
ONLINE	SUPPLEMENT:	DETAILED	MATERIAL	AND	METHODS	
	

Production	of	cell	culture	HEV	(HEVcc).	
HEV	 Kernow-C1	 Passage	 6	 (P6)	 plasmid	 (gt3)1	was	 digested	 by	MluI	 enzyme	 and	 capped	 RNA	was	
produced	 using	 T7	 RiboMAX	 Large	 Scale	 RNA	 production	 (Promega,	 Belgium)	 and	 ScriptCap	 m7G	
capping	system	(Cellscript,	Madison,	USA).	Transfection	of	HepG2/C3A	cells	 in	Dulbecco’s	modified	
Eagle’s	medium	 (DMEM)	was	done	using	 lipofectamine	2000	 (Life	 technologies,	 Belgium).	 	Culture	
medium	was	collected	at	different	time	points	and	tested	for	the	presence	of	viral	RNA	by	qPCR,	as	
described	below.	Certain	culture	supernatant	(SN)	aliquots	were	treated	(TSN)	with	0.1%	trypsin	and	
0.1%	 sodium	deoxycholic	 acid	at	37°C	 for	1	hour	 to	mimic	 the	process	 that	HEV	particles	undergo	
when	 excreted	 in	 the	 feces.2	3	 Lysis	 of	 transfected	 cells	 to	 release	 intracellular	 viral	 particles	 (cell	
lysate)	was	done	by	vigorous	vortexing	in	the	presence	of	high	salt	concentration.4	The	infectivity	of	
HEVcc	was	successfully	tested	on	naive	HepG2/C3A	cells	(data	not	shown).	
	
Production,	infection	and	treatment	of	human	liver	chimeric	mice.	
Approximately	 106	 primary	 human	 hepatocytes	 (donor	 HH223,	 Corning,	 The	 Netherlands)	 were	
transplanted	 into	 homozygous	 uPA+/+-SCID	 mice	 as	 described	 previously.5-7	 Human	 albumin,	
determined	by	ELISA	(Bethyl	Laboratories	Inc,	Montgomery,	USA),	was	used	as	marker	to	assess	liver	
chimerism.	
Humanized	mice	were	 inoculated	with	different	HEV	preparations,	mainly	of	gt3	(obtained	from	an	
infected	 patient	 and	 HEVcc)	 and	 gt1	 (strain	 Sar-55;	 stool	 suspension	 obtained	 from	 an	 infected	
chimpanzee8).	 One	 particular	 group	 of	 mice	 was	 inoculated	 with	 treated	 cell	 culture	 supernatant	
(TSN,	see	above).	All	other	 inoculations	were	performed	with	non-treated	virus	preparations.	Stool	
and	plasma	samples	were	collected	on	a	weekly	basis.	Detection	and	quantification	of	viral	RNA	 in	
mouse	 plasma	 and	 10%	 (w/v)	 mouse	 stool	 was	 done	 using	 RT-qPCR	 (see	 below).	 Alanine	
aminotransferase,	aspartate	aminotransferase	and	bilirubin	 levels	were	quantified	using	the	COBAS	
8000	system	(Roche	Diagnostics).	Non-transplanted	mice	inoculated	with	these	preparations	served	
as	negative	control.	Passage	experiments	were	performed	by	inoculating	naïve	humanized	mice	with	
EDTA	 plasma	 or	 a	 10%	 (w/v)	 0.22µm	 filtered	 stool	 suspension	 obtained	 from	 a	 Sar-55	 infected	
humanized	mouse.	Inoculations	were	performed	via	oral	and	intrasplenic	route.	
Ribavirin	 (RBV)	was	 dissolved	 in	 phosphate-buffered	 saline	 solution	 and,	 using	 20G	plastic	 feeding	
tubes	(Instech	Laboratories,	 Inc.,	The	Netherlands),	administered	orally	at	a	single	daily	dose	of	25,	
50	or	100	mg/kg.	Control	mice	received	vehicle	only.	
	
Quantification	of	HEV	RNA.	
HEV	RNA	levels	were	quantified	via	RT-qPCR	using	primers	(5ʹ-GGTGGTTTCTGGGGTGAC-3ʹ	(F)	and	5ʹ-
AGGGGTTGGTTGGATGAA-3ʹ	(R))	and	a	probe	(5ʹ-FAM-TGATTCTCAGCCCTTCGC-TAMRA-3’)	that	target	
a	 conserved	 70bp-region	 in	 the	 ORF2/3	 overlap.9	 A	 standard	 curve	 was	 generated	 and	 calibrated	
against	 the	 WHO	 1st	 international	 standard	 (Paul-Ehrlich	 Institute,	 Germany).10	 HEV	 RNA	 was	
extracted	 from	plasma	and	 feces	using	 the	NucliSENS	easyMAG	system	(Biomérieux,	France)	and	a	
one-step	real-time	RT-qPCR	was	performed	on	the	LightCycler480	(Roche,	Belgium)	using	the	Roche	
LightCycler	 Multiplex	 RNA	 virus	 master	 mix.	 The	 limit	 of	 quantification	 (LOQ)	 of	 our	 assay	 on	
undiluted	samples	was	40	IU/ml	and	equals	the	100%	limit	of	detection	(LOD).	
	



Analysis	of	liver	from	infected	humanized	mice.	
Total	DNA,	RNA	and	protein	were	extracted	from	30	mg	of	 liver	tissue	from	humanized	mice	using	
the	 Allprep	 RNA/DNA/protein	 mini	 kit	 (QIAGen,	 The	 Netherlands)	 according	 to	 manufacturer’s	
instructions.	
HEV	RNA	was	quantified	in	total	liver	RNA	by	RT-qPCR	as	detailed	above.	HEV	RNA	was	quantified	in	
3	randomly	chosen	liver	fragments	and	the	mean	viral	load	was	calculated.		
A	previously	published	technique11	was	adapted	for	the	specific	detection	of	positive	and	negative-
sense	HEV	RNA	of	all	the	HEV	genotypes	used	in	our	study.	Briefly,	liver	RNA	extract	was	converted	
into	cDNA	using	Superscript	 III	enzyme	(Life	Technologies,	Belgium)	with	primers	specific	 for	either	
positive	 or	 negative-sense	 RNA	 (Supplemental	 Table	 1).	 After	 treatment	 with	 Exonuclease	 I	 (Life	
Technologies,	 Belgium)	 and	 purification	 using	 the	 Wizard	 SV	 gel	 and	 PCR	 Clean-Up	 (Promega,	
Benelux),	purified	cDNA	was	used	as	template	for	nested	PCR	with	the	primers	shown	in	Table	1.	In	
vitro	 transcribed	 RNA	 corresponding	 to	 negative-strand	 RNA	was	 produced	 and	 served	 as	 positive	
control	 for	 the	 negative-strand	 PCR	 and	 as	 negative	 control	 for	 the	 positive-strand	 PCR.	 Stool	 of	
infected	mice	served	as	positive	control	 for	the	positive-strand	PCR	and	as	negative	control	 for	the	
negative-strand	PCR.	Extracts	from	HEV-infected	HepG2/C3A	were	used	as	positive	control	for	both	
positive	and	negative-strand	specific	PCRs.	Liver	extracts	were	diluted	such	 that	 the	viral	RNA	 load	
was	 lower	 than	 that	 in	 the	 fecal	 control	 samples,	 thereby	 ensuring	 that	 a	 signal	 representing	
negative-strand	RNA	was	not	caused	by	aspecific	amplification	of	excess	positive-strand	viral	RNA.	
For	Western	blot	analysis	equal	amounts	of	purified	protein	were	loaded	and	run	on	a	15%	SDS-PAGE	
gel.	Proteins	were	transferred	onto	a	nitrocellulose	membrane,	which	was	incubated	overnight	at	4°	
C	with	a	rabbit	polyclonal	antibody	against	HEV	ORF3	(1/1000)12.	Lysate	 from	 infected	cell	cultures	
and	 protein	 extracts	 from	 non-infected	 humanized	 mouse	 liver	 served	 as	 positive	 and	 negative	
controls.	
Immunofluorescence	analysis	was	performed	on	4%	paraformaldehyde-fixated	chimeric	mouse	livers	
using	 an	 ORF3-specific	 rabbit	 polyclonal	 antibody.12	 Human	 bile	 canaliculi	 were	 visualized	 using	 a	
human-specific	 biotinylated	 anti-CEACAM-1	 (carcinoembryonic	 antigen(CEA)-related	 cell	 adhesion	
molecule	1)	polyclonal	goat	antibody	(R&D	systems,	ref.	BAF2244).	The	samples	were	processed	as	
described	 in	 Hermant	 et	 al.13	 but	 ORF3	 detection	 required	 tyramide	 signal	 amplification	 (TSA;	
NEL702001KT,	PerkinElmer).	Livers	from	non-infected	humanized	mice,	livers	from	non-transplanted	
mice	 inoculated	with	 the	 same	HEV	preparations	 and	 livers	 from	humanized	mice	 inoculated	with	
other	hepatotropic	pathogens	(HBV,	HCV	and	Plasmodium	falciparum)	were	processed	 in	the	same	
way	and	served	as	negative	control.	
	
Host	gene	expression	analysis.	
Total	 liver	 RNA	 and	 DNA	were	 extracted	 from	 sacrificed	 HEV	 infected	mice	 (gt1,	 Sar-55)	 (n=2)	 as	
described	 above.	 DNA	 was	 used	 to	 confirm	 humanization	 using	 the	 qPCR	 assays	 described	
previously.14	 The	 presence	 of	 HEV	 RNA	 was	 confirmed	 using	 the	 RT-qPCR	 assay	 described	 above.	
RealTime	Assay	96	well	plates	pre-coated	with	48	selected	primer-probe	pairs	were	obtained	 from	
Roche	(Zaventem,	Belgium).	RNA	from	infected	livers	was	reverse	transcribed	using	the	Superscript	
III	 kit	 (Life	 Technologies,	 Belgium).	 cDNA	 was	 then	 added	 to	 each	 well	 on	 the	 plate	 (two	 tissue	
samples	 per	 plate)	 at	 a	 concentration	 of	 25ng	 (equivalent	 total	 cDNA/RNA)	 per	 reaction	 following	
manufactures’	protocol.	QPCR	was	run	on	a	LightCycler	480	(Roche,	Zaventem,	Belgium)	and	relative	
quantification	 was	 calculated	 using	 qbase+	 (Biogazelle,	 Zwijnaarde,	 Belgium).	 Total	 liver	 RNA	 and	
DNA,	 extracted	 from	 a	 non-infected	 humanized	mouse,	 served	 as	 negative	 control.	 Five	 different	



samples	 from	each	mouse	were	analyzed	and	the	geometrical	mean	was	calculated.	As	control	 for	
mouse	 cross	 reactivity,	 a	 non-transplanted	 mouse	 was	 injected	 with	 30	 µg	 Poly	 I:C	 (Invivogen,	
Toulouse	France)	and	sacrificed	8	hours	 later.15	Five	housekeeping	genes,	of	which	we	selected	the	
three	 most	 stable	 ones	 using	 geNorm	 (qbase+	 program,	 Biogazelle),	 served	 as	 reference	 for	
normalization	of	the	amount	of	cDNA	that	was	added	into	each	well.	All	normalized	fold-changes	in	
gene	 expression	 were	 statistically	 evaluated	 using	 an	 unpaired	 two-tailed	 multiple	 t-test	 analysis	
employing	a	false	discovery	rate	of	1%	(GraphPad	Prism	v6.0f).	
	
Sequencing	of	ORF2,	ORF3	and	S17-insert.	
The	complete	ORF2	and	ORF3	region	was	amplified	in	6	stool	samples	from	HEV	infected	mice	(gt1	
SAR-55)	 and	 the	 original	 inoculum	 (chimp	 stool).	Mouse	 stool	 samples	 include	 samples	 from	 first	
passage	 (n=3,	 collected	4	and	10	weeks	after	 inoculation),	 second	passage	 (n=2,	 collected	5	and	9	
weeks	 after	 inoculation)	 and	 third	 passage	 (n=1,	 collected	 5	 weeks	 after	 inoculation).	 Briefly,	
extracted	RNA	was	converted	into	cDNA	using	Superscript	IV	(Invitrogen)	using	random	primers.	First	
PCR	round	was	performed	using	LongAmp	Taq	DNA	Polymerase	(New	England	Biolabs)	according	to	
the	following	conditions:	initial	denaturation	at	94°C	(2	min.),	followed	by	40	cycles	of	amplification	
(denaturation	at	94°C	(30	sec.),	annealing	at	55°C	(40	sec.)	and	extension	at	65°C	(105	sec.))	and	final	
extension	at	65°C	(10	min.).	Nested	PCR	reaction	was	done	by	using	Pfu	DNA	Polymerase	(Promega)	
using	the	following	reaction	parameters:	initial	denaturation	at	95°C	(2min.),	followed	by	35	cycles	of	
amplification	 (denaturation	 at	 95°C	 (30	 sec.),	 annealing	 at	 60°C	 (30	 sec.)	 and	 extension	 at	 72°C	 (4	
min.))	and	final	extension	at	72°C	(10	min.).	Primers	used	in	amplification	and	sequencing	are	listed	
in	Supplemental	Table	2.		
The	region	of	the	HEV	genome	that	encompasses	the	S17	insert	was	amplified	from		stool	samples	of	
mice	that	were	infected	with	the	gt3	cell	culture	derived	virus	(HEVcc	cell	 lysate).	Briefly,	extracted	
RNA	 was	 converted	 into	 cDNA	 using	 Superscript	 IV	 (Invitrogen)	 and	 a	 specific	 primer	 listed	 in	
Supplemental	 Table	 3.	 First	 PCR	 and	 nested	 PCR	 reactions	were	 done	 using	 Taq	 DNA	 Polymerase	
(New	England	Biolabs)	according	to	the	following	parameters:	 initial	denaturation	at	95°C	(30	sec.),	
followed	by	30	cycles	of	amplification	(denaturation	at	95°C	(30	sec.),	annealing	at	55°C	(30	sec.)	and	
extension	at	68°C	(40	sec.))	and	final	extension	at	68°C	(5	min.).	Primers	used	for	amplification	and	
sequencing	are	listed	in	Supplemental	Table	3.	The	expected	product	size	with	S17	insert	is	536	bp.	
Sequencing	of	PCR	products	was	performed	by	GATC	Biotech	AG	(Germany)	and	data	was	analyzed	
using	CLC	bio	software.	
	
Density	 gradients.	 Infectious	samples	diluted	 in	1	ml	of	PBS	were	 layered	on	 the	 top	of	a	7.5-40%	
continuous	 iodixanol	 gradient	 (Optiprep,	 Proteogenix).	 Gradients	were	 ultracentrifuged	 for	 16h	 at	
160,000xg	 at	 4°C	 in	 a	 SW41	 rotor.	 Twelve	 fractions	 of	 1	ml	were	 collected.	 For	 each	 fraction,	 the	
density	was	measured	by	refractometry	and	viral	RNA	was	quantified	by	RT-qPCR	(see	above).		
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Supplemental	Table	1:	primers	used	for	specific	amplification	of	plus-	or	minus-strand	HEV	RNA.	

	 (+)	strand	RNA	 (-)	strand	RNA	

cDNA	
synthesis	

5’-CGGTCATGGTGGCGAATAARTGTTATTCATTCYAMCCK-3’	 5’-CGGTCATGGTGGCGAATAAYGARAAYGAYTTYTCHGAGTTTG-3’	

1st	round	
PCR	

Forward:	5’-YGARAAYGAYTTYTCHGAGTTTG-3’	
Reverse:	5’-CGGTCATGGTGGCGAATAA-3’	

Forward:	5’-CGGTCATGGTGGCGAATAA-3’	
Reverse:	5’-RTGTTATTCATTCYAMCCK-3’	

2nd	round	
PCR	

Forward:	5’-AYACYRTYTGGAAYATGGC-3’	
Reverse:	5’-ARCATGCCAATMAGGTTATG-3’	

Forward:	5’-AYACYRTYTGGAAYATGGC-3’	
Reverse:	5’-ARCATGCCAATMAGGTTATG-3’	

Y=	C+T,	R=	A+G,	H=	A+T+C,	M=A+C,	K=G+T	and	5’CGGTCATGGTGGCGAATAA3’	is	a	non-HEV	tag	sequence	used	as	target	for	the	1st	round	
PCR.	

	
	
Supplemental	Table	2:	Primers	used	 for	amplification	and	sequencing	of	 the	complete	ORF2	and	
ORF3	region	of	the	HEV	genome	

	 Primer	sequence	

First	PCR	reaction	 Forward:	5’-CTGATGGCAAGGCTCATTTC-3’	
Reverse:	5’-AACAGAAAGAAGGGGGGCACAAGC-3’	

Nested	PCR	reaction		 Forward:	5’-ATTCTGTGTCGGGTGGAATG-3’	
Reverse:	5’-GAAGGGGGGCACAAGCAAATAAAC-3’	

Sequencing		

Forward:	5’ATTCTGTGTCGGGTGGAATG-3’	
Forward:	5’-CTCTTAGCCCGCTTCTACCC-3’		
Reverse:	5’-GAAGGGGGGCACAAGCAAATAAAC-3’	
Reverse:	5’-TCCTGCTCATGTTGGTTGTC-3’	
Reverse:	5’-	CAAGTTCGAGGGCAAAGTCC-3’	

	
	
Supplemental	 Table	 3:	 Primers	 used	 for	 amplification	 and	 sequencing	 of	 the	 HEV	 ORF1	 region	
encompassing	the	S17	insert.	
		 Primer	sequence		

cDNA	synthesis	 5’GTTTGAGGCGTTAACCAG	3’	

First	PCR	reaction	
Forward:	5’GGGTATCTTCCCTCCATTC3’		
Reverse:	5’GTTTGAGGCGTTAACCAG3’			

Nested	PCR	reaction	and	
sequencing	

Forward:	5’ATCTGGGAGTCTGCTAAC3’	
Reverse:	5’CCCTGCATACACCTTAGC3’		

	


