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1. Introduction

Hepatitis E virus (HEV) belonging to the family
Hepeviridae, genus Hepevirus, is a small, non-enveloped

virus with a single-stranded, positive sense RNA genome of
approximately 7.2 kb (Emerson and Purcell, 2003).

There are four genotypes of HEV recognized and only
one serotype (Engle et al., 2002 and Emerson et al., 2004).
The genetic variability of HEV is revealed by the presence
of quasispecies and recombinants (van Cuyck et al., 2005
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A B S T R A C T

Zoonotic transmission of hepatitis E virus (HEV) is of special concern, particularly in high

income countries were waterborne infections are less frequent than in developing

countries. High HEV seroprevalences can be found in European pig populations. The aims

of this study were to obtain prevalence data on HEV infection in swine in Belgium and to

phylogenetically compare Belgian human HEV sequences with those obtained from swine.

An ELISA screening prevalence of 73% (95% CI 68.8–77.5) was determined in Belgian pigs

and a part of the results were re-evaluated by Western blot (WB). A receiver operating

characteristic curve analysis was performed and scenarios varying the ELISA specificity

relative to WB were analysed. The seroprevalences estimated by the different scenarios

ranged between 69 and 81% and are in agreement with the high exposure of the European

pig population to HEV. Pig HEV sequences were genetically compared to those detected in

humans in Belgium and a predominance of genotype 3 subtype f was shown in both swine

and humans. The high HEV seroprevalence in swine and the close phylogenetic

relationships between pig and human HEV sequences further support the risk for

zoonotic transmission of HEV between humans and pigs.
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control band. Tests were performed with a 1/1000 dilution
of conjugate. Three sera from infected pigs and 3 sera from
SPF piglets were tested as positive and negative controls,
respectively. A total of 98 sera from swine were tested with
this IgG WB. Four classes were defined according to the
optical density (OD) averages obtained by ELISA: the first
class included an OD ranging from 0 to 0.15, the second an
OD from 0.15 to 0.27, the third an OD from 0.27 to 1 and the
fourth �1 (Table 1). One serum of each of the first 2 classes
(ELISA negative) and 4 sera from each of the last 2 classes
(ELISA positive) were selected in each of the 10 ELISA
plates and were tested in WB. The tests were carried out on
a ProfiBlot T48 (TECAN, Mechelen, Belgium).

Sera giving negative or borderline results in IgG WB and
positive results in ELISA were tested for IgM with the same
kit adapted for use with pigs by replacing the conjugate of
the kit (anti-human IgM - peroxidase) with a conjugate
made from a secondary goat polyclonal Ab, reactive against
pig IgM and coupled to peroxidase (Abcam, Cambridge,
United-Kingdom).

2.4. PCR

RNA extractions were performed with the QIAamp Viral
RNA kit mini kit (QIAGEN, Antwerpen, Belgium) according
to the manufacturer’s recommendations. Internal control
extraction was added to each sample. The volume of each
sample was then 130 ml, to which 10 ml of murine
norovirus (105 plaque forming units/ml) was added and
the extractions were considered as successful in the
presence of positive PCR results with this norovirus. Two
negative controls (water) were included in each run of 24
extractions performed.

Nested RT-PCR was performed according to a protocol
adapted from Huang et al. (Huang et al., 2002 and Cooper
et al., 2005) and using primers 3156 (50-AATTATGCY-
CAGTAYCGRGTTG-30), 3157 (50-CCCTTRTCYTGCTGMG-
CATTCTC-30), 3158 (50-GTWATGCTYTGCATWCATGGCT-
30) and 3159 (50-AGCCGACGAAATCAATTCTGTC-30) target-
ing a 348-bp region within the ORF2 gene.

Reverse transcription (RT) and external PCR steps were
performed in one step with the AccessQuickTM RT-PCR
System (Promega, Leiden, the Netherlands). Internal PCR

Fig. 1. Distribution of pig farms sampled in Belgium; 50 farms in the Flemish region and 20 farms in the Walloon region according to the swine population

density.

Small white areas: commune where sampling were done with number of sampled pig farm.

&: Localisation of human cases.

(Map made with Quantum GIS–QGIS Development Team, 2012. QGIS Geographic Information System. Open Source Geospatial Foundation Project. http://

qgis.osgeo.org).

Table 1

Hepatitis E virus IgG Western blot (WB) results in pigs classified

according to 4 ranges of hepatitis E virus ELISA optical density.

Classa ODb ELISA range Western blotc Total

+ Borderline �

1 [0–0.15[ 1 1 7 9

2 [0.15–0.27[ 5 2 3 10

3 [0.27–1[ 25 4 10 39

4 [1–5[ 38 0 2 40

Total 69 7 22 98

aClasses 1 and 2 = ELISA negative results; classes 3 and 4 = ELISA positive

results.
b Optical density.
c Positive: WB result with a score �4; Borderline: WB result with a

score of 3; Negative: WB result with a score �2.



 

 

 

 

 

 

 

Tableau supplémentaire 1 : profils d'immunomarquage de protéines recombinantes de HEV 
en Western blot (WB) avec des sérums de porcs 

 

*Protéines recombinantes : extrémités N-terminales et C-terminales du cadre ouvert de lecture 
(ORF) 2 (O2N et O2C), de l'entièreté de l'ORF3 (O3) des génotypes 1 et 3 (Gt1 et Gt3), et de 
la partie centrale de l'ORF2 du génotype 1 (O2M) 
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Résultats en WB + Douteux - 

Nombres de sérums 2 4 7 1 2 2 1 1 5 1 1 9 21 1 1 1 9 1 6 2 20 



was performed using the Taq DNA Polymerase kit with
ThermoPol Buffer (New England BioLabs, Bioké, Leiden, the
Netherlands).

Each reaction consisted of a RT step at 45 8C for 45 min,

Germany) with the BigDye Terminator kit version 3.1
(AppliedBiosystems, Foster City, CA, USA) and resolved
with an ABI 3730xl automatic capillary sequencer
(AppliedBiosystems, Foster City, CA, USA). Nucleotidic
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followed by an initial denaturation step of 2 min at 94 8C,
followed by PCR: 40 cycles of 1 min denaturation at 94 8C,
hybridization of 45 s at 47 8C, followed by 45 s of
elongation at 68 8C and a final elongation step of 7 min
at 68 8C. The second PCR consisted of an initial step of 2 min
at 94 8C, followed by 40 cycles of 1 min at 94 8C, 45 s at
47 8C and 45 s at 72 8C. The PCR ended with a final
extension of 7 min at 72 8C. Both RT and PCR reactions were
performed on a thermocycler T3000 (Biometra, Goettin-
gen, Germany).

2.5. Sequencing and phylogeny studies

The PCR products were analysed by electrophoresis on
2% agarose gel and were revealed by ethidium bromide
staining under UV light. Bands at the expected molecular
weight (348-bp) were excised and purified with the High
Pure PCR Products Purification Kit (Roche Applied Science,
Vilvoorde, Belgium). Positive amplicons were purified and
cloned into pGEMt Easy vector (Promega, Leiden, the
Netherlands) in order to have an optimal sequencing
reaction. Sequencing reactions of one clone from each
amplicon were carried out by GATC Biotech (Konstanz,

sequences were analysed and aligned with the ClustalW
method within the BioEdit Sequence Editor version 7.0
software (Hall, 1999). Nucleotidic similarity with the NCBI
genetic database was assessed using the BLAST tool
(available at http://www.ncbi.nlm.nih.gov/blast/Blast.cgi).
Phylogenetic relationships were inferred with the MEGA
version 5 software package (Tamura et al., 2011) with the
maximum-likelihood method based on the Tamura-Nei
substitution model (Tamura and Nei, 1993) and 1500
bootstrap replicates.

We deposited 9 HEV sequences from human in
GenBank under accession no. KC961251 (BeHu1),
KC961252 (BeHu2), KC961253 (BeHu3), KC961254
(BeHu4), KC961255 (BeHu5), KC961256 (BeHu6),
KC961257 (BeHu7), KC961258 (BeHu8), KC989557
(BeHu9) and 4 HEV sequences from swine under accession
numbers KC802217 (BeSwA78), KC802218 (BeSwB26),
KC802219 (BeSwB27) and KC802220 (BeSwC52). Human
and swine HEV RNA sequences of 302 nucleotides were
analysed by using BioEdit and MEGA5, with a set of
sequences available from GenBank, to determine geno-
types and subtypes according to the classification of Lu
et al. (2006).

Fig. 2. Distribution of ELISA optical density value of serum samples classified according to the Western blot results.

NC: negative controls.

NWB: negative in Western blot.

BWB: borderline in Western blot.

PWB: positive in Western blot.

PC: positive controls.

—: The lower line represents the optimal cut off of 0.20 estimated by the ROC curve. The two upper lines are the 95 CI of the average of the cut offs calculated

for 10 plates according to the producer (i.e. 0.27; 95% CI 0.26–0.29).
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http://www.ncbi.nlm.nih.gov/blast/Blast.cgi


2.6. Statistical analysis

A 95% confidence interval (CI) of prevalence was
estimated using an exact binomial distribution. Seropre-
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valences between the Flemish and Walloon Regions were
compared using a Chi2 test. Three Receiver Operating
Characteristic (ROC) curves with WB considered as the
reference test were obtained, the first with the exclusion of
the WB borderline data, the second including WB
borderline data as positive results and the third with
WB borderline data as negative results (StataCorp. 2011.
Stata Statistical Software: Release 12. College Station, TX:
StataCorp LP).

3. Results

3.1. ELISA screening prevalence of HEV infection in swine

The presence of HEV-specific antibodies was demon-
strated by ELISA, using the cut off (CO) value obtained
following the manufacturer’s instructions and calculated
for each plate. An individual seroprevalence of 73% (95% CI
68.8–77.5) was found in Belgium. The individual sero-
prevalence was significantly different between the two
regions (Chi2 = 4.83; 1 degree of freedom (df); P = 0.03):
66% (95% CI 56.6–74.2) in the Walloon Region and 76%
(95% CI 71.1–81) in the Flemish Region. Moreover, 93%
(95% CI 89–100) of the tested herds were found to contain
at least one seropositive pig. All the SPF pig sera tested
were negative. Of the 5 positive controls, the 3 previously
determined strongly positive samples were positive and
the 2 previously determined weakly positive ones were
negative in our ELISA conditions.

3.2. Western blot analysis

A collection of 98 pig sera already analysed by ELISA and
distributed in 4 classes was further analysed by a WB
against IgG. The results are presented in Table 1 and Fig. 2.
The 3 positive control sera were positive (genotype 3 and
4) and the 3 negative control sera were negative. The 16
out of 98 sera showing discrepant results (positive results
with the ELISA and negative or borderline results with the
IgG WB) were tested with the IgM WB, and all the results

were negative. These data were obtained in order to use
WB as a reference test in the following ROC curve analysis.

3.3. ROC curve analysis

The high ELISA screening prevalence in the pig
population needed to be carefully assessed. Therefore
the CO value was re-evaluated by a ROC curve analysis
using WB as the reference test, and different scenarios
were analysed. Three ROC curves were compared depend-
ing on the inclusion of WB borderline data as positive or
negative or after exclusion of these data. No significant
difference was shown between the three ROC curves (data
not shown). The ROC curve using the WB data after
exclusion of the borderline data is shown in Fig. 3 and the
optimal CO point is at 0.20. Table 2 gives the results of an
analysis of different scenarios either using the CO values
obtained by the ROC curve or by the ELISA, or varying ELISA
specificity relative to WB. Whatever the scenario, the
seroprevalence remained high, from 58 to 77% for the

Fig. 3. Receiver operating characteristic–curve (ROC-curve) of the ELISA

data versus Western blot as reference test after exclusion of the

borderline data. Area under curve = 0.8590; standard error

(area) = 0.0997;.

–: Fitted ROC curve;

�: Observed values of the ROC curve;

—: Intersection between horizontal and vertical lines is the optimal cut off

(0.20) (based on observed data).

Table 2

Estimation of hepatitis E virus seroprevalence in the Belgian pig population. Analysis of 3 scenarios varying ELISA specificities relative to WB. The two first

lines show the parameters estimated for the optimal cut off obtained by the ROC curve (first line) and the average ELISA cut off (second line).

Cut off Specificity (%) Sensitivity (%) Estimated ELISA

screening prevalence (%)a

Estimated serorevalence

after confirmation by WB (%)b

0.20 40.91 98.55 76.90 68.61

0.27 40.91 92.75 74.76 72.07

0.34 50.00 95.00 71.43 72.55

0.58 75.00 75.50 66.19 76.88

1.10 90.00 50.00 57.62 80.97

With: Number of true positive animals in ELISA = number of animals positive in ELISA � (number of positive animals both in ELISA and in WB/number of

positive animals in ELISA) and number of false negative animals in ELISA = number of animals negative in ELISA � (number of animals negative in ELISA but

positive in WB/number of negative animals in ELISA).
a ELISA screening prevalence (%) = (number of positive results in ELISA/number of animals tested by ELISA) � 100.
b Prevalence after confirmation by WB (%) = [(number of true positive animals in ELISA + number of false negative animals in ELISA)/total number of

animals] � 100.
46



Fig. 4. Maximum-likelihood phylogenetic tree on 57 sequences of 302 bp in HEV open reading frame 2; subtyping classification according to Lu et al. (24).

GenBank accession numbers are shown for each HEV strain used in the phylogenetic analysis. The scale bar indicates nucleotide substitutions per site.
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seroprevalence between the Flemish and the Walloon pig
populations would lead to further investigate the relation-
ships between human and animal HEV infection in these
regions.
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3.3 Etude 2 : 

 
La faune sauvage belge comme réservoir potentiel du virus  
de l’hépatite E 
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Chapitre 3  Section expérimentale – Etude 2 
 

 

PREAMBULE 

 

 Après avoir établi que le porc représentait un réservoir du HEV, le rôle de la faune 

sauvage a été investigué en Belgique. En effet, l’aspect zoonotique du virus de l’hépatite E 

pourrait être en partie dû à la faune sauvage dans nos pays. Les premières certitudes de 

transmission zoonotique du virus ont été décrites au Japon à partir de viande de cerf.  

 Dans l’étude suivante, 383 sérums de sangliers ont été échantillonnés pour analyses 

sérologiques. Soixante-neuf sérums et 61 foies de marcassins ont également été 

échantillonnés en vue des analyses virologiques. D’autre part, un total de 189 et 235 sérums 

ont été collectés à partir de cerfs et de chevreuils respectivement pour les analyses 

sérologiques. Pour les analyses virologiques, 84 et 68 sérums ainsi que 29 et 27 foies 

provenant respectivement de cerfs et de chevreuils ont été échantillonnés.  

 Une séroprévalence apparente de 34 % (95 % CI 29.71 – 39,46) a été détectée chez les 

sangliers, de 1 % (95 % CI 0 – 2,4) chez les cerfs et de 3 % (95 % CI 0,8 – 4,2) chez les 

chevreuils. Afin d’évaluer la prévalence de screening par ELISA, des analyses par Western 

blot ont été réalisées, une analyse de courbe ROC a été faite et différents scénarios faisant 

varier la spécificité de l’ELISA relative au Western blot ont été analysés. La séroprévalence 

est restée élevée dans la population de sangliers quel que soit le scénario employé. Chez le 

sanglier, de l’ARN de HEV a été détecté dans 4 sérums sur 69 et 4 foies sur 61. Toutes les 

séquences obtenues à partir de sérums appartenaient au génotype HEV-3. De l’ARN de HEV-

3 a été détecté dans 1 foie de cerf sur 29.  

 Les sangliers peuvent donc être considérés comme un hôte réservoir du virus en 

Belgique. Cependant, contrairement au rôle épidémiologique joué par les cervidés dans 

d’autres pays européens, les faibles séroprévalences observées dans cette étude montrent que 

les cervidés ne semblent pas être un réservoir du HEV dans notre pays. De futures études sont 

nécessaires afin de déterminer dans quelle situation les cervidés jouent un rôle de réservoir. 

Ces résultats posent la question de la dynamique d’infection du HEV dans la faune sauvage, 

les porcs domestiques et la population humaine. 
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