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Abstract	
 
	 Hepatitis	E	virus	(HEV)	is	the	main	cause	of	acute	viral	hepatitis	worldwide,	

predominantly	in	developing	areas	where	it	is	endemic.	The	disease	is	generally	self-

limiting	with	many	individuals	being	asymptomatic,	however,	immunocompromised	

individuals	or	patients	with	pre-existing	liver	disease	may	experience	much	higher	

rates	of	morbidity	and	mortality.	Recently,	HEV	has	gained	more	attention	in	the	

developed	world.	This	has	prompted	several	industrialized	countries	to	assess	

seroprevalence	rates	using	blood	donor	samples.	HEV	has	the	potential	to	be	a	serious	

threat	to	the	blood	safety,	and	careful	monitoring	is	essential	to	maintain	blood	safety	

and	prevent	transfusion-associated	transmission	of	the	virus	to	the	most	susceptible	

individuals.	Currently,	no	such	data	exists	for	Canada,	and	the	prevalence	of	this	virus	in	

the	general	population	is	largely	unknown.		

The	focus	of	this	study	is	to	(1)	determine	the	seroprevalence	of	HEV	in	the	

Canadian	blood	donor	population.	(2)	Apart	from	the	transfusion	associated	risk,	we	

will	also	assess	the	prevalence	of	HEV	among	patients	considered	to	be	at	a	higher	risk	

for	acquiring	the	infection:	individuals	with	compromised	immune	systems	due	to	

treatment	and	or	illness,	and	people	who	inject	drugs.		(3)	We	will	also	evaluate	the	

potential	role	of	wild	animals,	such	as	different	deer	species,	as	a	reservoir	for	HEV	as	

this	could	represent	another	important	source	of	infection	for	humans.	

	 The	overall	seroprevalence	among	Canadian	blood	donor	samples	collected	

from	July	2013	-	December	2015	was	5.84%	(240/4,107),	and	none	of	the	14,053	

samples	tested	in	pools	of	48	or	96	were	positive	for	HEV	RNA.	There	was	no	significant	

increase	in	the	high-risk	groups	we	tested	other	than	the	patients	receiving	

plasmapheresis,	but	this	could	be	due	to	passive	transfer	of	antibody.	HIV	was	
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determined	to	be	a	significant	risk-factor	for	HEV	infection	in	a	retrospective	study	of	

Kenya-based	sex-worker	cohorts,	but	not	so	in	a	Canadian	cohort	of	HIV-positive	

intravenous	drug	users.	HEV	infection	occurs	in	deer,	however,	further	investigation	is	

needed	to	evaluate	the	zoonotic	risk	to	humans.	Overall HEV seroprevalence (in blood 

donors) in Canada is lower than that published in other countries; this together with the 

fact that we failed to detect HEV RNA in Canadian blood donations indicates that HEV 

currently poses a low risk to the Canadian blood supply.	
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1.	Introduction	–	Hepatitis	E	Virus	Literature	Review	
	
Hepatitis	E	Virus:	

	 Hepatitis	E	Virus	(HEV)	belongs	to	the	family	Hepeviridae,	which	is	divided	into	

two	genera:	Orthohepevirus	(all	mammalian	and	avian	hepatitis	E	virus	isolates)	and	

Piscihepevirus	(cutthroat	trout	virus).	Species	within	the	genus	Orthohepevirus	are	

designated	Orthohepevirus	A	(isolates	from	human,	pig,	wild	boar,	deer,	mongoose,	

rabbit	and	camel),	Orthohepevirus	B	(isolates	from	chicken),	Orthohepevirus	C	(isolates	

from	rat,	greater	bandicoot,	Asian	musk	shrew,	ferret	and	mink)	and	Orthohepevirus	D	

(isolates	from	bat)1–3.	

HEV	is	the	main	cause	of	acute	viral	hepatitis	worldwide,	causing	an	estimated	

20	million	cases	each	year	resulting	in	70,000	deaths	and	3,000	stillbirths	4.	It	causes	

symptoms	typical	of	acute-viral	hepatitis	including	jaundice,	malaise,	fever,	abdominal	

pain,	and	liver	inflammation.	The	virus	commonly	infects	young	healthy	subjects,	

however,	the	disease	is	generally	self-limiting	with	many	being	asymptomatic	5.	The	

mortality	rate	ranges	from	0.2	-	4.0%	4.	HEV	is	associated	with	a	very	high	morbidity	

and	mortality	in	pregnant	women	and	the	fetus,	particularly	in	the	third	trimester.	In	

these	clinical	cases,	acute	liver	failure	and	death	may	occur	in	up	to	20-25%	of	these	

women,	particularly	in	developing	countries6,7.	The	underlying	factors	influencing	this	

high	mortality	during	pregnancy	is	poorly	understood	8.	Patients	with	underlying	

chronic	liver	conditions	such	as	cirrhosis,	as	well	as	immunocompromised	individuals	

also	experience	higher	rates	of	mortality	9.	The	infection	can	also	become	chronic	in	

immunocompromised	patients,	and	eventually	cause	liver	cirrhosis	and	eventually	liver	

failure	9.	

	



 13 

	

1.1	Hepatitis	E	Virus	History:	

	 The	first	known	outbreak	of	HEV	occurred	in	India	around	1955-56,	and	affected	

as	many	as	29,000	individuals	10.	However,	it	was	not	until	much	later	that	the	identity	

of	the	causative	pathogen	was	determined.	In	1978,	Hepatitis	E	Virus	was	recognized	

during	an	epidemic	of	Hepatitis	occurring	in	the	Kashmir	Valley	of	India11,	affecting	an	

estimated	52,000	people	resulting	in	1700	deaths.	There	were	several	unique	

characteristics	associated	with	this	outbreak	that	led	to	the	belief	that	there	may	be	

another	non-A,	non-B	hepatitis	virus.	First,	the	epidemic	was	water-borne	with	a	highly	

compressed	epidemic	curve	suggesting	a	single	source	of	spread	it;	and	following	the	

epidemic,	secondary	waves	of	hepatitis	did	not	occur12.	Young	adults	made	up	the	

majority	of	the	cases,	and	there	was	a	noted	increased	severity	of	the	disease	in	

pregnant	women12.	All	of	the	surviving	patients	had	self-limiting	disease	that	resolved	

without	intervention,	and	their	sera	lacked	the	serological	markers	for	acute	hepatitis	A	

and	hepatitis	B13.	

	 Balayan	and	his	research	team	definitively	described	the	discovery	of	the	new	

non-A,	non-B	hepatitis	virus	in	the	early	1980’s	during	the	Soviet	occupation	of	

Afghanistan.	Balayan	ingested	pooled	fecal	extracts	from	9	affected	soldiers,	and	

subsequently	became	ill.	The	new	virus,	named	HEV,	was	detected	in	his	stool	using	

electron	microscopy14.	In	1990,	Reyes	et	al.	successfully	cloned	and	sequenced	the	

hepatitis	E	virus	genome	15.	In	the	years	that	followed,	research	into	this	newly	

discovered	hepatitis	virus	continued	and	it	was	identified	as	a	major	health	concern	in	

developing	countries	with	poor	sanitary	practices	and	unsafe	water	supplies11.	

Recently,	more	attention	has	been	focused	on	the	zoonotic	transmission,	and	its	
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increased	prevalence	in	developed	countries.	This	is	due	to	ingestion	of	raw	or	

undercooked	meat	of	the	infected	animals,	and	animal	products	such	as	pig	livers	or	

sausages	made	from	the	livers	and	sold	in	supermarkets11.	

1.2	Hepatitis	E	Virus	Molecular	Biology:	

	 Hepatitis	E	virus	is	a	small	non-enveloped	virus,	about	27-34	nm	in	size,	present	

in	the	bile	and	feces	of	infected	hosts	15.	The	genome	is	7.2	kb	in	length;	consisting	of	

positive-sense,	single-stranded	RNA,	7-methylguanine	capped	at	the	5’	termini	and	

polyadenylated	at	its	3’	termini11.	There	are	three	open	reading	frames	(ORF)	encoded	

by	the	HEV	genome,	as	well	as	5’	and	3’	untranslated	regions	(UTR)	of	approximately	58	

and	68	nucleotides	respectively	8.	These	UTR’s	have	been	shown	to	fold	into	stem-loop	

structures	16.	Experiments	have	shown	these	stem-loop	structures	are	required	for	

replication,	and	abolishment	of	these	sequences	prevents	binding	of	the	RNA-

dependent	RNA	polymerase	(RdRp)	and	subsequent	transcription17.	ORF1	encodes	a	

non-structural	polyprotein	of	1693	amino	acids	in	length,	containing	domains	and	

functional	motifs	such	as	protease,	methyltransferase,	RdRp,	and	RNA	helicase	15.	ORF2	

encodes	the	major	viral	capsid	protein,	660	amino	acids	in	length.	This	protein	is	

involved	in	virion	assembly,	the	subsequent	association	with	target	cells,	and	also	

induces	neutralizing	antibodies	blocking	HEV	infection	1.	The	ORF3	protein	is	very	

small,	113-114	amino	acids	in	length,	and	until	recently	its	function	was	unknown.	

Research	published	in	2008	by	Chandra	et	al.	suggest	that	it	acts	as	an	adaptor	to	link	

the	intracellular	transduction	pathways,	reducing	the	host	inflammatory	response	

thereby	acting	to	protect	the	cells	infected	with	HEV	virus	18.	This	protein	has	also	been	

shown	recently	to	be	important	for	viral	particle	egress	from	the	infected	cells	16,19,20.	
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Figure	1:	Electron	Microscopy	of	Hepatitis	E	Virus	particles	(CDC	Public	Health	Image	

Library)	

	

	 HEV	particles	found	in	circulating	blood	and	culture	supernatant	are	covered	in	

a	type	of	lipid	membrane	similar	to	enveloped	viruses	and	are	poorly	neutralized	by	

anti-HEV	positive	immune	sera	or	anti-ORF2	monoclonal	antibody	20–22.	Experiments	

comparing	HEV	particles	taken	from	serum	and	culture	supernatant,	bile	duct	

(containing	deoxycholic	acid),	and	in	feces	to	have	sucrose	gradient	density	of	1.15g/ml,	

1.21-1.24g/ml,	and	1.24g/ml	respectively	23.		The	increased	density	is	owing	to	the	fact	
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the	particles	are	naked	and	not	semi-enveloped	in	lipid	membrane.	The	mechanism	by	

which	the	virus	becomes	covered	in	lipid-like	semi-envelope	is	unknown.	A	

diagrammatic	representation	of	the	exterior	virus	particle	in	various	physiological	

locations	within	the	body	is	shown	in	Figure	2.		

	

	

Figure	2:	Hepatitis	E	virus	particle	representation	in	various	locations	within	the	body	

23.			

	

	

	 Due	to	the	lack	of	a	suitable	cell	culture	system	for	HEV,	the	life	cycle	and	

replication	steps	therein	have	not	been	easily	elucidated.	The	proposed	process	for	HEV	

replication	commences	with	the	virus	attaching	to	the	surface	of	hepatoctyes.	The	virus	
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binds	to	an	unknown	receptor,	uncoats,	and	finally	releases	its	genomic	RNA	into	the	

hepatocyte,	where	translation	will	occur	in	the	cytoplasm.	RdRp	synthesizes	negative-

sense	RNA	from	the	positive-sense	genome.	This	will	subsequently	be	used	as	the	

template	for	synthesizing	subgenomic	RNA	and	full-length	positive-sense	transcripts.	

ORF2	and	ORF3	proteins	are	translated	from	the	subgenomic	RNA	transcripts,	and	are	

responsible	for	virus	assembly	as	well	as	conditioning	the	host	environment	for	HEV	

replication	1,24.	The	mechanism	of	HEV	egress	from	the	host	cells	remains	unknown25.	

	

	

Figure	3:	Genomic	Organization	of	mammalian	HEV26.	

	

1.3	Immune	Response	to	Hepatitis	E	Virus	

	 The	immune	response	that	is	initiated	against	HEV	upon	infection	involves	the	

recruitment	of	immune	cells	to	sites	of	viral	replication.	Initially,	these	immune	cells	

utilize	pattern	recognition	receptors	in	the	early	stages	of	the	infection.	Type	1	

interferons	(IFN’s)	produced	within	the	cell	are	pro-inflammatory	cytokines	that	are	

essential	to	the	antiviral	response	following	the	initial	recognition	of	viral	infection	27.	

During	HEV	infection,	interferon-inducible	genes	are	upregulated.	This	is	important	

because	Type	1	IFN’s	serve	important	roles	in	the	innate	immune	response	during	viral	

infection.		
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	 Natural	killer	(NK)	cells	are	involved	in	eliminating	virus-infected	cells.	NK	cells	

are	activated	by	IFN-γ,	which	also	activates	some	other	T	cell	functions.	HEV	infected	

individuals	have	been	shown	to	have	increased	CD8+	and	CD4+	CD8+	T	cells	compared	

with	healthy	patients	8.	ORF2	and	ORF3	proteins	induce	a	higher	proportion	of	IFN-γ	

secreting	cells	than	in	controls,	proving	the	effector	T	cell	response	to	HEV	components	

17.	

	 Anti-HEV	IgM	antibody	production	occurs	promptly	following	infection	and	

levels	increase	rapidly	up	until	about	3	months	when	they	begin	to	subside28.	Anti-HEV	

IgG	on	the	other	hand	will	persist	for	years	after	its	production	begins,	shortly	after	the	

waning	of	anti-HEV	IgM29.	This	rapid	humoral	immune	response	clears	the	virus	and	

also	provides	immunity	for	the	future.	Laboratory	diagnosis	can	be	made	using	

serological	tests	for	anti-HEV	IgM	antibody.	HEV	RNA	can	be	detected	in	patient	blood	

and	stool	samples	but	only	for	a	limited	period	of	time30.	Figure	4	illustrates	the	HEV	

infection-immune	response.	In	a	study	using	human	volunteers	it	was	found	that	HEV	

RNA	could	be	detected	in	blood	sooner	than	in	feces;	around	20	days	after	inoculation31.		

	 A	complex	network	of	innate	and	adaptive	immune	responses	mediate	

protection	against	HEV.	However,	during	a	persistent	infection,	the	immune	response	

may	also	cause	tissue	injury	while	attempting	to	eradicate	the	virus.	The	pathogenic	

process	of	HEV	infection	is	difficult	to	study,	owing	to	the	lack	of	a	suitable	cell	culture	

system.	Insight	gained	has	relied	heavily	on	recombinant	HEV	proteins	rather	than	

studying	actual	viral	infection	8.		

	

1.4	Clinical	Manifestations	of	Hepatitis	E	infection,	Laboratory	Findings,	and	Diagnostics	

	 The	clinical	manifestations	of	HEV	infection	range	from	subclinical	to	acute	liver	
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failure	and	death.	Mean	incubation	time	is	40	days,	but	can	range	from	between	15	to	

60	days31.	One	study,	using	a	human	volunteer	that	had	consumed	infected	fecal	

material,	reported	clinical	symptoms	after	36	days14.	The	infection	may	be	completely	

asymptomatic,	or	may	lack	any	distinguishing	characteristics	that	may	help	identify	it	

from	any	other	viral	febrile	illness.	Acute	hepatitis	caused	by	HEV	is	virtually	

indistinguishable	from	that	of	other	forms	of	viral	hepatitis.	In	patients	who	do	

experience	symptoms	from	acute	HEV	infection,	the	clinical	course	runs	a	few	weeks	

and	is	self-limiting	in	most	healthy	individuals.	The	average	length	of	the	pre-icteric	

phase	(the	phase	preceding	jaundice)	is	3	to	4	days,	but	could	last	up	to	10.	During	this	

time,	gastrointestinal	symptoms	such	as	nausea,	vomiting,	and	epigastric	pain	have	

been	frequently	reported.	The	appearance	of	jaundice	heralds	the	beginning	of	the	

icteric	phase,	during	which	time	dark	urine	and	clay	colored	stools	will	also	be	typical.	

This	phase	lasts	only	12	to15	days	in	most	uncomplicated	cases,	with	complete	recovery	

taking	place	within	1	month	as	illustrated	in	Figure	4.	During	illness	about	two-thirds	of	

patients	complain	of	arthralgia	(joint	pain)	and	half	of	the	patients	develop	a	fever.	
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Figure	4:	Hepatitis	E	virus	infection-immune	response	and	viremia	weeks	measured	

after	infection32.	

	
In	immunocompromised	individuals	and	very	rarely	in	some	individuals	who	

are	healthy,	acute	hepatitis	may	run	a	prolonged	and	severe	course.	It	may	even	cause	

hepatic	failure,	become	chronic,	or	have	extrahepatic	manifestations;	including	

pancreatitis,	arthritis,	aplastic	anemia,	and	neurologic	complications	have	all	been	

reported33–35	34–36.	Hepatitis	E	infection	is	particularly	severe	among	pregnant	women,	

elderly	men,	and	also	in	individuals	with	a	pre-existing	chronic	liver	disease	such	as	

cirrhosis66,37.	In	addition,	individuals	with	chronic	liver	disease	may	experience	acute-

on-chronic	liver	failure	caused	by	acute	HEV	38.		

Laboratory	test	abnormalities	include	significant	elevation	in	serum	alanine	

aminotransferase	(ALT)	and	aspartate	aminotransferase	(AST).	Gammaglutamyl	amino	
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transferase	(GGT)	and	serum	alkaline	phosphatase	(ALP)	activities	may	increase	but	

much	less	so.	Hyperbilirubinemia	and	bilirubinuria	will	occur	when	severe	hepatitis	

occurs.	Liver	function	tests	(bilirubin,	albumin,	and	INR)	will	be	helpful	in	determining	

if	hepatic	necrosis	is	present.	As	with	most	other	forms	of	viral	hepatitis,	a	single	peak	

in	ALT	elevation	is	seen	preceding	or	coinciding	with	the	onset	of	jaundice39.	HEV	RNA	

is	detectable	in	serum	at	about	day	22	in	humans	and	persists	during	the	pre-icteric	

phase	until	it	begins	to	decline	and	totally	disappears	by	the	peak	of	the	ALT	rise	40.	

The	diagnosis	of	acute	hepatitis	E	infection	can	be	made	by	having	both	clinically	

relevant	symptoms	of	acute	hepatitis	combined	with	a	positive	anti-HEV	IgM41.	Acute	

HEV	may	also	be	diagnosed	when	one	identifies	a	positive	anti-HEV	IgM	antibody	with	

no	symptoms,	refered	to	as	subclinical	hepatitis	E.		On	the	other	hand,	observing	a	

persistent	increase	in	liver	enzyme	levels	as	well	as	PCR-detectable	HEV	in	the	serum	or	

stool	over	a	6	month	period	is	indicative	of	chronic	HEV	infection	33.	Genotype	3	is	

particularly	known	to	cause	chronic	infection	among	solid	organ	recipients	and	other	

immunocompromised	individuals.	

	

1.5	Treatment	of	Acute	Hepatitis	E	Infection	

	 Acute	hepatitis	E	infection	in	immunocompetent	patients	usually	only	requires	

supportive	care,	as	most	individuals	will	clear	the	virus	on	their	own.	There	is	no	

specific	treatment	indicated,	although	ribavirin	has	shown	significant	clinical	

improvements	in	liver	function	enzyme	levels	and	reduced	the	duration	of	symptoms	42.	

Ribavirin	carries	inherent	risks	to	the	fetus,	and	is	contraindicated	during	pregnancy	

due	to	its	teratogenicity.	However,	the	risks	of	untreated	HEV	to	the	mother	and	fetus	

are	significant,	so	a	course	of	antiviral	treatment	may	be	warranted	1.	Ribavirin	therapy	



 22 

may	be	also	beneficial	to	individuals	with	underlying	chronic	liver	disease,	as	this	

population	has	a	high	risk	of	fulminant	liver	failure	and	mortality	caused	by	an	acute	

HEV	infection	in	acute-on-chronic	liver	disease.	Early	treatment	is	also	necessary	for	

immunosuppressed	individuals	and	those	receiving	solid	organ	transplants	due	to	the	

high	likelihood	of	the	infection	proceeding	into	chronicity	42–44.	There	have	been	a	

couple	of	studies	investigating	the	proportion	of	solid	organ	transplant	recipients	who	

went	on	to	develop	chronic	HEV	infection,	and	was	found	to	be	from	58-66%	compared	

to	the	control	group33,45.	Immunosuppressive	drugs	such	as	tacrolimus	are	the	main	risk	

factor	for	the	progression	to	chronicity,	and	reducing	immune	suppression	will	enable	

about	30%	of	these	individuals	to	clear	the	virus46,47	.	

Sometimes	reducing	the	immunosuppression	isn’t	possible,	or	the	patient	is	still	

unable	to	clear	the	virus	after	reducing	immunosuppressive	therapy.	In	these	cases,	

there	are	two	additional	treatment	options	that	may	be	studied.	The	first	option	is	using	

Ribavirin	monotherapy	at	a	dose	in	the	range	of	29-1200	mg/d	determined	by	the	

patient’s	creatine	clearance	and	body	weight	(median	dose	600mg)	for	at	least	3	

months,	up	to	as	long	as	18	months44,46,48.		One	study	reported	that	95%	of	patients	

experienced	HEV	clearance	at	the	end	of	the	ribavirin	therapy,	and	78%	had	a	sustained	

virological	response	with	no	serum	HEV-	RNA	detectable		6	months	after	the	therapy	

ended	48.	The	median	duration	of	ribavirin	monotherapy	in	this	study	was	3	months.	It	

has	been	suggested	that	ribavirin	exerts	its	antiviral	effect	against	HEV	by	depleting	

intracellular	guanosine	5’-triphosphate	pools,	but	this	mechanism	is	still	poorly	

understood	and	requires	further	research	to	elucidate	this	function	49.	The	data	has	

shown	that	although	ribavirin	may	contribute	to	hemolytic	anemia	in	some	individuals,	

it	does	provide	therapeutic	benefit	to	patients	suffering	from	chronic	hepatitis	E.	
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Because	ribavirin	treatment	requires	close	monitoring	of	hemoglobin	levels,	it	makes	it	

hard	to	implement	this	therapeutic	regimen	in	developing	countries	with	scarce	

resources	and	inadequate	healthcare	systems50.	

The	second	option	is	to	use	pegylated	(Peg)-IFN-	α	for	between	3	to	12	

months47,51.	Reports	have	shown	that	desirable	liver	function	enzyme	levels	have	been	

achieved	as	well	as	viral	RNA	suppression	with	this	treatment	for	solid	organ	transplant	

recipients.	However,	some	of	these	individuals	developed	allograft	rejection	after	Peg-

IFN	treatment,	particularly	in	those	who	have	received	heart	or	kidney	transplantation	

52.	Some	patients	also	experience	severe	flu-like	symptoms	after	Peg-IFN	treatment	8.	

Successful	combination	therapy	has	been	reported	in	one	HIV-positive	patient	with	

chronic	HEV	infection,	and	synergistic	effects	of	ribavirin	with	Peg-IFN-	α	was	

demonstrated	in	one	in	vitro	study49,53.	This	may	allow	clinicians	to	lower	the	ribavirin	

dosage	in	patients	experiencing	anemia	and	other	treatment	related	side-effects49.		

Another	treatment	currently	being	investigated	for	use	in	immunocompromised	

patients	with	chronic	HEV	infection	is	sofosbuvir,	an	antiviral	drug	used	for	HCV.	

Sofosbuvir	is	an	oral	prodrug	of	a	nucleotide	hepatitis	C	virus	RNA-dependent	RNA	

polymerase	inhibitor	54.	A	recent	project		has	shown	sofosbuvir	to	efficiently	inhibit	

HEV-RNA	replication	in	HEV3	Rep/Neo	cells	(IC50,	1.2	mmol/L),	using	HEV	replicons	

generated	from	HEV	genotype	3,	and	has	an	additive	effect	when	combined	with	

ribavirin	55.	This	drug	may	prove	to	be	a	more	effective	treatment	option	(or	add-on	

therapy)	for	chronically	infected	individuals,	and	in	those	immunosuppressed	

individuals	unable	to	clear	the	virus	with	ribavirin	alone.	
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1.6	Hepatitis	E	Prevention	

	 There	is	currently	no	FDA	approved	vaccine	for	use	against	HEV	in	North	

America;	however,	one	was	recently	released	for	use	in	China.	HEV	239,	or	“Hecolin,”	

recently	developed	by	Xiamen	Innovax	Biotech	is	an	HEV	vaccine	based	on	bacterial	

recombinant	ORF2	antigen	using	genotype	1.	A	large	randomized,	double-blind,	

placebo-controlled	phase	3	trial	has	proven	it	to	be	both	safe	and	effective	in	healthy	

adults	in	China’s	general	population	56,57.	The	study	used	healthy	individuals	ranging	in	

age	from	16-65	years	old.	Close	to	100,000	participants	were	randomly	allocated	to	

receive	3	doses	of	either	Hecolin	or	placebo	(hepatitis	B	vaccine)	intramuscularly	at	0,	1	

and	6	months.	The	endpoint	assessed	was	prevention	of	HEV	infection	at	12	months	

from	day	31	of	the	third	dose.	15	individuals	in	the	placebo	group	developed	HEV	

infection	compared	to	none	in	the	vaccine	group,	demonstrating	an	efficacy	rate	of	

100%	after	3	doses	of	vaccine.	There	were	no	serious	adverse	reactions	to	the	vaccine	

reported,	and	it	was	well	tolerated	by	the	participants.		

	 The	major	limitation	of	the	study	was	the	exclusion	of	individuals	with	chronic	

liver	disease,	as	this	group	should	be	prioritized	to	receive	HEV	vaccine.	Due	to	the	lack	

of	an	HEV	case	in	the	vaccine,	another	limitation	was	that	protective	antibody	

concentration	could	not	be	assessed.	Further	studies	aimed	at	assessing	the	safety	and	

efficacy	of	Hecolin	in	pregnant	woman,	as	well	as	children	aged	15	years	and	younger,	

and	adults	older	than	65	years	are	needed.	Although	this	study	proves	that	this	vaccine	

may	be	helpful	in	highly	endemic	regions	to	reduce	sporadic	and	epidemic	spread	of	

HEV,	for	developed	countries	it	is	of	little	interest	as	HEV	infection,	although	on	the	rise,	

is	still	not	a	major	problem.	There	is	thus	no	urgency	to	fund	or	include	it	in	

immunization	regimes	here	in	Canada	or	the	United	States.	
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1.7	Hepatitis	E	Virus	Classifications	and	Epidemiology:	

	 HEV	was	first	classified	within	the	Calicivirdae	family	of	viruses	due	to	its	

similarity	to	the	Norwalk	virus	in	morphology	and	biophysical	properties	58.	It	was	then	

transferred	into	the	Togaviridae	family	after	phylogenetic	analysis	of	the	RNA-

dependent	RNA-polymerase,	helicase	and	other	positive	stranded	RNA	viruses	found	it	

more	related	to	Rubeola	virus	58.	Today,	it	is	classified	within	the	Hepeviridae	family	as	

a	single	serotype28.	Identification	of	novel	strains	in	various	animal	species	causes	the	

HEV	nomenclature	to	be	debated	and	changed	frequently.		Table	1	illustrates	the	most	

recent	classification	scheme	which	divides	the	Hepeviridae	family	into	two	genera;	

Orthohepevirus	and	Piscehepevirus59.	The	variants	of	Hepatitis	E	virus	that	infect	

humans	are	classified	into	4	of	the	7	genotypes	(HEV1-4)	contained	within	the	

Orthohepevirus	A	species.	Each	has	several	subtypes,	based	on	analysis	of	viral	genomic	

sequences60–62	60–62.	Genotypes	1	and	2	(HEV-1	and	HEV-2)	only	infect	humans,	while	

genotypes	3	and	4	(HEV-3	and	HEV-4)	have	been	detected	in	humans	as	well	a	number	

of	other	animal	species63.	Between	genotypes	1	to	4,	genetic	similarity	ranges	from	73	

to	77%,	while	within	each	genotype	it	is	over	81%64.	There	is	much	greater	nucleotide	

sequence	homology	within	genotypes	1,	while	genotypes	3	and	4	are	much	more	

diverse.	Figure	5	shows	a	schematic	representation	of	neighbor-joining	phylogeny	for	

different	HEV	genotypes	and	subgenotypes.	
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Table	1:	Proposed	classification	of	the	family	Hepeviridae	65.	
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Figure	5:	Neighbour-joining	phylogeny	of	the	complete	genomes	of	members	of	the	

Hepeviridae	using	the	nucleotide	percentage	distance	substitution	matrix	and	complete	

deletion	option	in	MEGA5.	Values	at	deep	node	points	indicate	support	from	1,000	

bootstrap	reiterations;	those	at	apical	nodes	are	hidden	for	clarity	of	presentation	66.		

	

	 HEV	is	a	major	cause	of	hepatitis	outbreaks	transmitted	through	the	fecal-oral	

route	67.	Often	in	these	developing	areas,	people	use	a	common	source	for	cooking,	

drinking,	and	bathing.	HEV	RNA	has	been	detected	in	outbreaks	in	the	sewage-

contaminated	water	source	8.	In	places	lacking	adequate	public	infrastructure,	such	as	

in	refugee	or	military	camps,	this	becomes	a	serious	limitation	that	facilitates	the	spread	

of	HEV	infection	68.	Natural	disasters	including	earthquakes	and	monsoon	storms	can	

also	facilitate	HEV	epidemic	outbreaks.	Displaced	populations	in	these	situations,	

having	only	limited	access	to	clean	water	and	lacking	sanitation	facilities,	who	are	naïve	
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immunologically	to	HEV,	will	have	much	higher	rates	and	risks	of	transmission	69.		

Genotypes	1	and	2	are	transmitted	via	the	fecal-oral	route,	and	only	infect	

humans.	It’s	estimated	that	approximately	21	million	people	are	infected	with	

genotypes	1	or	2	annually	8.	These	genotypes	are	restricted	to	developing	areas	with	

poor	sanitation	practices	and	risky	water	supplies	where	HEV	is	most	common.		Boiling	

and	chlorination	of	water	will	inactivate	the	virus.	These	genotypes	cause	the	epidemic	

outbreaks	of	acute	hepatitis	E	68.	Of	the	HEV	isolates	obtained	from	industrialized	

countries	that	are	of	the	Genotype	1	or	2	varieties,	almost	all	are	“imported;”	or	

acquired	during	travel	to	endemic	areas	(Indian	subcontinent,	Asia,	Middle	East,	and	

Africa).	Of	the	HEV	infections	that	are	symptomatic,	the	clinical	presentations	can	vary	

depending	on	which	HEV	genotype	is	causing	the	infection.	With	genotype	1	we	see	

acute	liver	failure	(and	to	a	lesser	extent	with	genotype	2),	while	chronic	HEV	infections	

have	so	far	only	been	observed	with	genotype	3	and	4	infections8	(genotypes	3	and	4	

cause	acute	infection	as	well).	Table	2	shows	some	notable	epidemics	of	HEV	that	have	

been	reported.	
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Table	2:	Chronological	occurrence	of	major	waterborne	HEV	epidemics	and	the	number	

of	reported	cases	from	the	Indian	subcontinent,	southeast	and	central	Asia	including	the	

former	Soviet	Union26.	

	

	

In	contrast,	genotypes	3	and	4	are	transmitted	to	humans	zoonotically	from	

infected	animals	such	as	pigs	(the	major	reservoir	for	HEV),	deer,	wild	boar	and	

shellfish	70,71.	HEV	is	not	only	an	issue	for	developing	countries,	Genotypes	3	and	4	cases	

are	sporadic	and	occur	in	industrialized	developed	countries	where	they	are	considered	

autochthonous,	or	“locally	acquired”58,72.	These	genotypes	have	a	much	wider	

geographical	spread	and	a	broad	host	range64.	Figure	6	shows	the	geographical	

distribution	of	human	HEV	disease	pattern	and	human	HEV	isolates.	
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Figure	6:	Geographical	distribution	of	human	HEV	disease	pattern	and	human	HEV	

isolates11.	

	 	

	 In	Japan,	Europe,	and	New	Zealand	there	have	been	some	occasional	HEV	

outbreaks	through	food-borne	transmission	that	have	been	reported	and	confirmed.	In	

these	cases,	affected	individuals	had	consumed	undercooked	meat	that	was	

contaminated	with	HEV73–76	.	North	America	has	only	experienced	sporadic	cases	of	

foodborne	HEV	cases	thus	far.	Genotype	3	has	been	specifically	identified	as	a	zoonotic	

pathogen	in	developed	countries	through	reports	in	pig	farmers	and	other	individuals	

who	came	into	close	contact	with	this	animal	reservoir,	or	who	had	consumed	raw	meat	

or	meat	products	from	pig,	deer,	and	wild	boar.	HEV	RNA	had	also	been	detected	in	liver	

and	sausage	sold	in	supermarkets,	and	viral	sequence	extracted	from	these	products	

had	been	99.7-100%	similar	to	sequences	of	virus	taken	from	HEV-infected	patients	77–

80.	Documentation	has	also	been	made	of	HEV	Genotype	4	infection	in	both	swine	and	

humans	in	Asia	and	Europe.	All	of	this	evidence	supports	zoonotic	transmission	of	HEV	

through	consuming	undercooked	meat	81,82.	



 31 

	A	recent	study	in	Canada	assessed	the	national	seroprevalence	of	HEV	in	

Canadian	finisher	pigs	(grower	pigs	greater	than	70kg	but	not	yet	ready	to	be	

butchered).	Farms	were	recruited	using	the	Canadian	Integrated	Program	for	

Antimicrobial	Resistance	Surveillance	(CIPARS)	and	FoodNet	Canada	on-farm	sampling	

platforms.	They	found	the	overall	farm-level	prevalence	of	HEV	in	finisher	pigs	to	be	

34.1%	(95%	CI:	25.0%,	44.5%)	which	is	comparable	to	published	North	American	

estimates	ranging	from	25%	to	68%83.	A	separate	study	looked	at	the	prevalence	of	HEV	

contaminated	pork	liver	sold	in	Canadian	supermarkets.	They	detected	HEV	RNA	in	14	

of	283	retail	livers,	for	an	estimated	prevalence	of	4.9%	(95%	CI:	3.0%,	8.1%).84	This	is	

comparable	to	a	multi-country	European	study	that	found	an	overall	HEV	

seroprevalence	of	3.9%	in	retail	pork	liver84.	Indeed,	the	risk	of	zoonotic	transmission	

exists	in	Canada.	

	

1.8	Other	Modes	of	Hepatitis	E	Virus	Transmission	

	 As	discussed	above,	the	primary	mode	of	transmission	of	HEV	is	fecal-oral	

through	consumption	of	water	contaminated	by	human	feces14.	Studies	have	detected	

HEV	genomic	RNA	sequences	in	raw	and	treated	sewage	water	with	100%	similarity	to	

that	found	in	patient	stool	samples.	There	has	also	been	evidence	of	fecal	contamination	

in	drinking	water	associated	with	several	HEV	epidemics	in	India	following	monsoon	

season39,85.		

	 Zoonotic	transmission	due	to	ingesting	contaminated	raw	or	undercooked	meat	

is	another	major	mode	of	transmission	as	eluded	to	earlier.	Both	domesticated	and	wild	

animals	have	been	recognized	as	potential	reservoirs	for	HEV65.	Wild	boar	have	been	

found	to	have	the	highest	seroprevalence	of	past	or	current	infection	of	the	wildlife	
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species	studied70,86	(average	seroprevalence	of	42.7%	among	the	areas	reporting).	In	

addition	to	swine,	HEV	has	also	been	detected	in	other	wild	game	meat,	and	studies	

have	linked	some	cases	of	HEV	infection	to	the	ingestion	of	deer	and	caribou87,88.	HEV	

seroprevalence	in	deer	from	countries,	primarily	in	Asia	and	Europe	varies	from	2.6%	

to	34.8%	88–91.	In	Europe,	roe	deer	(Capreolus	capreolus)	and	red	deer	(Cervus	elaphus)	

are	considered	to	play	an	important	role	in	the	maintenance	and	spread	of	HEV88,91,92.	

One	study	found	62.7%	of	white-tailed	deer	(Odocoileus	virginianus)	kept	in	ranches	in	

northern	Mexico	had	antibodies	to	HEV	93.	One	United	States	study	found	no	evidence	of	

HEV	infection	among	Sika	deer	89.	Currently	no	data	exists	on	seroprevalence	among	

Canadian	wildlife.	

	 Another	mode	of	transmission	that	is	much	less	common	is	person-to-person	

through	direct	contact.	This	has	been	documented	in	a	small	number	of	cases	between	

family	members	living	in	the	same	household.	One	study	reports	that	HEV	transmission	

through	direct	contact	is	responsible	for	1%	to	2%	of	cases,	whereas	for	Hepatitis	A	it	is	

much	higher	at	around	15%94,95.	

	 Vertical	transplacental	transmission	from	mother	to	fetus	during	the	third	

trimester	of	pregnancy	has	also	been	described.	These	affected	newborns	suffer	a	high	

rate	of	perinatal	mortality.	There	is	increased	risk	of	abortions,	stillbirths,	deaths	in	

newborn	babies,	and	neonatal	hypoglycemia	and	liver	injury6,32.	One	study	looked	at	the	

clinical	course	of	19	babies	born	to	HEV-infected	mothers	and	found	that	in	15	(78.9%)	

of	these	babies,	the	virus	had	been	transmitted	from	the	mother	(12	were	anti-HEV	IgM	

positive,	10	were	HEV	RNA	positive).	Of	these	15	babies,	7	died	during	the	first	week	of	

birth	1	from	prematurity,	3	from	icteric	HEV,	2	from	anicteric	HEV,	and	1	from	

hyperbilirubinemia96.	Although	there	is	no	evidence	for	heterosexual	transmission	of	
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HEV,	a	report	from	Italy	showed	that	20%	of	homosexual	men	had	anti-HEV	

antibodies35	.	

	 Parental	transmission	through	transfusion	of	contaminated	blood	products	has	

recently	gained	considerable	attention.	Experiments	performed	in	rhesus	monkeys	

have	demonstrated	that	viral	transmission	through	transfusion	of	blood	plasma	from	

anti-HEV	IgM	positive	and	anti-HEV	IgG	negative	blood	donors	is	possible97.	Patients	

requiring	continuous	or	multiple	blood	transfusions	or	plasma	exchange	(thalassemia,	

haemophiliac,	leukemia,	and	thrombocytopenia	thrombotic	purpura	patients	for	

example)	are	therefore	at	risk	of	being	infected	with	HEV	from	donated	blood.	Many	

industrialized	countries	have	now	focused	on	studying	the	prevalence	of	blood	donors	

who	are	HEV	positive	(see	Table	3),	as	currently	no	HEV	blood	donor	screening	

protocolos	exist	in	most	countries.	Screening	involve	both	serological	testing	and	

nucleic	acid	testing	(NAT).	Novel	kits	and	techniques	have	been	developed	which	have	

increased	sensitivity	enabling	identification	of	HEV	contamination	even	at	very	low	

viral	loads	(lower	limit	of	detection	is	250	IU/ml)98,99	

	

Table	3:	HEV-RNA	positivity	among	blood	donors	in	various	industralized	countries
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1.9	Seroprevalence	of	Hepatitis	E	virus	

	 There	is	great	variability	in	the	seroprevalence	of	anti-HEV	IgG	depending	on	the	

demographics	of	the	people	you	sample	from,	and	what	part	of	the	world	they’re	from.	

Seroprevalence	in	serological	surveys	have	found	a	low	but	constant	prevalence	of	3%	

in	some	industrialized	countries	(relatively	high	considering	the	rarity	of	the	disease	in	

these	populations),	and	as	high	as	70%	in	some	developing	countries100,101.		

Frequent	contact	with	animal	reservoirs,	living	or	temporarily	residing	in	

endemic	areas,	being	male,	or	consuming	liver	or	undercooked	organ	meats	are	all	

strongly	associated	with	serological	HEV	positivity100.	High	seroprevalence	rates	are	

also	found	among	veterinary	and	slaughterhouse	workers	compared	to	those	with	no	

occupational	exposure	to	swine	102.	Those	individuals	living	in	swine-dense	areas	are	

also	more	likely	to	be	HEV-positive	by	serological	testing,	compared	to	those	who	do	

not	live	near	pig	farms103,104.	Other	high-risk	groups	including	patients	receiving	

multiple	blood	transfusions,	injection	drug	users,	and	sex-workers	are	also	expected	to	

have	higher	rates	of	seropositivity.	

In	European	countries,	the	diagnosis	of	acute	HEV	infection	is	made	in	5%-15%	

of	patients	presenting	with	acute	hepatitis	for	whom	hepatitis	A-C	had	been	ruled	

out105–107.	Most	of	these	patients	have	traveled	to	endemic	areas,	and	some	have	

undergone	blood	transfusion.	In	addition,	when	asked	about	their	diet,	these	patients	

commonly	admit	to	regularly	consuming	pork	meat.	The	seroprevalence	of	anti-HEV	IgG	

in	Europe	has	been	increasing	over	the	last	decade.	Most	of	these	studies	performed	in	

the	various	European	countries	have	been	conducted	on	the	general	population	as	well	

as	on	blood	donors.	Prevalence	of	HEV-RNA	positive	infection	and	anti-HEV	antibody	in	

blood	donors	(1%-52%	anti-HEV	IgG	seroprevalence	depending	on	country	and	study)	
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strongly	suggests	that	subclinical	HEV	infection	is	very	prominent98,108–111.		Table	4	

outlines	seroprevalence	rates	in	various	European	populations.	Comparison	of	this	

seroprevalence	data	is	limited	by	the	quality	of	the	kit	used	for	serological	detection,	

some	being	less	sensitive	than	others.				

Table	4:	Hepatitis	E	seroprevalence	in	general	populations	and	risk	groups	in	European	

countries	(General	populations:	BD,	blood	donors;	P,	prisoners;	CH,	children;	AD,	adult	

population;	ST,	students;	HW,	health	workers;	C-S,	civilians	and	soldiers;	I,	Italians;	R,	

refugees;	PW,	pregnant	women;	Risk	groups	(in	italics):	SW,	swine	workers;	D,	drug	

users;	FW,	forestry	workers;	PT,	patients;	AH,	acute	hepatitis;	PV,	pig	veterinarians;	

NPV,	non-pig	veterinarians;	CVHB,	patients	with	chronic	viral	hepatitis	B;	CLD,	chronic	

liver	disease;	AW,	agricultural	workers.)	(Adapted	from	Lapa	et	al.	2015)112.	

Country	 Population	 Seroprevalence	(%)	 Assay	

Sweden	
BD	 9.3	

Abbott	HEV	EIA	
SW	 13.0	

Finland	 PT	 11.3	 Genelabs	
England	 BD	 16–25	 Genelabs	
Scotland	 BD	 4.7	 Wantai	

Denmark	

BD		 20.6	 In	house	assay	
P	 16.9	 In	house	assay	
D	 4.1	 Abbott	HEV	EIA	
SW	 50.4	 In	house	assay	

Belgium	 PT	 14.0	 Biorex	diagnostics	

Russia	 CH	 18.2	 In	house	assay	

Germany	

AD	 16.8	 Mikrogen	
BD	 6.8	 Mikrogen	
BD	 11.0	 Mikrogen	
FW	 18.0	 Mikrogen	

Poland	 PT	 15.9	 Adaltis	
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Country	 Population	 Seroprevalence	(%)	 Assay	
Moldova	 SW	 51.1	 In	house	assay	

Czech	Republic	
AH	 5.0	 Not	done	
AH	 27.8	 Abbott	HEV	EIA	

The	Netherlands	
BD	 26.7	 Wantai	
PV	 11.0	 Abbott	HEV	EIA	
NPV	 6.0	 Abbott	HEV	EIA	

France	

BD	 52.0	 Wantai	
BD	 16.6	 Genelabs	
BD	 3.2	 Genelabs	
AH	 10.7	 Abbott	HEV	EIA	
FW	 31.2	 MP	Biomedicals	

Austria	 C-S	 14.3	 Wantai	
Switzerland	 BD	 4.9	 Genelabs	

Romania	
ST	 12.5	 Mikrogen	
HW	 14.0	 Mikrogen	

Hungary	 AH	 9.6	 HEV	Ab,	Dia.Pro	

Spain	

BD	 1.08	 HEV	Ab,	Dia.Pro	
BD	 3.9	 Abbott	HEV	EIA	
I	 5.5	 Abbott	HEV	EIA	
PT	 11.4	 Mikrogen	

Portugal	 BD	 4	 Abbott	HEV	EIA	

Italy	

I	 3.9	 HEV	Ab	Dia.Pro	
BD	 1.3	 HEV	Ab	Dia.Pro	
AH	 10.1	 Abbott	HEV	EIA	
AH	 20.6	 Genelabs	
AH	 6.0	 HEV	Ab	Dia.Pro	
AD	 5.38	 HEV	Ab	Dia.Pro	

Serbia	 BD	 15.0	 In	house	assay	
Albania	 CLD	 36.6	 Abbott	HEV	EIA	

Greece		
R	 4.85	

Abbott	HEV	EIA		
CVHB	 5.3	

Turkey	

PW	 12.6	 Virotech	
PW	 7.0	 Globe	Diagnostics	
CH	 2.1	 HEV	Ab	Dia.Pro	
CH	 8.5	 Not	done	



 37 

Country	 Population	 Seroprevalence	(%)	 Assay	
AW	 34.8	 Biyoser	S.r.l.	

	

1.10	Study	Background	

	 Hepatitis	E	virus	is	a	major	cause	of	viral	hepatitis	worldwide,	and	has	a	high	

mortality	rate	in	immunocompromised	individuals	and	in	those	with	underlying	liver	

disease.	Recently,	HEV	seroprevalence	studies	in	industrialized	countries	have	found	

the	rates	of	HEV	among	blood	donors	in	industrialized	countries	to	be	much	higher	than	

expected.	Currently	no	national	seroprevalence	data	exists	for	Canada.		

When	looking	at	the	data	from	studies	performed	in	other	countries,	it’s	clear	that	

Canadian	blood	donation	safety	and	the	risk	of	HEV	contaminated	plasma	pools	needs	

to	be	investigated	to	determine	the	clinical	importance	of	having	safeguards	in	place	to	

protect	the	recipients.	Often	the	patients	are	immunocompromised	and	suffer	the	

greatest	morbidity	and	mortality	rate	from	infection.	

	 The	prevalence	of	HEV	infection	among	wildlife	species	in	North	America	

remains	largely	undetermined.	Mule	deer	and	white-tailed	deer	are	closely	related	

species	and	the	most	common	wild	deer	species	in	Canada.	They’re	an	important	game	

animal,	and	may	serve	as	a	potential	reservoir	for	infection.	Northern	communities	rely	

on	game	species	as	a	traditional	resource	for	food	and	cultural	practices,	particularly	

the	caribou,	a	keystone	herd	animal	found	across	Canada.		

	 Certain	groups	of	individuals	may	be	at	a	much	higher	risk	of	HEV	infection,	in	

particular,	patients	receiving	multiple	blood	transfusion	and	plasma	exchange.	Studies	

performed	in	other	countries	have	also	found	higher	rates	of	HEV	among	intravenous	

drug	users	as	well.	Many	of	these	individuals	are	also	infected	with	HCV	and/or	HIV,	

which	could	potentially	further	increase	their	risk	of	becoming	chronically	infected	with	
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HEV.	Currently	no	seroprevalence	data	exists	for	these	potential	high-risk	groups	in	

Canada.	

	 Another	interesting	group	to	assess	is	the	African	sex-worker	cohorts,	most	of	

whom	are	HIV	positive	and	thus	immunocompromised.	Due	to	the	proper	treatment	of	

HIV	patients	in	Canada,	their	immune	status	is	much	better	than	HIV	patients	in	Africa	

who	lack	adequate	treatment.	Therefore,	HIV	infected	patients	in	Africa	are	more	

suitable	to	assess	for	possible	association	and	impact of HEV co-infection.	The	cohorts	

studied	previously	in	areas	of	Uganda,	Kenya,	and	Tanzania	have	obtained	patient’s	

serum	samples	from	two	time	points	5	years	apart.	This	allows	assessment	of	

seroconversion	as	well	as	overall	HEV	positivity	among	the	cohort	of	women.		

	

1.11	Objectives	

	 The	objective	of	my	project	is	to	determine	the	seroprevalence	of	HEV	among	

Canadian	blood	donors.	I’ll	be	testing	every	fourth	sample	from	10,000	blood	donor	

samples	received	from	the	Canadian	Blood	Service	(CBS)	and	every	second	sample	from	

4,000	samples	received	from	Héma-Québec	(HQ).	All	14,	000	blood	donors	will	also	be	

tested	for	HEV	RNA	(in	pools	of	48-100).	I	will	also	test	wild	deer	samples	from	species	

including	Mule	deer,	White-tailed	deer,	and	Caribou	for	anti-HEV.	I	will	also	assess	

seroprevalence	and	RNA	positivity	among	hemophiliac	patients,	leukemia	patients,	

thrombocytic	thrombocytopenic	purpura	(TTP)	patients,	and	intravenous	drug	users	

which	represent	potential	high-risk	groups	for	HEV	infection	and	determine	if	there	is	a	

significant	difference	in	infection	rates	based	on	seroprevalence	and	HEV	viremia	

among	these	groups	compared	to	the	general	population	(approximated	by	the	blood	

donor	group	which	will	likely	be	similar).	Two	African	sex-worker	cohorts	will	also	be	
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analyzed	at	two	time	points	5	years	apart	to	assess	seroconversion	as	well	as	general	

HEV	seroprevalence	and	RNA	positivity.	I	used	the	Wantai	Anti-HEV	IgG	ELISA	kit	for	

the	human	seroprevalence	determinations	because	it	has	been	shown	to	be	the	most	

sensitive	assay	for	detection	of	this	antibody.	I	tested	for	NAT	using	a	kit	with	primers	

for	ORF1	to	determine	the	number	of	samples	that	are	HEV	RNA	positive.	This	will	be	

the	first	national	Canadian	study	to	report	seroprevalence	of	HEV	exposure/infection	

among	blood	donors.	It	will	also	be	the	first	study	determining	the	status	of	HEV	

seroprevalence	among	patients	considered	at	higher	risk	for	acquiring	the	infection	and	

important	wildlife	game	species	in	Canada.		

	

1.12	Rationale/Hypotheses	 		

To	date,	there	have	been	no	national	studies	that	have	investigated	Hepatitis	E	

Virus	seroprevalence	in	Canada.	When	looking	at	the	data	from	studies	performed	in	

other	countries,	it’s	clear	that	blood	safety	in	Canada	needs	to	be	investigated	to	

determine	the	clinical	importance	of	having	safeguards	in	place	to	protect	the	

recipients.	Often	the	patients	in	need	of	blood	transfusion	are	immunocompromised	

and	suffer	the	greatest	morbidity	and	mortality	rate	from	infection.	I	hypothesize	that	

the	HEV	exposure/infection	in	Canada	as	assessed	by	anti-HEV	IgG	antibody	

seroprevalence	and	HEV	RNA	among	Canadian	blood	donors	will	be	very	low.	

Prevalence	of	HEV	among	wildlife	species	will	also	likely	be	quite	low.	As	well,	since	the	

virus	is	likely	not	as	prominent	in	Canada	compared	to	other	industrialized	countries,	

the	rates	among	the	potential	high	risks	groups	will	be		similar.	Seroconversion	will	

likely	be	observed	in	the	African	sex-worker	cohort	over	the	5-year	period,	and	

seroprevalence	rates	will	likely	be	very	high	as	this	is	an	HEV	endemic	region.		
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2.	Materials	and	Methods	
 
2.1	Sample	Collection:	

2.1.1	Blood	donor	samples:	

	 Serum	samples	were	collected	by	The	Canadian	Blood	Services	(CBS)	and	Héma-

Québec	(HQ)	during	2013-2014.	A	total	of	10,064	and	3,989	serum	samples	were	

received	from	the	CBS	and	HQ	respectively.	The	CBS	samples	were	from	the	Atlantic,	

Prairie,	and	South	Central	Ontario	regions	of	Canada,	while	the	HQ	samples	were	from	

various	locations	within	Quebec.	All	samples	were	shipped	on	dry	ice	and	stored	at	-

20°C	until	tested.	

	

2.1.2	Patients	with	Hematological	malignancies:	

	 The	Canadian	Bone	Marrow	Transplantation	Group	(CBMTG)	supplied	serum	

samples	(n=54)	from	patients	with	some	form	of	leukemia	(see	Figure	8	for	disease	

distribution)	who	had	multiple	blood	transfusions	(range	=	2-101,	median	=14,	total	

RBC	units	=	1191).	All	samples	were	shipped	on	dry	ice	and	stored	at	-20°C	until	tested.	

	

2.1.3	Samples	from	Rituximab	treated	TTP	patients	who	received	plasma	exchange:	

		
Serum	samples	were	collected	from	forty	patients	who	had	thrombotic	

thrombocytopenic	purpura	and	who	were	treated	with	375	mg/m2	of	Rituximab	once	a	

week	for	four	weeks.	Of	these	forty	patients,	twenty	were	refractory	and	twenty	had	

relapsing	TTP.	These	patients	were	recruited	from	four	apheresis	centers.	Plasma	

exchange	was	initiated	on	day	0	and	carried	out	daily	for	at	least	7	to	10	days.	During	

this	time	they	will	receive	20-40	liters	of	pooled	plasma.	Response	to	therapy	was	
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measured	by	platelet	count.	All	but	one	patient	who	also	got	solvent-detergent	plasma	

received	either	cryosupernatant	plasma	or	Fresh	frozen	plasma	in	combination.	Blood	

samples	were	collected	on	day	0	and	at	1,	12,	24	and	52	weeks	for	viral	studies.	All	

samples	were	shipped	on	dry	ice	and	stored	at	-20°C	until	tested.	

	

2.1.4	Patients	with	bleeding	disorders:	

	 Serum	samples	were	collected	from	Canadian	hemophiliac	patients	(n=48)	who	

had	received	multiple	blood	transfusions.	These	samples	were	taken	prior	to	1993,	

when	recombinant	factor	VIII	treatment	had	been	introduced.	All	samples	were	shipped	

on	dry	ice	and	stored	at	-20°C	until	tested.	

	

2.1.5	Intravenous	drug	user	(IDU)	samples:	

	 Serum	samples	(n=268)	were	collected	from	intravenous	drug	users	in	several	

health	jurisdictions	within	British	Columbia	(Fraser	Health	Authority,	Interior	Health	

Authority,	Northern	Health	Authority,	Vancouver	Island	Health	Authority).	Samples	had	

been	stored	at	-80°C	in	the	National	Microbiology	Laboratories’	long-term	storage	

freezers	before	testing.	

	

2.1.6	African	sex-worker	patient	serum	samples	

	 Archived	serum	samples	taken	from	cohorts	of	African	sex-worker’s	that	had	

been	previously	used	in	a	separate	HIV	study,	were	obtained	from	the	NML’s	long-term	

storage	freezer	facility.	The	first	cohort	(n=89)	was	sampled	during	the	period	of	1985-

1998,	the	second	cohort	(n=107)	had	been	sampled	during	the	period	from	1999-2008.	

Some	patients	provided	an	additional	sample	5	years	later.	These	patients	have	been	
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working	in	the	sex-trade	for	multiple	years,	and	most	are	HIV	positive.	

	

2.1.7	Canadian	free-ranging	deer	samples:	

	 A	total	of	559	free-ranging	deer	samples	were	collected	from	across	Canada.	The	

white-tailed	deer	serum	samples	(n	=	205)	were	collected	from	three	different	areas	

and	time	periods.	The	Lake	Erie	region	of	Ontario	(Point	Pelee	National	Park	and	Long	

Point	National	Wildlife	area)	was	sampled	from	1990	to	1991,	Lunenburg	County	in	

Nova	Scotia	during	2009,	and	the	town	of	Nipawin,	Saskatchewan	during	2014.	The	

mule	deer	serum	samples	(n	=	112)	were	collected	in	the	municipality	of	Antelope,	

Saskatchewan,	during	2007	then	again	in	2012.	Caribou	serum	was	also	sampled	from	

several	locations	across	Canada.	The	barren-ground	caribou	(Rangifer	tarandus	

groenlandicus)	is	a	subspecies	of	the	caribou	that	is	found	mainly	in	Nunavut	and	the	

Northwest	Territories;	serum	samples	(n	=	217)	were	collected	from	the	Bluenose	East	

(2012),	Beverly	(2009	and	2012)	and	Bathurst	(2011	and	2012)	herds.	The	woodland	

caribou	spans	the	boreal	forest	from	the	Northwest	Territories	to	Labrador;	serum	

samples	(n	=	97)	from	the	Owl	Lake	herd,	Manitoba,	were	collected	in	2009.	The	serum	

samples	were	obtained	from	either	White-tailed	deer	collected	as	part	of	the	annual	

recreational	harvest	in	Nova	Scotia	or	hunted	during	regular	herd	management	

exercises	in	Ontario;	while	the	Canadian	Wildlife	Health	Cooperative	(CWHC)	collected	

the	samples	from	mule	deer	and	white-tailed	deer	in	Saskatchewan	as	part	of	research	

on	chronic	wasting	disease.	Barren-ground	and	woodland	caribou	were	sampled	during	

the	deployment	of	radio	collars	for	wildlife	population	monitoring.	All	samples	were	

kept	frozen	at	-20°C	after	collection	and	centrifugation.		
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2.2	Serological	testing	of	samples:	

2.2.1	Human	samples:	

Serological	testing	of	all	human	samples	were	performed	using	the	Wantai	Anti-

HEV	IgG	ELISA	kits	(Wantai,	Beijing,	China)	for	the	seroprevalence	determinations.		

Some	samples	(indicated	in	the	results	section)	were	also	tested	for	IgM	antibodies	

using	the	Wantai	Anti-HEV	IgM	ELISA	kits.	Assays	were	performed	according	to	the	

manufacturer’s	instruction,	using	10μl	of	serum	and	100	ul	of	diluent	per	well	of	the	96-

well	plate	and	using	the	appropriate	controls.	The	ELISA	plates	were	processed	and	

analyzed	by	the	automated	Crocodile	ELISA	miniWorkstation	(Titertek-Berthold,	

Pforzeim,	Germany).	Cut-off	values	for	determination	of	IgG	or	IgM	positive	samples	

recommended	by	the	manufacturer	state	that	a	sample	OD/cut-off	value	>1.0	is	positive,	

and	suggests	retesting	a	sample	with	a	value	of	0.9-1.1.	We	employed	a	re-testing	cut-off	

value	of	1.5	to	be	even	more	stringent.	This	is	based	on	the	experience	of	the	diagnostic	

testing	for	anti-HEV	at	NML,	samples	with	OD/cut-off	value	between	1.0	and	1.5	often	

could	not	be	confirmed	upon	retesting	in	duplicates.	

	

2.2.2	Wildlife	samples:	

	 Serological	testing	of	all	animal	samples	were	performed	using	the	AccuDiag™	

HEV-Ab	ELISA	(Diagnostic	Automation	Inc.,	Woodland	Hills,	California)	for	qualitative	

identification	of	total	antibodies	against	HEV.	This	kit	utilizes	a	double	antigen	

sandwich	principle,	where	recombinant	HEV	antigens	(HEV-ag)	corresponding	to	

structural	proteins	ORF-2	of	the	native	virus	are	pre-coated	on	the	polystyrene	

microwell	strips	of	the	ELISA	plate.	The	serum	sample	to	be	tested	(50μl)	is	pipetted	

into	the	well	and	specific	antibodies	against	the	HEV-ag	will	bind	to	the	well.	After	
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washing	the	plate	to	remove	unbound	antibodies,	the	second	recombinant	HEV	antigen	

conjugated	to	Horseradish	Peroxidase	(HRP)	is	added	to	the	wells.	This	antigen,	at	the	

second	incubation	stage,	will	bind	to	the	second	variable	domain	of	the	HEV	antibodies,	

if	they	have	been	captured	by	HEV-antigen	at	first	incubation	step.	This	method	allows	

this	kit	to	be	used	to	test	serum	from	any	species	of	animal,	because	the	secondary	

antibody	is	not	directed	against	an	antibody,	but	rather	the	HEV-ag	conjugated	to	it	is	

captured	by	the	test	sample	if	any	specific	antibodies	are	present	in	the	serum.		

	

2.3	Detection	of	Hepatitis	E	virus	RNA:	

2.3.1	Pooling	of	samples	and	centrifugation:	

Blood	donor	samples	for	the	Canadian	HEV	seroprevalence	study:	

	All	of	the	blood	donor	samples	for	the	Canadian	HEV	seroprevalence	study	

(n=14,053)	were	combined	into	pools	of	48	or	96	using	100μl	of	each	sample.	The	pools	

were	then	subjected	to	ultracentrifugation	using	the	Optima	L-90K	(Beckman	Coulter	

Inc.,	Brea,	CA,	USA)	to	concentrate	the	potential	HEV	if	present	at	150,000g	for	90	

minutes.	The	resulting	pellet	was	then	resuspended	in	NucliSENS®	easyMAG®	

(BioMérieux,	Marcy	l’Etoile,	France)	lysis	buffer	to	prepare	for	RNA	extraction.	

	

Wildlife	seroprevalence	study:	

	 All	animal	samples	were	tested	either	individually	or	in	pools:	all	

woodland	caribou	samples	were	tested	individually,	barren-ground	caribou	were	tested	

in	pools	of	5	using	100μl	of	serum	per	sample,	and	the	rest	of	the	samples	were	

combined	into	pools	ranging	from	45	to	73	per	pool	utilizing	150μl	from	each	sample.	

The	pools	were	then	subjected	to	ultracentrifugation	as	above	to	concentrate	the	
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potential	HEV	if	present.	The	resulting	pellet	was	then	resuspended	in	250μl	of	

NucliSENS®	easyMAG®	lysis	buffer	to	prepare	for	RNA	extraction.	

	

2.3.2	RNA	Extraction:	

	 All	RNA	extractions	conducted	for	this	project	were	performed	using	the	

NucliSENS®	easyMAG®	instrument	according	to	the	manufacturer’s	instructions,	with	

appropriate	controls.	To	begin	the	extraction,	250μL	of	lysate	was	added	to	extraction	

buffer	(BioMérieux,	Marcy	l'Etoile,	France)	in	an	extraction	tray	and	incubated	at	room	

temperature	for	10	minutes.	Next,	100μL	of	magnetic	silica	beads	were	added	to	the	

mixture	and	mixed	thoroughly	with	the	sample	solution	by	pipetting	up	and	down.	The	

extraction	was	run	using	the	Generic	2.0.1	method.	The	extraction	resulted	in	the	

elution	of	60μL	of	RNA	solution.	RNA	extract	from	this	completed	step	was	stored	at	-

80°C	until	it	was	used	for	nucleic	acid	testing.	

	

2.4	Nucleic	acid	testing	(NAT):	

2.4.1	Real-time	reverse	transcriptase	PCR	NAT:		

	 Real-time	reverse	transcriptase	PCR	was	conducted	on	all	samples	using	the	

RealStar®	HEV	RT-PCR	kit	(Altona	Diagnostics,	Hamburg,	Germany)	with	primers	for	

an	ORF	1	consensus	sequence	of	the	HEV	RNA	genome	as	per	manufacturer’s	

instructions.	The	test	utilizes	real-time	RT-PCR	technology,	using	reverse-transcriptase	

(RT)	reaction	to	convert	RNA	into	complementary	DNA	(cDNA),	polymerase	chain	

reaction	(PCR)	for	the	amplification	of	specific	target	sequences	and	target	specific	

probes	for	the	detection	of	the	amplified	DNA.	The	probes	are	labeled	with	fluorescent	

reporter	and	quencher	dyes.		
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Probes	specific	for	HEV	RNA	are	labelled	with	the	fluorophore	FAM.	The	probe	

specific	for	the	target	of	the	Internal	Control	(IC)	is	labelled	with	the	fluorophore	JOE.	

Using	probes	linked	to	distinguishable	dyes	enables	the	parallel	detection	of	HEV	

specific	RNA	and	Internal	Control	in	the	corresponding	detector	channels	of	the	real-

time	PCR	instrument,	thus	allowing	us	to	make	sure	the	test	was	valid	by	proving	there	

were	no	potential	inhibitors	present	in	the	RNA	extract.	Positive	control	used	for	this	

assay	was	serum	from	a	confirmed	high	titre	HEV-positive	patient.	

	 	

2.4.2	Hemi-nested	PCR	

	 Screening	was	done	by	hemi-nested	RT-PCR	using	broadly	reactive	

oligonucleotides	targeting	viral	RNA-dependent	RNA	polymerase	region	of	ORF1	

according	to	author’s	instructions	66.	The	assay	was	designed	to	amplify	all	members	of	

the	family	Hepeviridae	available	in	GenBank.	The	assay	sensitivity	was	determined	to	

be	on	the	order	of	10	copies	per	reaction	by	using	a	quantified	in	vitro	transcript	(HEV	

genotype	3).	

	

2.4.3	Detection	of	Amplicon	

The	amplified	PCR	product	was	run	and	visualized	on	the	QIAxcel	multicapillary	

electrophoresis	system	(Qiagen,	Venlo,	Netherlands)	according	to	the	manufacturer’s	

instructions. 
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3. Results: 

	
3.1	Canadian	Hepatitis	E	Seroprevalence	Study	

	 To	determine	the	overall	seroprevalence	of	HEV	among	the	general	Canadian	

population,	we	analyzed	a	total	of	14,053	blood	donor	samples	from	Canadian	blood	

banks.	Although	there	are	requirements	that	guide	who	can	donate	blood	(individuals	

are	excluded	based	on	certain	lifestyle	factors,	recent	travel,	or	medical/sexual	history)	

this	sample	group	still	provides	a	relatively	accurate	picture	of	the	current	status	of	

HEV	prevalence	in	the	general	Canadian	population.	Serological	testing	for	anti-HEV	IgG	

antibody	was	performed	on	every	fifth	sample	received	from	CBS	(n=2,160)	and	every	

second	sample	from	HQ	(n=1,947)	and	seroprevalence	was	determined.	There	were	

110	(5.09%)	positive	samples	from	CBS,	and	130	(6.68%)	positive	samples	from	HQ.	

This	gives	a	total	of	4,107	samples	tested	from	across	Canada,	and	240	(5.84%)	samples	

testing	positive.	All	IgG	positive	serum	samples	were	then	also	tested	for	anti-HEV	IgM	

as	this	antibody	is	indicative	of	a	recent	or	current	infection.	Of	the	240	IgG	Positive	

samples,	only	9	(3.75%)	of	these	were	also	IgM	positive.	This	is	0.064%	of	the	entire	

blood	donor	cohort	we	tested.	
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Table	5:	Breakdown	by	Canadian	Blood	Service	Centre	of	blood	donors	eligible	to	

participate	in	the	study	and	participation	rates	(Canadian	Blood	Services)	

CENTRE	 Number	of	
donors	during	
the	study	
period	

Number	of	donors	
at	clinics	
randomly	selected	
for	testing	

Number	of	
donors	
tested	

Percentage	of	
donors	tested	
during	the	study	
period	

Halifax	 2,778	 940	 542	 19.5	

New	
Brunswick	

9,854	 2,775	 1,223	 12.4	

Hamilton	 21,992	 2,718	 1,868	 8.4	

London	 16,090	 3,079	 2,088	 13.0	

Toronto	 20,932	 4,383	 2,566	 12.3	

Winnipeg	 12,313	 2,730	 1,775	 14.4	

TOTAL	 83,959	 16,625	 10,062	 12.0	

	

Table	6:	Seroprevalence	among	Canadian	Blood	donors	by	geographical	region	with	

associated	average	sample	to	cut-off	ratios	

	 Seroprevalence	 Sample/Cutoff	Ratio	

Region	 #	 %	 Average	 Range	 St.	Dev.	

Atlantic	 6/334	 1.80	 6.86	 1.8-14.4	 5.19	

Prairies	 18/356	 5.06	 6.95	 1.5-17.3	 4.93	

S.	Central	Ontario	 86/1470	 5.85	 7.17	 1.12-18.9	 4.84	

Quebec	 130/1947	 6.68	 8.02	 1.11-21.23	 5.69	

	

The	seroprevalence	did	not	differ	significantly	by	region;	however,	the	

seroprevalence	rate	in	the	maritime	region	was	three-fold	less	than	the	other	regions	

surveyed	(not	significant).	The	sample/cutoff	ratio	indicates	the	relative	level	of	anti-
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HEV	IgG	antibody.	A	higher	number	indicates	a	strong	positive	and	suggests	a	more	

recent	infection.	The	cutoff	value	is	the	OD	value	above	which	we	call	a	sample	positive	

for	HEV	antibody.	There	was	not	a	significant	difference	in	strong	positives	between	

regions,	as	outline	by	Table	7.	

	

Table	7:	Proportion	of	anti-HEV	IgG	positive	samples	that	were	strong	positives	

indicated	by	a	test	sample/cutoff	ratio	greater	than	10,	by	geographic	region	

	 Strong	IgG	Positive	(Sample/Cutoff	>10)	

Region		 #	 %	

Antlantic	 2/6	 33.33	

Prairies	 5/17	 29.41	

S.	Central	Ontario	 26/85	 30.59	

Quebec	 53/129	 41.08	

	

	

Table	8:	HEV	antibody	positive	test	results,	by	sex	and	age	n=2150	(Canadian	Blood	

Services).	

		 Positive	 Negative	 %	Positive	

Sex	 	 	 	

Female	 48	 945	 4.83	

Male	 62	 1095	 5.36	

Age	 	 	 	

Under	29	 7	 474	 1.46	
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30-39	 4	 276	 1.43	

40-49	 16	 395	 3.89	

50+	 83	 895	 8.49	

Total	 110	 2160	 5.09%	

	

Table	9:	Seroprevalence	by	age	and	gender	group	for	the	HQ	donor	group	(Héma-

Québec)	

	 Positive	 Negative	 %	Positive	

Sex	 	 	 	

Male	 84	 975	 7.93	

Female	 47	 846	 5.26	

Age	 	 	 	

18-29	 8	 447	 1.76	

30-39	 6	 248	 2.36	

40-49	 14	 332	 4.05	

50-59	 41	 486	 7.78	

≥60	 62	 308	 16.76	

Total	 131	 1821	 6.71	

	

Chi-square	analysis	of	age	group	stratification	shows	that	the	40-49	and	50+	age	

groups	are	significantly	more	likely	to	be	seropositive	compared	to	the	under	29	and	

30-39	age	groups	in	both	the	CBS	and	HQ	sample	groups	(p=<0.0001).	Univariate	

analysis	by	gender	showing	males	are	significantly	more	likely	to	be	seropositive	than	

females	across	Canada	(p=0.035).	
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Table	10:	%	Prevalence	Vs.	Sample/Cut-off	value	for	Héma-Québec	donor	group.	

Age	 S/CO	1-3.99	 S/CO	≥	4	

18-29		 4	(0.88%)	 4	(0.88%)	

30-39		 3	(1.18%)	 3	(1.18%)	

40-49		 5	(1.45%)	 9	(2.60%)	

50-59		 13	(2.47%)	 28	(5.31%)	

≥60		 21	(6.49%)	 38	(10.27%)	

	

	 Table	10	Indicates	the	number	of	patients	with	a	low	sample/cutoff	ratio	as	well	

as	the	number	of	patients	with	a	high	sample/cutoff	ratio.	A	higher	sample/cutoff	ratio	

indicates	a	more	recent	exposure/infection.	Patients	above	50	are	significantly	more	

likely	to	have	had	a	more	recent	exposure/infection	(p=<0.0001)	and/or	immunity	

booster	from	continuous	exposure.	

	 	

3.2	Assessment	of	HEV	seroprevalence	among	high-risk	groups,	and	analysis	of	associated	

risk	factors:	

	 Certain	groups	of	individuals,	due	to	medical	treatment	or	lifestyle	choices,	are	

hypothetically	at	an	increased	risk	of	acquiring	the	Hepatitis	E	virus.	We	expect	that	
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these	groups	will	demonstrate	an	increased	seroprevalence	compared	to	the	blood	

donor	group.	High	risk	groups	we	assessed	in	this	study	are	as	follows:	individuals	

receiving	multiple	blood	transfusions	(patients	with	hematologic	malignancies	or	

coagulation	defects),	those	undergoing	plasma	exchange	or	receiving	other	plasma	

products	(TTP	patients),	people	who	inject	drugs	(PWID),	and	those	working	in	the	sex	

trade	that	are	HIV-positive.		

	

3.2.1	Hepatitis	E	seroprevalence	among	people	who	inject	drugs	in	the	Vancouver	area:	

	 To	determine	whether	PWID,	a	group	at	high-risk	for	HEV	exposure,	experience	

higher	seroprevalence	rates	than	the	blood	donor	cohort,	we	tested	a	total	of	268	

patient	samples	from	the	Vancouver	area	collected	between	2011	and	2013	that	are	

confirmed	PWID.	Of	these	268	patients,	18	(6.72%)	tested	positive	for	anti-HEV	IgG.	

These	patients	ranged	in	age	from	26-71	years	of	age,	with	the	median	age	being	45	(13	

samples	did	not	provide	age	data).	Of	these	patients,	59	were	female,	190	were	male,	

and	there	were	19	samples	that	did	not	have	gender	data	attached.	There	were	1	of	59	

(1.70%)	female	patients	and	15	out	of	190	(7.89%)	male	patients	testing	positive	for	

anti-HEV	IgG,	although	this	difference	was	not	statistically	significant.		

	 There	were	46	HIV-positive	PWID’s	within	this	cohort,	and	2	(4.35%)	of	these	

individuals	were	also	HEV-positive.	HCV	serology	had	not	been	done	on	either	one	of	

these	HIV-positive	HEV-positive	patients.	One	of	the	HIV-positive	HEV-positive	patients	

was	male	age	55;	the	other	patient	was	female	age	42.	Comparing	this	to	the	205	HIV-

negative	IDU’s	within	this	cohort,	15	(7.32%)	were	HEV-positive.	The	difference	in	HEV	

IgG	seropositivity	by	HIV	status	was	not	significant	in	this	group.	There	were	17	

patients	who	had	not	been	tested	for	HIV.	Of	158	HCV	positive	patients,	8	(5.06%)	were	
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HEV	positive.	There	were	110	patients	who	were	not	tested	for	anti-HCV	IgG.	This	data	

is	summarized	in	Table	12.	

	 Comparing	HEV	IgG	seropositivity	by	age,	there	were	247	patients	30	or	older	of	

which	17	were	anti-HEV	IgG	positive	(6.88%)	vs.	0	anti-HEV	IgG	positive	out	of	8	under	

30	(0.00%).	Of	187	patients	40	or	older,	17	were	anti-HEV	IgG	positive	(9.09%)	vs.	0	

anti-HEV	IgG	positive	out	of	68	under	40	(0.00%).	Of	75	patients	50	or	older	12	were	

anti-HEV	IgG	positive	(16.0%)	vs.	5	anti-HEV	IgG	positive	out	of	180	under	50	(2.78%).	

The	increase	in	seroprevalence	with	age	is	statistically	significant	(p=0.001	using	

fisher’s	exact	test)	(see	Table	12).	The	cohort	of	anti-HEV	IgG	positive	individuals	in	this	

study	ranged	in	age	from	41	to	71,	with	the	median	age	being	54	years	of	age.	There	

were	proportionately	more	males	than	females	that	tested	positive	for	anti-HEV	IgG,	

however	this	difference	was	not	statistically	significant.		All	anti-HEV	IgG	positive	

samples	were	tested	for	anti-HEV	IgM	and	all	were	found	to	be	negative.	

Table	11:	Demographic	data	comparing	HEV	infection	by	gender	and	age	category	for	

IDU	and	Blood	donors	

Gender	 Age	
Group*	

#	anti-HEV	IgG	
Positive/	Total	

Tested	

Seroprevalence	
(%)	

95%	Confidence	
Interval	(%)	

	 	 PWID	 PWID	 PWID	

Male	 -	 15/190	 7.89	 4.08	to	11.70	

Female	 -	 1/59	 1.70	 -1.6	to	4.98	

	 <30	 0/8	 0.00	 -0.69	to	0.69	

	 >30	 17/247	 6.88	 3.72	to	10.04	

	 >40	 17/187	 9.09	 4.97	to	13.21	

	 >50	 12/75	 16.00	 7.7 to	24.3	
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3.2.2	Hepatitis	E	seroprevalence	among	sex	workers	in	Africa:	

A	total	of	196	individuals	were	tested	for	anti-HEV	IgG	at	least	once	during	the	study	

period	between	the	two	cohorts	(89	from	cohort	1:	from	years	1985-1995,	107	from	

cohort	2:	years	1999-2008).	Of	the	196	individuals	tested,	156	were	tested	a	second	

time	approximately	5	years	later.	A	total	of	60/196	(30.61%)	individuals	tested	positive	

for	anti-HEV	IgG	at	least	once,	49	were	form	Cohort	1	(55.06%)	and	11	were	from	

Cohort	2	(10.28%).	This	difference	is	statistically	significant	(p<0.001).	Of	156	total	

individuals	tested	at	two	points,	15	individuals	seroconverted	(13	of	these	were	HIV-

positive),	and	10	individuals	lost	their	anti-HEV	IgG	seropositivity	(all	10	were	HIV-

positive).	

	 There	were	121	HIV-positive	individuals	between	the	2	cohorts,	of	which	55	

(45.45%)	were	also	serologically	positive	for	HEV.	Of	the	75	individuals	negative	for	

HIV	between	the	2	cohorts,	5	(6.675)	were	serologically	positive	for	HEV.	This	

difference	was	significant	(p<0.001).	However,	the	comparison	cannot	be	made	within	

each	cohort	separately	due	to	the	small	sample	size.		

	 From	the	89	individuals	comprising	cohort	1;	4/6	(66.66%)	of	Kenyans,	47/89	

Tanzanians	(52.81%),	and	0/1	(0.00%)	Ugandans	tested	positive	for	anti-HEV	IgG	at	

least	once.	From	the	107	individuals	compromising	cohort	2,	12/89	(13.48%)	of	

Kenyans	and	1/18	Tanzanians	(5.55%)	tested	positive	for	anti-HEV	IgG	at	least	once.	

Although	they	have	different	nationalities,	they	all	live	and	practice	their	trade	in	

Nairobi.	We	have	limited	data	about	the	immune	system	status	based	on	CD4	count	

(n=21)	and	there	not	a	difference	in	the	seroprevalence	based	on	this.	
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3.2.3	Hepatitis	E	seroprevalence	among	leukemia	patients	who	received	multiple	blood	

transfusions:		

	 Another	group	at	high-risk	of	HEV	exposure	due	to	both	illness	and	frequent	

blood	transfusions,	are	leukemia	patients.	We	tested	a	cohort	of	patients	(n=54)	with	

various	forms	of	leukemia	(Figure	8)	using	serum	samples	provided	by	the	CBMTG.	The	

HEV-IgG	seroprevalence	was	found	to	be	11.11%	(6/54).	All	patients	were	also	tested	

for	anti-HEV	IgM,	and	2	of	the	54	patients	were	found	to	be	positive	(3.70%).	None	were	

positive	for	HEV	RNA	by	PCR.		

	

3.2.4	Hepatitis	E	study	in	Rituximab	treated	Thrombotic	Thrombocytopenic	Purpura	(TTP)	

patients	who	received	plasma	exchange:	

Thrombotic	Thrombocytopenic	Purpura	patients	who	received	large	volumes	of	

plasma	exchange	are	also	expected	to	have	higher	rates	of	HEV	exposure	than	the	

general	population	and	blood	donor	group.	There	was	no	HEV	seroconversion	observed	

in	the	patients	(n=38)	after	52	weeks	of	treatment.	The	HEV	seroprevalence	among	this	

patient	cohort	was	21.05%	(8/38,	see	Table	13).	There	was	one	patient	who	became	

weakly	IgM	positive	at	week	24.	This	patient	was	negative	for	HEV	RNA.	In	four	of	the	

cases	anti-HEV	persisted	throughout	the	observation	period,	and	in	another	case	anti-

HEV	IgG	was	lost.	In	one	case,	there	was	a	boost	in	the	anti-HEV	IgG	antibody	titre.	All	

patients	were	followed	for	one	year	after	initiation	of	treatment	and	despite	being	

immunosuppressed	by	the	Rituximab,	did	not	acquire	HEV.	
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Table	12:	HEV	seroprevalence	in	high	risk	groups	and	Canadian	blood	donors.	

	

3.2.5	Hepatitis	E	seroprevalence	among	Canadian	Haemophiliac	patients	who	received	

multiple	blood	transfusions:	

	Hemophiliac	patients	receiving	multiple	blood	transfusions	represent	the	fourth	

high-risk	group	of	individuals	studied	in	this	project.	The	patients	compromising	this	

cohort	are	from	various	locations	in	Canada,	and	were	collected	prior	to	the	use	of	

recombinant	Factor	VIII	proteins.	The	HEV	seroprevalence	among	this	cohort	(n=48)	

was	found	to	be	4.17%	(2/48).	There	were	no	anti-HEV	IgM	positive	individuals	(Table	

12).			

	

 
 

Risk	Group	 Subgroup	 #	anti-HEV	
IgG+/	Total	
Tested	

Seroprevalence	
(%)	

95%	CI(%)	

Canadian	Blood	
Donors	

-	 240/4107	 5.84	 5.12	to	6.56	

PWID	 Total	 18/268	 6.72	 5.12	to	6.56	

PWID	 HIV+	 2/46	 4.35	 	 -1.08	to	9.88	

PWID	 HCV+	 8/158	 5.06	 -0.21	to	9.91	

Leukemia	patients	 -	 6/54	 11.11	 2.73	to	19.49	

TTP	patients*	 -	 8/38	 21.05*	 8.09	to	34.01	

Hemophiliac	

patients	

-	 2/48	 4.17	 -1.49	to	9.83	

*Indicates	statistical	significance	(p<0.05)	
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3.3	Canadian	free-ranging	deer	seroprevalence	study:	

	 Free-ranging	deer	in	Canada	are	commonly	hunted	and	serve	as	an	important	

food	source	for	many	people	in	Canada,	particularly	the	First	Nations	groups	in	the	

northern	regions.	Inuit	frequently	eat	their	meat	raw	or	fresh	frozen	which	increases	

the	risk	of	infection	should	the	animal	be	carrying	the	virus.	Deer	often	come	into	close	

contact	with	livestock,	including	pigs,	but	also	wild	swine	species	such	as	the	wild	boar.	

This	could	represent	another	potential	reservoir	for	infection.	To	explore	the	level	of	

previous	exposure	of	deer	to	the	virus,	HEV	seroprevalence	was	determined	in	several	

species	of	deer	from	across	Canada.	The	data	for	this	is	illustrated	in	Figure	7	and	Table	

12.	A	total	of	534	deer	were	sampled	from	across	Canada,	and	30	(5.62%)	tested	

positive	for	HEV-IgG.		

Overall,	white-tailed	deer	were	found	to	have	the	highest	seroprevalence	rate	of	

the	species	investigated,	with	18	out	of	205	animals	tested	positive	(8.8%).	Mule	deer	

followed	with	5	out	of	112	(4.5%)	testing	positive,	and	caribou	had	the	least	

seroprevalence	rate	with	7	out	of	217	animals	testing	positive	(3.2%).		

Seroprevalence	rates	among	the	different	herds	of	white-tailed	deer	we	sampled	

from	Nova	Scotia,	Ontario	and	Saskatchewan	ranged	from	4.9%-11.5%;	these	

differences	were	not	statistically	significant.	Significantly	more	male	deer	were	positive	

for	anti-HEV	than	females	in	Nova	Scotia	(P	=	0.01;	Fisher’s	exact	test).	
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Figure	7:	Free-range	deer	sampling	sites	in	Canada.	Local	seroprevalence	(%)	is	marked	

next	to	the	schematic	images	of	white-tailed	deer,	mule	deer	and	two	subspecies	of	

caribou.	Satellite	locations	of	Bluenose-East,	Bathurst	and	Beverly	barren-ground	

caribou	herds	can	be	found	on	

(Http://www.enr.gov.nt.ca/sites/default/files/15.4mapofbarren-

groundcaribouherds.Jpg	)	
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Table	13:	Hepatitis	E	virus	seroprevalence	in	white-tailed	deer,	mule	deer	and	caribou	

in	different	geographic	locations	in	Canada	

Deer	species/Region	
No.	seropositive	/	No.	
samples	

Seroprevalence%	
(95%CI)	

A.	White-tailed	deer	
(total)	 18/205	 8.8		(5.5		-13.5)	
1.	Lake	Erie	(total)	 8/106	 7.5			(2.5-12.6)	
a)	Point	Pelee	National	Park	 3/61	 4.9	(-0.5	-10.3)	
b)	Long	Point	Provincial	
Park		 5/45	 11.1			(1.93		-	20.3)	
2.	Province	of	Nova	Scotia	
(total)	 7/73	 9.6		(4.4	-	18.8)	
a)	Italy	Cross	community	 4/36	 11.1		(3.8	-	25.9)	
b)	Lunenburg	 3/37	 8.1		(2.1-22.0)	
3.	Municipality	of	Antelope,	
Saskatchewan	 3/26	 11.5		(3.2		-29.8)	
B.	Mule	deer	(total)	 5/112	 4.5		(1.7-10.3)	
1.	City	of	Nipawin,	
Saskatchewan	

	 	a)	collected	in	2007	 0/47	 0	
b)	collected	in	2012	 5/65	 7.7		(2.9-17.2)	
C.	Caribou	(total)	 7/217	 3.2	(1.6		-6.5)	
1.	Barrenground	caribou	
(total)	 2/120	 1.7		(0.08		-6.2)	
a)	Bluenose	East	herd	 1/50	 2	(0.01	-	11.5)	
b)	Bathurst	Herd	 0/23	 0	
c)	Beverley	herd	 1/47	 2.1		(0.08	-12.4)	
2.	Woodland	caribou	Owl	
Lake	herd,	Manitoba	 5/97	 5.15		(2.2		-	11.5)	
	

Seroprevalence	did	not	differ	significantly	based	on	the	year	of	sample	collection	

or	age.	Hepatitis	E	virus	seroprevalence	also	did	not	differ	significantly	between	mule	

and	white-tailed	deer	in	Saskatchewan	or	among	white-tailed	deer	from	Ontario	and	

Nova	Scotia.	Anti-HEV	was	not	detected	in	Saskatchewan	in	2007,	but	was	present	in	

7.7%	of	mule	deer	sampled	at	the	same	location	in	2012.	
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Woodland	caribou	were	three	times	more	likely	to	have	anti-HEV	compared	to	

the	barren-ground	caribou	although	the	difference	was	not	statistically	significant.	HEV	

seroprevalence	in	all	caribou	was	significantly	less	than	that	of	the	white-tailed	deer	(P=	

0.02).	Hepatitis	E	virus	RNA	was	not	detected	in	any	of	the	samples	by	RT-PCR.	
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4.	Discussion:	
 
	 The	seroprevalence	of	hepatitis	E	reported	in	many	industrialized	countries	has	

been	much	higher	than	predicted,	considering	the	relatively	rarity	of	the	disease.	

Although	HEV	is	often	self-limited	in	healthy	individuals,	the	clinical	course	in	patients	

with	underlying	liver	disease	and	those	who	are	immunocompromised	can	be	very	

severe,	leading	to	acute	liver	failure	and	even	death.	Patients	receiving	blood	

transfusions	are	often	immunocompromised,	necessitating	an	investigation	aimed	at	

assessing	the	risk	of	blood-borne	HEV-transmission	to	ensure	patient	safety.	This	study	

was	the	first	national	Canadian	survey	investigating	the	prevalence	of	HEV	among	

Canadian	blood	donors.	Overall,	the	seroprevalence	was	quite	low	even	when	compared	

to	similar	European	countries.	We	found	5.84%	of	the	4,107	blood	donors	tested	for	

anti-HEV	IgG	to	be	positive.	One	U.S.	study	reported	18%102	while	in	another	more	

recent	study	it	was	9.5%113.	In	England,	a	study	found	that	the	seroprevalence	of	HEV	

among	blood	donors	to	be	16%	114,	Denmark	20.6%	115	,	France16.6%-52.0%	depending	

on	region	surveyed	112,116,	Switzerland	was	4.9%	117	,	Scotland	4.7%	118	,	and	in	the	

Netherlands	it	was	2.0%112.	Comparison	of	all	these	seroprevalence	data	has	its	

limitation	in	that	different	HEV	antibody	assays	may	produce	different	results.	Some	

studies	are	performed	with	kits	that	are	more	sensitive	than	others,	which	create	issues	

when	comparing	studies	from	different	countries	or	from	studies	performed	in	the	

same	country	using	different	kits.	This	study	used	the	Wantai	Anti-HEV	IgG	ELISA	kit	for	

the	human	seroprevalence,	which	has	been	shown	to	be	the	most	sensitive	assay	for	

detection	of	this	antibody	40	.	Our	data	strongly	suggests	that	HEV	is	not	as	prevalent	in	

Canada	as	in	other	industrialized	countries.	



 62 

The	seroprevalence	by	Canadian	region	outlined	in	Table	6	shows	that	it	is	fairly	

similar	across	Canada,	with	the	exception	of	the	Maritime	region.	This	region	

experienced	an	approximately	three-fold	lower	seroprevalence	than	the	other	regions,	

although	this	difference	was	not	statistically	significant.	It	is	not	clear	why	there	is	this	

tendency.	There	were	no	significant	differences	in	the	proportion	of	samples	with	high	

antibody	levels	based	on	S/CO	values	by	region	(Table	7).	A	strong	IgG	positive	sample	

indicates	a	more	recent	infection,	and	could	mean	that	this	region	has	experienced	a	

more	recent	infection	or	continuous	low	level	HEV	exposure.	HEV	seroprevalence	

significantly	increased	with	age	in	this	study,	which	agrees	with	studies	performed	in	

several	other	countries	109,112,116.	Males	also	experienced	significantly	higher	

seroprevalence	rates	than	females	which	also	agrees	with	other	studies	114,118.	

	 Another	avenue	that	has	been	investigated	is	the	prevalence	of	HEV-RNA-

positivity	among	blood	donors	using	Nucleic	Acid	Testing	(NAT).	Real-time	PCR	studies	

has	revealed	that	indeed	there	are	HEV	positive	donors	who	did	not	present	with	

Hepatitis	E	symptoms	at	the	time	of	donation.	In	England,	6	of	880	(0.7%)	mini-pools	

(48	donors	per	pool)	were	positive	for	HEV	RNA	109,	corresponding	to	a	minimum	

prevalence	of	0.014%.	Recently,	another	English	study	retrospectively	screened	

225,000	blood	donor	samples	and	found	79	positive	with	HEV	RNA,	giving	an	RNA	

prevalence	of	1:2848	(0.0351%)	in	this	population119.	Similar	studies	investigating	

plasma	donations	from	Germany,	Sweden,	and	the	United	States	found	positive	rates	of	

1:7986	(0.0125%)	and	1:4525	(0.021%)	for	Swedish	and	German	donations	

respectively	108.	One	study	performed	in	the	U.S.	study	failed	to	detect	any	positives108,	

however;	a	2016	study	also	performed	in	the	U.S.	found	2	PCR	positive	samples	out	of	

18,829	samples	tested	(0.0106%)113.	A	study	done	in	Japan	using	donors	who	had	
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elevated	alanine	aminotransferase	(ALT	of	≥61	IU/l),	who	are	likely	to	have	an	ongoing	

HEV	infection,	found	positive	HEV	RNA	results	of	0.3%	120.	Of	the	14,053	blood	donor	

samples	included	in	this	study,	there	were	none	that	tested	positive	for	HEV	RNA	by	

real-time	RT-PCR	or	our	in-house	hemi-nested	PCR.	This	further	substantiates	our	claim	

that	HEV	is	not	as	prominent	in	Canada	as	in	other	industrialized	countries.	A	possible	

limitation	in	our	study	is	the	method	used	to	pool	samples	before	centrifugation,	which	

lowers	the	sensitivity	of	the	screening	method	from	20	IU/ml	to	250IU/ml.		However,	

the	same	or	similar	approach	used	in	other	studies	still	came	found	viremic	blood	

donors	in	European	countries	

	 There	are	several	risk	factors	that	can	make	it	more	probable	for	an	individual	to	

acquire	the	virus.	Location	(endemic	areas),	Diet	(consuming	contaminated	raw	or	

undercooked	meat),	frequent	contact	with	animal	reservoirs,	gender	(being	male),	

being	immunosuppressed/immunocompromised	are	all	risk	factors	that	increase	the	

chance	of	infection.	In	addition,	persons	whom	due	to	medical	illness	require	multiple	

transfusions	to	treat	a	hematological	disorder	or	malignancy	may	acquire	the	virus	

through	a	contaminated	blood	donation.	Some	illnesses	require	huge	volumes	of	

plasmapheresis	to	treat	their	condition.	Again,	these	patients	are	subjected	to	the	risk	of	

being	infected	if	the	plasma	pool	is	contaminated.	Intravenous	drug	use	is	another	risk	

factor	for	acquiring	HEV	through	parenteral	transmission,	and	possible	

immunosuppression	due	to	higher	rates	of	HCV	and/or	HIV	infection	within	this	

population.	Last,	prostitution	is	another	risk	factor	due	to	the	high	rate	of	HIV	infection.	

In	this	study,	we	assessed	several	of	these	risk	factors	by	analyzing	cohort	data	from	

representative	populations.			
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	 Patients	receiving	frequent	blood	transfusions	are	considered	to	be	at	high-risk	

for	HEV,	and	indeed	there	have	been	reports	of	post-transfusion	Hepatitis	resulting	

from	donors	who	were	HEV	RNA	positive	but	asymptomatic	at	the	time	of	donation1,121–

126.	A	recent	study	performed	in	England	that	retrospectively	screened	225,000	blood	

donor	samples,	found	79	samples	that	tested	positive	for	HEV	RNA	(all	were	Genotype	

3).	Recipients,	who	received	any	blood	components	from	these	donations,	were	

identified	and	the	outcome	of	exposure	was	ascertained.	The	79	donations	had	been	

used	to	prepare	129	blood	components,	62	of	which	had	been	transfused	before	

identification	of	the	infected	donation.	Follow-up	of	43	recipients	showed	18	(42%)	had	

evidence	of	infection	(seroconversion).119	

Individuals	with	hematological	disorders	or	malignancies	(hemophiliacs	and	

leukemia	patients)	require	multiple	blood	transfusions	over	their	lifetime,	and	if	the	

blood	supply	is	contaminated	with	HEV,	this	group	could	suffer	a	transfusion-

transmitted	infection,	and	thus	may	have	higher	rates	of	HEV	than	in	the	general	

population.	However,	our	study	failed	to	find	any	difference	in	infection	rates	among	

hemophiliacs,	as	only	4.17%	of	the	individuals	in	our	study	were	HEV	IgG	positive.	

These	patient	samples	were	collected	before	1993	prior	to	the	use	of	recombinant	

factor	VIII,	meaning	they	were	treated	with	plasma	products.	One	limitation	in	this	

study	is	the	small	sample	size	(n=48).	

Leukemia	patients	are	immunosuppressed	due	to	the	chemotherapy	treatments	

they	receive	and	this	further	increases	their	vulnerability	to	transfusion	associated	HEV	

infection.		There	were	11.11%	of	leukemia	patients	that	tested	positive	for	anti-HEV	IgG	

but	this	difference	was	not	statistically	significant	when	compared	with	the	blood	donor	

cohort.	All	patients	were	also	tested	for	anti-HEV	IgM,	and	two	leukemia	patients	
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(3.70%)	were	positive.	All	IgG/IgM	positive	samples	were	tested	for	HEV	RNA	by	PCR,	

all	were	negative.	A	small	sample	size	(n=54)	could	be	a	limitation	in	this	study,	

however combined with the group of hemophiliacs which has the same risk factor, the 

total number is 102. This lack of increased seroprevalence, despite frequent transfusion is 

strong evidence that the Canadian blood supply is safe and carries a very low risk for 

transfusion-acquired infection. 	

	

	

Figure	8:	Proportion	of	the	types	of	Leukemia	among	the	Leukemia	cohort	supplied	by	

the	CBMTG.	

	

	

Thrombotic	thrombocytopenic	purpura	(TTP)	is	a	severe	blood	disorder	

characterised	by	extensive	clots	(platelet-rich	thrombi)	within	the	blood	vessels	causing	

thrombocytopenia,	hemolytic	anemia	and	neurological	and	renal	impairment.	Plasma	

exchange	(1.5	volumes	every	day	for	the	first	3	days)	is	considered	the	standard	
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therapy	for	TTP.	It	removes	antibodies	(proteins)	from	the	blood	that	damage	the	

ADAMTS13	enzyme.	Plasma	exchange	also	replaces	the	ADAMTS13	enzyme.	During	

plasma	exchange,	an	IV	needle	or	tube	is	placed	in	a	vein	in	the	patient’s	arm	to	remove	

blood.	The	blood	goes	through	a	cell	separator,	which	removes	plasma	from	the	blood.	

The	non-plasma	part	of	the	blood	is	saved,	and	donated	plasma	is	added	to	it.	This	

donated	plasma	is	taken	from	a	pool	of	up	to	2500	donors.	It’s	apparent	that	these	

patients	are	especially	vulnerable	to	potential	transmission	of	transfusion	associated	

HEV	infection	due	to	the	large	volumes	of	plasma.		In	our	study,	thirty-eight	TTP	

patients	received	plasma	exchange	treatment	(20-40	litres	of	plasma	per	patient);	

seventeen	received	SD-plasma	(pooled	plasma	treated	with	solvent	detergent),	

nineteen	were	treated	with	cryosupernatant	plasma	(concentrated	pooled	plasma)	and	

two	with	fresh	frozen	plasma	and	Pentaspan	or	albumin.	None	of	the	patients	

demonstrated	any	clinical	signs	of	viral	hepatitis	during	the	6-month	period	of	

observation.	Three	samples	were	collected	from	TTP	patients	at	time	0,	1	and	6	months’	

post-treatment	and	tested	for	anti-HEV	antibodies.	Patients	with	HEV	seroconversion	

were	also	tested	for	viremia	by	PCR.	We	found	a	significantly	higher	seroprevalence	of	

HEV	IgG	among	the	TTP	patients	(21.05%)	compared	to	the	blood	donor	group	

(5.84%).	However,	anti-HEV	IgG	may	be	acquired	passively	because	of	the	large	

volumes	of	plasma	exchange	and/or	the	intravenous	gammaglobulin	used	for	

treatment.	

TTP	are	also	treated	with	Rituximab	for	relapsed	refractory	TTP.	Rituximab	is	a	

monoclonal	antibody	against	CD20,	found	primarily	on	B	cells.	Rituximab	binds	to	the	B	

cells	and	causes	its	destruction.	Patients	therefore	have	reduced	immune	response	and	

are	immunosuppressed.	Patients	were	given	Rituximab	at	a	dose	of	375	mg/m2	at	week	
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3	and	4.	Blood	samples	were	collected	at	time	point	0,4,24,	and	52	weeks.	We	observed	

no	HEV	seroconversion	over	the	52	weeks,	and	no	anti-HEV	IgM	findings.	In	four	cases	

anti-HEV	persisted	throughout	the	observation	period,	and	in	one	case	anti-HEV	IgG	

was	lost	(possible	due	to	the	Rituximab’s	effect	on	the	B	cells).	In	one	case	there	was	a	

boost	of	anti-HEV	IgG	(this	may	be	from	exposure).	Despite	of	the	durable	

immunosuppression	induced	by	the	Rituximab,	no	patients	acquired	HEV.	Again,	this	

provides	additional	evidence	of	adequate	blood	safety	in	Canada,	and	very	low	risk	for	

acquiring	HEV	through	blood	products.	This	data	is	in	line	with	that	from	the	cohort	of	

hemophiliac	patients,	and	cohort	of	leukemia	patients	suggests	that	we	do	not	require	

any	specific	screening	protocol	for	HEV	in	the	current	blood/plasma	donation	

guidelines.			

Studies	performed	in	low	endemicity	countries	including	Brazil,	Italy,	Iran	and	

Switzerland	have	reported	significantly	higher	rates	of	HEV	exposure	among	

intravenous	drug	users127–129.	However	similar	studies	performed	in	Denmark,	France	

and	the	U.S.	rejected	this	association,	and	found	similar	seroprevalence	rates	in	the	

general	population	as	in	this	risk	factor	group	130,131.	These	individuals	commonly	share	

and	reuse	needles,	and	this	can	lead	to	parental	transmission	of	the	virus	from	an	

infected	individual.	Higher	rates	among	this	population	may	also	be	due	poor	hygiene	

(fecal-oral	transmission)	or	may	also	be	facilitated	by	sexual	practices	(direct	contact).	

The	water	used	to	dissolve	the	drug	before	injection	may	also	be	contaminated	with	

HEV,	representing	another	source	of	contamination.	In	addition,	this	population	has	

higher	rates	of	HCV	and	HIV	infection.	Some	studies	have	reported	an	association	of	

HEV	infection	with	other	viruses	98,132–135.	This	study	found	no	significant	difference	in	

seroprevalence	between	PWID’s	and	the	blood	donor	population	(6.72%	vs.	5.84%	
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respectively).	There	was	also	no	significant	difference	among	individuals	that	were	HIV	

positive	or	HCV	positive	compared	to	the	blood	donor	population	(4.35%	and	5.06%	

respectively),	in	fact	the	rates	were	slightly	lower.	These	results	may	be	accounted	for	

due	to	the	very	low	prevalence	of	HEV	in	the	general	Canadian	population,	so	even	

though	these	individuals	may	be	at	a	higher	risk,	there	is	still	a	relative	absence	of	the	

virus	in	circulation	and	so	they	still	do	not	acquire	it.	Male	PWID’s	experienced	higher	

HEV	infection	rate,	though	this	was	not	significant.	As	in	the	blood	donor	group,	

seroprevalence	increased	with	age.	None	of	the	positive	individuals	was	a	recent	

infection,	as	none	were	positive	for	anti-HEV	IgM	antibody.		

	 We	tested	the	Kenyan	sex-worker	cohorts	for	anti-HEV	IgG	in	order	to	assess	

whether	there	is	a	significant	difference	between	individuals	who	are	HIV-positive	and	

those	who	are	HIV-negative.	A	total	of	196	individuals	were	tested	for	anti-HEV	IgG	at	

least	once	during	the	study	period.	Of	these	196	individuals	tested,	121	were	HIV	

positive	and	75	were	HIV-negative.	There	were	significantly	more	HEV-positive	

individuals	in	the	HIV-positive	group	compared	to	the	HIV-negative	group	(45.45%	vs.	

6.75%	respectively,	p=	<0.0001).	However,	the	comparison	cannot	be	made	within	each	

cohort	separately	due	to	the	small	sample	size.		One	of	the	limitations	of	the	Chi-square	

2x2	contingency	table	test	is	that	all	the	expected	values	must	be	at	minimum	“5”,	and	

due	to	the	small	sample	size	of	each	cohort,	this	test	function	was	not	fulfilled.	The	

difference	by	HIV	status	is	likely	due	to	the	immunosuppression	caused	by	the	

concomitant	HIV-infection,	or	due	to	increase	risk	of	other	epidemiological	

confounders.	Since	HEV	is	endemic	in	this	area,	we	suspect	this	is	why	we	are	seeing	

this	significant	difference	(compared	to	our	Canadian	PWID	study,	where	it	is	not	

endemic).	It’s	interesting	to	note	that	in	the	HIV-negative	group,	the	seroprevalence	is	
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quite	low	and	even	comparable	to	the	rates	of	most	industrialized	countries.	We	

observed	an	approximate	seven-fold	increase	in	the	HIV-positive	group.	This	is	

evidence	that	having	HIV-infection	maybe	be	a	significant	risk	factor	for	HEV-infection.	

Most	other	studies	have	reported	increased	seroprevalence	of	HEV	in	those	infected	

with	HIV	compared	to	those	who	are	HIV-negative,	granted	there	is	a	wide	variation	

between	studies136.		

There	were	significantly	less	seropositive	individuals	in	cohort	2	(10.28%,	

sampled	during	years	1999-2008)	than	in	cohort	1	(55.06%,	sampled	during	years	

1985-1995).	This	decrease	could	be	due	to	improvements	in	hygiene	or	socioeconomic	

conditions;	but	could	also	be	due	to	a	lower	proportion	of	HIV-positive	individuals	in	

cohort	2	compared	to	cohort	1	(30.84%	versus	96.63%).	Further	study	is	needed	to	

confirm	this	association.			

	 The	wildlife	study	we	conducted,	which	utilizes	the	species-independent	

double-antigen	sandwich	method	(sensitivity	99.8%,	specificity	99.6%),	circumvents	

some	of	the	problems	faced	by	previous	researchers	aiming	to	detect	HEV	antibodies	in	

different	animal	species,	and	has	been	used	successfully	for	wild	boar	and	red	deer	91.	

Using	this	method,	there	is	no	need	to	modify	commercial	HEV	immunoassays,	or	

develop	an	in-house	assay	using	recombinant	HEV	proteins	for	indirect	sandwich	

ELISA.	Using	this	species-independent	format,	you	can	avoid	the	specificity	reducing	

cross-reactivity	that	is	inherent	in	the	anti-species-specific	capture	antibodies	and	

conjugate	system.	Although	this	system	has	enhanced	sensitivity	to	detect	anti-HEV	

antibody,	one	limitation	is	the	inability	to	distinguish	class-specific	antibodies	such	as	

anti-HEV	IgM	allowing	the	detection	of	a	more	recent	infection.	
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	 This	study	demonstrates	serological	evidence	proving	that	deer	in	Canada	have	

been	exposed	to	HEV	or	HEV-related	viruses.	White-tailed	deer	are	very	abundant	in	

Canada,	and	a	commonly	hunted	game	animal	used	as	a	meat	source.	With	furthering	

human	development,	cutting	of	forested	areas	and	clearing	brush	land;	there	is	

diminishing	deer	habitat	bringing	people	and	their	farmlands	closer	to	the	deer	where	

they	may	contact	domestic	pigs.	In	addition	to	domestic	swine,	wild	boar	has	the	

potential	to	become	a	reservoir	for	HEV.	Higher	seroprevalence	has	been	reported	in	

areas	with	high	wild	boar	density	86.	There	is	no	transmission	link	between	wild	boar	

and	deer	in	Canada	suggested	by	our	data.	The	observed	seroprevalence	in	Nova	Scotia	

and	the	two	Lake	Erie	sites	in	Ontario	where	wild	boar	are	absent	were	similar	to	that	

observed	in	Saskatchewan	where	wild	boar	and	pig	farms	are	abundant.	With	

increasing	contact	between	deer	of	the	same	species	there	comes	an	increased	spatial	

risk	of	exposure	to	zoonotic	pathogens	such	as	HEV.	

	 	The	barren-ground	caribou	samples	used	in	this	study	were	taken	from	three	

different	herds	that	range	seasonally	between	the	tundra	and	taiga	of	northern	Canada.	

Very	few	of	these	animals	(1.7%)	tested	positive	for	anti-HEV.	Documentation	shows	

that	there	is	limited	overlap	between	the	habitats	of	the	barren-ground	species	with	

other	species	that	may	harbor	HEV.	This	lowers	the	chance	of	exposure	to	other	animals	

that	could	be	a	reservoir	of	infection.	The	Woodland	caribou	in	Manitoba	had	a	

seroprevalence	rate	that	was	three	times	higher,	however,	this	difference	was	not	

statistically	significant.	Woodland	caribou	inhabit	more	southern	latitudes	where	they	

may	encounter	several	different	other	species	of	animal,	including	white-tailed	deer	

which	were	found	to	have	similar	prevalence	of	anti-HEV	antibodies.	In	northern	Inuit	

communities	and	culture,	the	barren-ground	caribou	is	an	important	food	source	that	is	
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regularly	consumed;	often	dried,	smoked,	age-frozen	or	otherwise	eaten	raw.	Although	

this	increases	the	likelihood	of	becoming	infected	if	the	meat	is	contaminated,	the	

observed	low	seroprevalence	tells	us	that	the	potential	for	foodborne	exposure	is	likely	

very	low.	A	recent	serological	survey	reported	that	only	3%	of	the	Inuit	population	in	

Canada	had	evidence	of	past	HEV	infection	137.	Although	HEV	viremia	has	frequently	

been	detected	in	wild	boar	and	deer	in	Europe,	it	was	not	found	in	this	study.	The	lack	

of	viremia	in	the	three	species	of	deer	included	in	this	study	indicates	a	less	prominent	

risk	of	zoonotic	transmission	compared	to	other	countries.		
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5.	Conclusion		
 
 Hepatitis	E	Virus	remains	a	substantial	cause	of	morbidity	and	mortality	

worldwide,	predominantly	in	the	developing	areas.	Our	study	found	that	currently,	HEV	

is	not	prevalent	in	Canada	and	poses	very	little	threat	to	national	blood	supply.	The	

seroprevelence	in	the	blood	donor	cohort	was	less	than	in	similar	studies	performed	by	

other	industrialized	countries,	and	we	did	not	detect	a	single	donor	sample	positive	for	

HEV	RNA	out	of	the	14,053	tested.	The	blood	donor	cohort	is	likely	very	representative	

of	the	general	Canadian	population.		

We	analyzed	several	cohorts	with	a	risk	factor	that	puts	them	at	high-risk	for	

HEV	infection.	The	cohort	consisting	of	hemophiliacs	and	leukemia	patients	who	have	

received	multiple	blood	transfusions,	did	not	display	increased	seroprevalence	

compared	to	the	blood	donor	group.	This	is	evidence	of	low	HEV	prevalence,	and	also	

low	risk	to	the	blood	supply.	TTP	patients	receiving	large	volumes	of	plasma	by	

plasmapheresis	did	in	fact	have	significantly	higher	seroprevalence	than	the	donor	

group,	but	it	possible	that	this	could	be	due	to	passive	antibody	transfer	during	the	

treatment.	TTP	patients	are	also	treated	with	Rituximab,	a	powerful	

immunosuppressant.	Despite	their	lowered	immune	function,	none	of	these	patients	

developed	clinical	signs	or	laboratory	markers	of	acute	infection.	The	intravenous	drug	

user	cohort,	many	of	whom	were	also	HIV-positive	and/or	HCV-positive,	also	showed	

no	significant	difference.	We	did	not	see	a	difference	with	HIV	status	in	this	group	

either.	All	of	this	evidence	suggests	that	currently	HEV	is	not	common	in	Canada.	When	

comparing	HIV	status	with	HEV	seropositivity	in	an	endemic	area	(Kenya	and	

surrounding	areas	of	Africa),	our	study	found	a	significant	increase	in	HIV-positive	

individuals	suggesting	this	group	is	at	high-risk	for	HEV	infection.	Further	study	is	
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needed	to	confirm	this	association.	

	 Also	assessed	in	this	study	was	the	seroprevalence	in	particular	wildlife	species	

that	are	commonly	hunted	game	animals.	White-tailed	deer	displayed	the	highest	

seroprevalence	but	no	viremia	and	their	potential	of	being	a	reservoir	for	infection	

should	be	investigated	further.	Caribou	is	commonly	consumed	raw	in	northern	

cultures,	but	the	caribou	seropositivity	in	nearby	herds	was	almost	non-existent	and	

none	of	the	animals	were	viremic	indicating	the	zoonotic	risk	to	humans	is	negligible.	

	 Current	blood	donor	screening	protocols	should	be	sufficient,	as	it	appears	that	

HEV	is	of	little	if	any	threat	to	the	blood	supply	at	this	point	in	time.	Similar	

seroprevalence	studies	should	be	performed	periodically	to	assess	whether	this	will	

change	in	the	future.		

	

	

	

	

	

	

	

 
 
 
 
 
 
 
 
 
 



 74 

6.	References	
 
	
1.	 Kamar,	N.	et	al.	Hepatitis	E.	Lancet	379,	2477–2488	(2012).	

2.	 Johne,	R.	et	al.	Hepeviridae:	An	expanding	family	of	vertebrate	viruses.	Infect.	
Genet.	Evol.	27,	212–229	(2014).	

3.	 Smith,	D.	B.	et	al.	Consensus	proposals	for	classification	of	the	family	
Hepeviridae.	J.	Gen.	Virol.	95,	2223–2232	(2014).	

4.	 Blasco-Perrin,	H.,	Abravanel,	F.,	Blasco-Baque,	V.	&	Péron,	J.	M.	Hepatitis	E,	the	
neglected	one.	Liver	Int.	36,	130–134	(2016).	

5.	 Kuniholm,	M.	H.	et	al.	Epidemiology	of	hepatitis	E	virus	in	the	United	States:	
results	from	the	Third	National	Health	and	Nutrition	Examination	Survey,	
1988-1994.	J.	Infect.	Dis.	200,	48–56	(2009).	

6.	 Patra	S,	Kumar	A,	Trivedi	SS,	Puri	M,	S.	S.	Maternal	and	fetal	outcomes	in	
pregnant	women	with	acute	hepatitis	E	virus	infection.	Ann	Intern	Med	147,	
28–33	(2007).	

7.	 Edemariam	Tsega,	Bengt-Göran	Hansson,	K.	K.	and	E.	N.	Acute	Sporadic	Viral	
Hepatitis	in	Ethiopia :	Causes	,	Risk	Factors	,	and	Effects	on	Pregnancy	Author	
(	s	):	Edemariam	Tsega	,	Bengt-Göran	Hansson	,	Krzysztof	Krawczynski	and	
Erik	Nordenfelt	Published	by :	Oxford	University	Press	Stable	URL :	
http://www.js.	Clin.	Infect.	Dis.	14,	961–965	(2016).	

8.	 Lee,	G.	Y.	et	al.	Hepatitis	E	virus	infection:	Epidemiology	and	treatment	
implications.	World	J.	Virol.	4,	343–55	(2015).	

9.	 Rab,	M.	A.	et	al.	Water-borne	hepatitis	E	virus	epidemic	in	Islamabad,	
Pakistan:	A	common	source	outbreak	traced	to	the	malfunction	of	a	modern	
water	treatment	plant.	Am.	J.	Trop.	Med.	Hyg.	57,	151–157	(1997).	

10.	 Kim,	J.-H.	et	al.	A	systematic	review	of	the	epidemiology	of	hepatitis	E	virus	in	
Africa.	BMC	Infect.	Dis.	14,	308	(2014).	

11.	 Khuroo,	M.	S.	Discovery	of	hepatitis	E:	The	epidemic	non-A,	non-B	hepatitis	30	
years	down	the	memory	lane.	Virus	Res.	161,	3–14	(2011).	

12.	 Khuroo,	M.	S.	Study	of	an	epidemic	of	non-A,	non-B	hepatitis.	Possibility	of	
another	human	hepatitis	virus	distinct	from	post-transfusion	non-A,	non-B	
type.	Am.	J.	Med.	68,	818–824	(1980).	

13.	 Khuroo,	M.	S.	Chronic	liver	disease	after	non-A,	non-B	hepatitis.	Lancet	



 75 

(London,	England)	18,	860–861	(1980).	

14.	 Balayan	MS,	Andjaparidze	AG,	Savinskaya	SS,	Ketiladze	ES,	Braginiski	DM,	
Savinov	AP,	P.	V.	Evidence	of	a	virus	in	non-A,	non-B	hepatitis	transmitted	via	
the	fecal	oral	route.	Intervirology	20,	23–31	(1983).	

15.	 Tam,	A.	W.	et	al.	Hepatitis	E	virus	(HEV):	Molecular	cloning	and	sequencing	of	
the	full-length	viral	genome.	Virology	185,	120–131	(1991).	

16.	 Emerson,	S.	U.	et	al.	Release	of	genotype	1	hepatitis	E	virus	from	cultured	
hepatoma	and	polarized	intestinal	cells	depends	on	open	reading	frame	3	
protein	and	requires	an	intact	PXXP	motif.	J.	Virol.	84,	9059–69	(2010).	

17.	 Husain,	M.	M.,	Aggarwal,	R.,	Kumar,	D.,	Jameel,	S.	&	Naik,	S.	Effector	T	cells	
immune	reactivity	among	patients	with	acute	hepatitis	e.	J.	Viral	Hepat.	18,	
(2011).	

18.	 Chandra,	V.	et	al.	Molecular	biology	and	pathogenesis	of	hepatitis	E	virus.	J.	
Biosci.	33,	451–64	(2008).	

19.	 Nagashima,	S.	et	al.	A	PSAP	motif	in	the	ORF3	protein	of	hepatitis	E	virus	is	
necessary	for	virion	release	from	infected	cells.	J.	Gen.	Virol.	92,	269–278	
(2011).	

20.	 Yamada,	K.	et	al.	ORF3	protein	of	hepatitis	E	virus	is	essential	for	virion	
release	from	infected	cells.	J.	Gen.	Virol.	90,	1880–1891	(2009).	

21.	 Takahashi,	M.	et	al.	Monoclonal	antibodies	raised	against	the	ORF3	protein	of	
hepatitis	e	virus	(HEV)	can	capture	HEV	particles	in	culture	supernatant	and	
serum	but	not	those	in	feces.	Arch.	Virol.	153,	1703–1713	(2008).	

22.	 Takahashi,	M.	et	al.	Hepatitis	e	virus	(HEV)	strains	in	serum	samples	can	
replicate	efficiently	in	cultured	cells	despite	the	coexistence	of	HEV	
antibodies:	Characterization	of	HEV	virions	in	blood	circulation.	J.	Clin.	
Microbiol.	48,	1112–1125	(2010).	

23.	 Jirintai,	S.	et	al.	Rat	hepatitis	E	virus	derived	from	wild	rats	(Rattus	rattus)	
propagates	efficiently	in	human	hepatoma	cell	lines.	Virus	Res.	185,	92–102	
(2014).	

24.	 Holla,	R.	P.,	Ahmad,	I.,	Ahmad,	Z.	&	Jameel,	S.	Molecular	virology	of	hepatitis	e	
virus.	Semin.	Liver	Dis.	33,	3–14	(2013).	

25.	 Worm,	H.	C.,	Van	der	Poel,	W.	H.	M.	&	Brandstätter,	G.	Hepatitis	E:	An	
overview.	Microbes	Infect.	4,	657–666	(2002).	



 76 

26.	 Panda,	S.	K.,	Thakral,	D.	&	Rehman,	S.	Hepatitis	E	virus.	Rev.	Med.	Virol.	17,	
151–180	(2007).	

27.	 Devhare,	P.	B.,	Chatterjee,	S.	N.,	Arankalle,	V.	A.	&	Lole,	K.	S.	Analysis	of	
Antiviral	Response	in	Human	Epithelial	Cells	Infected	with	Hepatitis	E	Virus.	
PLoS	One	8,	(2013).	

28.	 Meng	XJ,	Anderson	DA,	Arankalle	VA,	Emerson	SU,	Harrison	TJ,	J.	S.	&	
Okamoto.	in	Virus	Taxonomy	1021–1028	(2012).	

29.	 Hoofnagle,	J.	H.,	Nelson,	K.	E.	&	Purcell,	R.	H.	Hepatitis	E.	N.	Engl.	J.	Med.	367,	
1237–44	(2012).	

30.	 Aggarwal,	R.	Duration	of	viraemia	and	faecal	viral	excretion	in	acute	hepatitis	
E.	Lancet	(London,	England)	356,	1081–1082	(2000).	

31.	 Chauhan,	A;	Jameel,	S;	Dilawari,	JB;	Chawla,	Y.	Hepatitis	E	virus	transmission	
to	a	volunteer.	Lancet	(London,	England)	341,	149–150	(1993).	

32.	 El	Sayed	Zaki,	M.,	El	Razek,	M.	M.	A.	&	El	Razek,	H.	M.	A.	Maternal-Fetal	
Hepatitis	E	Transmission:	Is	It	Underestimated?	J.	Clin.	Transl.	Hepatol.	2,	
117–123	(2014).	

33.	 Kamar,	N.	et	al.	Factors	associated	with	chronic	hepatitis	in	patients	with	
hepatitis	e	virus	infection	who	have	received	solid	organ	transplants.	
Gastroenterology	140,	1481–1489	(2011).	

34.	 Rianthavorn	et	al.	The	entire	genome	sequence	of	hepatitis	E	virus	genotype	3	
isolated	from	a	patient	with	neuralgic	amyotrophy.	Scand	J	Infect	Dis	42,	395–
400	(2010).	

35.	 Krain,	L.	J.,	Nelson,	K.	E.	&	Labrique,	A.	B.	Host	immune	status	and	response	to	
hepatitis	E	virus	infection.	Clin.	Microbiol.	Rev.	27,	139–65	(2014).	

36.	 Kamar,	Nassim;	Bendall,	RP;	Peron,	J.	Hepatitis	E	Virus	and	Neurologic	
Disorders.	Emerg	Inf	Dis	17,	173–179	(2011).	

37.	 Labrique,	A.	B.	Hepatitis	E,	a	Vaccine-Preventable	Cause	of	Maternal	Deaths.	
Emerg	Inf	Dis	18,	1401–1404	(2012).	

38.	 Péron,	J.	M.,	Dalton,	H.,	Izopet,	J.	&	Kamar,	N.	Acute	autochthonous	hepatitis	e	
in	western	patients	with	underlying	chronic	liver	disease:	A	role	for	ribavirin?	
J.	Hepatol.	54,	1323–1324	(2011).	

39.	 Khuroo,	M.	S.,	Duermeyer,	W.,	Zargar,	S.	A.,	Ahanger,	M.	A.	&	Shah,	M.	A.	Acute	
sporadic	non-A,	non-B	hepatitis	in	India.	Am.	J.	Epidemiol.	118,	360–4	(1983).	



 77 

40.	 Owolodun,	O.	A.	et	al.	Development	of	a	fluorescent	microbead-based	
immunoassay	for	the	detection	of	hepatitis	E	virus	IgG	antibodies	in	pigs	and	
comparison	to	an	enzyme-linked	immunoassay.	J.	Virol.	Methods	193,	278–
283	(2013).	

41.	 Zhang,	J.	et	al.	Long-Term	Efficacy	of	a	Hepatitis	E	Vaccine.	N.	Engl.	J.	Med.	372,	
914–922	(2015).	

42.	 Gerolami,	R.	et	al.	Treatment	of	severe	acute	hepatitis	E	by	ribavirin.	J.	Clin.	
Virol.	52,	60–62	(2011).	

43.	 Acharya,	S.	K.	Reply	to	the	Letter	to	the	Editor	‘Acute	autochthonous	hepatitis	
E	in	western	patients	with	underlying	chronic	liver	disease:	A	role	for	
ribavirin?’	J.	Hepatol.	54,	1324–1325	(2011).	

44.	 Robbins,	A.	et	al.	Severe	acute	hepatitis	E	in	an	HIV	infected	patient:	
Successful	treatment	with	ribavirin.	J.	Clin.	Virol.	60,	422–423	(2014).	

45.	 Legrand-Abravanel,	F.	et	al.	Characteristics	of	autochthonous	hepatitis	E	virus	
infection	in	solid-organ	transplant	recipients	in	France.	J.	Infect.	Dis.	202,	
835–844	(2010).	

46.	 Kamar,	N.	et	al.	Influence	of	immunosuppressive	therapy	on	the	natural	
history	of	genotype	3	hepatitis-E	virus	infection	after	organ	transplantation.	
Transplantation	89,	353–60	(2010).	

47.	 Kamar,	N.	et	al.	Ribavirin	therapy	inhibits	viral	replication	on	patients	with	
chronic	hepatitis	e	virus	infection.	Gastroenterology	139,	1612–1618	(2010).	

48.	 Pischke,	S.	et	al.	Ribavirin	treatment	of	acute	and	chronic	hepatitis	E:	a	single-
centre	experience.	Liver	Int.	33,	722–6	(2013).	

49.	 Debing,	Y.	et	al.	Ribavirin	inhibits	in	vitro	hepatitis	E	virus	replication	through	
depletion	of	cellular	GTP	pools	and	is	moderately	synergistic	with	alpha	
interferon.	Antimicrob.	Agents	Chemother.	58,	267–273	(2014).	

50.	 Debing,	Y.	&	Neyts,	J.	Antiviral	strategies	for	hepatitis	e	virus.	Antiviral	Res.	
102,	106–118	(2014).	

51.	 Perkins,	J.	D.	Are	we	reporting	the	same	thing?:	Comments.	Liver	Transplant.	
13,	465–466	(2007).	

52.	 Kamar,	N.	et	al.	Ribavirin	for	chronic	hepatitis	E	virus	infection	in	transplant	
recipients.	N.	Engl.	J.	Med.	370,	1111–20	(2014).	

53.	 Dalton,	HR;	Keane,	FE;	Bendall,	R;	Mathew,	J;	Ijaz,	S.	Treatment	of	chronic	



 78 

hepatitis	E	in	a	patient	with	HIV	infection.	Ann	Intern	Med	155,	479–480	
(2011).	

54.	 Moradpour,	D.,	Kary,	P.,	Rice,	C.	M.	&	Blum,	H.	E.	Continuous	human	cell	lines	
inducibly	expressing	hepatitis	C	virus	structural	and	nonstructural	proteins.	
Hepatology	28,	192–201	(1998).	

55.	 Dao	Thi,	V.	L.	et	al.	Sofosbuvir	Inhibits	Hepatitis	e	Virus	Replication	in	Vitro	
and	Results	in	an	Additive	Effect	When	Combined	with	Ribavirin.	
Gastroenterology	150,	82–85.e4	(2016).	

56.	 Zhu,	F.-C.	et	al.	Efficacy	and	safety	of	a	recombinant	hepatitis	E	vaccine	in	
healthy	adults:	a	large-scale,	randomised,	double-blind	placebo-controlled,	
phase	3	trial.	Lancet	376,	895–902	(2010).	

57.	 Shrestha,	M.	Safety	and	Efficacy	of	a	Recombinant	Hepatitis	E	Vaccine	
Mrigendra.	N.	Engl.	J.	Med.	356,	895–903	(2007).	

58.	 Meng,	X.	J.	et	al.	A	novel	virus	in	swine	is	closely	related	to	the	human	
hepatitis	E	virus.	Proc	Natl	Acad	Sci	U	S	A	94,	9860–9865	(1997).	

59.	 Smith,	D.	B.	et	al.	Consensus	proposals	for	classification	of	the	family	
Hepeviridae.	J.	Gen.	Virol.	95,	2223–2232	(2014).	

60.	 Purdy,	M.	A.	&	Khudyakov,	Y.	E.	Evolutionary	History	and	Population	
Dynamics	of	Hepatitis	E	Virus.	PLoS	One	5,	1–9	(2010).	

61.	 Yugo,	D.	M.	&	Meng,	X.	J.	Hepatitis	E	virus:	Foodborne,	waterborne	and	
zoonotic	transmission.	Int.	J.	Environ.	Res.	Public	Health	10,	4507–4533	
(2013).	

62.	 Lu,	L.,	Li,	C.	&	Hagedorn,	C.	H.	Phylogenetic	analysis	of	global	hepatitis	E	virus	
sequences:	Genetic	diversity,	subtypes	and	zoonosis.	Rev.	Med.	Virol.	16,	5–36	
(2006).	

63.	 Smith,	D.	B.,	Purdy,	M.	A.	&	Simmonds,	P.	Genetic	variability	and	the	
classification	of	hepatitis	E	virus.	J.	Virol.	87,	4161–9	(2013).	

64.	 P??rez-Gracia,	M.	T.,	Suay,	B.	&	Mateos-Lindemann,	M.	L.	Hepatitis	E:	An	
emerging	disease.	Infect.	Genet.	Evol.	22,	40–59	(2014).	

65.	 Pavio,	N.,	Meng,	X.	J.	&	Doceul,	V.	Zoonotic	origin	of	hepatitis	e.	Curr.	Opin.	
Virol.	10,	34–41	(2015).	

66.	 Drexler,	J.	F.	et	al.	Bats	worldwide	carry	hepatitis	E	virus-related	viruses	that	
form	a	putative	novel	genus	within	the	family	Hepeviridae.	J.	Virol.	86,	9134–



 79 

47	(2012).	

67.	 Miyamura,	T.	Hepatitis	E	virus	infection	in	developed	countries.	Virus	Res.	
161,	40–46	(2011).	

68.	 Aggarwal,	R.	Hepatitis	E:	Epidemiology	and	Natural	History.	J.	Clin.	Exp.	
Hepatol.	3,	125–133	(2013).	

69.	 Basnyat,	B.	et	al.	Nepali	earthquakes	and	the	risk	of	an	epidemic	of	hepatitis	e.	
Lancet	385,	2572–2573	(2015).	

70.	 Kaci,	S.,	Nöckler,	K.	&	Johne,	R.	Detection	of	hepatitis	E	virus	in	archived	
German	wild	boar	serum	samples.	Vet.	Microbiol.	128,	380–385	(2008).	

71.	 Goens,	S.	D.	&	Perdue,	M.	L.	Hepatitis	E	viruses	in	humans	and	animals.	Anim.	
Health	Res.	Rev.	5,	145–156	(2004).	

72.	 Mushahwar,	I.	K.,	Dawson,	G.	J.,	Erker,	J.	C.,	Schlauder,	G.	G.	&	Desai,	S.	M.	A	
hepatitis	E	virus	variant	from	the	United	States:	molecular	characterization	
and	transmission	in	cynomolgus	macaques.	J.	Gen.	Virol.	80,	681–690	(1999).	

73.	 Mansuy,	J.	M.	et	al.	Hepatitis	E	in	the	South	West	of	France	in	individuals	who	
have	never	visited	an	endemic	area.	J.	Med.	Virol.	74,	419–424	(2004).	

74.	 Dalton,	H.	R.	et	al.	Hepatitis	E	in	new	zealand.	J.	Gastroenterol.	Hepatol.	22,	
1236–1240	(2007).	

75.	 Wichmann,	O.	et	al.	Phylogenetic	and	case-control	study	on	hepatitis	E	virus	
infection	in	Germany.	J.	Infect.	Dis.	198,	1732–41	(2008).	

76.	 Reichler,	M.	R.,	Valway,	S.	E.	&	Onorato,	I.	M.	Copyright	©	2001	.	All	Rights	
Reserved	.	Copyright	©	2001	.	All	Rights	Reserved	.	30,	156–159	(2001).	

77.	 Colson,	P.	et	al.	Pig	liver	sausage	as	a	source	of	hepatitis	E	virus	transmission	
to	humans.	J.	Infect.	Dis.	202,	825–34	(2010).	

78.	 Yazaki,	Y.	et	al.	Sporadic	acute	or	fulminant	hepatitis	E	in	Hokkaido,	Japan,	
may	be	food-borne,	as	suggested	by	the	presence	of	hepatitis	E	virus	in	pig	
liver	as	food.	J.	Gen.	Virol.	84,	2351–2357	(2003).	

79.	 Takahashi,	K.,	Kitajima,	N.,	Abe,	N.	&	Mishiro,	S.	Complete	or	near-complete	
nucleotide	sequences	of	hepatitis	E	virus	genome	recovered	from	a	wild	boar,	
a	deer,	and	four	patients	who	ate	the	deer.	Virology	330,	501–505	(2004).	

80.	 Lock,	C.,	Oxford,	S.,	Journal,	A.,	Oxford,	A.	&	Journal,	A.	Oxford	University	Press.	
1,	2–3	(2016).	



 80 

81.	 Zhang,	W.	et	al.	Hepatitis	E	virus	infection	among	domestic	animals	in	eastern	
China.	Zoonoses	Public	Health	55,	291–298	(2008).	

82.	 van	der	Honing,	R.	W.	H.,	van	Coillie,	E.,	Antonis,	A.	F.	G.	&	van	der	Poel,	W.	H.	
M.	First	isolation	of	hepatitis	E	virus	genotype	4	in	Europe	through	Swine	
surveillance	in	the	Netherlands	and	Belgium.	PLoS	One	6,	6–11	(2011).	

83.	 Wilhelm,	B.	et	al.	Farm-level	prevalence	and	risk	factors	for	detection	of	
hepatitis	E	virus,	porcine	enteric	calicivirus,	and	rotavirus	in	Canadian	
finisher	pigs.	Can.	J.	Vet.	Res.	80,	95–105	(2016).	

84.	 Wilhelm,	B.,	Fazil,	A.,	Rajić,	A.,	Houde,	A.	&	McEwen,	S.	A.	Risk	Profile	of	
Hepatitis	E	Virus	from	Pigs	or	Pork	in	Canada.	Transbound.	Emerg.	Dis.	1–15	
(2016).	doi:10.1111/tbed.12582	

85.	 Arankalle,	V.	a	et	al.	Seroepidemiology	of	water-borne	hepatitis	in	India	and	
evidence	for	a	third	enterically-transmitted	hepatitis	agent.	Proc	Natl	Acad	Sci	
U	S	A	91,	3428–32	(1994).	

86.	 de	Deus,	N.	et	al.	Epidemiological	study	of	hepatitis	E	virus	infection	in	
European	wild	boars	(Sus	scrofa)	in	Spain.	Vet.	Microbiol.	129,	163–170	
(2008).	

87.	 Saint-Jacques,	P;	Tissot-Dupont,	H;	Colson,	P.	Autochthonous	infection	with	
hepatitis	E	virus	related	to	subtype	3a,	France:	a	case	report.	Ann	Hepatol	15,	
438–441	(2016).	

88.	 Boadella,	M.	et	al.	Increasing	Contact	with	hepatitis	E	virus	in	red	deer,	Spain.	
Emerg.	Infect.	Dis.	16,	1994–1996	(2010).	

89.	 Matsuura,	Y.	et	al.	Prevalence	of	antibody	to	hepatitis	e	virus	among	wild	sika	
deer,	Cervus	nippon,	in	Japan.	Arch.	Virol.	152,	1375–1381	(2007).	

90.	 Tomiyama,	D.,	Inoue,	E.,	Osawa,	Y.	&	Okazaki,	K.	Serological	evidence	of	
infection	with	hepatitis	e	virus	among	wild	Yezo-deer,	Cervus	nippon	
yesoensis,	in	Hokkaido,	Japan.	J.	Viral	Hepat.	16,	524–528	(2009).	

91.	 Rutjes,	S.	A.	et	al.	Seroprevalence	and	molecular	detection	of	hepatitis	E	virus	
in	wild	boar	and	red	deer	in	The	Netherlands.	J.	Virol.	Methods	168,	197–206	
(2010).	

92.	 Forg??ch,	P.	et	al.	Detection	of	Hepatitis	E	virus	in	samples	of	animal	origin	
collected	in	Hungary.	Vet.	Microbiol.	143,	106–116	(2010).	

93.	 Medrano,	C.	et	al.	Zoonotic	pathogens	among	white-tailed	deer,	northern	



 81 

Mexico,	2004-2009.	Emerg.	Infect.	Dis.	18,	1372–1374	(2012).	

94.	 Teshale,	E.	H.	et	al.	Evidence	of	person-to-person	transmission	of	hepatitis	E	
virus	during	a	large	outbreak	in	Northern	Uganda.	Clin.	Infect.	Dis.	50,	1006–
1010	(2010).	

95.	 Hyams,	K.	C.	New	perspectives	on	hepatitis	E.	Curr.	Gastroenterol.	Rep.	4,	302–
307	(2002).	

96.	 Khuroo,	M.	S.,	Kamili,	S.	&	Khuroo,	M.	S.	Clinical	course	and	duration	of	
viremia	in	vertically	transmitted	hepatitis	e	virus	(HEV)	infection	in	babies	
born	to	HEV-infected	mothers.	J.	Viral	Hepat.	16,	519–523	(2009).	

97.	 Khuroo,	M.	S.	&	Khuroo,	M.	S.	Hepatitis	E:	An	emerging	global	disease	-	From	
discovery	towards	control	and	cure.	J.	Viral	Hepat.	23,	68–79	(2016).	

98.	 Bobek,	V.	et	al.	A	clinically	relevant,	syngeneic	model	of	spontaneous,	highly	
metastatic	B16	mouse	melanoma.	Anticancer	Res.	30,	4799–4804	(2010).	

99.	 Baylis,	S.	A.,	Hanschmann,	K.	M.,	Blümel,	J.	&	Nübling,	C.	M.	Standardization	of	
hepatitis	E	virus	(HEV)	nucleic	acid	amplification	technique-based	assays:	An	
initial	study	to	evaluate	a	panel	of	HEV	strains	and	investigate	laboratory	
performance.	J.	Clin.	Microbiol.	49,	1234–1239	(2011).	

100.	 Stoszeka,	Ronald	E.	Engleb,	Mohamed	Abdel-Hamida,	Nabiel	Mikhailc,	Fatma	
Abdel-Azize,	Ahmed	Medhatd,	Alan	D.	Fixa,	Suzanne	U.	Emersonb,	R.	H.	P.	and	
G.	T.	S.	Hepatitis	E	antibody	seroconversion	without	disease	in	highly	endemic	
rural	Egyptian	communities.	Trans	R	Soc	Trop	Med	Hyg	100,	89–94	(2006).	

101.	 Smith,	J.	A	Review	of	Hepatitis	E	Virus.	J	Food	Prot	64,	572–586	(2001).	

102.	 Meng,	X.	J.	et	al.	Prevalence	of	Antibodies	to	Hepatitis	E	Virus	in	Veterinarians	
Working	with	Swine	and	in	Normal	Blood	Donors	in	the	United	States	and	
Other	Countries	Prevalence	of	Antibodies	to	Hepatitis	E	Virus	in	Veterinarians	
Working	with	Swine	and	in	Normal	Blood	Don.	J.	Clin.	Microbiol.	40,	117–122	
(2002).	

103.	 Drobeniuc,	J.	et	al.	Hepatitis	E	virus	antibody	prevalence	among	persons	who	
work	with	swine.	J.	Infect.	Dis.	184,	1594–1597	(2001).	

104.	 Sirisopana,	N.	&	Mason,	C.	J.	of	Hepatitis	E	Virus	,.	20,	2007–2008	(2014).	

105.	 Waar,	K.,	Herremans,	M.	M.	P.	T.,	Vennema,	H.,	Koopmans,	M.	P.	G.	&	Benne,	C.	
A.	Hepatitis	E	is	a	cause	of	unexplained	hepatitis	in	the	Netherlands.	J.	Clin.	
Virol.	33,	145–149	(2005).	



 82 

106.	 Dalton,	H.	R.	et	al.	The	role	of	hepatitis	E	virus	testing	in	drug-induced	liver	
injury.	Aliment.	Pharmacol.	Ther.	26,	1429–1435	(2007).	

107.	 Herremans,	M.	et	al.	Swine-like	hepatitis	E	viruses	are	a	cause	of	unexplained	
hepatitis	in	the	Netherlands.	J.	Viral	Hepat.	14,	140–146	(2007).	

108.	 Baylis,	S.	A.,	Gärtner,	T.,	Nick,	S.,	Ovemyr,	J.	&	Blümel,	J.	Occurrence	of	hepatitis	
E	virus	RNA	in	plasma	donations	from	Sweden,	Germany	and	the	United	
States.	Vox	Sang.	103,	89–90	(2012).	

109.	 Ijaz,	S.,	Szypulska,	R.,	Tettmar,	K.	I.,	Kitchen,	A.	&	Tedder,	R.	S.	Detection	of	
hepatitis	E	virus	RNA	in	plasma	mini-pools	from	blood	donors	in	England.	Vox	
Sang.	102,	272	(2012).	

110.	 Mansuy,	J.-M.	et	al.	Hepatitis	E	Virus	Antibodies	in	Blood	Donors,	France.	
Emerg.	Infect.	Dis.	17,	2309–2312	(2011).	

111.	 Bura,	M.	et	al.	Seroprevalence	of	anti-HEV	IgG	in	182	Polish	patients.	Postepy	
Hig.	Med.	Dosw.	(Online)	69,	320–326	(2015).	

112.	 Lapa,	D.,	Capobianchi,	M.	R.	&	Garbuglia,	A.	R.	Epidemiology	of	hepatitis	E	
virus	in	European	countries.	Int.	J.	Mol.	Sci.	16,	25711–25743	(2015).	

113.	 Stramer,	S.	L.	et	al.	Hepatitis	E	virus:	seroprevalence	and	frequency	of	viral	
RNA	detection	among	US	blood	donors.	Transfusion	0,	n/a-n/a	(2015).	

114.	 Dalton,	H.	R.	et	al.	Autochthonous	hepatitis	E	in	Southwest	England:	natural	
history,	complications	and	seasonal	variation,	and	hepatitis	E	virus	IgG	
seroprevalence	in	blood	donors,	the	elderly	and	patients	with	chronic	liver	
disease.	Eur.	J.	Gastroenterol.	Hepatol.	20,	784–790	(2008).	

115.	 Christensen,	P.	B.	et	al.	Time	trend	of	the	prevalence	of	hepatitis	E	antibodies	
among	farmers	and	blood	donors:	A	potential	zoonosisi	in	denmark.	October	
47,	1026–1031	(2010).	

116.	 Mansuy,	J.	M.	et	al.	A	nationwide	survey	of	hepatitis	E	viral	infection	in	French	
blood	donors.	Hepatology	63,	1145–1154	(2016).	

117.	 Kaufmann,	A.	et	al.	Hepatitis	E	virus	seroprevalence	among	blood	donors	in	
Southwest	Switzerland.	PLoS	One	6,	4–7	(2011).	

118.	 Cleland,	A.	et	al.	Hepatitis	E	virus	in	Scottish	blood	donors.	Vox	Sang.	105,	
283–289	(2013).	

119.	 Hewitt,	P.	E.	et	al.	Hepatitis	e	virus	in	blood	components:	A	prevalence	and	
transmission	study	in	southeast	England.	Lancet	384,	1766–1773	(2014).	



 83 

120.	 Fukuda,	S.	et	al.	Unchanged	high	prevalence	of	antibodies	to	hepatitis	E	virus	
(HEV)	and	HEV	RNA	among	blood	donors	with	an	elevated	alanine	
aminotransferase	level	in	Japan	during	1991-2006.	Arch.	Virol.	152,	1623–
1635	(2007).	

121.	 Scobie,	L.,	Crossan,	C.,	Davidson,	J.,	Jarvis,	L.	&	Simpson,	K.	Hepatitis	E	virus	
and	transfusion	transmitted	infection	in	Scotland.	J.	Clin.	Virol.	70,	S124	
(2015).	

122.	 Fuse,	K.	et	al.	Late	onset	post-transfusion	hepatitis	E	developing	during	
chemotherapy	for	acute	promyelocytic	leukemia.	Intern.	Med.	54,	657–661	
(2015).	

123.	 Matsui,	T.	et	al.	A	rare	case	of	transfusion-transmitted	hepatitis	E	from	the	
blood	of	a	donor	infected	with	the	hepatitis	E	virus	genotype	3	indigenous	to	
Japan:	Viral	dynamics	from	onset	to	recovery.	Hepatol.	Res.	1–22	(2014).	
doi:10.1111/hepr.12390	

124.	 Khuroo,	M.	S.,	Kamili,	S.	&	Yattoo,	G.	N.	Hepatitis	E	virus	infection	may	be	
transmitted	through	blood	transfusions	in	an	endemic	area.	J.	Gastroenterol.	
Hepatol.	19,	778–784	(2004).	

125.	 Arankalle,	V.	a	&	Chobe,	L.	P.	Retrospective	analysis	of	blood	transfusion	
recipients:	evidence	for	post-transfusion	hepatitis	E.	Vox	sanguinis	79,	72–74	
(2000).	

126.	 Arankalle,	V.	A.	&	Chobe,	L.	P.	Hepatitis	E	virus:	Can	it	be	transmitted	
parenterally?	J.	Viral	Hepat.	6,	161–164	(1999).	

127.	 Lavanchy,	D.	Seroprevalence	of	hepatitis	E	virus	in	Switzerland.	Lancet	344,	
747–748	(1994).	

128.	 Taherkhani,	R.	Epidemiology	of	hepatitis	E	virus	in	Iran.	World	J.	
Gastroenterol.	22,	5143	(2016).	

129.	 Trinta,	KS;	Liberto,	MI;	de	Paula,	VS;	Yoshida,	CF;	Gaspar,	A.	Hepatitis	E	virus	
infection	in	selected	Brazilian	populations.	Mem	Inst	Oswaldo	Cruz	96,	25–29	
(2001).	

130.	 Christensen,	P.	B.	et	al.	High	prevalence	of	hepatitis	E	antibodies	among	
Danish	prisoners	and	drug	users.	J.	Med.	Virol.	66,	49–55	(2002).	

131.	 Thomas,	D.	L.	et	al.	Seroreactivity	to	hepatitis	E	virus	in	areas	where	the	
disease	is	not	endemic.	J.	Clin.	Microbiol.	35,	1244–1247	(1997).	



 84 

132.	 Fainboim	H,	González	J,	Fassio	E,	Martínez	A,	Otegui	L,	Eposto	M,	Cahn	P,	
Marino	R,	Landeira	G,	Suaya	G,	Gancedo	E,	Castro	R,	Brajterman	L,	L.	H.	
Prevalence	of	hepatitis	viruses	in	an	anti-human	immunodeficiency	virus-
positive	population	from	Argentina.	A	multicentre	study.	J	Viral	Hepat	6,	53–
57	(1999).	

133.	 Hassing,	R.	J.	et	al.	Hepatitis	E	prevalence	among	HIV	infected	patients	with	
elevated	liver	enzymes	in	the	Netherlands.	J.	Clin.	Virol.	60,	408–410	(2014).	

134.	 Balayan,	M.	S.	et	al.	Antibody	to	hepatitis	E	virus	in	HIV-infected	individuals	
and	AIDS	patients.	J.	Viral	Hepat.	4,	279–283	(1997).	

135.	 Gessoni,	G.	&	Manoni,	F.	Hepatitis	E	virus	infection	in	north-east	Italy:	
serological	study	in	the	open	population	and	groups	at	risk.	J.	Viral	Hepat.	3,	
197–202	(1996).	

136.	 Debes,	J.	D.,	Belen,	M.,	Lotto,	M.	&	Re,	V.	Hepatitis	E	virus	infection	in	the	HIV-
positive	patient.	J.	Clin.	Virol.	80,	102–106	(2016).	

137.	 Minuk,	G.	Y.	et	al.	Serological	evidence	of	hepatitis	E	virus	infection	in	an	
indigenous	North	American	population.	Can.	J.	Gastroenterol.	21,	439–42	
(2007).	

	


