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Hepatitis E virus genotype 3 and sporadically also
genotype 1 circulate in the population of Catalonia, Spain
Pilar Clemente-Casares, Jesus Rodriguez-Manzano and Rosina Girones

ABSTRACT
Autochthonous hepatitis E virus (HEV) strains have been described infecting populations of
industrialized countries, previously considered as non-endemic areas. The HEV strains circulating
in one of those areas in south-western Europe (Barcelona, Spain) have been studied by analysing
amplicons obtained from HEV genomes identified in wastewater, biosolids and sludge. Six sewage
and two biosolid HEV positive samples from urban wastewater treatment plants and two positive
HEV sludge samples with animal contamination were analysed by cloning and sequencing of
10–12 clones per sample. The results proved the presence of HEV strains belonging to genotype
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3 and also sporadically to genotype 1 in urban sewage and biosolids, showing the simultaneous
circulation of diverse HEV strains in the human population of the studied area. Only HEV genotype
3 was identified in slaughterhouse sludge samples. The circulation of genotype 1 in industrialized
areas may have further health implications since this genotype has been associated with
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important epidemics in developing areas. Contamination of food and water through their contact
with sewage not properly treated and biosolids presenting HEV may represent a significant risk
for human populations in relation to HEV even in industrialized areas.
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ABBREVIATIONS
cDNA

complementary deoxyribonucleic acid

dNTP

deoxyribonucleotide triphosphate

DTT

dithiothreitol

ORF2

open reading frame 2

PBS

phosphate buffered saline

PCR

polymerase chain reaction

RNA

ribonucleic acid

faecally contaminated water (Emerson & Purcell 2003).
Traditionally, industrialized countries have been considered
non-endemic areas for this virus, as only sporadic cases
related to imported strains were diagnosed (Bader et al.
1991; Dawson et al. 1992). However, several HEV isolates
have recently been identified from patients with acute
hepatitis who lived in developed areas and with no history
of travelling to endemic areas (Schlauder et al. 1998, 1999;
Worm et al. 1998; Zanetti et al. 1999; Pina et al. 2000;
Takahashi et al. 2001, 2002; Mizuo et al. 2002). The HEV
strains isolated from these cases, which belong to genotypes

INTRODUCTION

3 and 4, can be considered autochthonous of these
industrialized areas and seem to have a low pathogenic

Hepatitis E virus (HEV) is an RNA virus responsible for

profile (Purcell & Emerson 2008). However, the arrival

more than 50% of acute hepatitis in developing countries

and circulation of genotypes 1 and 2 in these areas may

(Yarbough 1999). In these areas, sporadic and epidemic

have further health implications since these genotypes have

acute hepatitis E are frequently identified, mainly due to

been associated with important epidemics. During these
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epidemics, high mortality rates have been observed,
especially in pregnant women (Balayan 1997).
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The objective of this study is the further characterization of the diversity of HEV strains that may be in one

Studying the presence of a pathogen in the sewage

wastewater or sludge/biosolid sample that can potentially

generated by a population provides a global view of

contaminate water and the environment and to determine

the excretion, and therefore the prevalence of infection

whether genotypes other than genotype 3 are present in the

in this population. A previous study carried out in

wastewater and sludge generated in an industrialized area.

Barcelona revealed the presence of HEV strains in 43.5%
of the sewage samples collected between 1994 and 2002
(Clemente-Casares et al. 2003). More than 20 autochtho-

MATERIALS AND METHODS

nous strains have been identified since then in urban sewage
in Barcelona (Spain), where the seroprevalence in a

Urban wastewater treatment plant samples

population sample has recently been estimated as 7.3%

Urban sewage samples and biosolids generated during

(Buti et al. 2006). The sequences detected belonged to

sewage treatment were collected from the sewage network

genotype 3 (Clemente-Casares et al. 2003; Bofill-Mas et al.

of Barcelona (Spain) during the years 2001, 2003, 2005 and

2006; Albinana-Gimenez et al. 2006).

2007. Each sample was collected in a sterile container and

Viruses present in wastewater effluents are discharged

kept at 48C for less than 8 hours until the viral particles were

into aquatic environments. They also accumulate in the

concentrated in phosphate buffered saline (PBS pH 7.3).

biosolids or sludge generated during the treatment of

Positive HEV samples identified by seminested-PCR were

wastewater, which are sometimes applied to fields or used

selected (six sewage samples and two biosolid samples).

as fertilizers (Straub et al. 1993). Accidental contamination of

A summary of the studied samples is presented in Table 1.

food and water by these viruses represents a risk for human

The presence of HEV in sewage from Barcelona has been

populations. In a study conducted in Barcelona (Bofill-Mas

estimated in previous studies as 43.5% (Clemente-Casares

et al. 2006), HEV was detected in two out of five biosolid

et al. 2003). Six out of 34 HEV-typified sewage samples

samples collected from an urban sewage treatment plant.

were selected for this study. Two HEV positive biosolids

Although most of the sequences found were very similar

of four tested samples (Bofill-Mas et al. 2006) were also

to others previously detected in Barcelona (genotype 3),

included.

genotype 1 HEV sequences were also identified.
HEV has also been detected infecting swine, deer,
wild boars, mongooses and chickens (Meng et al. 1997;

Slaughterhouse samples

Haqshenas et al. 2001; Matsuda et al. 2003; Tei et al. 2003).

Sludge samples with contamination of animal origin were

The strains isolated from the mammals, which belong to

collected in a slaughterhouse located in Catalonia (Spain)

genotypes 3 and 4, are very similar to those infecting

in 2004 and 2006. This slaughterhouse dealt with bovine

humans, especially if they have been detected in the same

and, especially, porcine adult animals (more than 80%

area (Hsieh et al. 1998; Haqshenas et al. 2001). Indeed,

of the processed animals were pigs). The samples were

transmission of HEV to humans due to the consumption of

collected in sterile containers and kept at 48C for less than

uncooked meat from deer and wild boars has already been

8 hours prior to the concentration of the viral particles.

proven (Matsuda et al. 2003; Tei et al. 2003). Several research

Two positive HEV sludge samples (out of five tested by

works performed in Spain allowed the detection of naturally

Albinana-Gimenez et al. (2006) and Hundesa et al. (2006))

HEV infected pigs and also the presence of the virus in

were selected for the study.

sewage and sludge generated in slaughterhouses (Pina et al.
2000; Clemente-Casares et al. 2003; Albinana-Gimenez et al.
2006; Seminati et al. 2008; Fernandez-Barredo et al. 2007).

Viruses

The arrival of those animal HEV strains in the environment

Faecal suspensions obtained from monkeys (Macaca

can also represent a risk for human populations.

mulatta) infected with the HEV BCN strain (10% in PBS
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Typification and diversity of the HEV strains identified by cloning the amplicons obtained from the analysed samples

Sample

Type of sample

BCN8

Urban sewage

BCN10

Urban sewage

BCN25

Urban sewage

2003/March

BCN26

Urban sewage

2003/May

BCN23

Urban sewage

2005/February

1 (BCN23)

–

G1

BCN27

2007/December

1 (BCN27)

–

G1

BBCN1

Urban sewage
Biosolid*

2005/January

2 (BBCN1.1 & 2)

99

G3

BBCN2

Biosolid*

2005/February

3 (BBCN2.1 to 3)

98 – 99

G1

E5

Sludge†

2004/May

4 (E5, E5.2 to 4)

92 – 99

G3

E6

Sludge†

2006/February

8 (E6.1 to 8)

89 – 99

G3

*From

Sampling (year/month)

Sequences found

% Intra-sample similarity

Genotype

2001/April

3 (BCN8.1 to 3)

90 – 96

G3

2001/May

1 (BCN10)

–

G3

1 (BCN25)

–

G3

5 (BCN26.1 to 5)

94 – 99

G3

an urban sewage treatment plant.

†

From a slaughterhouse (more than 80% of the processed animals in this slaughterhouse were pigs).

7.3) were used as positive control for the polymerase chain

supernatant were pelleted at 110,000 £ g for 1 hour at

reaction (PCR) analysis. This strain had previously been

48C and finally eluted in 200 ml PBS. The viral concentrate

isolated from sewage from Barcelona although it is

was stored at 2 808C until nucleic acid extraction.

genetically similar to Indian HEV genotype 1 strains (Pina
et al. 1998). The viral suspensions were stored at 2 808C.
Concentration of viral particles from sludge samples
Concentration of viral particles from sewage samples

The sludge samples from the slaughterhouse were processed
with the same protocol used for sewage but starting with the

The recovery and concentration of viral particles were

elution of 1 g of sludge in 3.5 ml of 0.25 N glycine buffer pH

carried out as described in previous studies. The protocol

9.5 (Albinana-Gimenez et al. 2006).

for processing sewage samples is based on ultracentrifugations and elution in 0.25 N glycine buffer pH 9.5 (Puig et al.
1994). Briefly, 42 ml of sewage sample were ultracentrifuged

RNA extraction

(110,000 £ g for 1 hour at 48C). The sediment was eluted

Viral nucleic acids from the samples were extracted with a

with 3.5 ml 0.25 N glycine buffer (pH 9.5) and kept on ice

protocol described previously (Boom et al. 1990) using

for 30 minutes. After the addition of 2 £ PBS, the

guanidinium isothiocyanate (GuSCN) and adsorption of

suspension was centrifuged at 12,000 £ g for 15 minutes

the nucleic acids to silica particles as described.

to separate any suspended solids. Viruses in the supernatant
were pelleted by ultracentrifugation (110,000 £ g for 1 h at
48C), resuspended in 0.1 ml 1 £ PBS and stored at 2808C.

Detection of HEV by seminested RT-PCR
The HEV RNA was amplified by seminested RT-PCR with

Concentration of viral particles from biosolid samples

degenerated primers described by Erker et al. (1999) using a
one-step RT-PCR (Albinana-Gimenez et al. 2006), followed

As described previously (Bofill-Mas et al. 2006), 40 g of

by a second-round PCR. Five ml of the extracted nucleic

the biosolid samples were eluted in 50 ml glycine buffer pH

acids and a tenfold dilution, corresponding to 2 and 0.2 ml

9.5 and stirred for 1 hour. The pH was neutralized with

of sewage, 100 mg and 10 mg of dry weight of biosolid

NaOH 5 M and the sample was centrifuged for 45 minutes

and 50 mg and 5 mg of sludge, were analysed for each

at 38,400 £ g at 48C. Viral particles contained in the

sample. Fragments of 198 and 148 bp-long (first-round and
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second-round products respectively) were amplified within

screening. The insert from presumptive transformed clones

the ORF2 of the HEV genome.

was amplified by inoculation of some growth into a mix

The RT-PCR assay was performed using the OneStep

containing 1 £ Reaction Buffer (160 mM (NH4)2SO4,

RT-PCR kit from QIAGEN. Five ml of the extracted nucleic

670 mM Tris-HCl pH 8.8, Tween-20) (Bioron, GmbH,

acids or a tenfold dilution were added to a total volume

Germany), 2 mM MgCl2, 2 units of Taq DNA polymerase

reaction of 50 ml containing 1 £ OneStep QIAGEN Buffer,

(Bioron, GmbH, Germany), 10 nmol of each dNTP and

2 ml of QIAGEN OneStep Enzyme Mix, 400 mM of each

10 pmol of the T7 and SP6 primers (sequences contained in

dNTP, 10 units of ribonuclease inhibitor (Applied Biosys-

the vector). Following a denaturing step of 3 minutes at

tems) and 25 pmol of each outer primer (HEVORF2con-a1

948C, 35 cycles at 948C for 20 seconds, 558C for 30 seconds

and HEVORF2con-s1). After 30 minutes at 508C, the

and 728C for 30 seconds were carried out. All amplifications

reaction was heated at 958C for 15 minutes, followed by

were completed with a 10 minute, 728C extension period.

35 cycles at 948C for 20 seconds, annealing at 558C for

The products were analysed by agarose gel electrophoresis

30 seconds, and extension at 728C for 1 minute. All

using ethidium bromide as a stain.

amplifications were completed with a 10 minute, 728C
extension period.
The second-round PCR was carried out by adding 1 ml
of the first-round product to a new batch of 50 ml PCR

Sequence analysis
Ten to 12 clones per sample were sequenced. The purified

reaction mixture containing 1 £ PCR Gold Buffer (Perkin-

DNA was sequenced with the ABI PRISMY Dye Termin-

Elmer Roche), 1.5 mM MgCl2, 10 nmol of each dNTP,

ator Cycle Sequencing Ready Reaction kit version 3.1 with

2 units of Ampli Taq GoldY (Perkin-Elmer Roche) and

Ampli Taqw DNA polymerase FS (Applied Biosystems)

25 pmol of each nested primer (HEVORF2con-a1 and

following the manufacturer’s instructions. The results were

HEVORF2con-s2). The products were analysed by agarose

checked using the ABI PRISM 377 automated sequencer

gel electrophoresis using ethidium bromide as a stain.

(Perkin-Elmer, Applied Biosystems). A fragment of 101 bp

Standard precautions were applied in all the mani-

of each amplicon was compared with other HEV sequences

pulations in order to reduce the probability of sample

present in the GenBank and the EMBL (European

contamination by amplified DNA molecules. Negative

Molecular Biology Library) using the basic BLAST program

controls for the RT-PCR reaction and the extraction process

of

were added in every assay and the positive amplifications

Information, http://www.ncbi.nlm.nih.gov/BLAST/, accessed

were confirmed by sequencing analysis. External positive

20 March 2009). Alignments of the sequences were carried

controls were used by adding viral particles to viral

out using the ClustalW program of the EBI (European

concentrates. All samples were also analysed for the

Bioinformatics Institute of the EMBL, http://www.ebi.ac.

presence of viral indicators of faecal contamination,

uk/clustalw/, accessed 20 March 2009). Phylograms

human adenoviruses and porcine adenovirus, and no

were generated by the UPGMA algorithm using the

significant inhibition was observed.

NEIGHBOR program. The robustness of the grouping

the

NCBI

(National

Center

for

Biotechnology

was determined by bootstrap resampling of the multiple
sequence alignments (1,000 sets) with the programs

Cloning of the amplicons

SEQBOOT, DNADIST, NEIGHBOR and CONSENSE.

The amplicons obtained were purified using the QIAquick

The output graphics of the trees were created with the

PCR purification Kit (QIAGEN, Inc.) and ligated into a

TREEVIEW package, version 1.5 (Page 1996). Sequences

w

w

pGEM -T EasyVector (pGEM -T EasyVector System II,

present in the databases and used for phylogenetic studies

Promega Co.) following the manufacturer’s instructions.

are shown in Table 2. The GenBank accession numbers for

The ligation product was used to transform Escherichia coli

the sequences reported in this paper are EU450839-

JM109 competent cells (Promega Co.) or DH5a. Trans-

EU450866

formed bacterial clones were detected by blue/white

BCN10,
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Nucleotide sequence accession numbers for hepatitis E virus strains used for

AF490991 (Clemente-Casares et al. 2003), DQ400354 and

phylogenetic analysis

DQ400356 (Albinana-Gimenez et al. 2006), respectively.

Country

Strain*

Accession number

Barcelona, Spain

BCN

AF058684

BCN3

AF490985

BCN4

AF491003

BCN5

AF490986

BCN6

AF490987

BCN7

AF490988

BCN12

AF490993

BCN16

AF490997

VH1

AF491000

VH2

AF491001

VH3

AY540113

VH4

AY540114

VH5

AY540115

Por1

AF491002

France

France

AY626042

as genotype 1. Three different sequences were found from

Greece

Greece1

AF110391

sample BCN8 and five from BCN26. The results obtained

Greece2

AF110392

from the two biosolid samples collected in the urban sewage

Italy

Italy

AF110390

treatment plant showed two sequences from BBCN1 and

Austria

Austria

AF279123

three from BBCN2, BBCN2.1 to BBCN2.3 belonging to

The Netherlands

SwNe

AF336292

genotype 1. More diversity was identified in the sludge

Canada

SwCanada

AY115488

samples collected in the slaughterhouse, as four and eight

United States

USA1

AF060668

USA2

AF060669

SwUSA

AF082843

Japan1

AB074918

Japan2

AB089824

Japan3

AB220971

Mexico

Mexico

M74506

to 25.7% between BBCN2 and E6. In contrast, similarities

Pakistan

Pakistan

M80581

between genotype 3 sequences from samples with human

Burma

Burma

M73218

and animal contamination were as high as 98.0% (between

China

China1

D11092

BCN26.1 and E5.3).

China2

AJ272108

As expected, genotype 3 was the most prevalent

China3

AF082094

genotype in the area (74 clones), although genotype 1

Chad

Chad

AY204877

was also detected. The phylogenetic analysis of the

Egypt

Egypt

AF051352

Morocco

Morocco

AY230202

India

India

DQ459342

Japan

*As

named in Figure 1.
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RESULTS
Six samples of urban sewage, two biosolid samples and two
samples of sludge from a slaughterhouse, positive for HEV,
were studied by cloning and sequencing of 10– 12 clones
per sample in order to obtain information on the potential
diversity of HEV strains excreted in the population and that
may be accumulated in the generated residues. One
hundred and six clones were sequenced. The results are
summarized in Table 1.
As expected, most of the samples presented HEV
genotype 3 strains. Four urban sewage samples (BCN10,
BCN23, BCN25 and BCN27) showed just one sequence
among all the analysed clones: BCN23 and BCN27 typified

sequences were detected from E5 and E6, respectively.
Differences among sequences detected from the same
sample ranged from 1% to 11% (Table 1). When comparing
different samples, the biggest differences were observed
between samples containing sequences belonging to different genotypes: that is, differences between sequences from
BCN8 and BBCN2 ranged from 22.8% to 24.8%, and 19.8%

sequences obtained in the study is shown in Figure 1.
All the sequences detected from samples BCN8, BCN10,
BCN25, BCN26, BBCN1, E5 and E6 belonged to
genotype 3. They were very similar or even 100% identical
in the studied fragment to other isolates previously

669
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Unrooted phylogenetic tree depicting relationships over 101 nucleotides within ORF2 among representative HEV strains reported in this study and others isolates from
genotype 1, genotype 2, genotype 3 and genotype 4. The internal node numbers represent bootstrap values (1,000 replicates) expressed as the percentage of all trees.
Only values greater than 60 are represented. GenBank accession numbers of the sequences used for phylogenetic analysis can be found in Table 2.

detected in Barcelona from sewage and clinical serum

(Pina et al. 1998). BCN27 was 97% identical in the studied

samples of hepatitis E cases. BCN23, for example, was

fragment to BCN23. They were highly similar to the isolate

100% identical in the sequenced region to BCN6, detected

BurmaEpi-1-3 from Myanmar (95.0% and 97%, respect-

2 years before.

ively) and to one from India (DQ459342) (95.0% and

Three samples (BCN23, BCN27 and BBCN2) showed

96.0%, respectively). The nucleotide accession numbers of

sequences belonging to genotype 1. When comparing

the HEV strains used for the phylogenetic analysis are

sequences from BCN23 and BBCN2, collected in the

shown in Table 2.

same wastewater treatment plant and during the same

While genotypes 3 and 1 were found in sewage and

month, the identity was only about 92.1– 93.1%. BBCN2.1

biosolid samples with human faecal contamination, sludge

to BBCN2.3 were 98 – 100% identical to a strain from South

containing animal faecal contamination only exhibited

Africa (strain RSA-1) and 98 – 99% identical to the BCN

sequences belonging to genotype 3 as expected. Those

strain, detected from sewage in Barcelona and previously

animal HEV sequences were very similar to other European

considered as imported as it clustered within genotype 1

isolates, independently of their human or animal origin;

Downloaded from https://iwaponline.com/jwh/article-pdf/397282/664.pdf
by guest

670

P. Clemente-Casares et al. | HEV genotype 3 and sporadically 1 circulate in Spain

Journal of Water and Health | 07.4 | 2009

E6.1 presented the highest identity (97.0%) with the isolate

2006; Bofill-Mas et al. 2006). However, it is significant that

NLSW28 (from swine in the Netherlands) and with BCN12

HEV genotype 1 was also detected in BCN23 and BBCN2

and BCN9 (from urban sewage from Barcelona). Similar

collected in 2005 and BCN27 collected in 2007. Only

cases are observed with E6.4, E6.8 or E5.2.

genotype 3 was detected from samples with animal origin.
The sequences with animal origin identified in the study
were highly similar to those with human origin in the

DISCUSSION

same area as previously reported (Clemente-Casares et al.
2003). With the exception of BCN26, a higher number of

The variability of HEV sequences observed in this study

different sequences were obtained from samples with

suggests that diverse HEV strains are commonly circulating

animal contamination than from those with human

in the population of the studied area. According to the high

contamination.

number of sewage samples containing HEV found over

Although the methods applied in this study allow the

previous studies in Barcelona (Clemente-Casares et al.

detection of a diversity of strains present in one specific

2003) and the seroprevalence values reported by Buti et al.

sample, some limitations must be considered. The use of an

2006 (7.3%), HEV infections in humans (mostly subclinical

amplification method can potentially lead to the introduc-

infections) are probably more prevalent than expected. The

tion of changes related to the error of the polymerase

low number of identified acute hepatitis E cases in the area

activity. Although this cannot be completely ruled out,

(Pina et al. 2000; Buti et al. 2004) and the short excretion

when comparing the obtained sequences with others

period described for HEV infections would suggest that the

present in the databases, nucleotide changes were mainly

frequent detection of HEV in urban sewage must be related

observed in the third position of the codons. In fact, all the

to the presence of abundant subclinical infections with

isolates obtained presented the aa sequence expected for

excretion of HEV viral particles by the population. The

each genotype and the sequencing of the HEV strain used as

underestimation of the prevalence of HEV infection may be

a positive control produced an identical sequence after

related to multiple reasons including the existence of

being amplified and sequenced in the diverse studies. It

subclinical infections, the reduction of anti-HEV IgG levels

must also be considered that the sequences analysed by

after several years of initial exposure in the population or

cloning amplicons probably represent only some of the

the lack of antibody response (Buti et al. 2004, 2006). The

most abundant HEV strains of that sample. The diversity

seroprevalence found in Catalonia by Buti et al. (2006)

of HEV strains present in one sample may be still

is an intermediate value compared with other values

underestimated

reported among blood donors in recent studies conducted

amplification of some sequences over others by PCR or

in other industrialized areas. According to Bouwknegt et al.

the study of a limited number of clones. Some sequences

(2007) seroprevalence in this group is about 2.0% in The

present originally in a sample may not be represented

Netherlands, while in south-west England or south-west

among the analysed clones. Thus, the presence of more

France the seroprevalence is around 16% (Dalton et al.

genotype 1 sequences in the tested samples that would be

2008; Mansuy et al. 2008). However, higher values can be

present in lower numbers among other genotype 3 strains

found in endemic areas such as China (43%) or Egypt

cannot be ruled out.

(45.2%) (Abdelhady et al. 1998; Li et al. 2006).

considering the

potential

preferential

Genotype 3 infections presumably associated with

It has been confirmed in the study that the predominant

water have been recently described in Europe. In France,

genotype in Barcelona is genotype 3, as nearly all the

15 patients were identified having as a risk factor to acquire

sequences obtained from samples collected in this area

an HEV infection through the consumption of water either

belonged to this genotype (Figure 1). In fact, about 92% of

directly from a spring or private well or vegetables from a

the HEV typified samples collected in Barcelona in different

vegetable garden, irrigated with water from a river or a

studies belonged to genotype 3 and 8% to genotype 1

private well (Renou et al. 2008). A study conducted in the

(Clemente-Casares et al. 2003; Albinana-Gimenez et al.

Netherlands found one patient whose HEV strain was also
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isolated from a ditch near the house 3 months after the

populations even in industrialized areas. Thus, suitable

onset of illness. This ditch received sewage effluent from a

disposal and treatment of the sewage and sludge/biosolids

leakage in the household septic tank (Borgen et al. 2008).

generated is important whether the source of contamination

HEV has also been detected contaminating river waters.

is of human or animal origin.

Genotype 3 sequences were isolated from the river Maas in
the Netherlands (Borgen et al. 2008) and from two bivalve
samples harvested in a Japanese river (Li et al. 2007).
According to the evidence, environmental isolates in
industrialized areas usually correspond to autochthonous
sequences of HEV genotype 3, which seems to be less
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treatment of water and sewage has become the best defence
against enterically transmitted diseases, the methods currently applied are usually less effective in removing viruses
than enteric bacteria (Rao & Melnick 1986; Bofill-Mas et al.
2006). Moreover, those excreted strains accumulate in
biosolid/sludge during waste treatment. Thus, suitable
disposal and treatment of the sludge/biosolids generated
also seems essential. Special attention must be paid when
genotype 1 infections without history of recent travel are
detected, especially if any association to uncontrolled water
sources is pointed out.

CONCLUSIONS
This study provides evidence that diverse HEV strains
are commonly infecting humans and pigs in the studied
area. Although identified strains infecting pigs have been
typified in all samples as genotype 3, sewage and biosolids
from urban sewage treatment plants may contain not
only diverse HEV genotype 3 strains but also sporadically
HEV genotype 1. The circulation of genotype 1 in
industrialized areas may have further health implications
since this genotype has been associated with important
epidemics with high mortality rates, especially in pregnant
women. Contamination of food and water through their
contact with sewage not properly treated and biosolids
presenting HEV may represent a significant risk for human
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