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ABSTRACT

Despite serological evidences of presence of hepatitis E virus (HEV) in humans or other animals, until this
study the virus had not been detected and molecular characterization of the isolate that circulates in Brazil
had not been described. Thus, we collected stool samples of young pigs and tested for presence of HEV RNA
by RT-PCR, using primers for partial amplification of ORF2 sequence. Phylogenetic analysis with sequence
obtained from the amplified products revealed that the HEV isolate identified here was most closely related to
HEV isolates of genotype 3, which is commonly detected in HEV infected pigs. Nucleotide sequence analyses
carried out with the entire amplified fragment, ORF2/ORF3 overlapping and ORF2 non-overlapping sequences
showed highest identities with the US isolate of genotype 3. Similarly, amino acid sequence analyses done
with the entire amplified fragment, ORF2 non-overlapping, ORF2 and ORF3 overlapping sequences also
showed highest identities with the genotype 3 isolate. Presence, in Brazil, of HEV of genotype 4, which also
infects pigs, as well as HEV strains that infect humans still remain to be detected and characterized.
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INTRODUCTION

Hepatitis E is an enterically transmitted disease caused by
the hepatitis E virus (HEV), which causes self-limiting acute
illnesses and is responsible for a number of large epidemics in
developing countries (3,17).

HEV has been removed from the Calicivirus family and
reclassified as a separate HEV-like genus. It is a non-enveloped
virus of icosahedra symmetry and contains a positive strand
RNA genome, which is about 7.2kb long and has three open
reading frames (ORFs) (40). ORF1 is about 5kb long and codes
for a non-structural protein that contains motifs of
methyltransferase, protease, helicase and RNA-dependent RNA
polymerase (18). ORF2 is about 2kb long and codes for the
capsid protein. ORF3 is 369 bases long, overlaps partially with
ORF1 and ORF2 and codes for a protein of unknown function.

Sequences of HEV isolates have been grouped into four
genotypes (1 to 4) (35). Genotype 1 contains sequences of

isolates found mainly in Asia (4,40,44,51). Genotype 2 contains
a sequence of an isolate from an outbreak in Mexico (16).
Genotype 3 groups sequences of isolates found in the Unites
States, European countries, Japan and Argentina (10,30,32-
34,37). Genotype 4 contains sequences of isolates found in
China, Taiwan and Japan (15,39,47,48).

Sporadic cases of hepatitis E have been documented in
patients with no history travel to endemic areas for HEV
(9,14,35,36), raising concern about possible zoonotic
transmission. High nucleotide sequence identities placed
swine HEV isolates into genotypes 3 and 4 along with human
HEV isolates (15,24,39,45). Interestingly, swine HEV strain from
US had higher sequence identity to a US human isolate than
to either human or swine isolate sequences from Taiwan, and
vice-versa (15). Furthermore, US HEV isolates from a patient
and from swine have been experimentally transmitted to
specific pathogen-free (spf) pigs and nonhuman primates
(25,26).
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Little is known about HEV in Latin America. Human HEV
isolates of genotype 3 were found in Argentina (21,34) and
isolates of genotypes 2 and 3 were found in Mexico (5,16).
Recently, swine HEV detection in Argentina was reported (27).
Presence of HEV in Latin America was evidenced by
investigating prevalence of hepatitis E by detection of serological
markers. In these countries the prevalence ranged from 3.0% in
Southeast Brazil (12) to 10.5% in Mexico (1). Although serological
evidences of HEV presence in Brazil have been published
(6,8,12,22,29,42), until this report, molecular characterization of
HEV isolates circulating in Brazil has not been done.

The objectives of the present study were to detect the
presence of HEV in swine in Sao Paulo State, Southeastern
Brazil, the most industrialized region of the country, and to
determine the molecular relationship between this isolate and
those described in both humans and swine.

MATERIAL AND METHODS

Stool Specimens
Swine stool samples were collected from eight pigs from

one farm in the Northern region of Sao Paulo State, in
Southeastern Brazil. Six pigs were approximately 40 days old
and two were 60 days old. A 20% stool suspension was made
with PBS pH 7.2 (31) from each stool sample and kept at -70ºC.

Nucleic acid extraction and detection by RT-PCR
Nucleic acid was extracted from 150 µl of stool suspension

with MasterPure Complete DNA and RNA Purification Kit
(Epicentre Technologies. Madison, WI) and resuspended with
20 µl of DEPC-treated water (Ambion, Inc. Austin, TX). Five µl
of nucleic acid was reverse transcribed into cDNA with the
following conditions: 25ng oligo(dT)12-18, 0.25 mM of each
deoxyribonucleotide (Roche Molecular Biochemicals,
Indianapolis, IN), 20 units of ribonuclease inhibitor (Roche), 48
units AMV (Roche) or 50 units SuperScript II (Invitrogen Corp.
Carlsbad, CA) reverse transcriptase, and buffer provided by
the respective manufacturer in a total volume of 20 µl. The
reaction was carried out at 42ºC for 60min and stopped by
incubation at 95ºC for 10 min. Initially, detection of HEV RNA
was done with primers described by Meng et al. (23). Five µl of
cDNA sample was submitted to detection by amplification of a
236 bp sequence of ORF2 in a two-round reaction with the
following conditions: 0.2 mM of each deoxyribonucleotide, 0.3
µM of primers JM-2 and JM-5 (primers JM-3 and JM-4 for the
second round reaction), 2.5 units of Taq DNA polymerase
(Roche) and supplied buffer (1X buffer was 10 mM Tris-HCl, 1.5
mM MgCl2, 50 mM KCl, pH 8.3) in a total volume of 50 µl. Two
ml of the first round reaction was pipetted into the second round
reaction tube. The reactions were carried out as follows: 94ºC
for 10 min, followed by 50 cycles (30 cycles for the nested
reaction) at 94ºC for 30s, 55ºC for 30s and 72ºC for 1min, and a

final extension step of 72ºC for 5 min. Five µl of the second
round PCR product was separated on a 1% agarose gel stained
with ethidium bromide. Detection was improved with primers
designed for amplification of part of ORF2 gene based on
alignment of 23 full-length genome sequences (numbering
according to Tam et al. (40), based on Burmese strain sequence
– accession number M73218): outer primers: JM-2 (nucleotides
6296 to 6318, ref. 23) and JY7204R – TTTTTTTTTYCAGGGA
GCGCG (7204 to 7184); inner primers: JM-3 (6347 to 6369. ref. 23)
and JY7120R/RB – CCGRGTTTTACCYACCTTCAT (7120 to
7100). Other primers were also designed and used for
amplification and characterization of an extended region of ORF2
sequence: outer primers: JY5259F – GCGGTGGTTTCTG
GGGTGAC (5259 to 5278) and JY6582R – TCGGCGGCGGTGA
GAGAGAGCCA (6582 to 6560); inner primers: JY5280F –
GGGTTGATTCTCAGCCCTTC (5280 to 5299) and JY6582 (semi-
nested); for sequencing: previous primers and JY5454F –
CCCCAGCTGGGGCTGCGCCG (5454 to 5473), JY5473R –
CGGCGCAGCCCCAGCTGGGG (5473 to 5454), JY5687F –
AATTATGCCCAGTACCGGGT (5687 to 5706) and JY6369R –
GGCTCGCCATTGGCTGAGAC (6369 to 6350).

Sequencing and sequence analyses
PCR products were purified with QIAquick PCR purification

Kit (QIAgen Inc. Valencia, CA) and nucleotide sequencing of
PCR products was performed with ABI PRISM 3100 automated
DNA sequencer, with the ABI PRISM BigDye Terminator Cycle
Sequencing Ready Reaction Kit version 3.11 (Applied
Biosystems. Foster City, CA). Sequence data was assembled
and analysed with Seqman and MegAlign (DNAStar Inc.
Madison, WI). Phylogenetic analysis of 1762bp sequence, from
nucleotide 5336 to 7097, was performed by the Neighbor-Joining
method and 1000 bootstrap replicates with MEGA version 3
(19). The nucleotide sequence of swBRA was deposited at
GenBank under accession number EF491206. The following HEV
strain sequences (accession numbers) were used in the
analyses: genotype 1: C1 (D11902, ref. 2), C2 (L25547. Yin et al.,
unpublished results), I1 (X98292, ref. 7), Pk (M80581, ref. 43),
Bur (M73218, ref. 40); genotype 2: Mx (M74506, ref. 16);
genotype 3: US1 (AF060668, ref. 32), US2 (AF060669, ref. 10),
swUS (AF082843, ref. 24), JRA (AP003430, ref. 37), Kyrgyz
(AF455784, ref. 20); genotype 4: Ct1 (AJ272108, ref. 48), J14
(AB080575, ref. 38), swJ13 (AB097811, ref. 28).

RESULTS

Comparison of 1762bp sequence of the ORF2 obtained from
the swine HEV found in southeastern Brazil and with members
of all known HEV genotypes showed the highest nucleotide
(84.4%) and amino acid (97.1%) identities with the US HEV strain,
which belongs to genotype 3 (Table 1, A and B). The 5’ part of
the 1762bp sequence overlaps with the 3’ sequence of ORF3 by
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142bp. An interesting observation was that, in this overlapping
sequence, although the nucleotide identity was higher with the
US strain than either the non-overlapping or the entire 1762bp
sequences, the amino acid identity was lower, regardless of
which ORF is compared. Furthermore, while nucleotide identity
varied from 72.5 to 78.8% when swBRA was compared with
sequences from genotypes 1, 2 and 4 (Table 1A), independent
on whether the comparison was done with the entire 1762bp
sequence or overlapping and non-overlapping regions, amino
acid sequence identity presented a wider range, varying from
57.4 to 95.6%.

Phylogenetic analysis, performed with the 1762bp sequence
and sequences of all HEV genotypes as references, revealed
that swBRA sequence clustered into the same branch with other
swine and human strains of genotype 3 (Fig. 1). Sequences of

the strains used to construct the phylogenetic tree of genotypes
1 and 4 were of Asian strains, including Pakistani, Indian and
Burmese strains. The member of genotype 2 was from Mexico.
Another swine strain sequence used in the analysis, found in
Japan, belonged to genotype 4. Strains of genotype 3 were
found in the US, Japan, and Europe.

Table 1. Partial ORF2 sequence identity analyses of swBRA
compared with isolates of all four HEV genotypes.

A) Nucleotide sequence identity (%)

1762bp 1620bp non- 142bp ORF2/ORF3
overlapping overlapping
sequence sequence

Genotype 1 78.7 78.8 78.2
(Burma)

Genotype 2 76.7 77.1 72.5
(Mexico)

Genotype 3 84.4 84.0 89.4
(US)

Genotype 4 78.2 78.5 75.4
(China)

B) Amino acid sequence identity (%)

ORF2/ORF3
ORF2 overlapping

sequence

1762bp 1620bp non- 142bp 142bp
overlapping ORF2 ORF3
sequence

Genotype 1 93.0 95.4 66.0 66.0
(Burma)

Genotype 2 92.0 94.1 70.2 57.4
(Mexico)

Genotype 3 97.1 98.1 85.1 85.1
(US)

Genotype 4 93.2 95.6 66.0 68.1
(China)

DISCUSSION

We report here, for the first time, the molecular
characterization of a hepatitis E virus from Brazil. In spite of lack
of molecular descriptions, serological evidences of infections
have been reported for humans (6,8,12,22,29,42) and other
animals (46). Since anti-HEV immunoglobulin G (IgG) has been
detected in approximately 94% of 20-week old pigs in New
Zealand (11) and these animals are thought to be a source for
transmission of HEV to humans, in order to detect and
characterize an HEV RNA in Brazil, we collected feces of pigs at

Figure 1. Phylogenetic tree based on the 1720 nt long fragment
in ORF2 including sequences of isolates from all four genotypes.
Identification and accession numbers of the isolates are
described in Material and Methods. Bootstrap values (%) are
indicated at the nodes and genetic distance per nucleotide site
is shown by horizontal bar at the bottom. Abbreviations are:
C1, C2 and Ct1 – Chinese/Taiwanese isolates; Pk – Pakistan’s
isolate; I – Indian isolate; Bur – Burmese isolate; Mx – Mexican
isolate; US1, US2 and swUS – US isolate; JRA, J14 and swJ13 –
Japanese isolate; Kyrg – Kyrgyzstan isolate; swBRA – Brazilian
isolate (this study). Prefix ‘sw’ in the abbreviations denotes
sequences of swine HEV isolates.
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ages ranging from four to 14 weeks old. We tested samples from
eight pigs of one farm and detected HEV RNA in seven of them.
Nucleotide and amino acid sequence identities of this isolate,
swBRA, were highest with HEV reference sequences belonging
to genotype 3, regardless of the ORF2 region analyzed. As
proposed by Worm et al. (49), nucleotide identity higher than
80%, as we observed with swBRA and other isolates of genotype
3, places both sequences in the same genotypic group. Stool
samples of pigs from two other farms were also tested. We
detected HEV RNA only in samples of pigs from one of these
farms and its nucleotide sequence showed highest identity with
the swBRA isolate (results not shown).

Sporadic cases of hepatitis E in regions where prevalence is
low led to the hypothesis that this disease may be a zoonosis.
Hepatitis E virus strains genetically related to human HEV have
been found in different animals (13,24,41) and, in particular the
swine HEV, which showed highest nucleotide identity with
human isolates, phylogenetic analyses placed swine and human
HEV strains within the same branches, suggesting that they are
closely related (15,24,39,45). This hypothesis was confirmed by
direct evidence of hepatitis E infections in people after
consumption of raw deer meat, in which viruses recovered from
the meat and from the patients had identical sequences (41).
Furthermore, HEV RNA was found in approximately 1.9% of pig
livers sold in grocery stores in Japan and partial nucleotide
sequence of HEV found in two of these livers was 100% identical
to HEV sequences found in two patients (50). These findings
suggest that consumption of raw or undercooked meat from
infected animals may transmit HEV to humans and may have
been the source of hepatitis E virus in patients who had had
history of consuming pig liver few weeks before the disease
onset. Interestingly, although all four HEV genotypes have been
found in humans, only HEV of genotypes 3 and 4 have been
described in pigs (15,24,39,45). Furthermore, human HEV isolates
of genotypes 1 and 2 did not infect pigs in infection experiments
(25). On the other hand, swine HEV of genotype 3 successfully
infected chimpanzees (26), experimental surrogates of humans.
These observations suggest that pigs may be the source of
transmissions to humans exclusively of HEV genotypes 3 and
4. Finally, presence of other HEV genotypes in Brazil still needs
to be investigated.
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RESUMO

Caracterização molecular do vírus suíno da hepatite E
(VHE) encontrado no Sudeste do Brasil

Apesar de evidências sorológicas da presença do vírus da
hepatite E (VHE) em humanos ou outros animais, até o presente
estudo o vírus não havia sido detectado e a caracterização
molecular da cepa que circula no Brasil não havia sido descrita.
Assim, amostras de fezes de porcos jovens foram colhidas e
analizadas quanto a presença do ARN do VHE por RT-PCR,
utilizando-se oligonucleotídeos para amplificação da seqüência
parcial do ORF2 viral. Análise filogenética realizada com a
seqüência obtida dos produtos amplificados revelou que a cepa
encontrada apresentou relação próxima com cepas do genótipo
3 que são detectadas com freqüência em porcos. Análises das
seqüências nucleotídicas realizadas com todo o segmento
amplificado, com somente o segmento sobreposto do ORF2/
ORF3 e aquele sem sobreposição do ORF2, em comparação
com isolados de genótipos conhecidos, mostraram maior
identidade com o isolado encontrado nos Estados Unidos (US)
do genótipo 3. De maneira semelhante, análises da seqüência
de aminoácidos realizadas com os mesmos segmentos também
mostraram maior identidade com o isolado de genótipo 3.
Presença ou não do vírus de genótipo 4, que também infecta
porcos, ainda necessita ser verificada. Da mesma forma, cepas
do VHE que infectam humanos ainda necessitam ser detectadas
e caracterizadas.

Palavras chaves: hepatites virais, vírus da hepatite E, VHE,
virologia molecular
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