
Vox Sanguinis (2015)

INTERNATIONAL FORUM © 2015 International Society of Blood Transfusion
DOI: 10.1111/vox.12285

Hepatitis E
J. Petrik, M. Lozano, C. R. Seed, H. M. Faddy, A. J. Keller, P. S. Prado Scuracchio, S. Wendel, A. Andonov, M. Fearon,
G. Delage, J. Zhang, J. W. K. Shih, P. Gallian, R. Djoudi, P. Tiberghien, J. Izopet, J. Dreier, T. Vollmer, C. Knabbe,
R. Aggarwal, A. Goel, A. R. Ciccaglione, K. Matsubayashi, M. Satake, K. Tadokoro, S.-H. Jeong, H. L. Zaaijer, E. Zhiburt,
J. Chay, D. Teo, S. S. Chua, M. Piron, S. Sauleda, J.-M. Echevarr�ıa, H. R. Dalton & S. L. Stramer

Hepatitis E virus (HEV) is the aetiological agent of hepati-

tis E, discovered in 1980’s during the military campaign

in Afghanistan among Soviet soldiers with unexplained

hepatitis. A faecal–oral route of transmission was directly

experimentally established [1]. HEV was known to cause

waterborne epidemics in developing countries, with

human-infecting genotypes 1 and 2 responsible. In the

last decade, however, HEV was established as a zoonotic

infection in industrialized countries. Autochthonous

infections are caused predominantly by genotype 3 and

to a lesser extent by genotype 4, infecting humans, pigs

and other mammals. Uncooked or undercooked pork,

game and shellfish are considered main sources of zoo-

notic infections [2, 3].

Only a limited number of transfusion transmissions

have been described to date, but more recent studies indi-

cate a more frequent occurrence [4], although for various

reasons, those transmissions are often underreported.

Large proportions of blood and blood components are

destined for recipients with natural, acquired or induced

immunodeficiency. Chronic infections have been

described in immunosuppressed individuals, mostly organ

transplant recipients, but the scale of the problem is not

clear and requires more detailed studies. The large major-

ity of HEV infections in immunocompetent individuals

are subclinical, and this fact combined with lack of hepa-

titis E awareness may lead to low level of reporting fol-

lowed by testing or applying HEV tests at later stages,

if at all [5].

The HEV seroprevalence figures and incidence of active

infection in the general population and in blood donors

are higher than expected in some jurisdictions and highly

variable. They show as yet unexplained, significant differ-

ences between countries and regions, as well as within

some countries [6]. New data raise a number of important

questions about the measures which should be adopted to

deal with a transfusion-transmissible agent, causing a

mild self-contained infection in immunocompetent indi-

viduals, but a potentially fatal one for patients with

underlying liver disease or transplant recipients. Such

questions must be asked in the situation where a seem-

ingly high level of transmission is not matched by the

number of reported infections in the recipients, and at the

same time, the zoonotic agent is being readily acquired

through the food chain.

Due to the complexity of this topic and the lack of

large studies, the expert views perhaps unsurprisingly dif-

fer on the necessity and/or the urgency to introduce HEV

screening in blood donors [4, 6–8]. However, as HEV

appears gradually becoming the dominant cause of new

hepatitis cases, there is a recognized need for HEV testing

at an early stage, alongside routine tests for other hepatic

viruses, at least for high-risk individuals.

Pathogen inactivation technologies (PITs) represent

another approach to improve blood safety, but their effi-

ciency varies for different pathogen target groups. The

PIT efficiency may not yet be sufficient for certain non-

enveloped viruses such as HEV [9, 10] and needs further

improvement.

First HEV prophylactic vaccine was approved by

China’s State of Food and Drug Administration (SFDA) in

2011. All clinical studies with Hecolin (hepatitis E vac-

cine produced in E. coli, Xiamen Innovax Biotech,

Xiamen, China) were carried out in China and shown

well tolerated and effective for genotypes 1 and 4 [11].

Data are not available on Hecolin efficiency in high-risk

groups and also in relation to genotype 3, hampering a

potential wider use outside China. WHO’s Global Advi-

sory Committee on Vaccine Safety recommended to carry

out phase 4 postmarketing study to further assess the

safety profile.

In this Forum, we have invited responses to nine ques-

tions related to different aspects of HEV epidemiology,

pathology, diagnostics, perceived public health and blood

safety importance, as well as potential measures to deal

with this pathogen. The invitation was sent to establish-

ments and experts in the field. Eighteen responses were

received and are summarized below. Individual detailed

participants’ responses are available electronically on the

Vox Sanguinis website (include link here).

Question 1

Are you aware of studies of HEV prevalence in the blood

donors or general population in your region/country?

What is the prevalence of HEV found in those studies?
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Seroprevalence
Published data and Table 1 in this forum reveal wide var-

iation in HEV seroprevalence figures. One of the reasons

frequently cited for at least part of such variation is the

performance of different assays used (see Q3 for more

details). However, a closer inspection of Table 1 clearly

shows significantly different prevalence figures for coun-

tries and/or regions established using the same assay. If

we take a look at seroprevalence figures obtained only

with the Wantai ELISA, largely accepted as the most sen-

sitive current assay, the differences between countries

and/or regions are significant. The lowest figures pub-

lished until recently using Wantai were from Fiji (2�3%)

[12] and New Zealand (4�0%) [13]. Several other countries

and regions also show seroprevalence established with

Wantai assay below 10% (Table 1), which could arbi-

trarily be labelled as ‘low’ seroprevalence: Australia (6%),

Canada (5�9%), Latium region of Italy (9%), Scotland

(4�7%). On the other side of the spectrum are countries

and regions with seroprevalence above 20%, which could

be considered ‘high’: South Korea (27%), China (30–42%),

Netherlands (27%), France (24–52%), Abruzzo region of

Italy (46%). ‘Moderate’ seroprevalence between 10% and

20% established with Wantai assay was reported from

England (12–16%), USA (16%) and Spain (~20%). Such

direct comparison of figures obtained with the same assay

reveals significant differences even within the same coun-

try: UK’s England and Scotland: 12–16 vs. 4�7%, north

and south of France: 24% vs. 52%; Latium and Abruzzo

regions of Italy: 9% vs. 46%. Potential reasons for such

differences are discussed under Q4.

Studies which looked at the prevalence in various

blood donor age groups confirmed increasing seropreva-

lence with age. In Canada, the over 50-year-old group

had 9�9% seroprevalence against overall 5�9%, in Spain

the over 61-year-old group had 39% vs. 17% overall fig-

ure, in Scotland 9�8% in over 55 group and 4�7% overall,

in USA 22% (MP Biomedicals, Santa Ana, CA, USA) or

42% (Wantai, Beijing, China) in the over 65 group vs.

average prevalence of 7�7% (MP) or 16% (Wantai).

Several studies reported generally higher seroprevalence

figures in male donors, but this was not confirmed in

other studies.

RNA incidence
There seems to be some correlation between seropreva-

lence and RNA incidence, although these figures need to

be interpreted with caution, due to the use of serological

and NAT assays with differing parameters, as well as var-

iable sample sizes for NAT assays. As in seroprevalence,

there is a wide variation in RNA incidence figures among

the blood donors from various countries and regions.

Highest RNA incidence (1 in 36 to 50; 2 to 2�7%) in

Table 2 comes unsurprisingly from endemic India,

although resulting from small studies. RNA prevalence in a

range of 0�02–0�2% was reported among Chinese blood

donors. The latest figures from the Netherlands are in a sim-

ilar range of 1 in 658 (0�15%) and recent figures from some

German trials (1 in 1240 or 0�08%; 1 in 1760 or 0�06%), as

well as from France (1 in 2218 or 0�04%), England (1 in

2848 or 0�03%) and Spain (1 in 3333 or 0�03%) are not far

behind. On the other side of the scale no RNA-positive

donations were reported in Canadian and Australian stud-

ies, although numbers may not have been sufficiently high.

Japan described 0�011% prevalence in endemic region of

Hokkaido. USA with 1 in 9500 (0�01%) and Scotland with 1

in 14 520 (0�007%) recorded lower RNA incidence.

Question 2

What HEV assays have been used to establish seropreva-

lence and acute infection (RNA frequency) in blood

donors and/or general populations in your country –
commercial or in house? What was the sensitivity and

specificity of these assays, if known?

Seroprevalence studies were performed predominantly

using commercial assays. Only reports from India and

Japan specified the use of in-house assays (Table 1).

However, the sensitivity and specificity of various com-

mercial assays varies significantly, a fact which is

sometimes difficult to deduce from the sensitivity and

specificity figures provided by the manufacturers.

Meaningful direct comparison of data is therefore pos-

sible only for studies using the same assay, as shown

above (Q1) for studies using the Wantai ELISA.

The number of laboratories using commercial and in-

house NAT assays to establish HEV RNA incidence is

more equally distributed than in the case of serological

assays, reflecting the lack of available approved com-

mercial tests until recently (Table 2). Seven establish-

ments are using in-house PCR assays, although they

may test individual samples or minipools up to 96–100
samples, which in some cases (Canada) are concentrated

by ultracentrifugation. Among the establishments or

laboratories using commercial kits, the Altona Diagnos-

tics RT-PCR kit has been used most frequently (49),

closely followed by Hologic/Grifols TMA assay (39)

and DRK RT-PCR kit (39).

Question 3

In your view, what are the dominant risk factors for HEV

infection in your country? What are the prevalent geno-

types and routes of HEV infection?

© 2015 International Society of Blood Transfusion
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The replies reveal that in a number of industrialized

countries, the cases of imported HEV infections are still

significantly higher than the number of autochthonous

cases of zoonotic origin: >90% in Canada, similar pro-

portion in Australia and Italy. In Singapore, the propor-

tion of imported cases is around 55%. However, there is

little doubt about ongoing zoonotic transmissions in

industrialized countries where studies were carried out.

There is a clear distinction of genotypes depending on

route of transmission: mostly genotype 1 (some 2) for

imported cases, mostly genotype 3, less frequently 4 in

China and Hokkaido, Japan. Genotype 1 does not seem

to cause chronic infection in immunosuppressed individ-

uals, but causes significantly high mortality in pregnant

women. The effects of the genotype 3 seem to be oppo-

site. An interesting transition in dominant HEV genotype

occurred in China in the last couple of decades – from

genotype 1 being characteristic for faecal/oral route of

transmission to genotype 4 suggesting there may have

been shift to zoonotic route of transmission. Based on

the Japanese data from Hokkaido, genotype 4 appears to

cause more severe infections than genotype 3. While

found in <10% of HEV RNA-positive blood donors,

genotype 4 is responsible for about half of hepatitis E

cases in Hokkaido. In Europe, 21 autochthonous geno-

type 4 cases were described in France between 2009 and

2012, all but two strains were related to Belgian swine-

derived sequences. Five autochthonous cases were

reported in Italy, not closely related to the majority of

French cases, suggesting at least two different distinct

sources [14].

In highly endemic countries with a dominant faecal/oral

route of transmission, the public water supply and waste

management systems are of primary importance, while

zoonotic transmission via food and exposure/interaction

with animal hosts plays a smaller role. Apart from

imported infections, the dominant risk factor identified

in majority of replies was zoonotic route via uncooked

or undercooked pork, game and shellfish. However,

these sources are unlikely to account for all autochtho-

nous infections. Other potential sources of infection are

discussed in next question.

Question 4

Significant HEV differences between countries as well as

within some countries exist. Could you hypothesize rea-

sons for such differences?

Different epidemiology and HEV genotypes involved

can account for differences between highly endemic

countries with primarily faecal–oral route of infections,

and industrialized countries with primarily zoonotic

route of infection for autochthonous cases. However,

there are some striking regional differences within

countries, such as in Latium and Abruzzo in Italy

(9�0% vs. 46%), or south-west and north France (52%

vs. 24%) (see Table 1 and references therein). The vari-

ation can be, in some cases, traced to the preparation/

consuming habits of certain products, such as

uncooked pig liver sausage figatellu in southern France

[15] or raw-dried liver sausage consumption in Ab-

ruzzo region in Italy. In other instances, such as more

than twofold higher seroprevalence in England com-

pared with Scotland, it is harder to establish clear rea-

sons for such a difference.

Dietary habits including cultural differences in cooking

and consumption of food were the most frequently

quoted reasons for differences (13/18 responses), fol-

lowed by the issues related to the performance of assays

used (9/18 responses). Other reasons cited in at least

one-third of replies were exposure to animals, whether

professional or during leisure activities, and issues

related to water and environment waste management.

The latter is obviously of primary importance in endemic

countries with dominant faecal–oral route of transmis-

sion, but it is increasingly obvious that the pig manure

management is important also in industrialized coun-

tries as contaminated water can be used for land appli-

cations and crop irrigation, in addition to contamination

of waters close to shellfish farms [3, 16, 17]. Two Euro-

pean studies investigating possible contamination routes

of enteric viruses in vegetables and some fruits where

sampling included irrigation water, animal faeces and

swabs at various points of production and points of sale.

A percentage of 3�2 HEV lettuce contamination was

identified at the point of sale [18] as well as in a sample

from contaminated frozen raspberries [19].

Apart from the above-mentioned animal species most fre-

quently associated with zoonotic HEV transmission, sev-

eral recent papers reported on positive serology in other

animal species, such as rabbits, rats, cattle, dogs and cats

[17]. A paper by Liang et al. reported overall HEV sero-

prevalence determined by Wantai assay in pet dog and

cat serum samples 21�12% and 6�28%, respectively in five

big Chinese cities [20]. Omnivorous pet dogs and pet cats

sharing kitchen residue food with the general population

had higher HEV sero-positivity than pets fed the commer-

cial food [20]. Due to a shared living space with some pets,

a two-way HEV infection cannot be ruled out. It needs to

be pointed out, however, that the sequences recovered

from other animal sources are rather rare.

Question 5

In your country, do you see a relatively high HEV preva-

lence in blood donors/general population but infrequently

© 2015 International Society of Blood Transfusion
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reported cases of clinical hepatitis E? If so, what is the

basis of this discrepancy (misdiagnosis; insufficient test-

ing; suboptimal assays; low HEV infectivity or low titre

in immunocompetent individuals; lack of awareness

among clinicians; subclinical infection, other)?

This scenario is not applicable to endemic countries

such as India, where clinical hepatitis E due to predom-

inantly genotype 1 infections is common.

Numbers of confirmed hepatitis E cases are generally

low compared with numbers of projected cases. In Bra-

zil, 967 cases were confirmed between 1999 and 2011.

In the Netherlands, a country with one of the highest

reported RNA prevalences (1 in 658 donors or 0�15%),

280 samples of 4067 requested by clinicians to be

tested for HEV were IgM positive (6�8%), 144 of those

IgM and RNA positive (3�5%) between 2009 and 2014

[5].

Most frequently quoted reason for the responders of

this International Forum (13/18) was the fact that up to

98% of infections are asymptomatic/subclinical/mild

with non-specific symptoms. Second most frequently

quoted reason (10/18) was lack of awareness. Low rate

of testing was specifically mentioned in several

responses, but it seems a logical consequence of

asymptomatic infections and lack of awareness. Misdi-

agnosis and assay limitations were also quoted in sev-

eral replies. Other reasons included possible protective

effect of ALT screening in Russia, and the fact that

emerging clinical phenotypes (e.g. neurological) may

be only mildly abnormal (UK reply). In relation to lack

of awareness, only few countries indicated inclusion of

hepatitis E among notifiable diseases which may be a

factor.

It appears that low HEV awareness combined with mild

infections in immunocompetent individuals and non-

specific symptoms means that majority of community

acquired cases are simply not referred for HEV testing.

The situation seems to be improving in transplant set-

ting where some laboratories started routine HEV tests

alongside other hepatic viruses.

Question 6

Is hepatitis E infection perceived as a significant health

problem in your country? Is hepatitis E virus infection in

blood donors perceived as a problem for blood supply?

Hepatitis E perception as a (public) health problem

appears to correlate with some extent with HEV preva-

lence and occurrence of hepatitis E. Three responses

labelling hepatitis E infection a significant health prob-

lem came from endemic countries India and China, and

from France with its hyperendemic region around Tou-

louse. Around one-third of respondents did not think it

is considered a significant health problem in their own

country, but indicated a gradual change – an increase

in focus and awareness. But around a half of respon-

dents noted hepatitis E is not considered a health prob-

lem in their countries.

Replies to the second part of the question indicated

more awareness among blood bank establishments,

labelling the HEV infection in blood donors as ‘con-

cern, possible threat, a (worrying) problem, or an issue’

in about half of responses, including some which did

not label hepatitis E as a health problem in the first

part of the question. In India, while a significant health

problem, the hepatitis E infection in blood donors is

not considered a problem.

Question 7

Based on the current state of knowledge, in your opinion,

do the data merit the introduction of HEV blood donation

screening in your region? If yes, should it involve all

donations or a subset (similar to CMV testing)? What

should be the requirements for an efficient screening test?

High blood donor RNA incidence figures are sufficient

reason for some experts to suggest the need for mass

HEV RNA screening, in order to rid the blood supply of

the potentially infectious donations. Others argue that

transfusion transmissions represent a minority route of

HEV acquisition since the majority cases arise via con-

sumption of contaminated water or food. Yet another

view was that while the HEV RNA incidence in blood

supply is high, the actual clinical disease even in im-

munosuppressed is lower than expected. Predominant

opinion seems to be that the data available are limited

and further studies and cost-benefit analyses are

needed for evidence-based decision making. However,

if introduced, almost half of respondents would favour

primarily the screening of products/components des-

tined for at-risk/high-risk recipients such as immuno-

suppressed individuals. While some respondents

suggested that speculating about the test parameters is

currently a bit premature, where specified, the general

agreement was that the test would have to be based on

HEV RNA detection.

In a study on HEV transmission via blood components

in England [4], 42% of recipients of HEV-contaminated

components became infected with no morbidity or neu-

rological complications. Viral clearance or length of

seroconversion correlated largely with the level of

immunosuppression. It was estimated 1200 HEV-con-

taining components would be transfused each year.

That is only a fraction of 80 000–100 000 acute HEV

infections projected on the basis of 1 in 2848 HEV

RNA-containing donations and 8-week-long viraemia

© 2015 International Society of Blood Transfusion
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[4]. Infectious doses in transmitted cases were not deter-

mined in this study, although it was shown that dona-

tions associated with transmission, contained no or

lower levels of anti-HEV antibodies and higher levels of

plasma RNA. Huzly et al. described an infectious dose

of 7056 IU HEV RNA genotype 3, transmitted via

apheresis platelets to immunosuppressed patient who

developed chronic hepatitis E [21]. It is probable that

infectious dose will be affected by number of additional

factors, such the HEV genotype and individual’s

immune status, age and gender.

Question 8

Have you implemented HEV screening of blood donations

in your institution? What kind of HEV test are you using?

While no country has adopted the routine HEV screen-

ing of all blood donations yet, Japan has implemented

a trial HEV RNA screening in 2005 in an endemic

region, Hokkaido. The screening was carried out using

an in-house RT-PCR on pooled samples until August

2014 when the Procleix HEV ID NAT assay was imple-

mented.

A pilot study was conducted in 2011 at a contributing

author’s institution in Germany, and January 2015 was

the start date for routine HEV RNA screening. In-house

minipool (96 samples) testing assay has detection limit

of 442 IU/ml per single donation.

EFS in France introduced HEV RNA screening for sol-

vent–detergent (SD)-treated plasma in 2012 on mini-

pools of 96 samples. Since November 2014 fractions of

quarantined and Intercept-treated plasma are HEV RNA

screened using a method described in reply to Q2. Simi-

larly, in the Netherlands, a validated in-house minipool

(96 samples) HEV RNA PCR was implemented for SD

plasma production.

All other responders indicated no HEV screening at

present, although pilot studies have been carried out or

are ongoing.

Question 9

Should an effective and efficient HEV vaccine become

widely available, are there plans or discussion to imple-

ment vaccination of the general public, selected groups

such as blood or stem cell donors, or at-risk groups (organ

and stem cell transplant recipients, cancer patients on

immunosuppressive therapy, pregnant women, children)?

As mentioned earlier, Hecolin was approved in China

in 2011 and is in use since 2012. Based on genotype 1

HEV, and effective and well tolerated also for genotype

4 infections, it can effectively deal with HEV circulat-

ing in China and potentially some neighbouring

countries. Lack of data related to genotype 3 infections

and unavailability of alternative approved vaccines is

reflected in majority of replies. In most countries, there

are no plans on a potential vaccine use, and in many

cases, the issue has not yet even discussed.

Several respondents expressed the view supporting the

vaccine use in high-risk groups, once the well-charac-

terized effective vaccine is widely available.

Conclusion

Water and waste management seem the most important

factors in endemic countries with faecal–oral route of

HEV. In industrialized countries, the number of imported

infections still outweighs autochthonous infections, but

zoonotic transmission via contaminated food is increas-

ing. Studies on seroprevalence and RNA incidence in

blood donors revealed unexpectedly high figures although

the numbers of confirmed hepatitis E cases are dispropor-

tionately low. Subclinical infection in immunocompetent

individuals and low awareness of hepatitis E and HEV

lead to small numbers reported for testing variation in

assays available and other factors are all cited as poten-

tial explanation for such discrepancies.

The preferred solution would be identification and elim-

ination of the environmental sources of HEV, but that

appears a considerable task considering number of fac-

tors involved. These include regional, cultural, religious

differences in food processing, preparation and con-

sumption, the level of environmental contamination

related to animal farm waste management and use of

water for irrigation, general hygiene standards, the level

of exposure/interaction with natural HEV hosts. In the

meantime, we may have to focus on the improvements

and standardization of HEV assays and their increased

use. HEV awareness seems gradually increasing among

clinicians and general public, at least in countries with

high prevalence figures. Since hepatitis E is becoming a

leading cause of new acute hepatitis cases, HEV testing

should be carried out at early stages, alongside HBV,

HCV and HAV, at least for high-risk groups. Blood

screening is an option but according to majority of

responders requires additional data and analyses.

Widely available efficient vaccines and improved path-

ogen reduction technologies would significantly

increase options available in the HEV-fighting armoury.
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Question 1

An early HEV seroprevalence study among selected Aus-

tralian groups determined HEV IgG prevalence of 0�4%
(blood donors), 2�2% (travellers) and 7�7% (non-A, non-B

hepatitis patients and also refugees) [1]. A current but

limited seroprevalence study among HIV-infected Austra-

lian patients determined a rate of 8% [2]. Our recent

study among a cohort of 3237 Australian blood donors

recorded an HEV IgG seroprevalence of 6%, while 4 of

the 194 HEV IgG-positive donors had detectable HEV

IgM, and none had HEV RNA [3].

Question 2

The 1995 study by Moaven et al. [1] used a commercial,

indirect enzyme immunoassay (Genelabs Inc., Redwood

City, CA, USA) to determine the presence/absence of anti-

HEV IgG antibodies. This assay and subsequent versions

have been shown to underestimate the IgG seroprevalence

by as much as 4�5 times [4] compared with the Wantai HEV-

IgG ELISA (Beijing Wantai Biological Pharmacy Enterprise

Co., Ltd., Beijing, China) used in our more recent study [3].

The manufacturer of the Wantai assay claims a sensitivity of

97�96–100%, which is consistent with the study by Bendall

et al. [4] who derived a sensitivity of 98% with 99�6% speci-

ficity. All HEV IgG-positive samples in our study were also

tested for HEV RNA with a prototype transcription-mediated

amplification (TMA) assay (Procleix HEV, Hologic Inc, San

Diego, CA, USA). The assaymanufacturer claims a provisional

95% lower limit of detection of 8–18 HEV RNA copies/ml.
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Question 3

HEV is a notifiable disease in Australia, and the surveil-

lance data indicate between 20 and 40 notifications annu-

ally since 2010. The vast majority of notified cases are

individuals with a history of recent travel to countries

endemic for HEV. Reports of domestically acquired acute

HEV in Australia are uncommon, but are increasing in fre-

quency. In a recent case involving a solid organ recipient,

several possible routes of infection were postulated, includ-

ing the donor liver, transfused blood products or contami-

nated food or water (D. Speers, personal communication).

In our recent seroprevalence study [3], 14 HEV IgG-positive

donors had no previous history of overseas travel. Demon-

stration of HEV serological markers in such donors sug-

gests the possibility of their infection being acquired

within Australia. HEV seroprevalence in Australian pig

herds [5] suggests that zoonotic transmission by ingestion

of contaminated pork products may be possible. A recent

report of an increased prevalence of HEV among Australian

HIV-infected men suggests that male-to-male sex might

also contribute to HEV transmission in Australia [2].

Question 4

Some of this variation is undoubtedly a true reflection of

differing HEV epidemiology (for example, the large

waterborne outbreaks of human-only infecting genotypes

1 and 2 in developing countries vs. sporadic cases of

human- and swine-infecting genotypes 3 and 4 in indus-

trialized countries). However, other variation is a result of

the differing performance characteristics of applied tests –
particularly related to test sensitivity [4]. The situation in

France is illustrative of both factors. Ingestion of contam-

inated pork products has resulted in highly endemic

regions within France, where regional seroprevalence can

exceed 50%. However, in one study, the seroprevalence

in Toulouse (a highly endemic region) that was initially

assessed as 16% increased to 52% using an assay with

superior sensitivity [6]. This highlights that comparison is

only valid between studies using the same HEV test.

Question 5

Our seroprevalence of 6% among donors is mid-range

when compared to figures from other non-endemic coun-

tries where the same test was used. Should the donor se-

roprevalence be representative of the general population,

then, in the context of 6% previous exposure, the small

number of notifications is surprising and indicates sub-

stantial underreporting. Possible causes include the low

rate of HEV testing, the high rate of asymptomatic

infection and a possible lack of awareness among clini-

cians. In Australia, the testing algorithm for laboratory

diagnosis of the viral causes of acute hepatitis includes

testing for the more common HAV, HBV and HCV only;

HEV testing is only considered for patients with recent

overseas travel history. This may also contribute to und-

erreporting and possible misdiagnosis.

Question 6

No, hepatitis E is not currently perceived as a significant

health problem in Australia, although this is changing.

Recent locally acquired HEV cases in New South Wales

(Australia’s most populous state) in which pork liver

consumption was implicated prompted a media state-

ment from the state health authority. The general public

and food handlers in particular were advised to ensure

thorough cooking of pork products and good food

hygiene of all raw meats (http://www.health.nsw.gov.au/

news/Pages/20140911_01.aspx). In terms of blood safety,

HEV has been a concern for some time – prompting our

seroprevalence study [3]. The magnitude of the risk is

unclear pending an accurate estimate of the rate of HEV

viraemia in Australian blood donors, which is currently

in progress.

Question 7

The accumulated data are insufficient to make a final

determination on the need for any additional HEV blood

safety measures, including donation testing. While we

failed to find any RNA-positive (presumed viraemic)

donations among the 194 HEV IgG-positive samples in

our seroprevalence study [3], a larger study targeting

HEV RNA (pending) is required to accurately assess the

risk within the donor population. It is premature to spec-

ulate on the optimal donation testing strategy except,

perhaps to say that it should be based on HEV RNA

detection as the proxy for infectivity. The clinical signifi-

cance of chronic hepatitis E infection, for example in im-

munosuppressed patients, has not yet been formally

studied in Australia.

Question 8

No, HEV blood donation testing is not currently per-

formed in Australia.

Question 9

We are not aware of any planned general HEV vaccina-

tion programmes. From a blood safety perspective, vacci-

nation of high-risk recipients (e.g. organ and stem cell

transplant recipients) is certainly worthy of consideration.
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P. S. P. Scuracchio & S. Wendel

Question 1

In Brazil, there are few studies of HEV prevalence in differ-

ent population groups, as depicted in Table 3, with no dif-

ferences according to the geographical regions [1]. The

Epidemiological Bulletin of Viral Hepatitis published by

Brazilian Ministry of Health in 2012 described that in the

period from 1999 to 2011, 967 confirmed cases of hepatitis

E were reported, most of them in south-east (470 cases:

48�6%) and north-east (173 cases: 17�9%) regions. This

document also described that between 2000 and 2011,

there were 86 deaths by hepatitis E: in 51 cases, HEV was

the main cause and in 35 cases, it was an associated cause,

most of them (58�1%) occurred in the south-east region [2].

Question 2

Blood donors or general population in Brazil were tested

for specific anti-HEV IgG antibodies by enzyme-linked

immunosorbent assay (ELISA), using commercially avail-

able reagents (ABBOTT and Biokit). According to the

manufacturer, these assays show 98�5% sensitivity and

99�5% specificity. Acute infections were established by

testing anti-HEV IgM using two immunoassays: bioEL-

ISA HEV IgM (Biokit) and recomWell HEV IgM (Mikro-

gen). The reactivity of samples in HEV ELISAs was

confirmed by immunoblot assay (IB) recomLine HEV

IgM/IgG (Mikrogen). Both Mikrogen assays, ELISA and

IB, are based on genotypes 1 and 3, while bioELISA HEV

IgM/IgG detects genotypes 1 and 2 viruses [1]. All

reported studies using RNA assays were performed only

for genotyping and not for population prevalence or

incidence studies.

Question 3

It seems that the risk factors for HEV infection in Brazil

can be related to the consumption of contaminated

shellfish, undercooked pork, wild game and direct expo-

sure to pigs. The prevalent genotype detected is HEV 3,

either in patients with acute hepatitis or in pigs. Out-

breaks of HEV infection have not been described yet,

but it can exist, considering that our country is very big

and we have great social differences and sanitary condi-

tions. Furthermore, it is important to highlight the zoo-

notic origin of these infections in Brazil, especially

because HEV infection is common among Brazilian

swine livestock responding to viral strains from geno-

type 3. A first case report described the identification of

human autochthonous hepatitis E virus (genotype 3b)

acute infection in Brazil, suggesting a likely zoonotic

origin for the infection [3]. Also, we had had case

reports of chronic HEV infection in adult renal trans-

plant recipients and paediatric liver transplant recipient,

demonstrating that chronic HEV infection can occur in

immunocompromised patients, as described by others

Table 3 Prevalence of anti-HEV IgG in different population groups [1]

Population groups Prevalence (%)

Gold miners 6�1
General population 3�3
Blood donors 2�0–7�5
Prostitutes in risk of HIV 14–18

Intravenous drug users 12�0
Pregnant women 1�0
Children 4�5
Amazonian communities 3�3–6�1
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studies in developed countries. In these cases, chronic

hepatitis E was diagnosed on the basis of positive results

for anti-HEV IgG, IgM antibody tests, by the detection

of HEV-RNA genotype 3 in the serum and/or stool and

the presence of elevated liver enzymes levels for at least

6 months [4].

Question 4

In terms of epidemiology of HEV infection, it is observed

that in Brazil and Argentina, they are identical to the

characteristics of most countries from North America and

Europe, and therefore, it is a potential zoonotic disease

with evidences of HEV circulation among humans and

swine livestock, but it seems to behave similarly to other

regions considered of low endemicity. Maybe, the infec-

tions are subclinical or asymptomatic or underreported.

In Brazil, studies performed in other animals species

found anti-HEV IgG also among pigs, dogs, cattle,

chicken and wild rodents, with prevalence rates ranging

from 1�4% to 50% [5]. However, in the Caribbean and

Mexico, the HEV involves the waterborne, non-zoonotic

viral genotypes responsible for epidemics in Asia and

Africa [5]. Another fact that could explain some differ-

ences between countries is the inconsistency of the assays

for HEV-specific immunoglobulin M and G antibody

detection due to the diversity of the HEV recombinant

antigens used by the different assays and to the genetic

variations between the different HEV strains. Although all

of them were performed by well-established immunoas-

says, technical performance may vary from assay to assay

as well as the sequence diversity of the antigens and the

differences in sampling criteria. Similarly, in some cases,

anti-HEV IgG is undetectable or disappears rapidly in

some assays, which makes them unsuitable for detecting

previous infection.

Question 5

In Brazil, the prevalence of HEV in blood donors is not

so high comparing to other countries in America (16�2%
in Bolivia and 8% in Chile) and in Europe (9�3% in

Sweden, 13�5% in England and 14% in Belgium). Few

case reports of clinical hepatitis E were described. How-

ever, it is very important to remember that the commer-

cial assays currently used have some limitations in

terms of sensitivity and specificity, and we also believe

that many clinicians are still not aware of this kind of

infection in immunocompetence of immunocomprised

patients, besides the significant extra-hepatic complica-

tions, for example neurological symptoms, kidney

injury, pancreatitis, thombocytopenia and aplastic anae-

mia [6].

Question 6

As we began to have published some case reports of

chronic HEV infection in renal and liver transplant recipi-

ents in Brazil, it is critical that hepatitis E infection must

be perceived as a significant public health problem by the

authorities in our country, besides other types of hepatitis

that are considered a concern for the general population

(hepatitis A, B, C and D). Although it is a reportable dis-

ease like others viral hepatitis, we do not have any case

of transfusion transmission of hepatitis E reported yet,

but we believe that hepatitis E should be studied regard-

ing a possible threat to the blood supply.

Question 7

Currently, we do not consider the introduction of HEV

blood donation screening in our blood service, but further

studies are necessary to investigate the real situation of

this virus in our population of blood donors. Studying

the epidemiology implies the application in properly stan-

dardized serological and molecular assays that should be

adopted in order to accurately identify current and past

infections. It is also important that the clinicians consider

the hepatitis E infection as a differential diagnosis, espe-

cially in immunocompromised patients, and also recom-

mend that this group of patients avoid the ingestion of

raw or undercooked porcine meat.

Question 8

In our country, we have not implemented HEV screening

of blood donation yet.

Question 9

According to some HEV vaccine trials published, vaccina-

tion might be useful in high-risk groups such as immuno-

comprised patients, that is organ and stem cell transplant

recipients, cancer patients on immunosupressive therapy,

those with chronic liver disease, in addition to individuals

intending to travel to endemic areas [6]. However, there

are no plans or discussions about vaccination of general

or selected groups, for example blood donors or immuno-

comprised patients.
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Dr. A. Andonov, Dr. M. Fearon & Dr. G. Delage

Question 1

In 2013–14, Canadian Blood Services, Hema-Quebec and

the National Microbiology Laboratories conducted an

HEV seroprevalence survey based on testing of 4102

Canadian blood donors and estimated that the preva-

lence of anti-HEV IgG was 5�9% (1). None of 14 000

donors tested in 100 member pools followed by ultra-

centrifugation in order to reduce the dilution effect was

positive for HEV RNA (threshold of detection 250 IU/

ml). Prevalence for HEV antibody increased with age,

with donors in the 50+ age group having a prevalence

of 9�9%.

Question 2

Anti-HEV IgG ELISA (Beijing Wantai Biological Pharmacy

Enterprise Co., Ltd., Beijing, China); sensitivity <1�0 WHO

units/ml. Specificity based on an in-house panel of HEV

RNA (+) samples was 100%. Based on published reports,

the sensitivity of the assay is 0�25 WHO units/ml. HEV

RNA was detected by RealStar HEV RT-PCR kit (Altona

Diagnostic Technologies [ADT], Hamburg, Germany). The

analytical sensitivity of the test in our laboratory was

15 IU/ml.

Question 3

Majority of laboratory-confirmed HEV acute infections in

Canada are imported (>90%) from India, Pakistan and

Bangladesh. Almost all of the imported cases belong to

genotype 1 (we have found only two imported genotype

4 cases from China during the last 6 years). The risk of

acquiring the infection is significantly higher for immi-

grants visiting their home countries compared with Cau-

casian Canadians travelling to the same countries as

tourists. During the period 2006–2013, there were only 14

locally acquired laboratory-confirmed cases belonging to

genotype 3. Eight of these were solid organ transplanta-

tion patients (seven liver transplants and one kidney

transplant). Two were HIV-infected patients, and only

four were immunocompetent; in one of the latter, deer

hunting was the only risk factor found.

The incidence of HEV infection in Canada may be

underestimated as the disease is not on the list of the

Nationally Notifiable Diseases (NND), and not all health

jurisdictions collect proper epidemiological information.

HEV infection is common in Canadian swine herds, and

in a recent survey, 5�7% of retail pork liver was found to

be positive for HEV RNA (2,3). Most probably, HEV infec-

tion in Canada may be considered as a food zoonosis.

Question 4

Often, the disparity is clearly due to the performance of

the assays used. In some cases, the difference could be

explained with the dietary habits of the population in dif-

ferent regions/countries where foodborne route of trans-

mission is assumed to be the main one. The level of

exposure to farm animals, particularly pigs may contrib-

ute to differences in prevalence between countries or dif-

ferent geographic regions within countries.

Question 5

HEV seroprevalence in Canadian blood donors is not

high; it may be somewhat higher in the general popula-

tion, especially in immigrants from endemic areas whose

representation among the general population should be

taken into account. Regardless, the extremely small num-

ber of laboratory-confirmed autochthonous HEV cases

among immunocompetent individuals is difficult to
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associate even with this modest seroprevalence observed

in Canadian blood donors (5�9%). A possible explanation

is that locally acquired HEV infection is asymptomatic or

subclinical in nature in the great majority of cases. There

is increased awareness during the last few years among

clinicians especially regarding at-risk patients. In fact, we

have observed significant increase on a yearly basis for

number of HEV tests requested. However, the disease is

likely to be underdiagnosed and underreported as it is not

on the NND list and may not undergo the same rigorous

epidemiological investigation as HAV, HBV and HCV

acute infections. Basically, we have limited data on HEV

seroprevalence in Canada.

Question 6

HEV infection is not a significant health problem in Can-

ada. There are very few clinically manifested cases, most

of which are imported. There are no documented cases of

HEV transmission through blood products in Canada. The

seroprevalence is relatively low compared with other

developed countries. The fact that none of 14 000 blood

donors had detectable viraemia is very encouraging and

indicates that asymptomatic HEV infection is probably

very rare and not a significant threat to the blood supply.

Question 7

At the present time, the data on HEV infection in Canada

and Canadian blood donors do not support the introduc-

tion of blood donation screening for HEV.

Question 8

No.

Question 9

Currently, there are no discussions to implement HEV

immunization for the general population or at-risk groups.

References
1 Fearon M, Scalia V, O’Brien S, et al.: Babesia and hepatitis E

seroprevalence in Canadian blood donors. Can J Infect Dis

Med Microbiol 2014; 25 No 2:e38

2 Yoo D, Willson P, Pei Y, et al.: Prevalence of hepatitis E virus

antibodies in Canadian swine herds and identification of a

novel variant of swine hepatitis E virus. Clin Diagn Lab Immu-

nol 2001; 8:1213–1219

3 Wilhelm B, Leblanc D, Houde A, et al.: Survey of Canadian

retail pork chops and pork livers for detection of hepatitis E

virus, norovirus, and rotavirus using real time RT-PCR. Int J

Food Microbiol 2014; 185:33–40

Anton Andonov

Head

Molecular and Immunodiagnostics Bloodborne Pathogens &

Hepatitis

Public Health Agency of Canada

National Microbiology Laboratories

Winnipeg

MB

Canada R3E 3R2

Department of Medical Microbiology

University of Manitoba

1015 Arlington St., Suite 4800

Winnipeg

MB

Canada R3E 3R2

E-mail: anton_andonov@phac-aspc.gc.ca

Margaret Fearon

Executive Medical Director

Medical Microbiology

Canadian Blood Services

67 College St.

Toronto

ON

Canada M5G2M1

E-mail: margaret.fearon@blood.ca

Gilles Delage

Vice-Pr�esident aux affaires m�edicales

Microbiologie

H�ema-Qu�ebec
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J. Zhang & J. W. K. Shih

Question 1

There are several studies in China to disclose the seropre-

valence of anti-HEV IgG in blood donors and general

population. The results showed that the prevalence of

anti-HEV IgG is 30–42% and 25–66% in blood donors [1]

and in general population [2], respectively. The preva-

lence of anti-HEV IgM among blood donors is 0�4–1�7%
[1]. A study of blood donors from Beijing Blood Bank

showed that the proportion of abnormal alanine amino-

transferase (ALT) in anti-HEV IgM-positive donors (17%)

is 7�7 (95% CI 3�9–15�5) times higher than that of IgM-

negative donors (2%). The prevalence of HEV RNA in
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blood donors was 0�02–0�20% when a screening strategy

of RT-PCR following a positive finding of anti-HEV IgM

was used [1].

Question 2

In China, most HEV serological testing is performed using

commercial assays, but RNA testing is performed by in

house assays. The sensitivity and specificity of the assays

were varied with the ‘true positive’ and ‘true negative’ cri-

teria of the evaluation panel. In most cases when HEV

RNA-positive samples were set as ‘true positive’ and

samples from blood donors or healthy population were set

as ‘true negative’, the sensitivity and specificity of IgM

assay are usually 95–99% and >99%, respectively [3, 4]. In

a recent evaluation, the sensitivity and specificity of the

generally used IgG assay are 93% and 98%, respectively

[4]. In a longitudinal study in which acute hepatitis cases

were sequentially followed up and several HEV infection

markers were tested in parallel to establish unbiased diag-

nosis of HE or non-HE, the sensitivity of IgM assay and

RNA assay is 90% and 78%, respectively, and the specific-

ity of either assays is 99% and 100%, respectively [5].

Question 3

The exact dominant risk factors for HEV infection

remained unclear. It is believed that the close contacts

with uncooked swine products (pork, blood and internal,

which are all widely consumed in China), swine farming

and processing play important role. The predominant

HEV genotype in China had changed from genotype 1 to

genotype 4 in recent ten to twenty years. Food contami-

nant is the most common route of HEV transmission.

Question 4

The differences might be correlated with various reasons,

that is (1) basic public water supply and sewage manage-

ment system for human genotypes; (2) natural hosts and

their interaction with human beings for zoonosis geno-

types; (3) swine consumption habits, etc.

Question 5

Yes. The reasons might be the following: (1) the relative

low virus load but wide distribution in the environment,

which leads to lots of asymptomatic infection but rarely

clinical hepatitis E (the ratio of subclinical and clinical

infections is about 50:1 in general population) [6]; (2)

insufficient testing; (3) lack of awareness among clini-

cians; (4) misdiagnosis.

Question 6

Yes. Yes.

Question 7

Yes. It should involve blood products for a subset of high-

risk blood recipients, such as immunocompromised

patients, patients with liver diseases and pregnant women.

Question 8

No.

Question 9

Yes.
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P. Gallian, R. Djoudi & P.Tiberghien

Question 1

Estimation of HEV RNA prevalence among blood donors

has been performed by screening plasma samples (minipools

of 96 samples, corresponding to 53 234 blood donations)

from blood donations (apheresis) contributing to SD-plasma

production for the presence of HEV RNA. The detection rate

was 1 HEV-positive sample/2218 blood donations. Most

samples (22/24) from viremic donors were negative for IgG

and IgM against HEV [1]. Regarding IgG anti-HEV seropre-

valence, testing individual (nationwide) donations included

in 9 RNA HEV-positive pools for the presence of anti-IgG

resulted in a 23�6% prevalence [1]. In some parts of the

country, a higher rate has been observed. A study con-

ducted in blood donors collected in the south-western of

France (Toulouse area) found an IgG prevalence of 52% [2].

Question 2

HEV RNA screening included nucleic acid extraction [Nu-

clisens easyMAG (bioMerieux, Marcy l‘Etoile, France) fol-

lowed by RT-PCR (RealStar HEV RT-PCR kit 1.0” Altona

Diagnostics, Hamburg, Germany (CE marked)]. Sensitivity

(95% detection rate) was of 23 UI/ml (WHO standard).

Anti-HEV antibody screening was performed by ELISA

(Wantai Biologic Pharmacy, Beijing China).

Question 3

To date, only genotype 3 strains have been detected in

French blood donors supporting zoonotic infection via

mainly uncooked meal, sausages products, etc.

Question 4

In addition to variability in zoonotic HEV exposure which

will need additional studies, comparison of seroprevalence

studies according to the ELISA kit manufacturer or to the

sensitivity of the test (using WHO standard for IgG) is

necessary to fully understand the differences in seropre-

valence. Similarly, interpretation of HEV RNA prevalence

rates needs to be taken into consideration both the sam-

ple pool size and NAT test sensitivity.

Question 5

Reports of clinical hepatitis are infrequent because 98%

of HEV-3 infections are asymptomatic. Diagnosis of acute

infection in patients is increasing because HEV RT-PCR is

available in most hospital laboratories and clinicians are

increasingly aware of HEV infection, particularly for

transplanted immunocompromised patients [3].

The first documented case of HEV transfusion-transmit-

ted infection (TTI) was recorded in France in 2006 [4].

Since then till end of 2013, 16 cases of patients infected

through transfusion of a blood product from an HEV vire-

mic donor have been reported (Djoudi et al., manuscript in

preparation), most of these cases having occurred in 2012

and 2013. Blood products involved included red blood

concentrates, platelets (pooled whole blood-derived and

apheresis) and plasma, including SD-plasma (prior to

detection implementation) and plasma treated by amotosa-

len-HCL + UV-A illumination (Intercept plasma) [5], thus

establishing resistance of HEV to such pathogen reduction

technology. Patients were in a majority of cases kidney or

liver transplants, often having undergone plasma

exchange. All but one were immunocompromised. At least

five patients developed chronic hepatitis [6]. Viral strains

identified were all of genotype 3. In most cases, phyloge-

netic analysis of involved viral strains firmly established

transfusion imputability. The most important region (Paris

region), which uses 19% of all blood products reported a

majority of these 16 cases. Variable awareness by clini-

cians probably contributes to such a finding.

Question 6

Hepatitis E infection is perceived as a significant health

problem and NAT screening for blood donations is under

consideration.

Question 7

Considering the reported cases of TTI hepatitis E, the cur-

rent uncertainties as to the scope (i.e. neurological and

renal diseases in addition to hepatitis) and potential

severity of HEV-mediated pathology, as well as the pres-

ent frequency of RNA HEV-positive blood donors, we

believe HEV screening of blood donations should be con-

sidered, at least for high-risk patients such as immuno-

suppressed patients and chronic hepatopathies. Similar

safety measures should be considered for pregnant

patients depending on HEV genotypes present among

blood donors.

Question 8

HEV testing was introduced for EFS-produced plasma-SD

in December 2012. EFS has stopped producing and deli-

vering SD-plasma in January 2015. Until then, SD-plasma

constituted 30% of delivered plasma by the EFS, the

remaining two-thirds being quarantined plasma and

Intercept plasma. To insure continuous availability of

plasma verified for the absence of HEV RNA for high-risk

patients as defined above, a fraction of quarantine and
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Intercept plasma produced by the EFS is now tested for

the presence HEV RNA. The test used for HEV detection

is described in response to Question 2.

Question 9

We are not aware of such plans in France. However, such

vaccination approaches should obviously be considered if

available.
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J. Izopet

Question 1

The prevalence of anti-HEV IgG antibodies in the French

blood donors has been determined in a collaborative

study involving the French Establishment of Blood and

the National Reference Center for Hepatitis E (Toulouse

University Hospital). A total of 10 000 donors were

tested. The detection rate of anti-HEV IgG was 24% with

variations between regions (manuscript in preparation). In

addition, the prevalence of HEV RNA in French plasma

donors (minipools of 96 samples, corresponding to

53 234 blood donations) was 1 HEV-positive samples/

2218 blood donations (Gallian, Emerg Infect Dis 2014).

Question 2

IgG against HEV were detected using the Wanta€ı test. HEV

RNA was detected by using the RealStar Reverse Transcrip-

tion PCR (Altona Diagnostics, Eurobio, Courtaboeuf,

France). The 95% detection limit was 23 IU/ml. In addition,

all HEV-positive samples were confirmed by a validated

quantitative method (limit of detection 60 IU/ml).

Question 3

The dominant risk factor for HEV infection in France is

consumption of undercooked pork, game meat and shell-

fish. The prevalent genotypes 3f, 3c and 3e are also found

in pig populations (Abravanel, Emerg Infect Dis 2009; Bou-

quet, Emerg Infect Dis 2011). The main route of HEV infec-

tion is enteric transmission via contaminated food or water.

Question 4

Differences between countries and within countries could

be linked to food habits.

Question 5

The high HEV prevalence in blood donors and the infre-

quently reported cases of clinical hepatitis E seen in

France is primarily due to the fact that most HEV infec-

tions are asymptomatic. The number of cases reported by

the National Reference Center for Hepatitis E is increasing

due to improvements in diagnostic tests and diagnostic

algorithms.

Question 6

The health problem raised by HEV infection is probably

underestimated in France. However, HEV infection in

blood donors is perceived as a problem for blood supply.

Question 7

HEV blood donation screening must rely or nucleic acid

testing (NAT) because most of viraemic donors are nega-

tive for anti-HEV IgG and IgM. Implementation of NAT

relies on several parameters:

(1) Risk of transmission to recipients (high, 42% in a UK

study).

(2) Clinical outcome of transfusion-transmitted HEV:

diagnosis of HEV infection is crucial in immunocom-
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promised recipients because the risk of chronicity is

60% and ribavirin therapy is effective.

(3) cost-effectiveness of the different strategies.

In my opinion, screening pools of 10 samples (viraemia

>230 IU/ml detected) for donors whose blood will be used

for patients with high risk of severe form of hepatitis E

could be efficient. Systematic testing of recipients with high

risk of severe form of hepatitis E seems very important.

Question 8

HEV RNA screening for plasma processed with solvent–
detergent started in November 2012 in France. The Altona

test was used on minipools of 96 samples. Therefore,

viraemia >2300 IU/ml were detected, and the blood was

discarded.

Question 9

I am not aware of plans or discussions to implement vac-

cination of the general public, selected groups or at-risk

groups in Europe.
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J. Dreier, T. Vollmer & C. Knabbe

Question 1

The HEV seroprevalence in different German studies is

summarized in Table 4. The anti-HEV prevalence in blood

donors ranged from 5�5% to 15�5% [1]. Determination of

anti-HEV seroprevalence in an unselected cohort revealed

an overall HEV seroprevalence of 16�8% with an increas-

ing seroprevalence by increasing age, but no dependence

on sex or location of residence [2]. Interestingly, Wenzel

and co-workers demonstrated a significant decrease in

the anti-HEV prevalence in south-eastern Germany in the

past decades, concluding that the phenomenon of HEV

being an emerging pathogen is most probably due to an

increasing awareness of the disease [3]. However, the

comparison of seroprevalences determined with different

serological assays is inadequate since it has been shown

that test performance characteristics of anti-HEV IgG

assays strongly influence the estimation of hepatitis E

seroprevalence [4]. For example, comparison of the sero-

prevalence in south-western France showed significantly

different results using the Wantai HEV ELISA (53%) com-

pared with the Mikrogen ELISA (17%) [2]. We have

already evaluated different immunological assays by test-

ing serially diluted HEV samples (genotype three-infected

individual and the WHO Reference Reagent for hepatitis E

virus antibody (WHO-Standard, NIBSC) and seroconver-

sion panel of ten HEV genotype three-infected individu-

als. We have also seen differences in the sensitivities and

specificities of different anti-HEV assays, with anti-HEV

IgM assays being more divergent than anti-HEV IgG

assays (Vollmer et al., unpublished data).

Question 2

HEV assays for the determination of seroprevalences are

summarized in Table 4. Assays for the detection of HEV

RNA used for HEV blood donor screening are shown in

Table 5. The sensitivity of PCR assays ranged from 4�7 to

250 IU/ml.

Question 3

We suppose that the dominant risk factors for HEV infec-

tion in our country primarily include foodborne zoonosis

since consumption of pork meat is very common. In a

case–control study by Wichmann and co-workers in

2008, the consumption of offal and wild boar meat was

independently associated with autochthonous HEV infec-

tion. The German central institution for health protection

[Robert-Koch Institute (RKI)] reported genotype 3 as the

most prevalent genotype.

Question 4

In our opinion, the main reasons for regional differences of

HEV infection are due to the differences in hygienic stan-

dards and different lifetime exposures (foods that may

serve as transmission vehicles or animals serving as zoo-

notic reservoirs). In Germany and other industrialized

countries, HEV infection is most likely to be transmitted by

the zoonotic or foodborne route (uncooked or undercooked

pork, wild boar). The HEV seroprevalence is high in domes-

tic pig herds, providing increasing evidence for pigs as a

reservoir for foodborne transmission [2]. Studies by

Krumbholz and co-workers further described a higher HEV

seroprevalence in persons with occupational exposure to

pigs than in control groups [1]. Seasonal differences are

also conceivable; for example, the occurrence of under-

cooked pork meat at summer barbecues is not uncommon.
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Question 5

The reporting frequency of hepatitis E has significantly

increased during the last years (e.g. 2006: n = 51,

2008: n = 104, 2010: n = 221, 2012: n = 386, 2013:

n = 532), which might be due to enhanced diagnostic

methods (e.g. availability of commercial HEV RT-PCR

detection assays), but also due to an increasing sensi-

bility regarding HEV infection. However, there is still a

major discrepancy between reported cases and the

expected number of clinical hepatitis E cases. The RKI

estimated a mean annual incidence of HEV seroconver-

sion of 3�9 (95% CI 3�6–4�2%) per 1000 population

using a catalytic model [2]. Based on this incidence

and a German population of 80�62 m, the annual report

rate is supposed to be 300 000 cases. In our opinion,

this discrepancy has three major causes: (a) occurrence

of subclinical infections, (b) misdiagnosis, in combina-

tion with (c) a lack of awareness among clinicians. The

combination of (b) and (c) results in diagnostic confir-

mation or exclusion of hepatitis A/B/C in cases of

acute hepatitis without subsequent systematic follow-up

of other viral hepatitis sources in cases of non-A/B/C

hepatitis.

Question 6

Currently, HEV infection is not realized as a significant

health problem since most infections tend to present

with subclinical or asymptomatic courses. However,

serious complications have occurred. To evaluate the

significance of HEV infection as a significant health

problem, the progression of severe HEV infection is of

major interest, but studies regarding the outcome of

these patients are rare. Furthermore, one assumes that

the estimated number of unreported severe cases due to

misdiagnosed or lack of awareness of HEV infection is

potentially high.

Table 4 Anti-HEV prevalence in Germany

German region (country) Population n Seroprevalence (%) Method Year [References]

West (Hesse) Blood donors (ALT >
68 IU/ml)

109 5�5 ELISAb (Mikrogen, MP

Biomedicals),

Westernblotc (Mikrogen)

2010 [Baylis et al., Vox sang

98:479]

East (Thuringia) Blood donors 116 15�5 Westernblotb (Mikrogen) 2011 [Krumbholz et al., Med

Microbiol Immunol

201:239–44]

Germany German Health

Examination

Survey for Adults

4422 16�8 Westernblotb (Mikrogen) [2]

East (Berlin,

Brandenburg)

Blood donors

Forestry workers

301

563

11

18

Westernblotb (Mikrogen) 2012 [Dremsek et al., Med.

Microbiol Immunol

201:189–200]

West (NRWa/Lower

Saxony/ Hesse)

Blood donors 336 5�9 ELISAb (Mikrogen, MP

Biomedicals)

Westernblotc (Mikrogen)

[5]

North (Schleswig-

Holstein)

Blood donors 1019 6�8 ELISAb (Mikrogen), Westernblotc

(Mikrogen)

2013 [Juhl et al., Transfusion

54:49–56]

South-east (Bavaria) Patients (with no

preselection)

1092 1996:

50�7 (EIA)

20�5 (Blot)

2011:

34�3 (EIA)

14�5 (Blot)

ELISAb (Axiom)

Westernblotb (Mikrogen)

[3]

Germany Children (0–17a) 1646 1�0 ELISAb (Mikrogen, MP Biomedicals

Axiom)

Westernblotc (Mikrogen)

2008–2010 [Krumbholz et al.,

Pediatr Infect Dis J.

33:258–62]

aNorth-Rhine Westphalia.
bScreening assay.
cSupplemental assay for confirmation.
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Question 7

In our opinion, the introduction of HEV RNA screening is

currently the only option to avoid transfusion-transmitted

HEV infection and should be implemented in regions

where HEV is endemic. At the end of September this year,

members of the Blood Working Party (German Advisory

Board of the Federal Ministry of Health) met to discuss

special topics on HEV infection risks in Germany. Possi-

bly, recommendations regarding the limitation of screen-

ing to a special subset of blood products comparable to

CMV might be given, but the results of this meeting are

currently pending. In our opinion, this approach is not an

option up to now, because the infective dose of the dif-

ferent blood products is undetermined. At present, only

one comprehensive study by Hewitt and co-workers has

provided data regarding the context of involved blood

products and infection of the respective recipient [6].

Results of this study revealed that packed red blood cells

did not seem to be particularly important for HEV trans-

mission. The residual plasma volume of the transfused

blood product appears to play an important role, raising

the question of the correct estimation of the infective

dose, which should be calculated in reference to the vol-

ume of transfused IU per blood product rather than as the

viral titre measured in the donor (IU/ml). Another possible

approach could be classification into tested and untested

blood products followed by provision of HEV RNA tested

blood products for high-risk transfusion recipients since

the immune status of the recipient has a major impact on

the actual risk of infection caused by contaminated blood

products.

The most rapid and easy solution for implementation

of HEV RNA screening is the simple addition of HEV

screening to current routine screening procedures. Most

of the German blood donation services perform mini-

pool screening of up to 96 samples. However, concerns

about the most useful screening sensitivity remain. Tak-

ing the average demonstrated progression of HEV vira-

emia in blood donors into account (Vollmer et al.,

unpublished data), a sensitivity of 500 IU/ml will cover

at least the majority of viraemic phases. Donors with

low viraemic phases were not identified with this strat-

egy, but it remains to be seen in the future what

infective doses are relevant to transfusion transmission

of HEV infection (also refer to Question 6).

Question 8

We conducted a pilot study with routine HEV blood

donor screening in minipools of 48 samples for 3 months

(July – September 2011), revealing 13 of 16 125 individ-

ual HEV RNA-positive blood donors (0�08%, Table 5, [5]).

The introduction of routine HEV blood donor screening is

planned in our institution for January 2015. We are using

an in-house detection method performing a high-volume

RNA extraction (4�8 ml plasma sample, Chemagic Viral

5k, Perkin Elmer) combined with the RealStar HEV RT-

PCR amplification kit. The 95% detection limit of this

method was determined to 4�7 IU/ml [5]. Minipools will

consist of 96 samples; therefore, the detection limit is

442 IU/ml per single donation.

Question 9

To our knowledge, implementation of vaccination in the

case of an available efficient vaccine has so far not been

discussed in detail in our country. However, this topic is

potentially also discussed by members of the Blood

Working Party in the September meeting.

References
1 Dreier J, Juhl D: Autochthonous Hepatitis E Virus Infections:

A New Transfusion-Associated Risk? Transfus Med Hemother

2014; 41:29–39

2 Faber MS, Wenzel JJ, Jilg W, et al.: Hepatitis E virus seropre-

valence among adults, Germany. Emerg Infect Dis 2012;

18:1654–1657

3 Wenzel JJ, Sichler M, Schemmerer M, et al.: Decline in hepati-

tis E virus antibody prevalence in southeastern Germany,

1996–2011. Hepatology 2014; 60:1180–1186

Table 5 Incidence of HEV RNA detection in German blood donors

Year n Incidence (%) Nucleic acid extraction /NAT method
Analytical Sensitivity)
ID/pool (IU/ml) References

2011 16 125 1: 1240 (0�08) Chemagic viral 5K (Perkin Elmer Chemagen)/RealStar

HEV RT-PCR Kit (Altona Diagnostics, Hamburg)

4�7/226 [5]

2012 18 100 1: 4525 (0�02) In-house RT-PCR ~250/24 000 Baylis et al. 2011, Vox Sang 103:

89–90

2012

2013

2014

12 200

72 220

91 216

1:3050 (0�03)
1:1760 (0�06)
1:2027 (0�05)

Zeleos x100/HEV RT-PCR Kit (DRK Blutspendedienst,

Frankfurt a.M.)

12/1200 Hourfar et al., 2014, Transf Med

Hemother 41 (suppl 1): 70

© 2015 International Society of Blood Transfusion
Vox Sanguinis (2015)

22 International Forum



4 Wenzel JJ, Preiss J, Schemmerer M, et al.: Test performance

characteristics of anti-HEV IgG assays strongly influence

hepatitis E seroprevalence estimates. J Infect Dis 2013;

207:497–500

5 Vollmer T, Diekmann J, Johne R, et al.: Novel approach for

the detection of Hepatitis E virus infection in German blood

donors. J Clin Microbiol 2012; 50:2708–2713

6 Hewitt PE, Ijaz S, Brailsford SR, et al.: Hepatitis E virus in

blood components: a prevalence and transmission study in

southeast England. Lancet 2014; 384:1766–73;. doi:10.1016/

S0140-6736(14)61034-5

Jens Dreier and Tanja Vollmer

Department of Gastroenterology

Sanjay Gandhi Postgraduate Institute of Medical Sciences

Lucknow 226014

India

E-mails: jdreier@hdz-nrw.de; tvollmer@hdz-nrw.de

Cornelius Knabbe

Director, Department of Gastroenterology

Sanjay Gandhi Postgraduate Institute of Medical Sciences

Lucknow 226014

India

E-mail: cknabbe@hdz-nrw.de

R. Aggarwal & A. Goel

Question 1

Most of the seroprevalence studies for anti-HEV anti-

bodies in India have been small and have included

either school children or selected groups of adults. Se-

roprevalence rates in these studies have varied widely

from 4% to around 55% in different populations. This

variation may represent true differences in seropreva-

lence across different geographic regions or socio-eco-

nomic groups, or confounding due to differences in age

and gender group studied and in performance charac-

teristics of the anti-HEV antibody assays used, or both.

In general, seroprevalence rates were higher in older

age groups, men and among persons with lower socio-

economic status.

In a population-based study, anti-HEV antibody was

detected in 6�9% of 884 healthy persons belonging to

urban higher socio-economic group, 10�6% of those

belonging to urban lower socio-economic group and

14�0% of those belonging to rural lower socio-economic

group; positivity rates among adult subsets in the three

population groups were 35/206 (17�0%), 38/210 (18�9%)

and 197/357 (55�2%), respectively [1].

Data on prevalence of HEV RNA in general population

are limited to two small studies [2, 3]; in these studies,

HEV RNA was detected in 4 of 200 and 3 of 107 blood

donors, respectively. However, larger studies are needed

to obtain reliable estimates of HEV RNA in healthy per-

sons.

Question 2

For testing seroprevalence in blood donors and general

population, a wide variety of assays with variable sensi-

tivity and specificity have been used. The large popula-

tion-based study referred to above [1] was based on an

in-house assay based on a recombinant open reading

frame 2 protein expressed in insect cells. For RNA testing

in the two studies in blood donors too, in-house assays

were used.

Question 3

The dominant mode of transmission of HEV infection in

India is through faecal contamination of water supplies

and environment. All human cases have been related to

genotype 1 HEV, which is transmitted by faecal–oral
route [4].

Question 4

These differences in HEV prevalence in different countries

(and between different regions in the same country) are

most likely related to differences in water quality, and in

frequencies of ingestion of uncooked meat and contact

with animals [4].

Question 5

This does not apply to India. Clinical hepatitis E is com-

mon in India.

Question 6

Hepatitis E is a significant health problem in India. How-

ever, HEV infection in blood donors is not considered a

problem.

Question 7

As of now, screening of blood units for HEV RNA is not

indicated in India. We need further data before we can

think of this. Also, the prevalent HEV genotype in India

is genotype 1 and that does not seem to lead to chronic

HEV infection, which is the primary reason for screening

of blood products.
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Question 8

Blood donations in my institution are not screened for

presence of HEV.

Question 9

Not yet. The cost-effectiveness of such approaches needs to

be worked out. In fact, no data are yet available even on

immunogenicity of the currently available vaccine (licensed

in China) in high-risk groups listed above (such as organ and

stem cell transplant recipients, cancer patients on immuno-

suppressive therapy, pregnant women and children).
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A. R. Ciccaglione

Question 1

In Italy, several studies conducted in 1990s reported a

moderate prevalence of anti-HEV IgG antibodies in gen-

eral population (1–3% in north–central Italy and 3–6% in

southern Italy and the Islands) [1, 2]. In the last years, two

surveys conducted among blood donors in Latium and

Abruzzi regions (central Italy) have revealed an anti-HEV

IgG prevalence of 9% and 48%, respectively. This differ-

ence in prevalence seems to be linked to particular local

food habits (Lucarelli, manuscript in preparation).

Question 2

In the last years, the presence of anti-HEV IgM and IgG

antibodies in acute infections was evaluated by recently

developed commercial assays (Wantai, Biologic Pharmacy

Enterprise, Beijing, People’s Republic of China). The sensi-

tivity of the IgM assay, evaluated on 28 HEV RNA-posi-

tive samples, was 96�4%. Detection of HEV RNA was

carried out by the RealStar HEV RT-PCR kit, version 1.0,

(Altona Diagnostics, Hamburg, Germany). on Rotor-Gene

Q 5/6 plex Platform (Qiagen, Hilden, Germany). This kit

includes primers and a probe-targeting ORF3 region. It

sensitivity, reported as 95% limit of detection, was

assessed to be 50 IU/ml of HEV RNA. In order to have an

estimation of viral load in HEV-positive samples, an

external standard curve, made of log dilution series of

HEV RNA WHO International Standard code 6329/10

(Paul Ehrlich Institute, Langen Germany) from 5 9 104 to

5 9 101 IU/ml was used (3, 4 and Lucarelli, manuscript

in preparation).

Question 3

In a long-term prospective Italian study conducted over

15 years, 134 of 651 (20�6%) non-A-C patients had

acute HEV infection. All of them were anti-HEV IgM

and IgG positive, and 96 (71�6%) were also positive for

HEV RNA by a nested-PCR assay. Moreover, 39 (6%)

patients were anti-HEV IgG positive but negative for

both anti-HEV IgM and HEV RNA. Among the acute

hepatitis E cases, most were imported and caused by

genotype 1, while some autochthonous cases were

caused by genotype 3 [5]. Similar results were described

in other Italian studies in which most infections, due to

genotype 1, were associated with travel to endemic

areas (Bangladesh, India and Pakistan), while the

remaining infections, due to genotype 3, were autoch-

thonous presumably linked to consumption of raw sea-

food, pork liver sausages and wild boar (3, 4 and

Lucarelli, manuscript in preparation).

Question 4

Several reasons contribute to the differences such as

studies performed in different periods, variable composi-

tion of the studied populations (age, sex, occupational

exposure, etc.), different sensitivity and specificity of

the diagnostic tests as well as higher exposure to infec-

tion of inhabitants from specific areas compared to

other.

Question 5

During the period 2007–2010, 60 cases of acute HEV

infection were reported to the Italian Surveillance System

for Acute Viral Hepatitis (SEIEVA). Most cases occurred

among persons aged 25–34 years and 35–54 years (35%
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and 33% of cases, respectively). Most of the infected per-

sons (88%) were males, and 57% were from central Italy.

The actual number of cases of acute infection reported to

SEIEVA is relatively low. This can be explained by the

high occurrence of subclinical infections and to a lesser

extent by misdiagnosis, insufficient resting and lack of

awareness among clinicians.

Question 6

The perception that hepatitis E was a public health

problem began when it was described as a zoonotic

infection. Before then, it was not recognized in most

cases and it was relegated only to travel-associated

infections.

Question 7

The transfusion medicine community is currently aware

of the problem but realizes that more data are needed to

propose recommendations on the management of this

infection with possible implication for blood safety [6].

Perhaps, the screening of blood components intended for

immunosuppressed patients seems to be the most reason-

able choice at the moment.

Question 8

Recently, we found a very high HEV IgG prevalence in

blood donors from a region in central Italy suggesting

that HEV infection is highly diffused in this area. The

seroprevalence increases with age, and it is associated

with consumption of raw-dried pork liver sausages.

Moreover, 1�3% of HEV IgG positive were positive for

HEV IgM, and two blood donors were positive for HEV

RNA, genotype 3. This high seroprevalence, in contrast

with low recorded incidence of hepatitis E, confirmed

that HEV infection is underestimated, suggesting that

most of infection are subclinical or undiagnosed. The

presence of antibodies to HEV in this population was

evaluated by the anti-HEV IgM and IgG ELISA (Wan-

tai). Detection of HEV RNA was carried out by the

RealStar HEV RT-PCR kit, version 1.0, (Altona Diagnos-

tics) on Rotor-Gene Q 5/6 plex Platform (Qiagen) (Lu-

carelli, manuscript in preparation).

Question 9

It seems more reasonable to recommend the vaccine to risk

groups than to blood donors. The severity of the infection,

the chances of prevent it, the cost-benefit are important

considerations for the implementation of the vaccine on a

large scale.
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Question 1

Some nationwide surveys on HEV infection were con-

ducted in Japan. We showed that the prevalence of anti-

HEV IgG in qualified blood donors and anti-HEV IgG and

HEV RNA in blood donors with elevated ALT (≥200 IU/l)

in Japan was 3�4% (431/12 600), 3�2% (45/1389) and

1�1% (15/1389), respectively [1, 2]. Another study con-

ducted in individuals who had health check-ups showed

that the prevalence of anti-HEV IgG and HEV RNA was

5�3% (1167/22 027) and 0�014% (3/22 027), respectively

[3]. To understand the status of HEV infection in blood

donors, trial screening for HEV RNA has been conducted

since 2005 in Hokkaido, an island in the north of Japan,

where HEV infection is endemic. The overall prevalence

of HEV RNA during 2005 and 2013 was 0�011%
(279/~2.5 million).

Question 2

For the seroprevalence studies, in-house or commercial

HEV ELISAs have been used, but the sensitivity and
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specificity are unknown. For the HEV RNA prevalence

studies, in-house nested RT-PCR or real-time RT-PCR

using individual or minipooled samples has been used

[2, 3]. The 95% limit of detection of our in-house

real-time RT-PCR assay for HEV RNA was approx.

50 IU/ml.

Question 3

Besides imported cases, accumulating evidence demon-

strates that zoonotic foodborne transmission plays the

most important role in the autochthonous HEV infec-

tion in Japan. Consumption of uncooked or under-

cooked meat or viscera of animals acting as reservoirs

of HEV, such as pigs, wild boar and deer, seems to be

a major cause of HEV infection, which may account

for higher seroprevalence and incidence of HEV infec-

tion in older males because they may be at greater risk

of exposure. Transfusion transmission is another estab-

lished route of HEV transmission but rarely occurs. We

have experienced more than ten cases of transfusion-

transmitted HEV infection during the past 15 years. The

risk of HEV transmission by haemodialysis is low, and

no evidence of vertical transmission has been obtained.

However, the source or transmission route of the HEV

infection is not fully specified in many domestic cases,

and other causes may exist in this country.

HEV has been recovered from humans, animals, bival-

ves and environmental samples in Japan and is classified

into genotype 3 or 4. Many of these strains are closely

related and are indigenous to Japan. Recently, in addi-

tion, two novel strains were isolated from wild boar in

Japan. Genotype 3 HEV is dominant and is widespread

throughout Japan, whereas genotype 4 HEV is rarely

found and primarily localized in Hokkaido [1, 3, 4].

Genotype 1 is detected only in patients with imported

hepatitis E.

Question 4

The seroprevalence data are directly affected by the sensi-

tivity and specificity of the assay used in the studies and

size, sex and age distribution of the target population,

which leads to the observed differences. The epidemic of

waterborne disease is commonly associated with inade-

quate sanitary conditions. The seroprevalence of HEV

among the general population is high in developing

countries and low in developed countries. The major

route of HEV transmission in developed countries is zoo-

notic foodborne; therefore, eating habits or cultural as

well as religious practices could affect the seroprevalence

of HEV. The seroprevalence of HEV was higher in eastern

Japan than in western Japan, and individuals in eastern

Japan are more likely to consume pork than beef [1].

Among pregnant women in Bali, Indonesia, the seropre-

valence of HEV was significantly less frequent in Mus-

lims, who were strictly prohibited from eating pork, than

Hindus, who have no such restrictions. The genotype of

HEV could be another reason for the differences. As men-

tioned above, two HEV genotypes, namely genotypes 3

and 4, are circulating in Japan and genotype 4 HEV

causes more severe hepatitis than genotype 3 HEV [4].

Genotype 4 HEV is responsible for about half of the cases

of HEV infection in Hokkaido; however, genotype 4 is

found in <10% of the HEV RNA-positive blood donors in

Hokkaido.

Question 5

Yes. The reason for the discrepancy may include all the

points listed above. Reported cases of clinical hepatitis E

has increased dramatically after the first licensed diagnos-

tic assay for HEV (anti-HEV IgA assay) came into the

market in Japan in 2011.

Question 6

Autochthonous HEV infection seems to be much more

common than previously thought and has been identi-

fied throughout the country. Although most cases are

subclinical, acute or fulminant cases reportedly account

for 15% of all cases [4]. Fatal cases were also reported.

Two cases with liver fibrosis in immunosuppressed

patients and two cases with sustained viremia in liver

transplant recipients were attributed to transfusion-

related HEV infection. Although there is a growing

awareness of hepatitis E among physicians, the issue of

HEV has not yet been regarded as a significant health

problem.

Having data on high HEV RNA prevalence among

blood donors through trial NAT screening, blood profes-

sionals have perceived the HEV issue as a noteworthy

problem for blood supply.

Question 7

Several critical issues have to be carefully discussed

before deciding whether or not HEV RNA screening

should be implemented. We will continue HEV ID-NAT

in the Hokkaido area which will provide us with novel

prevalence data. Our look back study, although insuffi-

cient in number, suggests the low infectivity of HEV-

contaminated blood components. We need more data

on chronic hepatic dysfunction among transplant recipi-

ents or heavily immunosuppressed patients or patients

with underlying liver disease. It is also necessary to
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monitor the incidence of fulminant hepatitis caused by

genotype 4 HEV in areas other than Hokkaido.

Question 8

Trial screening for HEV RNA was implemented in 2005 in

the Hokkaido area where hepatitis E infection is endemic

and several cases of transfusion transmission of HEV infec-

tion have been observed. Since 2005, in-house real-time

RT-PCR for HEV RNA, using pools of samples, has been used

for annual screening of ~280 000 blood donors. The

in-house assay was replaced in August 2014, with the

implementation of ID-NAT using the Procleix HEV Assay

(Grifols).

Question 9

Vaccination against HEV in not being discussed in

Japan.
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S.-H. Jeong

Question 1

I am aware of two studies of HEV prevalence in adult pop-

ulation, one is using 749 blood samples collected in a cen-

tral laboratory (seroprevalence, 11�9% by GeneLabs ELISA

for anti-HEV IgG) [2] and the other is using 147 blood

samples from health-check examinee in a general hospital

which was age-, and sex-matched to general population

of South Korea (seroprevalence, 23�1% by Wantai anti-

HEV IgG assay, and 14�3% by Genelab assay) [1]. I do not

know any study in blood donors in Korea.

Question 2

Genelabs anti-HEV IgG assay is the most popular assay in

Korea, which is commercial. Recently, Wantai ELISA is

also available in limited laboratories, I heard.

HEV RNA detection is not available except in research

laboratory.

Question 3

Zoonotic infection through eating raw meat or liver/bile

juice of pig, wild boar or deer [4].

The reported genotypes are genotypes 3 and 4.

Question 4

It may be related to eating behaviours of raw meat or to

the sanitary condition of cooking.

Question 5

I think that underrecognition of the disease and suboptimal

assays of ELISA and subclinical infection are the reasons [3].

Question 6

HEV is not perceived as a significant health problem in South

Korea. It is not perceived a s a problem for blood supply.

Question 7

I think HEV blood donation screening has merit in a sub-

set, such as immunocompromised host transfusion,

because HEV infection in such situation resulted in

chronic infection and rapid progression.

The efficient screening test should be HEV RNA test.
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Question 8

Not at al.

Question 9

I do not think the vaccination is considered for general

population. Because of low awareness and low disease

burden in Korea, plans for implementing HEV vaccine in

immunosuppressed patients are difficult to discuss [3].
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H. L. Zaaijer

Question 1

The Dutch anti-HEV seroprevalence and HEV RNA inci-

dence have been described in our publications:

Silent hepatitis E virus infection in Dutch blood

donors, 2011 to 2012.

Slot E, ea. Euro Surveillance 2013 Aug 1;18(31).

and

Past and present of hepatitis E in the Netherlands.

Hogema BM, ea. Transfusion. 2014 May 29. doi:

10.1111/trf.12733

In 2011, countrywide 27% of Dutch donors tested posi-

tive for HEV IgG; and 17 of 45�415 donors tested (con-

firmed) positive for HEV RNA. The incidence seems to be

increasing: in the last 6 months (April – September

2014), the routine screening of plasma pools (96 dona-

tions/pool) shows that 17/11�191 (or 1:658) Dutch donors

is (confirmed) HEV RNA positive.

Question 2

For HEV antibody testing of Dutch donors, Wantai EIAs

are being used; for HEV RNA testing, we employ an in-

house developed PCR assay.

Question 3

The prevalent genotype of endemic HEV in the Netherlands

is genotype 3. Risk factors and routes of infection are

unknown. Among vegetarian blood donors, the anti-HEV

seroprevalence is half that of the general donor population.

Question 4

Differences could arise by the use of EIAs with insuffi-

cient sensitivity for HEV gt3 antibodies and of course

by differences of HEV infection pressure, possibly

caused by differences in food production and/or

handling.

Question 5

In the Netherlands, we see many cases of clinical, ende-

mic hepatitis E, especially among middle-aged men.

Because hepatitis E is not a notifiable disease in the Neth-

erlands, the clinical impact of endemic hepatitis E proba-

bly is underestimated.

Question 6

Hepatitis E is perceived as a problem by physicians caring

for immunosuppressed patients, such as transplant

patients and haematological patients. Regarding the

safety of the blood supply, again these physicians, plus

the Dutch blood bank, are worried. There seems to be no

concern among the general public, nor among govern-

mental officials.

Question 7

In my opinion, not the blood supply should be made HEV

safe, but the cause of the ‘outbreak’ should be eliminated.

Daily practice shows that blood is only a minor source of

HEV infection in Dutch vulnerable patients.

By the way, considering the very high infection pres-

sure of HEV gt3 in the Netherlands (see item 1), and the

age and gender distribution of Dutch endemic hepatitis E

© 2015 International Society of Blood Transfusion
Vox Sanguinis (2015)

28 International Forum

http://dx.doi.org/10.1111/trf.12733


patients, HEV genotype 3 seems not to be a problem for

newborns, children, adolescents and pregnant women.

Question 8

Routine HEV screening of 96 pools, using a validated in-

house HEV RNA PCR, has been implemented for SD

plasma production in the Netherlands.

Question 9

An HEV vaccine would be nice, but primarily the source

of HEV infections should be eliminated.
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Question 1

Hepatitis E virus (HEV) was first described in 1983 in

Russia following the investigation of a hepatitis outbreak

in a Soviet military camp in Afghanistan [1].

Hepatitis E virus seroprevalence was defined in blood

donors and patients with HIV in Nizhny Novgorod, Rus-

sia. A total of 505 donor sera provided by regional blood

centre and 500 sera from HIV-infected patients provided

by Regional Center for prevention and control of AIDS

and infection diseases were studied for the presence of

antibodies to hepatitis E virus. The levels of IgM or IgG

antibodies against HEV were determined with the CE-

marked EIA kits (RPC ‘Diagnostic Systems’, Russia).

A total of 19 (3�8%) of 500 sera from HIV-infected

patients examined for markers of viral hepatitis E were

sero-positive. Four patients of 500 had both anti-IgM and

anti-IgG (0�80%), five patients (1�0%) had only anti-IgM,

and 10 patients had only anti-IgG (2�0%). Detection rate

of hepatitis E antibodies in healthy population of Niz-

hnyNovgorod was 7�3% (37 individuals). Frequency only

of IgM marker occurrence was 1�78% (nine individuals);

only IgG marker occurred with the frequency 4�75% (24

individuals). Simultaneous presence of IgM and IgG mar-

ker in donor sera was 0�79% (4 of 505 donors).

According to the results of the study described above,

frequency of occurrence of hepatitis E markers in

control group of blood donors was higher than in HIV-

infected patients. Lower percentage of detection of

hepatitis E markers in HIV-positive patients may be

caused by interactive effect of viruses in case of HIV/

HEV coinfection [2].

In 1979–1989, a limited contingent of Soviet Army took

part in war actions in Afghanistan. Veterans of this war

have had a higher risk of exposure to HEV during their

presence in Afghanistan. The aim of this study was to

investigate the current prevalence of anti-HEV in veterans

who have been at war in Afghanistan in 1979–1989 and in

those who have had their military service in the same years

in regions of former USSR, non-endemic for hepatitis E.

Two groups of veterans were studied: group A – veter-

ans who have had their military service in Afghanistan

(n = 317), and group B – veterans who have had their

military service in non-endemic for HEV regions of for-

mer USSR (n = 208). All individuals currently living in

non-endemic for HEV area (Sverdlovsky Region, Russia)

are of the same age and have had their military service at

the same years (1979–1989). Individuals who have not

been in Afghanistan denied any visits in south regions of

former USSR. Anti-HEV testing was performed in ELISA

with commercially available assay (‘Diagnostic Systems’,

Russia).

At the time of investigation (2004–2005), the preva-

lence of anti-HEV in veterans who have had their military

service in Afghanistan was 29�97% (95/317) and was sig-

nificantly higher than that observed in veterans who have

had their military service in non-endemic for HEV

regions of former USSR (3�8% [8/208], PR [95% Cl] = 7�8
[3�9–15�7]. P < 0�0001). These results suggest that at least

approximately 30% of veterans who have been at war in

Afghanistan have been exposed to HEV. In none of cases,

anti-HEV IgM were detected.

So, the military service in endemic for hepatitis E

regions is consistent to a higher risk of HEV infection

and demands preventive measures, including vaccination

against hepatitis E [3].

Question 2

Russian company ‘Diagnostic Systems’ produces serologic

assay for IgM anti-HEV. Its diagnostic sensitivity and

specificity were 98% and 92�8%, respectively, and its

analytic sensitivity was 9 Walter Reed Units/ml [4]. They

also produce serologic assay for IgG anti-HEV. The both

kits are CE-marked. Another company ‘Vector-Best’ is

waiting to receive CE-mark for own serologic assays for

IgG and IgM anti-HEV in nearest months.
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Question 3

The detection frequency of antibodies to hepatitis E virus

(HEV) was studied in residents of the South and of the Mid-

dle European Part of the Russia Federation as well as of

Siberia. Antibodies to HEV were most often found both in

patients with hepatic pathologies and in subjects with dis-

eases unrelated with a primary hepatic lesion, in particular,

in patients with skin and venereal diseases and with HEV.

A higher concentration of antibodies to HEV was noted

also in blood donors, medical personnel and isolated com-

munities, such as prisons or psychiatric clinics. A correla-

tion was established between the rate antibodies to HEV are

registered and such risk factor as contacting with blood or

a gross violation of the hygienic rules [5].

Question 4

The detection of antibodies to HE virus among different

groups of the population of Russia (i.e. a hepatitis E non-

endemic region of the world) suggests that they are fre-

quently detected in the absence of disease notification.

The fact that viral HE RNA has been detected in the pigs

and wild boars inhabiting in the country is the evidence

in favour of an assumption that the virus is spread

among these animals [6].

Question 5

Lack of awareness among clinicians and subclinical infec-

tion. Possibly blood donor screening for ALT activity pro-

tect blood recipients against HEV transmission [7–9].

Question 6

No. No.

Question 7

No.

Question 8

No.

Question 9

No.
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J. Chay, D.Teo & S. S. Chua

Question 1

There are currently no studies of HEV prevalence among

blood donors in Singapore.

The prevalence of acute HEV infection in the Singapore

population was 1�9 per 100 000 in year 2012 [1–3]. The
population prevalence of acute HEV infection has steadily

increased from 0�05 per 100 000 in year 2000 to 1�9 per

100 000 in year 2012. There were no recorded deaths

from acute HEV infection during this period.

HEV infection is a notifiable disease in Singapore

under the Infectious Diseases Act. All cases of laboratory-

confirmed HEV infection must be reported to the Ministry

of Health (MOH) within 72 h of diagnosis. In this respect,

acute HEV infection is defined as a clinically compatible

disease that has been serologically confirmed by the pres-

ence of anti-HEV IgM antibody.
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Following notification, investigations are routinely con-

ducted by the MOH which include relevant demographic

and epidemiological information such as the date of onset

of illness, food items consumed and travel history within

8 weeks prior to the onset of illness, and contact with a

known clinical case of acute hepatitis within the same per-

iod. Contact tracing is initiated where there is a cluster

involving two or more cases with epidemiological linkage.

Question 2

The published population prevalence for acute HEV infec-

tion in Singapore is based on the presence of clinical ill-

ness coupled with the detection of anti-HEV IgM

antibody. HEV testing is conducted in a centralized labo-

ratory at the Singapore General Hospital which performs

testing of all notifiable cases.

The current assay in use is the anti-HEV IgM ELISA 3.0

(MP, Biomedicals, Singapore) assay. Samples are tested

once and if positive, are then retested in duplicate as per

test kit manufacturer’s instructions. Data provided by the

manufacturer indicate that the test has a sensitivity of

98�0%, specificity of 97�8%, positive predictive value (PPV)

of 94�9% and negative predictive value (NPV) of 98�7% [4].

HEV testing by NAT is not routinely performed and

limited to a few specialized reference or research centres,

which only perform qualitative HEV PCR assays. HEV

genotyping is not performed.

Question 3

Epidemiological studies of HEV infection in Singapore

suggest that overseas travel and possibly the consumption

of porcine products (zoonotic transmission from under-

cooked pork) are the main risk factors for acquiring infec-

tion [1].

The majority of acute HEV infections in Singapore are

imported; imported cases are defined as those with a

recent travel history outside Singapore within 8 weeks

prior to onset of symptoms. These accounted for 54�5% of

all cases (262 cases of a total of 481 cases) reported from

year 2000 to year 2011, and 57 imported cases (of a total

of 104 cases, or 54�8%) in Year 2012. Most of the

imported cases originated from South-East Asia and the

Indian subcontinent.

The exact mode of transmission within Singapore

(indigenous cases) could not be determined despite careful

epidemiological enquiries although indirect evidence sug-

gests that consumption of porcine products may play a

role [1]. The predominance of males in the 25–34 years

age group mirrors those reported in other developed

countries such as the United States, the United Kingdom,

Japan, Hong Kong, New Zealand and Australia.

No information is available on the genotypes of HEV

infection in Singapore.

Question 4

Possible reasons for differences in HEV prevalence within

and between countries include the following:

(1) Differences in the sensitivity and specificity of the

assays used to detect hepatitis E [5];

(2) Differences in detection of cases, for example subclin-

ical/asymptomatic cases;

(3) Differences in socio-economic conditions which influ-

ence public health, for example public sanitation and

infrastructure, universal access to a safe, clean water

supply influence frequency of HEV infections trans-

mitted via the waterborne route (Genotype 1 & 2);

(4) Dietary and food preparation habits of the population

that influence the frequency of HEV infection trans-

mitted via the zoonotic route (Genotype 3 & 4).

Question 5

HEV seroprevalence among blood donors in Singapore is

currently not established.

Question 6

The incidence of acute HEV infection in Singapore is rel-

atively low, and it is not perceived as a significant health

problem although it is a notifiable disease in the country.

However, it is noted that acute HEV infection is on a ris-

ing trend in Singapore and is now more common than

acute hepatitis A (1�8 per 100 000 in 2012). As the cur-

rent available population prevalence data is limited to

acute HEV infection with clinical illness, the actual preva-

lence may be higher if asymptomatic and subclinical

cases are included.

There are also no studies of the prevalence of HEV

infection in blood donors although this has been planned.

The risk of HEV transmission through the blood supply is

therefore unknown at present.

Question 7

There is no data available on the prevalence of HEV

infection in blood donors. The efficiency of transmission

is also unknown as there are similarly no seroprevalence

studies in the population. The factors that would need to

be taken into consideration in a decision whether to

implement HEV testing are as follows:

(1) Donor prevalence

(2) Efficiency of transmission

(3) Severity of transfusion-transmitted HEV
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(4) Any public health implications (e.g. any persistent

chronic carrier state)

(5) Performance of available tests (sensitivity, specificity,

impact on unit discards)

(6) Suitability of available tests for blood supply screen-

ing (high volume, high throughput)

(7) Cost-effectiveness of the test.

The requirements for an efficient screening test for the

blood supply include the following:

(1) Test sensitivity and specificity for optimal detection

of HEV-infected donations with minimum false posi-

tives resulting in unnecessary discard;

(2) Testing performed on automated platforms with high-

volume throughput, fast turnaround time and no

crossover contamination;

(3) Minimum cross-reactivity with other virus infections;

(4) Stability and robustness of test reagents and consum-

ables during storage and transport;

(5) Accompanied with good service support from the

manufacturer;

(6) Reasonably priced.

The decision whether to test all donations (universal test-

ing) or a subset (selective testing) depends on either the

ability to identify donor subgroups at risk (i.e. testing only

at-risk donors) or transfusion recipients at risk (providing

HEV-negative units to only patients at risk of serious com-

plications [6]). As risk factors are not clearly defined in

either groups within the donor and recipient population, it

would not be feasible at this time to consider testing only a

subset if HEV testing is to be implemented.

Question 8

HEV screening of blood donations has not been imple-

mented in Singapore.

Question 9

As far as we know, there are no plans at the moment for

hepatitis E vaccination in Singapore.
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Question 1

Few studies present data of HEV seroprevalence in Spain.

In general adult population, data were published in 2006

in Catalonia (1280 samples) and in 2012 in Madrid region

(2305 samples) describing seroprevalence of 7�3% and

2�17%, respectively. In paediatric population, a 4�6% HEV

seroprevalence rate was described in 2008 in a cohort of

1249 healthy Catalan children (6–15 years) [1–3].
In blood donors, a study performed in 1995 in Madrid

region described a prevalence rate of 3�9% (HEV IgG ini-

tially reactive samples) [4]. In 2013, our blood bank per-

formed a study including nearly 10 000 Catalan blood

donors. Our objective was to determine the RNA preva-

lence as well as the HEV IgG seroprevalence. We observed

a prevalence of HEV IgG of 20% or 11% in the cohort of

1082 donors, depending on the commercial assay used.

Significantly higher sero-positivity rates were observed in

male donors vs. female donors, and the rate of exposure

increased proportionally to the donors’ age (39% or 17%

in donors older than 61 years, depending on the HEV IgG

test used). As for the RNA prevalence, the HEV RNA posi-

tivity rate was 1 per 3333 donations (0�03%, 95% CI:

0�01–0�09%) [5].

Question 2

All the seroprevalence results previously published in the

Spanish population were obtained using different com-

mercial enzyme-linked immunoabsorbent assays (bioelisa
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HEV IgG Biokit, Diagnostic Bioprobes Srl HEV Ab, Abbott

HEV EIA).

As for our study in Catalan blood donors, two different

commercial ELISA tests were used for HEV IgG detection.

The HEV-IgG ELISA test (Beijing Wantai Biological Phar-

macy Enterprise CO., LTD., Beijing, China) showed the

highest seroprevalence rate (20%). The sensitivity and spec-

ificity claimed by the manufacturer are 99�08% (in acute

HEV phase) and 99�99%, respectively. The other assay used

was recomWell HEV IgG test (Mikrogen GmbH, Neuried,

Germany) which presented a seroprevalence of 11% in the

same donors’ population. The sensitivity and specificity

claimed by the manufacturer are 96�3% (in acute HEV

phase) and 98�2%, respectively. As for the RNA frequency,

we used the Procleix HEV assay on the Procleix Panther

system (Grifols Diagnostic Solutions Inc, Emeryville, CA,

USA, developed in collaboration with Hologic Inc., San

Diego, CA, USA). The assay showed a 95% limit of detec-

tion of 7�9 IU/ml using the HEV WHO International Stan-

dard (PEI code 6329/10) and a specificity of 99�99%.

Question 3

Zoonotic and foodborne transmissions must be considered

the most probable sources of infection in our country.

Genotype 3 accounts for hepatitis E autochthonous cases

in our region.

Question 4

There is a strong need for a standardized test that would

allow a correct comparison between countries or regions.

In our study, we could indeed observe a nearly double

rate of HEV IgG prevalence in the same blood donors,

depending on the test used. Additionally, geographical

differences can be explained by different food habits and

different degrees of HEV environmental contamination.

Question 5

We could actually observe a fairly high HEV IgG seropre-

valence in our blood donors (almost 40% in donors over

61 years with Wantai test, and 17% with Mikrogen test),

but this does not correlate with the reported clinical hep-

atitis E cases. This leads us to suggest that most of HEV

infections remain subclinical in immunocompetent indi-

viduals. However, Catalan hepatologists are increasingly

aware of the potential HEV clinical impact, especially

among immunosuppressed patients. Therefore, we will

probably observe a higher number of reported acute and

persistent HEV infections in our region.

Question 6

Hepatitis E infection is certainly not perceived as a signif-

icant health problem in Spain, and, for the moment, it is

not considered a problem for blood supply.

Question 7

In England, Hewitt et al. [6] recently described an RNA

prevalence of one in 2848 donations that is very close to

the HEV RNA prevalence observed in our blood donations

(1 in 3333). Although the authors observed a transmission

rate of 42% through HEV RNA-positive blood components,

they showed that infectivity was affected by the degree of

immunosuppression in the recipient, and by the viral load

and the presence of HEV IgG in the donor. We think that

the factors that affect infectivity need to be established in

order to evaluate the residual transmission risk. Then, the

relevance and the cost-effectiveness of the HEV screening

could be discussed. In any case, an optimal screening

would be an HEV RNA test that should possess enough sen-

sitivity and a sufficiently high throughput to allow valida-

tion of donations in parallel with the other routine

screening tests.

From a logistical point of view, we do not think that a

selective HEV RNA screening would be recommendable

because as much as 60% of blood recipients, for their

immunological status, can be susceptible to HEV infection.

Question 8

We are not currently testing for HEV.

Question 9

Our health authorities are not currently considering the

possibility of HEV vaccination.

References
1 Buti M, Dom�ınguez A, Plans P, et al.: Community-based se-

roepidemiological survey of hepatitis E virus infection in

Catalonia, Spain. Clin Vaccine Immunol 2006; 13:1328–1332

2 Fogeda M, Avell�on A, Echevarr�ıa JM: Prevalence of specific

antibody to hepatitis E virus in the general population of the

community of Madrid, Spain. J Med Virol 2012; 84:71–74

3 Buti M, Plans P, Dom�ınguez A, et al.: Prevalence of hepatitis E

virus infection in children in the northeast of Spain. Clin

Vaccine Immunol 2008; 15:732–734

4 Mateos ML, Camarero C, Lasa E, et al.: Hepatitis E virus: relevance

in blood donors and risk groups. Vox Sang 1999; 76:78–80

5 Sauleda S, Ong E, Bes M, et al.: Seroprevalence of hepatitis E

virus (HEV) and detection of HEV RNA with a transcription-

© 2015 International Society of Blood Transfusion
Vox Sanguinis (2015)

International Forum 33



mediated amplification assay in blood donors from Catalonia

(Spain). Transfusion 2015 May; 55(5):972–9

6 Hewitt PE, Ijaz S, Brailsford SR, et al.: Hepatitis E virus in

blood components: a prevalence and transmission study in

southeast England. Lancet 2014 Nov 15; 384(9956):1766–73

Maria Piron PhD and Silvia Sauleda PhD

Transfusion Safety Laboratory

Banc de Sang i Teixits

Doctor Frederic Duran i Jord�a building

Passeig Taulat, 116

08005 Barcelona

Spain

E-mails: mpiron@bst.cat; ssauleda@bst.cat

J.-M. Echevarr�ıa

Question 1

The prevalence of the HEV infection among the general

population of Spain has been studied in Barcelona and

Madrid on representative samples stratified by age.

The overall rate of anti-HEV reported ranged from 1�1%
in Madrid to 6�0% in Barcelona and increased with

age (0�5–4�6% among children and 2�1–7�3% among

adults, respectively). Data from Madrid corresponded to

immunoblot-confirmed samples (confirmation rate on

screening-reactive samples: 50%), and data from Barcelona

to samples reactive in screening. They are not, therefore,

fully comparable, but HEV would perhaps be more preva-

lent in Barcelona than in Madrid. Data from blood donors

have been reported from Granada (492 samples) and

Madrid (863 samples), and the anti-HEV rate found was not

significantly different (3�1% and 2�8%, respectively). The

highest anti-HEV rate reported from Spain was found

among the workers of a swine farm (18�6%) [1–3].

Question 2

The studies mentioned above for the general population

and for blood donors were performed using four different

commercial tests (Abbott, Biokit, DiaPro, and Mikrogen

RecomBlot). Other studies performed on particular popu-

lations were done with other assays. Diagnosis of acute

HEV infection by RNA testing is mainly performed by in-

house, conventional PCR methods. A few cases diagnosed

by commercial, real-time PCR tests have been also

reported. At present, many hospitals perform IgM testing,

but very few have incorporated RNA testing.

Question 3

No risk factors for HEV infection have been yet identified

in Spain among indigenous cases. One proven case of

transmission by pork meat has been, however, described

recently [4], and HEV RNA has been found among sau-

sage samples [5] and in mussels [6].

Question 4

Some results suggest that acute hepatitis E might be more

frequent in the Northern regions of Spain than in the rest

of the country [3], but this remains to be confirmed by pro-

spective studies. Consumption of pork sausage elaborated

by particular procedures (i.e. smoke treatment instead of

long-term drying of meat in conditions of low temperature

and humidity) might account, at least in part, for such

apparent difference, though this is just hypothetical.

Question 5

I do, but the issue is difficult to assess because the present

lack of consensus criteria for measuring anti-HEV preva-

lence. Our recent, yet unpublished experience does not

confirm the large differences in sensitivity between assays

for anti-HEV IgG testing reported by some other research

groups, and would support immunoblot confirmation as

adequate to find the real rates in settings of low preva-

lence dominated by genotype 3 strains. In regard to diag-

nosis of acute infection by anti-HEV IgM detection, our

results suggest also that most commercial tests perform

properly, but in the case of sampling during the window

period of the infection, which seems not very frequent in

practice. Once, most Spanish clinicians became aware of

the disease, as they are at present, my thought is that

many acute HEV infections are not detected because they

are symptomless or produce mild, non-specific clinical

symptoms that do not suggest acute liver disease. False-

negative results in PCR testing because low level viraemia

is not a problem if anti-HEV IgM testing is also per-

formed, which is the case in most hospitals.

Question 6

Not at present among the public health authorities, but this

is in train to change quickly since testing of blood units for

HEV RNA is being considered. The Spanish Society for

Blood Transfusion included for the first time a round table

on HEV in its recent national congress (July, 2014), which

shows that our transfusion setting is awakening in regard

to the problem. This is mainly due to the several reports of

serious infections among the immunocompromised lacking
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identifiable risk factors other than transfusion of blood

components or industrial plasma derivatives, which might,

theoretically, be involved as the source of the infection.

Question 7

I think that protection of Spanish immunocompromised

patients requires HEV-free blood components and plasma

derivatives. Therefore, what I would see right is manda-

tory RNA testing for plasma units destined to industrial

fractionation and for a subset of blood units reserved to

the immunocompromised. If testing is performed on

individual units rather than on pools, I would not think,

initially, that exquisite sensitivity was a major issue, but

much more data on viral loads among symptomless peo-

ple experiencing the acute infection are needed before

getting any conclusion. Let us, therefore, begin as soon

as possible and learn from the experience in order to

improve.

Question 8

My institution is involved in the transfusion setting just

as a national reference laboratory in the field of human

virology that provides confirmation of cases and geno-

typing of viral strains. Anyway, I am not aware that any

Spanish transfusion centre is yet performing HEV RNA

testing, though this might be already changing.

Question 9

A proper cost-benefit analysis in regard to universal vac-

cination against HEV would require much more informa-

tion about the incidence and the prevalence of the

infection among the Spanish population than the one

available at present. Public health authorities, both at the

national and EU levels, must pay better attention to the

issue to make that possible through proper financial sup-

port. This is different, of course, in regions where water-

borne, epidemic genotypes circulate, which is not the

case of Spain or of any other EU country. In the mean-

time, vaccination of the immunocompromised patients,

including all cases listed in the question, would be rec-

ommendable.
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H. R. Dalton

Question 1

Yes. The IgG seroprevalence in England is 12% [1]. In SW

England, it is 16% [2]. In Scotland, it is 4�7% [3]. In

England, 1 in 2848 donors were found to be contami-

nated with HEV RNA [4]. In Scotland, the figure is 1 in

14 500 [3].

Question 2

The above studies were all performed using the same

commercially available IgG assay. The sensitivity is 98%.

The specificity for distant infection has not been fully

established. The PCR assays conformed to recently estab-

lished WHO standards.

Question 3

The prevalent genotype in the UK is HEV genotype 3. Clini-

cally apparent infection is most common in middle-aged

and elderly men. Excessive alcohol consumption may be a

risk factor for developing overt signs of infection [5]. Con-

sumption of contaminated pork products is probably the

most important route of infection, but other foodstuffs, for

example shellfish and strawberries, have found to be con-

taminated with HEV. There is also widespread contamina-

tion of the environment. The role of these other factors in

human infection deserves further exploration.
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Question 4

In the developed world, the differences in the amounts of

circulating HEV in human populations probably relates to

differences in pig husbandry (including safe disposal of

pig effluent), cultural differences in attitudes to cooking

and consumption of food and differences in hunting

practices.

Question 5

The number of infections in England is estimated at

100 000 per year [4]. About 650 were reported by Public

Health England last year. The reasons for this discrep-

ancy, in descending order of importance, are as follows:

(1) Most infections are asymptomatic,

(2) Lack of awareness among clinicians,

(3) Insufficient testing,

(4) Misdiagnosis,

(5) Emerging clinical phenotype of HEV, for example

HEV can cause a range of neurological injury; for

example, in these cases the LFTs may be only mildly

abnormal [6, 7].

Question 6

The profile of HEV in England is starting to rise, but has

some way to go. Most patients have never heard of HEV.

Many clinicians are also unaware that HEV is such a

common infection in the UK. HEV is considered an issue

for the UK blood supply.

Question 7

The blood supply should be HEV-free. This can only be

achieved by screening with an accurate assay such as

highly sensitive PCR.

Question 8

Blood donations are currently not screened for HEV.

Question 9

We have considered studying the HEV vaccine’s safety

and efficacy in patients with end-stage liver and kidney

disease awaiting transplantation.
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S. L. Stramer

Question 1

Xu et al. [1] published finding no RNA-positive US

blood donors of 1939 tested. Testing included pools of

7–8 donors by both real-time and nested PCR assays

(50% LOD 200 and 50 IU/mL, respectively). In contrast,

HEV IgG seroprevalence was 16% for donors collected

in 2012 (Wantai HEV IgM and IgG ELISAs). Similar to

many other countrys’ findings, Xu et al. observed a

stepwise increase in anti-HEV seroprevalence with age;

donors in the oldest age group (65 years or greater) had

a 42% seroprevalence. No transfusion transmissions were

documented in 362 prospectively followed recipients. In

a subsequent study by the American Red Cross (unpub-

lished), 18 829 donors from six geographic regions in

the USA collected in 2013 were tested individually for

RNA using transcription-mediated amplification (TMA)

on the Panther platform (Hologic/Grifols). The 50% LOD

of the assay is 2 IU/ml with 2 TMA repeat reactives
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identified for a rate of 1:9500 and assay specificity of

99�96% (95% CI: 99�92–99�98%). The two reactives both

had low-level RNA confirmed by real-time PCR per-

formed at Sanquin in the Netherlands. One of the two

RNA confirmed-positive samples was antibody negative

having an estimated 14 IU/ml of RNA, and the second

had RNA that was too low to quantify but the sample

was both total Ig and IgM positive (MP Biomed 4.0 HEV

double-antigen ELISA and MP BioMed HEV IgM ELISA)

confirming early infection. Total antibody prevalence

was 7�7%, IgM seroprevalence was 0�6%, and similar to

Xu et al., there was a stepwise increase in anti-HEV

seroprevalence with age. Donors 65 years or greater had

a 22% seroprevalence. Lastly, the HEV seroprevalence in

2009–2010 for a sampling of the US population aged 6

and older was estimated by NHANES (National Health

and Nutritional Evaluation Survey). This survey found a

6% (95% CI: 5�1–6�9%) total HEV antibody seropreva-

lence and 0�5% IgM seroprevalence, both very similar to

the Red Cross findings but using different antibody tests

for total antibody and IgM (Diagnostics System). The

sensitivity and specificity of the MP Biomed assays are

both 99�2% as reported by the manufacturer and those

for the Diagnostics System’s assays were reported as

98% and 95�2%, respectively (Ditah et al. [2]). NHANES

found increasing age as highly significant (P < 0�001)
by both univariate and multivariate analyses. Univariate

analyses also found birth outside of the USA, Hispanic

ethnicity and meat consumption (>10 times per month)

as significant.

Question 2

The HEV assays used to establish seroprevalence and

acute infection in blood donors and the general popula-

tion in the USA are described in Response 1.

Question 3

The dominant risk factors for HEV infection in the USA

are travel to an endemic country (waterborne or food-

borne; genotypes 1 and 2) consistent with epidemic hepa-

titis E. Smaller numbers of cases are reported in

immunosuppressed individuals and usually genotype 3.

The US CDC reported on clinical cases of HEV in the USA

from 2005 to 2012 in persons with acute hepatitis whose

samples were submitted for diagnostic workups but were

seronegative for hepatitis A and B viral markers. Of 154

persons, 26 (17%) were anti-HEV positive including 11

who had travelled to an endemic area and 15 non-travel-

lers assumed to have acquired infection in the USA. Trav-

ellers were younger (mean age 32 years) vs. non-

travellers (61 years). Acute hepatitis was present in 92%

of travellers, and none was genotype 3. In contrast, geno-

type 3 was common in nontravellers of who nearly half

were organ transplant recipients (Drobeniuc et al. [3]).

Question 4

Differences in HEV incidence and prevalence rates

reported between various countries would be explained

by different dietary habits and agricultural practices

including the management of water, as well as differences

in assays used in various studies.

Question 5

Reporting of HEV infection in patients including those

who are immunosuppressed including organ transplant

recipients is fairly infrequent; see Drobeniuc et al.

Question 6

HEV infection is not perceived as a significant health

problem at this time in the USA.

Question 7

Additional studies are needed in the USA prior to making

a decision on the need for blood donation screening;

one option that may be the best use of public health

resources would be to test donors who products will be

transfused to recipients at greatest risk (e.g. those who are

immunosuppressed especially organ transplant recipients

or those severely immunocompromised).

Question 8

No HEV screening using RNA or antibody tests has been

implemented in the USA; only studies have been done at

the present time.

Question 9

Discussions regarding the use of an HEV vaccine of the

general public or selected risk groups in the USA have

not commonly occurred.
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