de souches de HEV provenant de fermes porcines en Espagne. À partir d’échantillons de fèces et de sérum prélevés de 131 porcs, et de fosses 
à purin sur 17 fermes, le HEV a été détecté, respectivement, dans 16 %, 14 % et 59 % des échantillons, pour une prévalence globale de 
23 %. Les taux maximums de prévalence pour les fèces et le sérum ont été retrouvés chez les porcs de 5 à 12 semaines d’âge. Une prévalence 
élevée de virus dans les fèces (18 %) a été observée chez les truies. Le séquençage génétique a été effectué sur 6 isolats provenant des fèces, 
du sérum et de fosse à purin : l’identité nucléotidique a varié de 81,5 % à 99 % en comparaison avec d’autres souches du génotype 3 isolées 
de porcs. Il s’agit de la première étude européenne à démontrer la variation de la distribution du virus selon l’âge dans les fèces et le sérum 
d’une population de porcs infectés naturellement.
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Sample size was established taking into account the national 
 census of the Ministry of Agriculture of Spain in 2002, which 
reported 1 129 055 pigs for the Valencia community. The expected 
prevalence was 13.7% (12), with a confidence of 95% and an accepted 
error of 6%. Included in the study, conducted from January 2002 to 
August 2004, were 131 pigs from 21 farms.

Fecal and blood samples were collected at the same time from 
131 animals at different production stages: 20 piglets 0 to 4 wk old, 
22 weaners 5 to 12 wk old, 20 feeders 13 to 20 wk old, 27 finishers 
21 to 24 wk old, 4 boars, and 38 sows with suckling piglets. The 
number of animals sampled at each farm was determined on the 
basis of the farm’s size. Additionally, samples of manure ditch were 
taken from 17 farms. The fecal samples were obtained directly from 
the rectum and kept in sterile containers. They were diluted at 10% 
(w/v) in phosphate-buffered saline, pH 7.2, and centrifuged to col-
lect supernatant for RNA extraction. The remaining supernatant was 
stored at 280°C. The blood samples were obtained by puncture of 
the jugular vein and collected in tubes without anticoagulant. After 
separation, the serum was used for RNA extraction. The remain-
ing sample was stored at 280°C. Samples of manure ditch were 
centrifuged directly without dilution and the supernatants used for 
RNA extraction.

We performed RNA extraction, reverse transcription (RT), and 
nested polymerase chain reaction according to the method described 
by Fernández-Barredo et al (13), using primers designed by Huang 
et al (8). Sequence alignments were generated by ClustalW, and 
sequence analysis was performed with the use of Bioedit Sequence 
Alignment Editor. The swine sequences reported in this work were 
compared with 36 sequences selected from the 4 genotypes available 
in the GenBank database, which included strains of human origin 
(AY204877 Chad, AF051352 Egypt, AF141652 China, X98292 India, 
AF170450 Vietnam, X99441 Madras [India], AF065061 Morocco, 
M80581 Sar55 [Pakistan], M73218 Burma [India], AF076239 India, 
AH006999 HEVBCN [Spain], AF058684 HEVBCN6 [Spain], M74506 
Mexico, AF060668 US1 [USA], AF060669 US2 [USA], AF195062 
VH2 [Spain], AF195061 VH1 [Spain], AJ272108 China T1, AF151962 
China T11, AF296160 TW261E [Taiwan], AB097812 JA1 [Japan]), swine 
origin (AF082843 US-SW, AF336292 NLSW28 [The Netherlands], 
AF503511 UK P354, AF503512 UK P143, AF195063 E11 [Spain], 
AY858936 G3-8f [Mexico], AY858920 S2-29f [Mexico], AY858917 
S1-29f [Mexico], AY858901 T4-7s [Taiwan], AF516179 KOR2 [Korea], 
AY115488 Canada, AB073910 swJ681 [Japan], AF117280 TW32SW 

[Taiwan], AB097811 swJ13-1 [Japan]), and avian origin (AY043166); 
the last sequence had only recently been identified. A phylogenetic 
tree was constructed by the neighbor-joining method with a substitu-
tion model of the Kimura 2-parameter, based on the partial nucleo-
tide sequence of the ORF2 region (222 nucleotides). Bootstrap values 
were determined on 1000 resamplings of the data sets. Phylogenetic 
and molecular evolutionary genetics analyses were conducted by 
means of MEGA, version 3.0 (www.megasoftware.net).

We detected HEV at 16 of the 21 farms (76%) and in 21 (16%) of the 
131 fecal samples, 18 (14%) of the 131 serum samples, and 10 (59%) 
of the 17 manure-ditch samples. As Table I shows, the frequency of 
detection in feces was highest among the pigs 5 to 12 wk old (41%) 

Table I. Detection of Hepatitis E virus (HEV) RNA in feces and 
serum of pigs of various ages

Age, wk 
(and no.  % of HEV-positive samples
of pigs) Feces Serum
0–4 (20) 2 (10)  4 (20)
5–12 (22) 9 (41)  7 (32)
13–20 (20) 1 (5)  2 (10)
21–24 (27) 2 (7)  3 (11)
. 25 (boars) (4) 0 (0)  0 (0)
. 25 (sows) (38) 7 (18)  2 (5)
Total (131) 21 (16) 18 (14)

Figure 1. Phylogenetic relationships among swine and human strains of 
Hepatitis E virus (HEV) representing the 4 major genotypes, based on a 
222-nucleotide fragment of open reading frame 2 of the genome. The scale 
bar represents an evolutionary distance of 0.05 nucleotides per site.
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and lowest among the pigs 13 to 20 wk old (5%). Whereas HEV was 
not detected in feces from the boars, it was detected in 18% of the 
fecal samples from the sows. A similar pattern was observed for the 
serum samples, with the highest rate among the pigs 5 to 12 wk old 
(32%) and much lower rates in the next 2 age groups; however, apart 
from the boars, whose serum samples were free of HEV, the sows had 
the lowest rate in serum, at 5%. The overall rate of HEV detection 
among the pigs, including positive results for either type of sample 
or both types, was 23% (30/131), and the highest overall rate by age 
was 41%, in the animals 5 to 12 wk old. In 9 pigs HEV was detected 
in both feces and serum; 7 were aged 5 to 12 wk, and the other 2 were 
sows. No clinical signs specific for HEV infection were recorded for 
any of the pigs studied.

Partial sequences of 222 base pairs of the HEV capsid protein gene 
were obtained from 6 isolates and deposited in GenBank: 2 sequences 
from serum samples (SpswsCV4 [accession no. DQ093565] and 
SpswsCV8 [DQ093569]), 2 from fecal samples (SpswfCV3 [DQ093564] 
and SpswfCV5 [DQ093566]), and 2 from manure-ditch samples 
(SpswmCV6 [DQ093567] and SpswmCV7 [DQ093568]). Each iso-
late was from a different farm. The sequences were compared with 
others from the 4 known genotypes and were found to cluster in 
genotype 3 (Figure 1), together with porcine strains from Europe and 
North America as well as a Japanese swine strain. In this genotype, 
the Spanish sequences clustered in a minor branch with European 

porcine strains and with human strains from acute autochthonous 
hepatitis E in Spain. The 6 new sequences had nucleotide similar-
ity (Table II) with other swine sequences in genotype 3 ranging 
from 81.5% between SpswmCV7 and a Japanese swine strain to 
98.6% between SpswsCV4 and SpswsCV8 and E11 (from sewage 
from a porcine slaughterhouse in Spain). The closest relationship 
(94.1% nucleotide similarity) between the 6 new sequences and 
human strains in genotype 3 was between SpswsCV4 and VH2, 
from a patient with acute hepatitis in Barcelona, Spain. Nucleotide 
translation to amino acids and multiple alignments demonstrated 
no variation among all the partial sequences in genotype 3 studied, 
human or swine, except for US2, which differed in only 1 amino 
acid. The similarity of swine Spanish strains and other strains in the 
other genotypes varied from 91% with the Mexican strain to 96% 
with human and porcine strains in genotype 4.

It has been reported that HEV in pigs is widespread in the world, 
involving not only countries in which human HEV infection is 
common, such as India (14), but also countries in which hepatitis E 
is rare, such as Canada, Britain, the United States, the Netherlands, 
New Zealand, and Spain (6–8,13,15,16). In several of these industri-
alized countries, there have been seroprevalence studies involving 
a large number of animals, but the sample size for RNA detection 
was much smaller than ours. Moreover, the special situation of Spain 
as the European doorway to Africa, in which only genotype 1 and 

Table II. Nucleotide similarity of a 222-base-pair fragment of open reading frame 2 of the HEV genome of swine and human strains 
of genotype 3, as compared with 6 strains isolated in this study

 Study strains (GenBank accession no. of the sequence); % similarity of fragment
 SpswfCV3  SpswsCV4 SpswfCV5 SpswmCV6 SpswmCV7 SpswsCV8
Selected strainsa (DQ093564) (DQ093565) (DQ093566) (DQ093567) (DQ093568) (DQ093569)
AF082843 US-SW 85.5 87.3 86.9 84.6 83.7 87.3
AF060668 US1 84.6 85.5 86.0 83.7 83.3 85.5
AF060669 US2b 85.5 85.5 86.0 83.7 85.1 85.5
AF336292 NLSW28 90.5 90.9 90.5 88.7 86.4 90.9
AF503511 UK P354 86.9 85.1 85.5 86.4 85.5 85.1
AF503512 UK P143 85.5 83.7 84.2 84.6 86.9 83.7
DQ093564 SpswfCV3 — 96.8 97.2 96.3 90.0 96.8
DQ093565 SpswsCV4 96.8 — 99.5 95.0 89.6 100
DQ093566 SpswfCV5 97.2 99.5 — 95.4 90.0 99.5
DQ093567 SpswmCV6 96.3 95.0 95.4 — 89.1 95.0
DQ093568 SpswmCV7 90.0 89.6 90.0 89.1 — 89.6
DQ093569 SpswsCV8 96.8 100 99.5 95.0 89.6 —
AF195063 E11 97.2 98.6 98.1 94.5 89.1 98.6
AF195062 VH2 93.6 94.1 93.6 91.8 91.4 94.1
AF195061 VH1 92.7 92.3 91.8 90.0 89.1 92.3
AY858936 G3-8f 83.3 85.1 85.5 83.3 84.2 85.1
AY858920 S2-29f 86.9 87.8 87.3 85.1 84.6 87.8
AY858917 S1-29f 86.0 86.9 86.4 86.0 84.2 86.9
AY858901 T4-7s 83.7 83.7 83.3 81.9 82.4 83.7
AF516179 KOR2 86.0 86.9 87.3 86.0 85.5 86.9
AY115488 CANADA 85.1 85.1 85.5 86.0 83.7 85.1
AB073910 swJ681 81.9 82.8 83.3 82.8 81.5 82.8
a Those in italics are of swine origin and those underlined are of human origin.
b For this strain, the deduced amino acid sequence of the fragment was 99% identical to that of all 6 of this study’s strains, whereas for all of 
the other selected strains the similarity was 100%.
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2 strains have been identified in humans, makes it interesting to 
determine the relationship between these swine strains and other 
human and swine strains from different areas of the world.

In Spain, a 25% HEV seroprevalence in pigs was reported, but no 
HEV RNA was detected in any of the serum or fecal samples (17). 
In another study, a seroprevalence of 13.7% was reported, but HEV 
RNA was again not isolated from serum (12); however, the genome 
was identified in pools of feces from a single farm in all the age 
groups studied (pigs 3, 5, and 8 wk old, fattening pigs, and primipa-
rous sows). Ours is the first report from Europe about HEV detection 
in a naturally infected population through study of fecal and serum 
samples collected at the same time from each animal, which permit-
ted us to evaluate at what age pigs should be more infectious for 
humans and other pigs because of virus shedding in the feces.

Data from the study of individual fecal samples are scarce and 
vary greatly depending on the study. Banks et al (18) in Britain 
reported 11 pigs (26%) to be positive out of 42, all tested between 
12 and 15 wk of age. Van der Poel et al (6) in the Netherlands studied 
9 pigs but did not detect HEV RNA. Garkavenko et al (16) in New 
Zealand, studying pigs between 7 and 17 wk old, found that 17 (38%) 
of 45 shed HEV, all 17 being 10 to 12 wk old. The frequency of posi-
tive fecal samples in our study was only 16%. A possible explanation 
for the higher rates in the other studies is a bias in age distribution, 
as the pigs aged 5 to 12 weeks had the highest rate of HEV detection 
in feces (41%) in our study.

In our study, 18% of sows had HEV in their feces and thus could 
be the source of new infections on the same farm and also of spread 
to other farms, since many farms sell piglets for feeding. The mecha-
nism by which HEV almost disappears from the feces of 5-mo-old 
pigs (whose rate was only 7%) and then emerges in sows is uncertain. 
Stress during farrowing and suckling might increase susceptibility to 
HEV infection. Studies involving a larger number of samples from 
sows would be desirable to clarify this point.

The overall rate of HEV detection in serum in our study (14%) is 
the highest described to date among studies encompassing all ages 
but lower than the overall rate of detection in feces in our study. 
Since it has been reported that HEV viremia is transient (5), one 
would expect the real prevalence of HEV infection to be even higher 
that that obtained when testing pig serum for the presence of HEV 
RNA instead of feces. The high detection rates in this study show 
that the effectiveness of spreading is high with this virus.

The nucleotide sequences reported in this study are the first 
obtained in Spain from serum of pigs naturally infected by HEV 
as well as from manure ditches at farms. The latest reports of acute 
autochthonous hepatitis E in Spain (3,19) made it necessary to study 
a larger sample than in previous investigations to evaluate the level 
of endemicity of HEV in Spain. In addition, the sequences are use-
ful for establishing, by phylogenetic analysis, the relationship to 
Spanish human strains and to human and swine strains from differ-
ent geographic areas. The high nucleotide identity (94.1%) between 
human and swine sequences in genotype 3 observed in this study 
supports the evidence that HEV is a zoonotic agent. Furthermore, 
we found 100% homology in amino acid identity of the studied frag-
ment when comparing human and porcine strains from genotype 3, 
which shows a close relationship among these strains, since 90.54% 
of the mutations are silent in the fragment studied. The recent find-

ing of HEV of only genotype 3 in pigs from areas where HEV in 
the human population belongs to genotype 1 raises the hypothesis 
that only strains of genotypes 3 and 4 have zoonotic potential (20). 
Since strains from pigs do not produce any symptoms, it would be 
reasonable to think that HEV could be more widespread among 
healthy people, as seroprevalence studies in normal blood donors 
have reported (21), especially in people working in contact with pigs 
(farmers, veterinarians).

In summary, this study has contributed to the knowledge of HEV 
distribution by age in serum and feces of a naturally infected swine 
population. It has also shown that HEV is detected at a high rate 
not only in feces of young pigs but also in feces of breeding sows. 
Moreover, HEV strains circulating in Spanish swine farms are highly 
homologous with Spanish human strains, which raises the high pos-
sibility of HEV transmission from swine to humans.
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