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1. Executive Summary

1.1. Background
A, In 2008, & study in England and Wales indicated that 25% of adulls in the sixth and

seventh decades of life have serclogical evidence of previous HEV infection.

B. The first UK transmission of HEV by a blood component was reported in 2008, It was
identified by look back on the recipients of components taken from a blood donor who
reported acute jaundice due to hepatitis E 24 days after blood donation.

C. In 2013 a study jointly funded by Public Health England and NHS Blood and Transplant
confirmed a RNA prevalence of approximately 1 in 2850 within blood donors in the SE of
England. Morbidity in recipients of components from HEV RNA positive donors was
- generally absent or mild, but viral clearance was delayed in those on immunosuppression,

1.2. Remit of HEV Working Group
A SaBTO Working Group was establishad in 2013 with the following remit:

A, To review the evidence base, including findings of the joint PHE/NMSBT study, of HEV
prevalence in blood/organ donors and transmission through transfusionftransplantation,
B. To consider the impact of HEV on transfusion recipients and recipients of organs, tissues
and cells.
C. To consider and identify any steps UK Blood Services and the transplant community
should take to mitigate the risks associated with HEV infection in recipients of blood, organs,
tissues and cells.
0. The remit included consideration of:
= Efficacy of current sirategies in mitigating risk of transmissionflong-term term
fiver diseass;
« Steps being taken/under consideration in other countries
= Determining whether there are specific patient groups, if possible, who should
be praventad from becoming infected '
« Secondary fransmission ie human to human through social or sexual contact
= The praclicaliies and impacts of mitigation steps on donors/recipients and on
the blood/organ supply |
o The cost-effectiveness of any proposed mitigation steps
« Further research or information required
« Disseminating the outcome of the review.
E. Out of scope were:
« Risk mitigation steps for the general population

+ Antenatal screening
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s HEVin fractionated plasma products

+  Dietary advice to high risk patient groups.

1.3. Epidemiology and pathogenesis
A. The status of HEV infection in W Europe is evolving, and information on all factors which

ultimately determine its impact on transfusion and transplant recipients is both limited and
changing. Thus current observations and recommendations will require frequent review,

B. MEV is & zoonotic infection in the UK, most likely acquirad through eating infacted pork
products. Howaver, the HEV genotype in human UK cases does not maich that of the UK
pig population,

. The UK incidence of clinical infection is increasing, with 800 indigenous olinioal cases
reported in 2012, 700 in 2013, and 800 in 2014, High rates are also reported in Netherlands
and parts of France. However, this figure underestimates the true incidence, as infection is
usually asymptomatic or mild. A study of UK blood donors revealed a viraemia rate of ~1 in
2850, squivalent to 2-3 donorsiday across the UK,

0. Short-lived viraemia and complete viral clearance is the nom in immune compstent
individuals. However, long-term viral carriage may occur in immunosuppressed individuals,
with progression to chronic liver disease; the frequency of this remains uncertain,

E. in patients with chronic liver disease, serious worsening of liver funclion has been
dasoribed.

F. Clinical festures other than hepsatitis have been described, such as Guillain-Barré
syndrome, but it is not clear whether these are more commen with HEV than after other viral

infactions .

1.4. Transmission through blood, tissues, organs and ceils
A, Transfusion transmission of HEV is well described in the flerature, with the first reported

UK case in 2008 from red cells, and 3 cases reporied by the UK haemovigilance scheme
Serious Hazards of Transfusion (SHOT) from 2011-14, all from fresh frozen plasma (FFP),
no UK deaths were aliributed to HEV. Mast clinically apparent cases in the UK and other
countries have been In organ or stem cell transplant reciplents.  Even in such recipients,
acute severg hepalitis and death appear to be rare, but the precise frequency is unknown.

B. HEV may be transmitted by red cells, platelets and FFP, with a transmission rate of ~40%
in the PHEINHSEBT study, still the only donorfrecipient prospective study available at the time
of this review, In this study, albell with small numbers of recipients, transmission was more
likely at higher viral loads and with exposure to larger volumes of plasma (28% transmission
rate from red cells, 50% from FFP/platelets). Most recipient infections were asymptomatic
or mild, with only one case of clinical hepatitis in an immunocompetent recipient.
Spontaneous viral clearance with sero-conversion was the commonest outcome, but 8 small
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number of immunosuppressed individuals required anti-viral therapy andfor reduction of
immunosuppression o achieve clearance. Special consideration is thersfors needed
regarding risk mitigation in recipients of solid organ and stem cell transplants in view of the
increased risk of chronicity. This is explored further in section 1.7 below.

1.8. Possible risk mitigation steps for the blood supply
A, No country has yel adopted universal blood donor screening, and Netherlands (where

there is evidence of higher prevalence than recorded in the UK) has taken a decision not to
implemant screening at present. France scresns donors for manufacture of solvent-
detergent FFP, and discussions thers and in Ireland are ongoing regarding broader donor
screening.

B. There is no evidence which can be usad to develop questions which could be added to
the blood donor health check questionnaire 1o Identify donors at particularly high risk of HEV
viraemia. '
There have been no reporied cases of HEV in vegetarians, but the population rate of self-
declared vegetarians (7%) is too low to use this characteristic to Identify a low-risk donor
population for high risk recipisnts,

Based on the known incubsation period, the period following donation for which donors are
asked o report new liiness need not be extended bevond the current 2 weeks.

C. Should festing be proposed, HEV NAT tlesting, which defecis virsemia and hence
potentially infectious donors, is the testing strategy of choice. There are CE marked assays
‘currently available and suitable for HEV NAT testing of blood donors.  Testing by serology
detects recent and past infections, and thus would exclude many safe donors; there is no
added value In carrying out serology testing in addition to NAT.

Blood donor scresning ”by NAT could safely be performed in pools of 18-24, which would be
determined as part of validation. Reactive samples would then be confirmed by a validated
different HEY RNA assay of equivalent sensitivity, along with assessment of viral load,
genotype and serological status.

Uniiversal donor screening would yvisld over 500 donorsfyear who would require deferral and
retest before returning to donation. Look-back of previous reciplents would also be required,
with an indicative look-back pericd of 4 months.

Due o variable levels of virgemia which in some donors will be below the detection imits of
the assay, routine screening by pooled testing would pdiemialiy miss 16-44 donationsfyear,
a figure which will vary with the population incidence.

D. There is insufficient information al present o recommend craation of a panel of sero-

positive immuns donors o provide transfusions for high risk racipients. For example, thera is
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no definition of IgG or IgM levels to define immunity, nor adequate information on antibody
decay.

E. It is uncertain al present what degree of protection would be provided by pathogen
inactivation of platelets or single unit FFP, as not all available methods have been tested by
HEY, and breskthrough transmissions have been seen with FFP treated Dy

method. Manufasturars should be asked to provide such data,

The solvent detergent method of inactivation for FFP is not in itself effective against HEV.
Therefore, specifications are being set for plasma used for manufacture with regard to HEV
testing. If these are implemented, solvent detergent reated FFP (SDFFP} is likely to canry @
significantly reduced risk of HEV, and merits further investigation with the manufacturer. its
cost-affectiveness as the FFP product of cheice for all or high-risk recipients is as yel
uncertain.

There are no Pl methods available for red cells.

1.6. Risks in specific groups of transfusion recipients
A, No cases arising from transfusion transmission have been reported in pregnant recipients.

There is no evidence of risk in pregnancy related to the B3 HEV genolype found in the UK.
There Is a major rigk in the third trimester of pregnancy from a G1 HEV genotype. s
important to prevent G1 infection at this stage of gestation but it is highly unlikely that a G1
infection would be acguired in the UK {from any route).

B. No cases from arising from transfusion transmission have been reporied in neonates.
There are few data regarding the risk {0 neonates from HEY infaction. Awareness of HEV in
the paediatric communily is low and consideration should therefore be given as to how such
awareness could be increased, along with inclusion of HEV in the investigation of the
jaundiced neonate

C. There have been occasional case reporis of HEV In MV positive patients. No cases
arising from transfusion transmission have been reportad.

0. There are no case reports of HEV in patients who receive regular red cell ransfusions for
gither heaemoglobinopathies or chronic haemam%mgécal disorders such as myelodysplasia.
Such patients would be a relevant sentinel group for cross-sectional and longitudinal
monitoring.

1.7. Risks in solid organ and stem cell transplants
A, Solid organ and stem cell recipients may become infected through the transplanted organ

itsalf, by transfusion at the time of transplantation, or by diet {infected pork} in the months or
years following the transplant, when still on immunosupprassion,

B. it is not known whether solid organ or stem cell transplant recipients are at particular risk
of HEYV acquisition. A sub-set of infected transplant patients go on 1o delayed clegrance or
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chronic infection; some of those will develop chronic liver disease. However, there is
considerable uncertainty as to the size of the risk.

C. In deceased organ donors, there are many causes for mildly abnormal liver tests during
the final iliness, and chronic infection with HEV is rare. Based on average annual figures for
each type of donor, it is calculated that there would be 1 infected deceased argan
donorfyear, 1 infected living organ donor every 1-3 years, and 1 infected unrelatad stem cell
donor every 1-3 years.

0. Based on the number of reported cases in the population, the annual dietary risk for
transplants is calculated to be 0.1-0.2% ie 1 in 500 transplant recipients will become infected
annually through diet, with 99% remaining negative for evidence of current or past HEV
infection after 5 years. However, this makes the assumption that their risk of acquiring the
infection is identical to the general population; as stated above, whether immunosuppression .
causes increased risk of virus acquisition is not known at present. Therefore, more data are
required regarding the background rate of HEV acquisition from diet in transplant recipients.
E. Blood component exposure is low in renal transplantation (mean 0.5 donor
exposures/procedure), rising to S/procedure for liver iransplantation, and 88/procedure for
multivisceral transplantation. Approximately 25% of these exposures are through FFP,

F. Donor exposure during allogeneic stem cell transplantation is higher than for solid organ
transplants, due to multiple platelet transfusions. Recent data from a single stem cell
transplant centre in England {cowrtesy of Dr Kate Pendry, NHSBT/Central Manchester
Hospitals) show that both adult and paediatric recipients of allogeneic (donor) stem cell
transplants receive a median of 19 donor exposuresiprocedure, of which 12 are from
platelets. It should be noted that donor exposure via platelets will increase by approximately
75% over the next 2 years as the percentage of apheresis platelets falls from 80% to 40%.
The impact of platelet additive solution for pocled platelets is unknown.

(. Based on transplant activity, donor exposure and transmissibility, the estimated risk from
blood components is equivalent to 1 infection/1-2 years from blood components in liver
transplant recipients. The corresponding figure for renal and multivisceral transplants is 1
infected recipient every 5 years and 8-10 years respectively. The estimated infection rate in
allogeneic stem cell transplant recipients is approximately 4 per year. |

H. There is considerable uncertainty regarding the frequency with which HEV becomes
chronic in organ and stem cell transplant recipients, and the likelihood of chronicity leading
to serious seguelae such as cirrhosis. "

I. Possible oplions to provide risk mitigation for solid organ and stem cell transplant
recipients were considered. Because the clinical burder; of HEV infection in transplant
reciplents is not defined, a full cost-effectiveness analysis was not possible, but broad costs
were estimated. Options considered were:
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{1) selective screening of the blood supply to provide HEV negative components for solid
organ and allogeneic stem cell transplant patients. It is estimated that 50,000
donationsfyear would nesd o be screenad, at an indicative cost o

{2} Provision of immune donors (rejected) (for reasons given in paragraph D above)

{3) Test all solid organ and allogensic stem cell transplant recipients at pre-defined
interval{s) ag annually and treat if positive. There are »40,000 individuals alive with a
transplanted solid organ in situ, and the clinical effectiveness, feasibility, and cost-
effectiveness of annual testing is uncertain; indicative costs are

{4} A combination of (1) and (3); indicative costs

{5) No prevention or patient monitoring, but a low index of suspicion for HEV testing of
patients if liver enzymes become abnormal, with treatment when chronic infection
identified. HEV infected transplant recipients can be treated by modification {usually
reduction) of immune suppression and, if indicated, anti- viral agenis such as
ribavirin.

J. The requirement and optimal strategy for clinical risk mitigation in transplant patients is not
yel clear and further information is needed (see section 110},

1.8. Banked tissues, gametes and embryos
A, The intrinsic risk from tissue transplants appears 1o be extremely low, Tissue transplants

are not commonly accompanied by a nead for transfusion, but even if transfusion occurs,
most tissue recipients are not immunosupprassed and therefore not at high risk from serious
clinical sequelae, The exceplions are recipients of pancreatic islets and hapatocytes, who
receive iImmunosuppression and who are therefore at equivalent risk of clinical sequelas as
solid organ ransplant recipients,

B. Likewise the risk of both infection and clinical sequelae from donation of eggs, sperm or
embryos is extremely low.

1.8. Recommendations
A. On the albeit limited evidence available, there is no pressing case for HEV RNA screening

of the entire blood supply at this time. However, the pattern of HEV infection in the UK is
svolving and this recommendation should be reviewsd at the earliest opportunity when the
findings bémme avaiiable from the additional work recommended below {see section 1,10},
or new evidence from other countries.

B. The requirement and optimal strategy for clinical risk mitigation in solid organ and stem
cell fransplant patients 15" not yet clear. While the additional evidence is bring gathered, UK
Blood Services should without delay develop a costed operational plan for blood donor
testing to provide HEV.tested components for solid organ and allogeneic stem cell transplant
racipients,
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C. Testing of deceased organ donors for HEV should be imited to those with an unsxplained
hepatilis where a viral cause is being considered on clinical or epidemiological grounds.
Specific pre-donation screening is not indicated for deceased organ donors with normal liver
function tests,

D. Organs from deceased HEV infected donors should be used only in exceptional cases
and only after full discussion and treatment planning with an expert microbiclogist and with
suitably informed patient consent.

E. Living organ or stem csll donors with unexplained liver funclion tests should be
investigated and HEV infection considered. Organs from infected donors should not be used
untll the donor has been consistently negative for HEV RNA with a documented accepiable
level of detectable IgG. v

F. HEV lesting should be considered in any solid organ, stem cell transplant or chronig fiver
disease patient with unexplained changes in liver enzymes.

3. No specific steps are required to mitigate the HEV risk in recipients of banked tissues.
However, any fulure recommendations for recipients of pancreatic islets or hepstocytes
sﬁould follow that for solid organ recipients.

H. No specific steps are required to mitigate the HEV risk in recipients of donated gametes
or embryos. ‘

I Awareness of HEV should be increased in clinical teams treating organ and stem cell
transplant recipients, neonates, pregnant women and ransfusion-dependent patients such
as those with haemoglobinopathies.

J. The section below highlights the further information needed fo make definitive
recommendations. A costed plan of this further work should be produced without delay,

showing time lines as to when each plece of Information will become available.

1.10.  Additional information needed
Cbtaining the information below will need collaboration betwaen UK Blood Services, Public

Health England and equivalent organisations in the devolved administrations, and clinicians
in the solid organ and stem cell transplant communities.

1. How the incidence of new HEVY infections in UK blood donors varies over fime.

2. The rate of HEV acquisition and its clinical seguelae In specific patient groups,
including children, transfusion-depenéen& patients, and solid organ/stem cell
fransplant recipients

3. Work to Investigate the prevalence of chronic HEV infection in the UK and
understanding the determinants associated with  viral persistence in the

immunosuppressed population.
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4, Effectiveness and cost-effectiveness of differant methods of Pathogen Inactivation for
FFP and plaielsts.
8. . A feasibility study of testing all transplented patients {organ or stem cell) eg

annually,
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2. Background, Remit and Methodology

Hepatitis E virus (HEV) has been increasing in prevalence throughout the UK and mainland
Europe. HEV comprises four genotypes of which two, genolypes 1 and 2 are human viruses
and twio, genotypses 3 and 4, are animal viruses which infect humans as a zoonosis,
In 2008, a study in England and Wales indicated that 25% of adulis in the sixth and seventh
decades of life have serological evidence of previous HEV infection *
Public Health England has maintained enhanced surveillance of HEV since 2003,
undertaking epidemiclogical investigation of confirmad cases. In 2013, PHE received reports
of 691 cases of acule hepatitis E, exceeding the reported cases of hepatlitis A, PHE
ascertained that 89% of these cases occcurred in people who had not travelled outside of the
UK, leading o the conclusion that infection had occurred within England and Wales,
Qusstionnaire based studies underisken in cases from England have indicated an
assoclation between the consumption of processed pérk products and HEV infection 2. The
concept that food can act as a vehicle of HEV transmission is further supported by reporis of

HEV infection following the consumption of undercookediraw pig, deer and boar meat **%%,

Howsver, despite 2 reporied increase in incidence, in routing clinical practice post-
fransfusion HEVY infection is rarsly reporied. The first UK report of the virus being transmitted
through the transfusion of 2 blood component was received in 2008, The incident was
identified by a look back on the recipients of components taken from a blood donor who
reported acute jaundice due to HEV 24 days after blood donation. Since the 2006 case,
there have been eight (fwo in 2013, five in 2012, and one in 2011} suspected {ransfusion-
fransmitied HEV cases notified to NHS Blood and Transplant (NHSEBT) for investigation. Of
cases investigated o date, 3 have been confirmed to have arisen from transfusion (all 3 from
FFPY, with the remaining cases concluded not to have arisen from fransfusion. Two of these
cases appear in annual reporis of the UK haemovigilance schems Serious Hazards of
Transfusion, and the third will be included in the 2014 report, due to be published in July
2015,

In 2013 a study, jointly funded by Public Health England and NHSBT, was undertaken to establish:
{1} the prevalence of HEV Ribonucleic Acid {RNA} in blood donors

{2} the transmission rate of HEV by a range of blood components and

{3} the outcome in reciplents of recelving HEV containing components.

The study findings mnﬁrmed a HEV RNA prevalence in NHSBT blood donors of
approximately 1 in 2850, Blood componenits manufaciured from HEY RNA positive donations
were tracked and where possible recipients were ltested for HEV demonsirating a
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fransmission rate of approxmately 40%. Transfusion-transmitied infections were found {o
rarely cause acute morbidity but in some immunosuppressed patients the virus becams
persistent and took some time to clear.

The working group have reviewed and evaluated the evidence base for HEV transmission
through blood, calls, tissues and organs, including the findings of the joint PHE/MNHEERT study
of HEY prevalence in bloodiorgan dorors and egvidence of transmission through
transfusionfiransplantation. In so doing, information has been gathered on steps being taken
or considered o reduce the risk of HEV transmission in other countries.

The group have considered the impact of HEV on transfusion recipients and recipients of
organs, tissues and cells and have investigated the risks of secondary ransmission. The
group sought to identify any steps {e.g. donor selection; pathogen Inactivation) that the UK
Blood Services and the transplant community might take to mitigate the risks associated with
HEV infection in recipients of blood, organs, tissues and cells and considered the benefits,
practicaliies, costs and disadvaniages of implementing such steps. The group aimed o
determine whether there are specific patient groups who should be protected from HEV
infection and o determing the efficacy of different strategies in mitigating both the risk of
HEV transmission, and long term liver disease. The impact of the group’s recommendations
for donors and reciplents, and on UK blood services’ operational blood supply, UK organ
donation activity and the supply of tissues and cells has been considered to ensure that they
are appropriate, feasible and deliverable.

The group agraed that the scope of the review would be as follows:

»  Consideration of HEV scraening for blood, tissue, organ and cell donors

»  Consideration of polential steps to be taken (¢ reduce the risks of transmission of
HEY and ifs clinical sequelas

¢ Consideration of the cost efectiveness of any proposed risk mitigation strategies

» Review of actions undertaken internationally to mitigate risk of HEY transmission

The following were agreed as out of scope {though it was recognised that fractionated
plasme products are regulated by the MHRA and thereforg the group's recommandations
related to blood components may be reviewed for relevance by the MHRA)

»  Risk mitigation steps for the general population

»  Antenatal Screening

o HEV in fractionated plasma products

o  Steps o reduce dielary risks
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3. Population Epidemiology, Natural History and Pathogenicity of
HEV .

Hepalitis E virus (HEV) is increasingly described as having ‘two faces’, the outbreaks of HEV
genotype 1 seen in developing couniries that often resulls in significant morbidity and
mortality and the usually asymptomatic cases of HEV genolype 3 reported in the devsloped
world 7. Differences in transmission routes, disease pattern and oulcome are broadily
dictated by viral genolype, geography and socio-economic status. These aspects are
discussed in this document but with a focus on HEV genolype 3 infections that ocour in the
LK.

3.1. Epidemiology
HEV is hyperendemic through much of the developing world where sanitation and

foodiwater hyglene may be poor. Infections in the developing world are usually linked to
genoctype 1 (South Asia, Middle East and Africa) and genoctype 2 viruses (Mexico and Africa).
In these countries the virus results in sporadic cases of hepatitis but also in large water-
borne outbreaks associated with faecal contamination of water. The virus remains a major
public health concern in these regions with approximately 50% of acute viral hepatitis cases
being due ta HEV.

Cases in the developed world are mainly sporadic and linked to genotype 3 (Europe, North
America and Japan) and genotype 4 viruses (South East Asia). In these regions the virus
transmits via a zoonosis with animals acting as a reservoir for infection in humans. The pig
remains the best studied animal and high HEY antibody prevalence rates have besen
described in pigs worldwide. The concept of a zoonosis is further supported by the close
sequence homology observed between the MEV genclype 3 and 4 viruses found in humans
and animals. There are now also good data supporting food as a vehicle for ransmission
with Infections in industrialised countries linked to the consumption of undercooked/raw pig,
deer and wild boar maat.

3.2, Course of infection and tissue distribution
The incubation period ranges from 15-80 days (average 40 days). In an acute HEV infection,

peak viraemia occurs during the incubation period and early phase of disease. Viral RNA can
be detected just before the onset of clinical symptoms In both blood and stool samples. HEV
RNA does not persist in immunocompetent individuals becoming undetectable In blood about
3 weeks after the onsset of symptoms. Some reports suggest that the virus is shed in the
stool for a further 2 weeks. HEV IgM is detected during the acute phase of the iliness and
can persist for 4 to 3 months. HEV IgG appears shortly after igM and levels rise rapidiy.
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Estimates of the duration of the IgG response and immunity to subsequent infection vary, but
antibody has been detected up to 12 years affer infection.

3.3. Pathogenesis, clinical features and sequalae
The majority of infections regardiess of HEV genotype are asymptomatic. In symplomatic

cases the disease is usually mild and symploms may be non-specific, such as fatigue, loss
of appetite, abdominal pain, fever and nausea. Symplomatic acute lliness may inchade typical
hepatitis symptoms such as jaundice, dark urine and pale stools. Differences in disease
patterns and outcome have been noted in relation to HEV genotype.

Thmmgh hyper-endemic regions where genotypes 1 and 2 are found, clinical altack rates are
highest amongst young adulis aged between 15-35 years old. Case-fatality rates in these
regions range from 0.2% to 4% but rise dramatically to between 10-25% in pregnant women,
aspecially during the third trimester.

The demography of cases from the developed world linked to genotypes 3 and 4 infections is
striking with the majority occurring in older males. Poor outcome in relation to pregnancy
does not appsar o be a feature of genotype 3 and 4 infections. However, the development of
chronic HEV infaction is increasingly recognised in immunosuppressed individuals including
children #%'° All cases except one have been linked to genotype 3 infections; one recent
pasdiatric case has been shown to be assoclated with a genolype 4 infection. it remaing
unclear whether HEV genotypes 1 and 2 are associated with chronicity,

Current knowledge suggests chronic infection in up to 60% of solid organ recipients who are
HEV virgemis, but is based on small case series. Reports of chronic infection have also
appesred in relation to stem cell transplant recipients, patients with other hasmaiciogical
disorders and HiV-infected persons. These cases are in the main asymplomatic with only
mild liver enzyme derangement although the long-term prognosis for individuals with chronic
hepatitis £ is poor. Chronic hepatitis E infection can result in rapidly progressive liver fibrosis
and cirthosis with death due lo decompensated liver disease. In addition, acute HEV
infection in patients with pre-existing liver disease has been associated with a poor oulcome.
A 70% mortality rate linked to MEV infections has been reported in patients with underlying

chronic iver disease.

3.4. Extra-hepatic manifestations
A number of extra-hepatic manifestations, clinical features other then hepatitis, linked o

acute and chronic hepatitis E have been reported. These include a range of
neuropathologies, thrombocytopenia, glomerulonephritis, acute pancreatitis, and acule
thyroiditis. In a recent retrospective review of 106 hepalitis E cases from South West
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England, eight (7.5%) presenied with neurclogical syndromes, which included brachial
neuritis, Guillain-Barré syndrome, peripheral neuropathy, neuromyopathy and vestibular
neuritis, Patients with neurclogical syndromes were younger and had a3 more modest
fransaminitis compared o cases without neurclogical symploms. Twelve patients {11.3%;)
presented with thrombocylopenia, fourteen (13.2%) with lymphocylosis and eight (7.5%) with
a lymphopania. Seventesn of G5 patients had 2 monocional gammepathy of uncerain
significance (MGUS). Two cases developed haematological malignancies 38 and 18 months
after presenting with acute HEV infection. Additional studies are required o undersiand the

role of HEV in contributing to diseases other than hepatitis **1%131418,

3.5. Management and treatment
In the majority of hepatitls E cases no ireatment will be reguired as these infections will clear

uneventfully. Individuals with persistent HEV infection may require intervention. Data from
the ransplant setting have shown that s reduction in immunosuppression levels {in particular
drugs that target T cells) led to viral clearance In 30% of cases. Clearance in this selting is
usually associsted with serg-conversion and frequently with a transaminitis. However,
reduction in immunosuppression levels needs o be balanced with the risk of graft loss in
transp%iant patients. Antiviral reatment or changes in Immunosuppression regimens should
be considered for patients in whom reduction of immunosuppression has either not been
possible or ineffective in achieving viral clearance.

Antiviral treatment has been used successfully to treat chronic HEY Infections. Treatment
regimens vary and include interferon-a and ribavirin as monotherapy or in combination.
Ribavirin monotherapy is becoming the drug of choice with viral clearance usually achieved
within a few weeks. However, caution is needed as interferon therapy is contraindicated in
kidney transplant patients due to increased risk of acute rejection. In addition, to avold
ribavirin-induced haemolytic ansemia, the dose should be adjusted according fo renal
funchion.

3.6. Prevention
Pravention in endemic regions is best achieved by reducing fascal-oral ransmission through

the provision of clean drinking water and good sanitary infrastructure. In the developed
waorld, ensuring meat products are thoroughly cooked and appropriately handled will be good
measures for reducing transmission. Hepatills E is a notifiable infection and as such all new
cases should be reported to the relevant public health team for follow-up. FPublic Health
England have published guidance for follow-up of affected individuals and wider public haalth
actions. However, there is no dala to suggest that there is frequent ransmission of HEV from
person-to person, where infection cccurs in families it is thought that this is due to a common
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food source rather than person-fo-person transmission. Usually only patients with significant
sympioms will be identified. In most cases the only public health action will be maintaining a
heightened awareness for any associated cases particularly in those individuals who would
normally be considered fo spread faecaloral infections such as young children, food
handlers, those with poor personal hygiene and front-iing health and social care workers,

A Hepatitis E vaccing has been lcensed for use in China in those aged between

16 and 65 years. The vaccineg, also known as MEV 238, s a 28 KDa protein encoded by
QORF2 of HEV genotype 1. In a recent phase 3 trial of the vaccine using a8 3 dose scheduls
found it gave very good protection {protective efficacy rate of 100% {88% Cl 72.1-100.0).
Hecolin® was well tolerated with local reactions at the injection site being the main adverse
aevent associated with its use. The data éism showed that despile being based on genotype 1
virug the vaccine provided protection against genotype 4 infections. Hs efficacy against
genotype 3 is not known. However, there is limited or no data available on the safety and
immunocgenicity of the vaccine amongst children, pragnant women and in specific groups
such as individuals with chronic liver disease and immunocompromised patients. The long-
term afficacy of the vaccineg, duration of protection and the need for a booster dose has not

been determined. Currently there are no vaccines licensed for use in Europe.

4.7. HEV inthe UK
Public Health England has had a programme of enhanced surveilllance for hepatitis E

running since 2003, The data shows that whilst cases are observed from travellers returning
from HEV hyper-endemic areas, the majority of HEY cases are acquired indigenously
{Figure 1). The daia collected over a ten year period also shows the virus {0 be dynamic in
our population. Travel associated cases have remeained steady and are mainly associated
with genotype 1 infactions. In contrast, major fluctuations have been noted in indigenously
acquired cases with a dramatic year on year increase in case numbers since 2010. What
influences these changes is unclear but the increase in case numbers observed since 2010
suggest that the risk of acquiring HEV has changed and that we are currently in a period of
heightened activity for acquiring the virus. Molecular characterisation demonstrated
indigenous. infections to be due o genotype 3 viruses and for these o form two distinet
phyvlogenetic groups. Of interest, the recent rise In indigenous cases has been associaled
with the emergence of a novel HEY (3 phylotype not commonly circulating prior {o 2010,
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Figure 1: Total, indigenous and travel-associated cases of acute hepatitis E diagnosed
between 2003-2013 in England and Wales

Sero-epidemiological studies have also been camied out in the general population in
England indicating HEV seroprevalence fo be high at approximately 13%. The
seroprevalence rates were found fo increase with age and in a cohort from 2004, it peaked
at approximately 25% in those aged 50 years and over. Additional data modeliing suggested
that there is an annual attack rate for the indigenous virus of between 0.1-0.2% and that
around 60 000 infections of HEV occur yearly in England.

The reported incidence of Hepatills E (HEV)} infection in Scotland has increased dramatically
in recent years, Between 2000 and 2011, the number of Isboratory confirmed cases of HEY
varied from 3 to 13 per year. Since 2011 there has been a substantial increase in lsboratory
reports of HEV. In 2011 Health Protection Scotland received 13 reports, increasing to 78 in
2012 and 95 in 2013, and & provisional total of 160 in 2014. In 2014, 80% of HEV repors
were from males, with 723% of the cases in males reported from those aged 50 vears and
over {personal communication Alison Smith-Palmer Health Protection Scotland).

Hepatitis E is not 8 notifiable infection in Northern Ireland. Currently local laboratories test
on request but there is no standardised policy, and this may lead 1o an underestimation of
the number of infections. Betwaen 2000 and 2013 3 cases were reporied to the NI Public
Health Agency whereas in 2014 9 cases were reported (personal communication Philip Veal,
Public Health Agency, Northern ireland).
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As a resull of increased awareness and testing, persistent HEV infeclions are being
increasingly recognised in the immunosuppressed population in the UK. These have been
desoribed in HiV-infected patients but primarily in haemato-oncology patients and solid
organ fransplant recipients, The overall UK seroprevalence and complication rate in this
cohort has not been clearly established.

3.8. HEV epizoology in England and Wales
A case controlled, questionnaire based study underisken by PHE in 2012 indicaled the

consumption of pork based products to be associated with cases of hepatitis E from England
and Wales. In order fo belter understand HEV infections in the UK pig population, a joint
PHE-DeFRA-FSA investigation was undertaken studying pigs at time of slaughter. The study
reported a high MEV seroprevalence rate of 93% with the detection of igM antibody in half of
the seropositive animals indicating many pigs v have had recent infection and some 6% to
be undergoing a current infection and o be viraemic (HEV RNA in thelr plasma) at the time
of slaughter. Molecular characterisation of identified viruses showed that the UK pig could be
the likely sowce of a small propordion of the infections currently being diagnosed in the
England but that two thirds of the viruses that infect patients are not found in the UK pig. The
precise source of these infections remains o be confirmed.

3.9. Epidemiology in UK blood donors
In recent vears the blood and transplant community have becoms more aware of the

potential impact of transmission of hepatitis E to immunosuppressed individuals through
blood transfusion and organ transplant. Hepatitis B is not routinely included in the scraening
of blood donations although in the last year there has been much debate as (o whether this
should be implemented In Europe.

A study published by Beale in 2011 ™ looked at the rate of HEV RNA and seroprevalence in
unsslected UK blood donors (n=262) and with a history of jaundice unrelated to hepatitis B
{n=333). Seroprevalence for anti-HEV g0 was 12% in unselecited donors and 8% in those
with & history of jaundice. Two samples in each group were igM positive but HEV RNA
negative. These results suggested that there was likely HMEY infection turning over in the
blood donor panel which warranted further investigation. A more recent study ¥ looked at a
greater number of donations and the presence of active infection. Donations from blood
donors from England living in the south of the country were soreened between Ootober 2012
and 2013 for the presence of HEYV RNA, OF 225,000 donations tested 78 were found {o be
positive for HEV RNA, genotype 3, a rate of 1/2848 or 0.04%. A recent study carried out in
the Scottish National Blood Transfusion Service locked for MEV seroprevalence in a
collection of 1558 anonymised samples collected belween 2004 and 2008 and an additional

HEV Report 20

WITN0643003_0020



528 samples collected in 2012, The samples from 2012 were included for comparisan to
ensure that long-term storage did not affect on the test resulls. In addition 43,560
anonymised samples in minipools wers tested for the presence of HEV RNA. HEV RNA was
detected in 1/14,520 or 0.007% of donations, with anti-HEV 1gG seroprevalence of 4.7%,
lower rates than detected in England. As this was retrospective testing there was no follow-
up of those samples found o be HEV RNA positive.

3.10. Population and blood donor studies in other countries
Data from the Netherlands * reported a virsemia rate of 11761 {0.06%) in 35,220 plasma

donations tested (Table 1}. it has also been shown that anti-HEV IgG sero-prevalence has
declined over time In donors aged 18-84 from 46.6% in 1988 to 20.9% in 2011 In The
MNetherlands., However, an increase in seroprevalence has been observed in younger
donors aged 18-21 from 4% in 2000 to 13% in 2011, suggesting that prevalence and
acquisition of HEV has changed over time. The circulating virus is a genotype 3 virus and, as
in the UK, is thought to be associated with consumption of contaminated mest products.

Country Time Number | HEV RNA Methad Rate Ref
period screensd positive
France MNov, 53,234 24 Fonl 142218 {sallian st
2012- al., 2014 *
Dec,
2013
The 2013 35,220 20 Poot 11781 Hogema et
Netherlands al., 2014 *
The 2011- 45,415 17 Pool 1/2671 Slot et al.,
Netherlands 2012 2013 ¥
Germany July- 16,125 13| Individual 141240 1 Volimer at
Sept al., 2014 %
2011 \
Scotland 2004- 43 560 3 Pool | 1414520 Cleland st
2008 al., 2013 %
England | 2012- 225,000 79 Pool 1/2848 | Hewitt et al.,
2013 2014 ¥

Table 1 Hepatitis E rates in blood donors

A recent study in Germany * found relatively low rates of past infection in donors; anti-HEWV
oG of 6.8% in 1019 donors tested. Seroconversion was cbserved in 7/89 donors within g 2
yaar period, an incidence of 0.35% per year. HEYV RNA was delected in 0.08% of donations
{1 in 1,250} with & report of ransfusion transmitted infection (TTI) from two donations from a
single donor via apheresis platelets. One patient was immunosuppressed and developed
chronic infection. Data from South West France have shown over half of all blood donors
{52.5%) have been shown to be HEV lgG posilive, probably reflecting the locsl dist.
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Although the level of HEV infection and seroconversion is high in blood donors a large
proportion of the general population and blood recipients will also have immunity =,

A nationwide survey of 12,600 blood donors in Japan found 3.4% to be HEV ig( positive
with prevalence varying by geography. There was a relationship between elevated alanine
aminotransferase and positive anti-HEV 1gG. The predominant genotypes were both 3 and 4
with 4.1 % of samples were HEV RNA positive .

Work has bean carried oul in the USA to investigate the anti-HEV 1gG seroprevalence, Of
816 donations investigated in 2008, prevalence was 21.8% compared with 1023 donations
in 2012 when seroprevalence was 16%. None of the donations were positive for HEV RNA
 although 0.4% were Igh positive. In addition 362 recipients were followed up by testing pre
and post-donation samples but no TTls were observed. The authors note that no TTls were
observed despite the relatively high seroprevalence rate %,

311, Conclusion
HEV is a zoonolic infaction in the UK, most likely acguired through eating infected pork

praducts. The UK prevalence of clinical infection is increasing, with 500 indigenous cases
reported in 2013, and high rales also reported in Netherlands and parts of France. However,
this figures underestimates the true prevalence, as infection is usually asymptomatic or mild,
A UK study of biood donors revealed a viraemia rate of ~1 in 2850, equivalent to 2
donorsiday. Short-lived viraemia and complete viral clearance s the norm in immune
competent individuals, in whom severe acute hepatilis and chronic liver disease are rare.
However, long-term viral carrfage may ocour in immunosuppressed individuals, with
progression to chronic liver diease; the frequency of this remains uncertain. Worsening of
chronic liver disease may also ooccur. Extra-hepatic manifestations have also been
describad.
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4. Transmission Through Blood, Tissues and Organs, and Possible
Mitigation Steps '

4.1. Transmission through blood components

The first case of confirmed transfusion-transmitted hepatitis E infection was reported by ¥ in
Japan. The recipient had received 23 components following heart surgery in 2002 and was
readmitied 48 days post transfusion with hepatitis. The donor was asymptomatic at the time
of donation and donated Fresh Frozen Plasma (FFP) which was found (o be the source of
infection, with molecular typing showing identical genotype 4 virus in donor and recipient.

Subseguently the ﬁrs’@ British TT! was reported ? following 2 transfusion in 2004. The donor
was asympiomatic but reported flu-like symploms 14 days post-donation and jaundice a
further 10 days later; there was no history of travel. The donation had been made into red
cells and a piatelet pool. The patient who received the red cells had B-cell lymphoma and
developed HEV which persisted for several weeks; the same virus {genotype 3} was
identified in the donor and recipient.

Further transmissions in the UK ocourred in 2011, 2012 and a8 single case in 2014; no
fransmissions were reporied in 2013, All 3 tfranamissions were from FFP. The transmission
in 2011 was identified in an adull stem cell recipient whe had received blood components
from 34 donors, two of whom were found o be viraemic at the time of donation following
anslysis of archive samples. One of these donors had donated FFP; donor and raciplent
were found o have the same genolyps 3 virus. Unfortunately the recipient died from other
causes. The 2012 reciplent was receiving immunosuppressive theraples and had
experienced 128 donor exposures, One donor had evidence of HEYV RNA at the time of
donation, the infection cleared and the donor seroconveried 5 maonths later. This donor was
identified as the source of infection having donated FFP o the recipient. The 2014 patlient
had underlylng chronic liver disease and was treated with FFP (details will appear in the
2014 SHOT report dus to be published in July 2015). Two other cases are under
investigation where donors reported post-donation iiness and were investigated by thelr
GPs. Both wers found to be HEV RNA positive and lookback investigations on the
recipients are ongoing. Now that investigations for possible hepatilis include HEVY testing,
more such reports are likely,

There have also been case reports of TTis in Germany and indirect evidence of transmission

from solvent-detergent treated fresh frozen plasma plasma (SDFPP) in Canada ®%. In the
Canadian study, patients with Thrombotic Thrombocytopaenic Purpura were receiving up o
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40 of plasma as either SDFFP or oryosupernatant plasma. Patlents were followed up at
baseline, 1 and 8 months and tests for anti-HEV antibodies and where seroconversion had
been observed HEV RNA. Seroconversion Was obsarved at one month in 2/117 patients
treated with SOFFP.

The recent Hewitt study ¥ actively followed up recipients of blood donations given in the
South East of England. OFf 80 patients recelving blood components 17 were unable to be
followed up for various reasons. In the 43 reciplents with culcomes 18 had evidence of a
HEY TTL Six recipients had serological evidence of infection and 12 had proven viraemia on
at least one point following transfusion. TTls were more often associated with higher viral
lpad in the donor and absence of antibody. In the recipients, 4/18 receiving red cells
developed infection, 4/10 receiving pooled platelets, 5/14 receiving apherasis platelsts and
both pooled granulocytes (n=1) and FFP {(n=2} resulted in a TTL Although numbers are
small i does appear that those components containing large volumes of plasma from an
infectad donor may be expected to transmii HEV RNA. Analysis of outcome in the infected
recipients indicated that level of immunosuppression was linked to the duration of infection
and median weeks o seroconversion (Table 2. Prolonged virsemia with delayed
development of the antibody response was observed in those recipients with moderate and
severs  immunosuppression  levels,  Intervention  either through the reduction of

immunosupprassion, or through antiviral treatment led o viral clearance in three recipients,

Based on this study, & would be expected that there would be 400-500 transfusion
fransmissions annually in UK, vet only occasional cases are reported. This illustrates the
asympiomatic or mild nature of HEV infection in most recipients, sven those Hl encugh fo
raguire ransfusion.

y 1 nloc ® 3 i3 8,6 g .
§;€§:§:1e§ Number of Medion sweeks Proportion (%) whe developed
) » recipients o RNA ] duration | eomaes | plearanea clinical
SUppression detection SEYOCONVERT infection hepstitis
Mone or muld 8§ 5 7 0 B{100%) | S0 | 1 {1280
N . 56 34
Moderate & 8 il 18 (532 | (730070 g
Severs 4 9 375 30 23 > 0
PEVETE 2 - (66°5)%* | (66°0)%%

Table 2: Qutcome in 18 recipients infected by transfusion of a blood component from
8 viraemic donor, ranked by immunosuppression,
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4.2. International situation
No couniry has yel introduced routine blood donor screeping. The Netherlands has been the

iead country In terms of epidemiclogical studies, with 3.5% of donors sero-positive and 1 in
3000 RNA positive (Hans Zaaijer, presentation to HEV group)l The Dutch authorities
considered the issue of blood donor screening, but concluded that in view of the high
population prevalence, the added risk from transfusion did not warrant screening.

France has introduced NAT for donors conributing to pools of SDFFP. Universal or selective
- screening of blood donors is under consideration. Other countries in Europe plus Canada
are carrying out epidemiclogical studies, but have not taken any decision regarding biood
donor screening. USA and Australia are maintaining a watching brief.

4.3. Transmission through stem cells, tissues and organs
One case has been ascribed to a liver transplant from an HEV positive donor *'. There have

been no other cases ascribed to stem cell, tissue or organ transplants themselves, although
a stem cell donor was reported o have been undergoing scute HEY infaclion at the time of
transplant >,

4.4. Donor selection and post-donation information
Donor selection criteria are fundamental to blood and tissue donation processes and support

decision-making In organ donation. Information is collected about the donor's general health,
recent iliness and any risk behaviows thal may put them al increased risk of infectious
diseases. The majority of the blood donor selection criteria also apply to both live and
deceased lissue donors; however, donor selection for stem cell and organ donation tends to
be on @ case by case basis and certainly for organ donation there are very few conditions
which would result in a donor not being accepted. Every time an individual attends to donate
blood they are given information about blood donation and then asked 1o complete and sign
a donor health check form (OHC) which asks 8 number of guestions about general health,
sexual behaviour, travel and any known exposure o infectious diseases. The DHC is used in
conjunction with the donor selection guidelines to ensure both the safety of the donor, and of
the blood supply.

it is known that the majority of people with HEV may not be awarg of their lliness at the time
of donation. In a recent English study it was observed that approximately a third of donors
'experienced some liness which was probably related to their infection . Some donors may
have relatively minor symploms which they did not disclose - it is known that donors do not
always fully disclose iliness, particularly if they think it is not relevant.
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it would be difficult 1o introduce any donor selection criteria for a food-mediated infection;
currently there are no deferral crterla in the UK that are related to diet, It seems uniikely that
there are any donor selection criteria that would mitigate against HEV genotype 3. There
have been no reported cases of HEV in vegstarians, bul the population rate of self-declared
vegelarians {(7%) is too low to use this characteristic o identify a low-risk donor population
for high risk recipients. Some donors may be more at risk of acquiring hepatitis E due to the
nature of their work .. working in anima!l husbandry or welfare, but rates of virsemia or

sero-positivity are not known in the populations.

Other genotypes of hepatitis E infection such as those viruses found in Africa and 3E Asia
arg mitigated against by other travel deferrals. Donors are asked about any fravel pverseas
gither since the last donation or for new donors in the last 12 months ®. Most of those
couniries with endemic HEV are in arsas where donors would already be deferred for §
months due to the malaral risk deferral. It may be possible to target particular donor groups
o identify those donors with possibly protective HEY {gG antibodies i.e. known that older
males are more likely (o have evidence of HEV g3, HEV has been described in men who
have sex with men (MSM) > the risk from such individuals as blood donors is already
covered by the 12 month deferral pericd,

Post-donation information

There are specific questions on the DHC which ask all donors about lHiness in the last 2
weaks, known contact with an infectious individual in the last 4 weeks and any history of
jaundice. However, these questions depend on the donor having symptoms. it is possible
that viraemic donors will develop symploms some days after donation and therefore it is
important that all donors are aware, and reminded, that they should report any iiiness {other
than a cold) that develops within two weeks of donation. Hepatitis E symptoms may develop
more than tw(} weeks post donation so the group considered extension of the period of post-
donation reporting. However, any extension of the reporting time for pesbﬁnnaﬁan infactions
would be fikely to resull in a large increase in donor reports but unlikely to yield many
hepatitis £ infections.

Recommendation: the period following donation for which donors should report symptoms
need not be extended beyond the current 2 weeks.

4.5, Donation screening
Assays available

There are two primary screening targets for HEV, HEV nucleic acid (RNA) and 1gG antibody
to HEV (anti-HEV). HEV RNA is the first target to appear, followed some time later by the
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appearance of anti-HEV. However in the context of donation safety, screening for the
- presence of HEYV RNA is required to identify potentially infectious donations. The presence
of antibody provides evidence of infection including acute, resolving or resolved, but on its
own antibody scresning cannot identify all viraemie, and thus polentially infectious,
donations. In practice most antibody positive donors will not be viraemic, they will have
undergone infection in the past and very few will be undergoing an acute infection and be
viraemic. To maximise product safety donations must be screened for HEV RNA if there is a

desire to remove viragmic components from the inventory.

Currently thare are only two main global suppliers of CE marked molecular donation

sereening assays {Appendix 1}, and both of these

suppliers have a suitable HEV RNA assay on their automated platform. Assay evaluation

and validation would need to be performed prior to any implemaniation.

individual donations or pooled screening
Currently there are no specific published data on the minimum infectious dose that would be

transmitted by transfusion, the only data available are from the inoculation of Macaques,
demonstrating clinical disease, viragmia and seroconversion in those inoculated with higher
doses (‘IE}“—“H”}ﬁ infectious doses), with just viraemia and seroconversion in those with lower
doses. However, although based upon small numbers, one of the oulcomes of the NHSBT
study was to identify the lowest level of viraemia associated with transmission, 408 U/md, in
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a dose of apheresis platelets. Although only a single datum, this figure does provide the only

estimate currently available upon which further calculations can be made,

Options for HEV RNA screening include both individual donation {10} and pooled, with a
range of possible pool sizes, Although 1D screening is the most sensitive approach, pooled
soreening has operational and finencial advantages when screening large numbers of
donations and has been successiully used by a number of countries for routing molecular
screening of donations for HBY, HCV and HIV for some years, and in a range of pool sizes.
Pooled screening is current practice for the molecular screening of blood donations within

tha UK Transfusion Services

There are a number of factors that need to be considered when deciding whether any MEVY
RNA screening should be 1D or pooled: the range of viral loads expected in viraemic donors;
the sensitivity of the assays available; the lowest leve! of viraemia that would be expecled o
transmit; the quantity of virus tikely fo be present in the products provided o reciplents and
the susceptibllity of recipients to infection. Whilst all of these factors have a degree of
interaction in determining whether any virus present in a donation would be delecled, and if
not detected whether it would transmil, the prime consideration is whether the assay is
sansitive enough to support pooled screening given the range of viral loads expected in HEV
viragmic donors. Looking at the NHSBT study outcomes, the only currently published study
assessing MEV viraemia in screening pools, viral loads in pick-ups ranged from 50 - 2.37
x10% 1Ufml, using an in-house HEYV RNA assay (PHE) with a 60% detection limit of 22 [U/mi,
if screening pools of 24 donations, individual donations with HEY RNA levels less than 528
Hml would theoretically not be detectable. However, although the median viral load in the
viragmic donors was determinad to be 3800 [UW/mi, viral loads as low as 50 U/ml were
idantified. The lowest level associated with transmission in the NHSBT/PHE study was 408
iWiml in 2 seronegative donor. This was in a dose of apheresis platelets transfused info an

immunocompetent individual,

Further analysis of the recipient outcomes from the NHEBT/PHE study have determined that
the minimum infectious dose in a biood product that could result in transmission is estimated
to be 2x10° 1. Different products have different residual plasma volumes and consequently
contain different overall quantities of virus. Taking 2x10* 1U as the minimum total viral input
in each product type that would lead to HEV infection in the recipient, the minimum viral load
in any donation that would be expected o lead to HEV infection in the recipient, based upon
final product type, can then be estimated (Table 3). However it must be stressed that these
figures are based on very limited data and therefore need {o be judged with caution. In
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addition the effect of any other products given at the same time needs to be considered,

although currénﬂy any such effect can only be surmised.

Platelets
. 3 p!!:agiia FFP (not Cryo®
Red cells | Apheresis | Pooled (30-40% lr;:taed) (pool)
plasma}

Rasidual 7.6~
plasma 17.4mli, 43
yolume in | depending 180 280 108 275
product” on pack (1721215)
{mi) type
Viral load
in donor
plasma 1.15 - 2.63 465
required ot e 111 69 180 73
result in 10 (116/93)
infaection
{{Ufmi)
Table 3 Estimation of infectivity per product type based on resldual plasma

volume

' Pools of 4 but the majority of the plasma from 1 donor
:" Pooled figures in brackets; pools of 4 for uniregied and & for MB trealed plasma
* Mean actual values for NHSBT products obtained from routine Quality Monitoring data

Pooled screening may therefore be considered a viable option if the expected virsemia is

high enough fo still be detecltable when diluted in & pool Table 4 presents the

manufacturer's claimed sensitivily for their respective assays, with the impact of different
pool sizes included. On the basis of these dala together with data from the NHSBT/PHE
study, both assays could be considered o be suitable for use up to and including a pool size

of 16 donations.

Table 4 Estimated assay sensitivity for different pool sizes
! using the WHO International Std for HEV
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Confirmation
it is best practice to independently confirm screening reactivity. Whether screening in pools

or 1D, all screen reactives should be confirmad by a sensitive and independent HEV RNA
assay, the viral load determined and genotype ascribed. Reactive pools would automatically
be resolved to the individua! donation by the screening laboratory. The individual donations
would then be referred o the appropriate reference laboratory for confirmation using an
alternative, validated, quantitative HEV RNA assay. Additionally, the serological status of all
HEV RNA positive donors would be determined to build up a body of data on the biology of
HEY infection in UK donors. Sequencing would also be required. Full molecular and
serological follow-up of all confirmed HEY RNA positive donors would be required to enable
re-instatement to the donor panel once virsemia has cleared.

4.8, Donor management and deferral
Currently any donor reporting 2 known history of HEV is deferred for 12 months from the

time of recovery . f HEV screening were introduced in the UK blood services then
arrangements would need to be in place for the management of donors including post-
donation information and discussion. During the recent study carried out between NHESBT
and PHE, all donors who tested positive were sent a letter and an information leaflet about
hepatitis E, the donors had already received information about the additional screening test
at the donation session. All positive donors were advised that the infaction was notifiable and
hence the local public health feam would be informed. Donors were asked 1o ring the clinical
team 1o discuss their resulls. During this post-test discussion the naturs of the infection was
explained, the donor was asked about any fravel or unusual foods and any symptoms. The
majority of donors were asymplomatic but were wamed that symploms may develop.
Consent was sought to send a letier to the donor's GP for information. A similar process
would need to be put in place if HEV screening became part of mandatory testing.

Currently a 12 month deferral is in place from the time of recovery for those individuals with
a confirmed hepatitis £ infection. Howaver, if screening were in place it may be possible to
reduce this deferral by several months. Donors would be relested before being returned to
the panel to ensure that HEV RNA had cleared and seroconversion had taken place with the
prasence of igG. It is expected that the number of donors with an acute HEV infection would
be considerably greater than those whose serology is positive for hepatitis B/C, HIV and
HTLV i an averags year,

Lookback investigations
When new viral infections are detecled in regquiar donors i is good praclice o review the
previous donation for presence of virus which may have been missed due to a window-
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period infection. Usually archives are retrieved and retested using individual nucleic acid
testing. If & previous donation is found to be positive then a lookback investigation on
previous recipients will be carried out. [n brief the fate of all components manufactured from
the previous donation will be identified and where units have been transfused the consultant
hasmatologist will be contacted, informed of the issue and asked for help in identifying the
recipient. The recipient will then be followed up by either the hospital consullant, thelr GP or
in some cases by the blood services. The reciplent will be advised of the situation, and
where appropriate testing will be offered.

Until more is known about the natural history of HEV it is likely that a previous donation
within the last 4 months will require follow-up but this would normally be decided on a case-
by case basis.

4.7. Residual risk if screening were introduced
Estimation of residual risk for HEV can be performed, but with some degree of uncertainty.

The key data needed for residual risk estimation for any transmissible infectious agent are
incidence and window period. Published HEV incidence data are limited to the study of
German blood donors 7, which determined a seroprevalence of 6.8% and annual incidence
of 0.35%.

The NHSBT/PHE study identified 79 HEV viraemit individuals. As HEV, in such healthy
individuals, is an acute infection it could be argued that this figure can be used (o generate
an incidence figure. However a percentage of these also had concomitant antibody detected,
a further small number also had evidence of HEV infection in the stored archive sample from
their previcus donation. Removal of these donors to leave just those with only HEV RNA
present in the pick-up donation provides a figure, 56 donations {donors), from which &
tentative annual incidence, based upon the testing of 225,000 donations could be
determined.

For the purposes of estimating HEV residual risk for this assessment the following values
were used: |
1. the length of the HEV window peried is uncertain, but HEV RNA would be expected
to be seen within 2-4 weeks of exposure; an infectious window period being from 1-
2 weeks
2. the annus! incidence of HEV in blood donors, based upon the total number of RNA
positive donors identified, with or without serological evidence of ini‘eciion' was
determined to be 0.035%.
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3. the annual incidencse of HEY in blood donors, based upon the number of RNA
positive donors identified who have no serological evidence of infection and whose
archive sample also had no serological or molecular evidence of infection, was
determined to be 0.024%.

The residual risk estimation, the annual risk of failing to detect HEV viraemic donations
across all of the UK Blood Services, was performed by the NHSBT/PHE Epidemiology Unit
using the above figures . These figures were generated from the oulcomes of screening in
pools of 24 donations, although the maximum pool sizes validated for the CE marked
commercial assays are 6 and 16 and can therefore be considered to be ‘worst case’
» Lsing an annual incidence of 0.035% the number of donations that may not be
detected in one year is estimated to range from 22 ~ 44
+ Usging an annual incidence of 0.024% the number of donations that may not be
detacted in one year Is estimated to range from 16 - 31,

The full figures are presented in Appendix 2.

Existing screened and banked donations
in the past, the implementation of an additional screening test to the UK blood services has

not required the retrospective screening of all existing banked products. If screening were to
be implemented there would therefore be a period when untested products would be in
inveniory untit they could be replaced. However unless universal screening is recommended
the HEY RNA status of screened and banked products is unlikely o be an issue.

4.8. Creation of a panel of immune donors
Background

The use of bespoke panels to reduce the risk of pathbgen fransmission to vulnerable
recipients is wall established. With hepatitis E virus infections in immunosuppressed patients
finked o the development of chronic hepatitis and a poor hepatic outcome, the need to
define strategies to reduce the risk of transmitling HEVY through blood/blood components to
at risk recipients is clear. With a view o explore the role of a bespoke panel of known HEV
immune donors in addressing this concern, we examine whal s known about HEV
serpepidemiology in blood donors and discuss what s understood about HEV antibody
dynamics.
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Defining HEV seroepidemiclogy in blood donors

A study on 3000 donors from England, sampled in 2010, demonstrated an overall anti-HEV
prevalence rate of 7.5% (personal communication, NTMRL, NHSBT unpublished data).
Additional breaskdown of the data indicated a cohort effect with antibody prevalence rates
increasing with age peaking at approximately 35% in those aged 80 years and over {fig 23, A
slight predominance of males was also observed. Studies undertaken in the general
population have also shown that the risk of acquiring HEV has fluctuated over time %,
What causes these changes in prevalence is unclear but it is lkely that the
seroepidemiclogical profiles identified in donors will be fluid and continue to change.
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Figure 2: HEV IgG prevalence in blood donors shown by age
Understanding the dynamics of HEV antibody
Analysis of HEV igG antibody levels in the 3000 donors from England showed 80% to have

lgG S/ICO levels <10 {figure 3). Additional break down of the data did not show a relationship
between igG antibody levels and age.
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Figure 3: Breakdown of antibody levels in 3000 blood donors

There remains much debate on the persistence of HEY antibody following recovery.
Understanding antibody dynamics has been hampered by the unreliability and lack of
sensitivity of commarcially available HEV 1gG detection assays, further exemplified by the
poor concordance between many of these tests. Whilst improved assays arg now
increasingly available, data on the long term persistence of HEV antibody over time is

lacking.

Longitudinal follow up of acutely-infected blood donors identified through a recent study has
started and antibody levels on sequential samples taken bstween & to 18 months after
infection are currently available on 58 donors. In the majority of donors, HEV antibody levels
have remained steady and high, However, a drop in antibody levels was noted In 12 (21%)
donors, with the majority {88%) showing reductions to S/CO <10, We accept that the
numbers involved are small and that the period of follow up s short. Clearly more long term
date is needed to define the decay of HEV antibody in this group. Nonetheless, the
ohservation of rapid antibody decay even in the mincrity of donors does raise interesting
questions. What level of HEV antibody is protective? s there a gradient in antibody titre, with
ensuing complete and partial protection? Would the eventual decline in antibody levels
mean that donors could become susceptible to re-infection? if so, what would be the risk

from a donor undergoing re-infection?

The recent NHSBT/PHE study on HEV and blood safely involving some 225,000 samples
identified 79 viraemic blood donors V. Retrospective testing of archival samples available
prior 1o the donor being identified as being viraemic, showed all samples to be completely
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unreaciive for anti-HEV. These dala confirm that all 79 donors found 1o be virasmic were
likely the result of primary infections. These occurred in an estimated 180,000 sero negative
donors, Given that the modal age for repaeat donors lies between 40 and 45 and the
seroprevalence at this age is around 16%, we could have anticipated pro rata around 15
viraemic donors in the estimated 34,000 previously infected and now seropositive donor but
in fact found none. This is a highly significant difference indicating that seropositivity protects
against viraemia bul does not exclude the ocourrence of reinfections in those whose
antibody titres has waned or declined; such infections in the UK would seem io be rare.
However data from a group of closely monitored individuals in China report re-infections in
17% of diagnosed cases “°. These cases were associated with a less severe hepatitis with a
boost in 196G levels. Whether the re-infections were due o viruses of the same or different
genotype to the original infection remains unknown. Re-infections in the transplant setling
linked to lower HEV antibody levels have also been reported *'. HEV RNA has been
detected in solid organ recipients who had demonstrable HEV IgG prior to ansplant;
numbers involved were very low, and titres <7 WHO unils/mi did not seem o be sufficient to
prevent or control virzemia, with one patient out of 3 progressing o chronicity. It is worth
noting that descriptions of HEV re-infections remain rare, but there have not been large
systematic studies looking at this.

Considerations for creating a bespoke panel of HEV immune donors

Head to head comparisons with the introduction of NAT screening shows that the creation of
3 bespoke panel of immune donors does have many advantages, in particular with respect
to donor selection, donor deferral and donor follow up (Table 5). However, there remain
many issues that warrant further discussion and understanding.

information on the persistence of HEV antibody and protective levels are lacking. Modelling
of HEV antibody data from population based surveys indicates that a S/CO ratio of 25.0 is
likely fo be related to recovery antibody [33]. Used as a proposed cut off, only 144 (4.8%) of
the analysed 3000 donors from the 2010 study would be eligible for inclusion in the panel.
These figures may suggest that assembling a panel of immune donors to meet demand, in
particular when considering the use of platelets, may not be possible. This could be further
complicated as considerations for ABO maltching will mean that the pane! will need to be
representative. An understanding of the predicted haematological support that will be
needed for identifisd vulnerable populations would be an essential starting point. This will
determine how many donors will be required and the level of antibody screening that will be
needad in order to assemble the pansl.
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Thare are currently no platforms available that support HEV antibody testing. Logistics as
well as costs for the implementation of liguid handlers, consumables and staff would need to
be investigated. Protocols for maintaining and monitoring the panel will need to be
established. One possible suggestion is that the panal is maintained with antibody testing at
a year to ensure that lsvels remain at & SICO ratio of 25.0. A second possibility is that 2 new
panel s constructed very vear. Perhaps most critical are considerations needed for the initial
assembly of the panel. Whilst screening for HEV IgG will identify those donors with antibody,
additional HEV RNA testing will have to be undertaken in this group in the first instance.
During an acule infection HEV IgG will be detectable during the viraemic phase. The levels
of IgG will rise as HEV RNA clears. However to soreen and therefore base inclusion criteria
solely on the presence of HEV IgG will not be acceptable.

NAT screening Panel of HEV immune

donors
Donor Selaction e e
Donor Follow Up b e

Donor Deferral (Could bt ——
be decreased from

12112}

Ease of adding to Requires new UK wide Would require new

currant tesis {ender process micropiate snd
implementation of liquid
handiers

No. required to meet + dd

demand 2099 of 3000 are negative | lgM Neg, IgG 25

! ' Potential for selectad 144 out of 3000 donors will
screening fo supply sl fit this criteria

platelets, RBC's and FFP
to high risk reciplents

Estimated residual risk 16-44fvear

Table §: Head to head comparison of the introduction of NAT screening vs the
creation of a bespoke panel of immune donors

4.9, Pathogen inactivation {Pl)
Rad cells: There are no licenced methods for Pl of red celis.

FFP: There are 3 licenced methods for Pl of FFP,

4.9.1 Methylene blue

This is a phenothiazine-based photosensitizer process with affinity to guanosine-cytosine
pairs. i is said to inactivate all enveloped viruses and some non-enveloped like Parvovirus
B14 for Plasma. '
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4.8.2 Solvent detergent

This is medicinal product licensed by the MHRA. This requires pooling of 2000-3000
donations and is available commercially as Oclaplasiz

4.9.3 AmotosalenfUV treated

The Cerus intercept System uses amotosalen HCI {8 pholoactive compound) for both
platelels & plasma and long-wavelength uliraviclet (UVA) illumination to pholochemically
treat components.

The Inercept Platelet and Plasma systems use amolosalen (also known as 558). Whareas
the Intercept Red Cells system uses 8303 (still in trials, not licensed).

454 Platelets

There are 2 licensed methods, although routine use is imited.
1. Amotosalen/UV - the same method as for FFP.
2. Riboflavin activated with light,
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The Mirasol Pathogen Reduction Technology (PRT) System renders & broad range of
disease-causing viruses, bacteria and parasites less pathogenic, and inactivates residual
white blood cells found in blood components. It uses a combination of riboflavin {vitamin
B2}, a non-toxic, naturally ocowring compound, and a specific spectrum of ultraviolet {(UV)
light to inactivate viruses, bacteria, parasites and white blood cells that may be prasent in

collected blood products.

4.10. Conclusions
There is no evidence which can be used to develop quastions which could be added io the

donor health check questionnaire {o identify donors at particularly high {or low) risk of HEY
carriage for selective testing.

HEY NAT testing, which detects viraemia and hence potentially infectious donors, is the
testing strategy of choice. There are CE marked assays available suilable for HEY NAT
testing of blood donors. Serclogy detects recent and past infections, and thus would
exclude many safe donors; there s no added value In camrying out serclogy testing in
addition to NAT. Bilood donor screening by NAT could safely be performed in pools of 16-24,
which would be deterﬁ’léned as part of validation. Reactive samples would be confirmed by a
different HEV RNA assay, along with assessment of viral load and genotype. Universal
donation scresning would vield over 500 donorsiyear for deferral and retest before relurning
to donation. Lookback of previous recipients would also be required, with an indicative
lookback perind of 4 months. Rouline screening would potentislly miss 16-44
donationsfyear, a figure which will vary with the population incidence.

There is insufficient information o recommend creation of a panel of immune donors for
transfusion fo high risk recipients. There is no definition on IgG or Ight levels o define

immunity, nor adequate information on antibody decay.

Transfusion fransmission of HEV iz well described in the literature but clinical disease is
uncommon, with the first reported UK case in 2008 from red cells, and 3 cases in the UK
from 201114, all from FFP; no deaths were atiributed to HEV, Most UK and literature cases
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have been in organ or stem cell transplant recipients.  Acute severe hepatitis is rare and
death very rare.

HEV iz transmitied by red cells, platelets and FFP, with a transmissicn rate of ~40% in the
only UK prospective study and transmission more likely at higher viral loads and with
exposure io larger volumes of plasma (25% transmission rate from red cells, 50% from
FFP/platelets). In this study, most recipient infections were asymplomatic or mild, with 1
case of clinical hepatitis in an immunocompetent recipient. Viral clearance with sero-
c:anvarsian was the commonest oulcome, but &3 small number of immunnsuppressed

individuals required anti-viral therapy andfor reduction of immunosupprassion.

On this albeit imited evidence, there is no pressing case for routine HEV screening or other
steps affecting the entire blood supply at this ime. No country has yet adopted universal
wlood donor scresning, nor a selective screening strategy based on patient risk. Such
options are under consideration only in France. However, the incidence of HEV should be
monitored and this recommendation reviewed in the light of new evidence.

Special consideration is needed regarding risk mitigation in recipients of solid organ and
siem cell fransplants in view of the increased risk of chronicity, This is explored further in
Section 5. HEV is reported in such patients from either dist or transfusion, with one case
ascribed o a liver transplant from a HEV positive donor. There have been no other cases
ascribed to stem cell, issue or organ fransplants, although a stem cell donor was reported o
have been undergoing acute HEV infection at the time of transplant. '

It is unceriain at present what degree of protection would be provided by Pl of platelels or
single unit FFP, as not all available methods have been tested by HEV, and breakthrough
fransmissions have been seen with the Intercept method. The solvent detergent method of
inactivation for FFP is not in itself effective against HEV. Therefore specifications are bsing
set for plasma pools for manufacture. If these are met, SDFFP is likely to be HEV safe.
There are no Pl methods available for red cells.
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5. Consideration of Risks in Specific Groups of Transfusion
Recipients

5.1, Pregnant women
in relation to pregnancy, it is necessary to consider the HEV genotypes differently. It is recognised

that there are geographical differences in virus genctypes. The most common infection in the UK,
annually running at somewhere between 100,000 and 150,000 infections in England and Wales is a
zoonosis of genotype three (33} acquired through the dietary consumption of contaminated porcine
flesh. These infections are not known 1o be associated with severe disease in pregnancy.

During epidemics of G1, there is a significant risk of mortality from HEV infection in the third
trimaster of pregnancy. This has been seen in ongoing outbreaks in Africa and during
epidemics In India where the morality rate from liver failure is 15-20%. The neonatal
outcome is also compromised *°. The additional risk factors are low socioeconomic status,
co-infaction, poor sanitation and nutritional status . There is also evidence that there may
be an underlying genstic susceptibility. It is suggested that the adverse cutcome In HEV
infected pregnant women might be due fo the presence of cerain cyiokings gene
poﬁymorphism ¥ The report of a case of HEV related liver failure in a Pakistani woman who
had been resident in Portugal who probably acquired the infection during a visit to Pakistan,
supports the suggestion of a genetic risk *. The underlying mechanism of liver failure in

pregnancy is unknown .

it is known that the main pregnancy risk relates to the third trimester only although a
potential risk o the foetus if there is an infection earlier in the pregnancy has not been
excluded. There are a few well recognised viruses that have a teratogenic effect but the
hepatitis group Is not associated with this risk.

5.2. Neonates and infants
There are limited published studies and case reports of HEV genotype 3 in pregnancy and in

the necnatal period. Few of the studies provide information specifying viral genolype, with
diagnosis being made by measurement of anti-HEV-IgM/igG titres. Most of these studies
have been published in the past 5 yvears and are from resourca-poor settings.

The prevalence of HEV in a small cohort of asympiomatic pregnant women in France
yielded an overall HEV prevalence of 7.74%, which was deemed low. Genotype was not
specified . A case report describes autochthonous HEY genotype 3 infection in a 41 year
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old pregnant woman living in South Eastern France {(a non-endemic country). The acute
hepalitis had a spontangous good outooms for the mother and the child. It is suggested that
in non-endemic areas where hepatiis E infections are emerging, unexplained cvlolysis,
whatever its leval, in & pregnant woman could be investigated for HEV, using biological

molecular and serology tools .

In another case report from Germany, an awochthonous HEV subgenotype 3o infection is
described in a 27 yvear old pregnant woman and was the first documented case of a hepalitis
E infection during pregnancy in Germany, The patient presented in week 26 of gestation with
acute hepatitis and slevated transaminases. During follow-up, she tested positive for anti-
HEV antibodies. HEV viral load during the acute hepatitis was 2.3%10° copies/m!i sarum,
however viraemia declined and cleared rapidly. Seguence analysis revealed a HEVY
subgenotype 3e clossly related to Eurcpean isolates. The patisnt had not ravelled outside
Germany, had regular contact to animals, but the source of infection remained unclear, The
newborn was delivered in week 40 of gestation in good health, HEV was not ransmitted and
liver enzymes weare normal, The authors concluded that hepatitis E should be considered in
differantial diagnosis in patients with acute hepatilis sspecially during pregnancy, sven
without travel history to countries with high endemicity *.

The role of the placenta in Mother to Infant HEV transmission

in a study to investigate If HEV replication occcurs in the placenta of infected mothers, viral
RNA was extracted from blood and placenta of 858 acute viral hepatitis {(AVH] and 22 acute
liver fallure (ALF) pregnant petients. Replicative HEV RNA was detectable only in the
placenta in ALF and AVH cases and not in blood samples. Positive staining of placental
fissue sections with HEV antibody against the viral structural protein ORF3 was observed.
HEY replication in placenta also correlaled with foetal and maternal mortality in ALF
patients, HEV replication thus occwrs in human placenta and that placenta may be a site of
extrahepatic replication of HEV in humans 5,

Archived sera dating from 1893 from Porluguese mothers with no history of travelling (o HEV
sndemic countries, and their newborns, were tested for ani-HEV igG antibodies to genoltype
3 HEV. Fouwr of the 12 malemal sera were positive for IgG anti-HEV, indicating sxposuwre to
this virus. Their newboms were also positive, showing higher anti-HEV 1gG lavels. These
findings demonsirale an sfficiert transplacantsl ransport of anti-HEV 1gG, and siso that
thers was circulation of autochthonous HEV in Portugal in the early 1800s %
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Anecdotally, in the UK fostal medicine and neonatal clinical settings, hepatitis E virus s
infrequently considered as 2 pethogen. HEV is infrequently tested for, and infrequently
identified in association with jaundice and hepatitis {(whereas hepatitis A, B and € and CMV
arg frequently tested for). In standard neonatal guidelines for nvestigating early and late-
onsed jaundics, testing for HEV is mostly absent.

The lack of UK data and studies of HEV in UK pregnant women and nesonates, especially
those who are symplomatic of Bver disease, represenis an absence of evidence versus
avidence that HEY is not pathogenic in this group. it is difficult to quantify the risk of HEV o
mother, fostus and neonate from genotype 3 infection as there is insufficient published

information.

§.3. HiV-infacted patients

The reported Incidence of HEY infection in patients with HIV is low ranging from 0% to 0.8%
ST Of the 14 PCR-proven cases, ten were acute infections and four patients had
chronic infections, two of whom had cirrhosis. All infections wers linked to HEV genotype 3
Of note, patients who developed chronic infection had low CD4 counts despite their MV
infection being under control. There have been no reports of HEV infection linked to

transfusion ransmission in this population.

54, Transfusion-dependent patients
There have been no reporis of transfusion associated MEV in transfusion dependent

patients, However, in a survey of requiarly transtfused sickle cell {(n= 437} and thalassaemia
{n= 323) patients in London, donor exposwre reached 27-42fyear and 286-88/year
respectively; morgover, in sickle cell patients treated by automatsd exchange transiusion,
this rises to 30-110fvear (Sara Trompetar, NHSBT audit data), Assuming a transmission rale
of 25% from red cells, it would be expected that there would ba 1-2 new infectionsfyear in
aach of the sickle and thalassaemia populations. Such patients would therefore be a useful
sentinel group in which to sxamine HEV éamvpravaﬂence as an indicator of transfusion risk
{s&e section 8).

5.8, Conclusions
There is no evidence of risk In pregnancy related to G3 HEV ganotype. There is a major risk

in the third trimester of pregnancy from a G1 HEV genotyvpe. It is important to prevent G1
infection at this gestation but it is highly unlikely that a G1 infection would be acquired in the
UK {from any route). No cases from transfusion have been reported in pregnant recipients.

Thers are few data regarding the risk to neonates from HEV infection. Awareness of HEV in
the peedialric community is low and consideration should therefore be given as 1o how this
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could be increased, along with inclusion of HEV in the ihvestigation of the jeundiced

neonate, No cases from transfusion have beesn reported in neonatas.
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6. Risks and Mitigation Options In solid Organ and Stem Cell
Transplant Recipients

These patisnts are considered separately because:

{1 thaey are treated with long-term Immunosuppression and appear to be at particular
risk of HEV chronicity and prograssion o chronic liver disease

{2} they polentially have mulliple sources of infection: the graft itself, fransfusion around
the time of the transplant or later, dist as an on-going source indefinitely, and reactivation of

past infectimn{g}.'

§.1. Epidemiology and clinical impact .
There are case reports and small series which have linked transmission of HEY by blood

transfusion to organ fansplant recipients. initial reports of autochthonous acute HEY
infections were in the setling of solid organ and hasmatopoistic stem cell transplants and
there is an incraasing number of reports of chronic HEV infection in immunosuppressed
patients, including solid organ recipients.  While markers of previous HEV infection are
frequent among candidates for ransplantation, active ongoing infection is less common *,
Howsver, seroconversion after transplantation does ocour: ong study from France estimated
an incidence of seroconwversion of 2.83 cases per 10 person years in liver transplant

8 Another study of 283 solid organ recipients followed for one vear after

recipients
transplantation found 38% had evidence of anti-HEV 1gG at the ime of iransplantation with

similar titres at one year; there were three de novo infections and three re-infactions .

In one centre {Groningen), 34 of 1129 patients suspected of possible HEV infection were
positive for HEV RNA: only 7 of these were immunocompetent ®',

Hepatitis E virus (HEV) infeclion is increasingly recognised as a cause of morbidity and
occasional mortality in immunosuppressed patients, In transplanted individuals, HEY
infection is due to G3 or 4. There are increasing reports and series of both acute and chronic
HEY infections in immunosuppressed individuals but there have, as yet, bean few large

scale studies using robust approaches o diagnose infections.

The incidence of HEV G3 infection alter organ transplantation has been estimated at 3.2
cases per 100 person-vears in southwest France . Consumption of game meat and pork
products s associated with MEV infection after transplantation % Despite a high
seroprevalence of HEV in organ donors in the Toulouse area of southwast France, no cases

of HEV transmission via a graft have been documented.

HEV Raport 44

WITN0643003_0044



KMost organ transplant patienis have no symploms when infected with HEY and very few
present with jaundice. Liver abnormalities detected by blood tests are usually very modest
{typically serum alanine aminotransferase is around 300 U, anti-HEWY IgG and Ight might
be negative and seroconversion might never occur after infection %%, Therefore, use of
molecular technigues to confirm the disgnosis and assess the response to therapy is
important. Pelients present with usuglly a mild hepstitis, both biochemically {with elevated
serum aminotransferases) and bistologically, although fulminant cases may ocour in
immunosuppressed patients. Acute HEV infection proceeds to chronic infection in 50-60%
and in solid organ reciplents, thers is an incressed rate of prograssion to advanced fibrosis

and cirrhosis within 3-5 vears %, Extra-hepatic manifestations of HEV may oceur,

Kamar ® followed up 217 solid organ transplant recipients (SOTR) and dascribed 14 cases
{3 liver, 3 kidney and pancreas, 9 kidney) of acute HEV |, who presented with abnormal
amino transferases with or without clinical symptoms. Eight patienis developed chronic
infection, with slevated liver enzyme levels, positive HEV RNA in plasma and histological
svidence of hepatitis, When comparing those who resolved infection and those who did not,
there were no differences in the level of serum transferase, Immunosuppressive regimen or
induction, nor demographics. Those who acquired infection in the earlier post-transplant
pariad, whilst they had lower lymphocyte and platelet counts, were more likely to develop
chvonic infection. Histologically, Metavir aclivity and fibrosis scorg progressed from 1 to 2.2
and 1.2 o 1.5, respectively, from the acule o the chronic phase. Resolutlon of infection
{seroconversions, clearance of HEV viraemia and normalisation of liver enzymes) oocurred

within 1 to 3 months from diagnosis of acule infection in 43% of patients.

Like solid organ reciplents, patients having allogeneic stem cell transplants {alln-8SCT) also
appear to be al increased risk of chronicity with § of & patients developing chronic HEY
infection in one study from the Netherlands % Fibrosis of the liver was documented on
histology in 2 of these patients {Tabls 6). Qther than the UK study, there are nd data on
possible transmission of HEV infection via blood products or the ransplant itself In these
patients. In the absence of such data it would be difficult to astablish algorithms for testing
dongr or recipient. Versluis' paper o highlights the higher dstection of virasmia in irénspiant
recipients by RT-POR rather than ALT based algorithms,

The infaction is mild but chronicity has been observed in SOT, and anti-viral agents have
enabled clearance In some cases. This provides a basis for consideration of diagnostic HEV

testing if deranged LFTs are seen post allogensic-stem cell ransplant in both seropositive

HEVY Report 45

WITN0643003_0045



and negative reciplants with raduction in immunosupprassion and and antiviral treatment

constderad if infected.

Yersiuis 2043 Reizebos-Brilman 2013

328 patients alloSCT ¥ 1129 hospitalised patients ®
Retrospective. Bloods for Prospeclive, in pis with unexplained
HEV RNA and serolngy hapalits, abnommal ALY led to RT-
underiaken if ALT PCR

abnormal, Additionally,
bloods at time points for
CMV for RT-PCR,

Median fu 40.9 months.

44% sib 34 infected (3%, of which 18 had
42% MUD solid organ transplant (SOT).
14% cord.

Ao GVH 40%, oGVH 37%

8 {2.4%) confirmad HEV | SOT pis are more likely to get
infection, chronic infection,

T8 (88%) detected by cross | Blood products not tested.
sactional RT-PCR testing,
1/8 by ALT abnormality and
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mmunosunpression,
Madian time to infection 4.6 | Median § yrs {3 mo-12 years jpost
months, median time to transplant to infection.

clear infection 8.3 months.

Tabde § HEY Infection in Solid Organ and Stem Cell Transplant Reciplents

8.2. The effect of immunosuppression
in vitro studies suggest that different immunosuppressive agents affect HEV replication in

different ways: for example, inhibitors of mammalian target of rapamycin {mTOR) (sirolimus
and svarolimus) and calcineurin inhibitors {CNI) {cyclosporin and tacrolimus}, support HEV
replication, whereas mycophenolate inhibits replication; corlicosteroids have no effect %,
whether these effects transiate info in vivo effects is unclear,
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6.3, Risk from deceased and living organ donors
Deceased donors

The selection crileria for organ donors are very different from those in place for blood and
tissue donors. The person giving consent for the argan donation will be asked a number of
guestions about the donor's health and lifestyle. However, it 1s very unusual that an organ
would not be offered because of this information; there are a very small number of absolute
contraindications to organ donstion but thess are nol related to donor behaviours. The age
of the donor may increase the lkelihood that the donor is HEV Ig0 pasitive but as with blood
and tissus donors i would not be possible to selsct ‘low-risk’ donors on donor risk
information alone.

At present, there are no robust data on the pravalence of HEV infection in deceased solid
organ donors. At an annual UK target of 1439 deceased organ donors, if the rate of infection
in organ donors wers the same 28 in blocd donors, it is estimated that there would be 1
infected donorfvesr {defined as HEV RNA positive). However, extrapolation from blood
donors may give misleading conclusions as the demographics of the two populations show
significant differences. There has been one case report of HEV transmission via liver
transplantation from a deceased organ donor ¥ no cases have been attributed to donor-
derived transmission via other organs. In terms of screening of deceased argan donars, HEY
lgG soreaning is not informative in terms of infectivity risk and HEWV RNA resulls may not be
available untit afler donation has ocourred,

Living organ donors

The current annual UK target is 1143 living donors, the vast majority of which are kidney
donors, although donation of a liver lobe from a living donor is possible. Again, current
astimates would suggest that an HEV RNA positive living donor would be detected svery 1-2
‘years‘ Screaning for HEV would be possible in the work-up of living organ donors bul since

the risk from kidney transplantation is unknown, its requirement is unclear st present.

8.4, Risk from stem cell donors
 There have been no confirmed transmissions attributed to the sterm cell donor, although one

donor with an scute infection has been reported. Thers are 1615 allogeneic stem cell
transplants annually in the UK. If the rate of infection weare 1o be similar to blood donors,
there would be 1 HEVY infected stem cell donor every 5-10 vears,

6.5. Risk from diet
it is estimated that there are currently 60,000 infections from diet annually in England. This

provides an annual distary risk of 0.1-0.2% ie 1 in 500 transplant recipients will become
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infectad annuatly through diet. Put another way, after § years, 89% of transplant reciplents
will nol have acquired HEVY from their diel. However, this makes the assumption that their
risk of infection is identical to other people. This may not be the case, given the over-
representation of transplant recipients in case seres of HEY infections in hospital
populations. If the risk of acquiring HEY from dist is subsiantially increased in organ
recipiants, the number of patients infected will rise concomitantly. Therefore, more data are
required regarding the background rate of HEV acquisition from dist in ransplant recipients.

8.8, Risk from blood components
Blood component exposurs s low in renal ransplantation, where most procedures reguire

no blond at all (mean 0.8 dongr exposuresfiprocedure). Donor exposure rises {o S/procedure
for fiver transplantation, with heart, lung and pancreas franspland being intermediate. The
highest of all is multivisceral transplantation {88/procedure).

Based on data from the Hewilt study 77 for donor incidence and infectivity, it is estimated that
for liver transplant racipients, the upper estimate of infection from blond componenis at the
time of transplant is 0.14%, equivalent fo 1 liver transplant recipientivear.  Because
multivisceral transplants are not commonly performed, the corresponding figure is 1 infected
racipient every 8 to 7 years, with the number in heart and lung transplands being
intermediate, Where there is considerable uncertainty is the frequency with which HEV
becomes chronic In such recipients, and the likelhood of chyonicity leading to serious
saqualas such as cirrhosis.

Recipients of allogensic {(donor) sterm cell transplants receive immunosuppression to prevent
graft-versus-host disease from the transplant. Recent data from a single centre in England
{courtesy of Dr Kate Pendry, NHSBT/Central Manchester Hospitals) show that both adult
and paediatric recipients of allogeneic {donor) stem cell transplants receive a median of 18
donor exposuresiprocedurs, of which 12 are from platelets. it should be noted that donor
exposure via platelels will increase by spproximalely 78% over the next 2 years as the
percentage of apheresis platelets falls from 80% fo 40%. In contrasi, recipients of
autologous {patient’s own) stem cells have a median of § donor exposures/procedure, and
do not receve specific immunosupprassion, |

Reduced intensity conditioning regimens have reduced the need for blood products;

however patients are rendered immunosuppressed for longer peripds.
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§.7. Diagnosis and treatment
Prophylactic anti-viral therapy (o cover 2 transplant procedure is not recommendead, There is

broad consensus that treatment should be considerad for organ fransplant recipients with
HEV infection, balancing the risks and benefits of treatment:
« The diagnosis of ongoing HEV infection should be established by using 8 validated
RiA-based test
= insome patients, no reaiment is Indicated
= review immunosuppression and minimise the lotal immunosuppressive burden only if
clinically appropriate
a. consider switching from inhibitors of mammalian target of rapamycin (MTORD
{sirolimus and everolimus) and calcineurin inhibitors (CNI} {cyclosporin and
tacralimus) to other medications such as mycophenclate andfor steroids
b, monitor liver tests and HEV RNA levsls closely
» if there is continuing infection, consider drug therapy with ribavirin for 3 months and
then review responsea (note: ribavirin is not licenced for use in this indication).
Gamma interferon (IFN} has a significant morbidity and  complication rate in
immunosuppressed patients and can precipitate allograft relection, so transplant physicians
wotld not be kaen to advocats IFN as a first line of treatment,

6.8, Risk mitigation options
Based on the considerations above, therg are several options {o mitigate risk for transplant

recipients,

Option 1. Provide NAT negative blood componants for organ and stem cell transplant
recipients.

it is clinically acceptable to provide screened blood components to recipients at particularly
high risk. UK Blood Services have experience with selective testing through many years of
supplying CMV sero-negative components for high risk recipients,  Provision of NAT
negative componants for all solid organ and stem cell transplant recipients would therefore
be feasible as the vast majority of donors will be safe. It is estimated that testing 50.000-
100,000 donorsfvear may be sufficlent to meet demand. However, confirmation of these
numbers will depend on gathering detailed prospective data on blood component usage in
stem cell transplant recipients. This would generate a managsble 15-40 HEV NAT paositive
donorgfyear for confirmatory testing and follow up.

Option 2. Provide bleood components from mmune donors,
This option was rejected as discussed in section 4.8.
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Option 3. Test all transplant recipients at pre-defined intervals eg annually and treat if
positive.

European organisations, who have seen increasingly high proportions of liver disease in
organ transplant patients with chronic HEY, have suggested bassiing HEV Ab and RNA
testing, followed by § monthly and yearly monitoring.

There are no firm data st this point {o support such a strategy. The risk from diet may be as
low as 1% over 5 vears, but this needs fo be confirmad. Moreover, it is not clear whether the
risk of serious clinical sequelas is similer In recipients of different types of transplant or in
patients receiving different types of immune suppression. For example, patlents receiving
liver transplants may be at particularly high risk. There are currently 43,300 people alive in
the UK with a functioning organ fransplant, of whom 8,300 have transplanted livers {Rachel
Johnson, NHSBT data), The 1 year survival of patients undergoing stem cell transplant is
62% for matched unrelated donors and 71% for relaled donors {BSBMT data). The
approximate number of people alive after 5§ years who hava had an unrelated sllogeneic

stem cell transplant is 584,

The need for and feasability of testing all or selected ransplant recipients at regular intervals
whilst on immunosuppression or for ife s not clear, and & would be prematuwe o
recommaend such 2 sirategy at this time. More information s needed Fom cross-sectional
and longitudnal studies to understand the feasability of and vield from such an exercise.

Option 4, A combination of 1 and 3

Option 8. No prevention, but a low index of suspicion for HEY testing If abnormal liver
gnzymes arise in a ransplant recipient. Positive patients would be trealed as above. This
recommendation can be promulgated immediately while additions! information is gathered,

£.9. Cost sffectiveness considerations
It follows from the above uncertainties that a full cost-effactiveness analysis is not possible at

this time, as key inpults are not avallable regarding the frequency with which HEY
fransmission occurs in ranspland recipients, the source of infection, and the rate of serious
clinical sequelas in the highest risk populations. Hence the cosls saved by their avoidance

cannot be calculsted, The paragraphs below are inlended to give some only some broad
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estimates of costs of different options. These would need confirmation and refinement before
precise cost-effectiveness calculations could be performed.

Option 1: Provision of HEV NAT negative blood components for solid organ and stem
cell transplant patients
Detalled costings of HEV blood donor screening would require discussion with

manufacturers in the context of a tender exercise, and prices are highly volume dependent.

This does not include costs of confirmatory
testing, staff costs nor costs of donor follow up and reinstatement testing.

Option 2 {Provision of lmmune donors } was rejected on clinical grounds.
Option 3: Test all transplant recipients eg annually and treat if positive.

For this option, bullt around early detection and treatment, the malor costs are:
{1) patient testing, either by NAT or serology. If annual testing of 100% of living transplant

recipients were possible, something in the order of 50,000 tests/year would be needed, i

Option 4: A combination of Options {1) and {3}

Option 5: No prevention, but a low index of suspicion for HEV testing, treating

infected patients.
Costs saved.
Options (1) and {3} might each prevent/detect 1 infection/year in liver transplant recipients,

fewer in other types of solid organ recipients, and perhaps 4 infectionsiyear in stem cell
transplant recipients. Only a proportion of these infections will become chronic and cause
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any clinical sequelae. Because the frequency of minor and severe clinical sequelae remain
unceartain, the reatment costs saved by any of the risk mitigations are as yel unknown,

§.10. Conclusions
Solid organ transplant recipients appear 1o be at particular risk of clinical sequelae of HEV

acquisition. A sub-set of infected patients go on to delaved clearance or chronic infection;
some of those will develop chronic liver disease. However, there is considerable uncertainty
as o the size of the risk.

Stem cell transplant recipients also appear to be af increased risk of chronic infection with an
increased risk of chronie liver disease.

There are many causes for mildly abnormal liver tesis in deceased donors and chronic
infection is rare, so i is recommendad that testing of deceased donors is limited o those
with an unexplained hepatitis where a viral cause is being considered on clinical or
epidemiological grounds. It is expecied that this testing would have been part of the
diagnostic work up for the donor, rather than a specific pre-donation screening.

Living organ donors with unexplained hepatitis should be investigated and HEV infection
considered. Living donor organs should not be used until the donor has been consistently
negative for HEV RNA with a documented acceptable level of detectable inG.

Organ donors with known HEV infection, rarely, a donor may present with known HEY
infection. i i recommended that organs from HEV infected donors are used only in
exceptional cases and should be used after full discussion and treatment planning with an
expert microbivlogist and with sultably informed patient consent,

A study of HEV prevalence and clinical consequences of HEV infection associated with solid
organ and sterm cell transplantation should be undertaken before definitive recommendations

can be made (see section B).

HEV infected transplant recipients can be treated by modification of immune suppression
and, if indicated, ribavirin.

The costs of selective blood donor screening and transplant recipient monitoring each

appear to be Savings In treatment costs are unceriain as the
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frequency of serious sequelag is not known, Therefore a full cost-affactivenass caloulation
cannot be made al this time. Further information is needed (sea section 8).

it is premature to recommend either provision of HEV negative blood components or routing
monitoring of solid organ or stem cell transplant patients for HEV infection. Further
information is needed on the degree of mitigation of complications that either of these
options would provide, Where a transplant recipient has unexplained abnormal liver function
tests, then evidence of HEV infection should be sought, testing for HEV RNA in plasma,
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7. Transmission Through Tissues, Gametes and Embryos

7.1. Banked tissues
This section congiders the factors determining the risk of HEV transmission by lssue

transplantation from untested donors, particularly the effect of processing steps and storage
conditions. The scope of this section is restricted 1o the tissue grafis donated for clinical use
in the UK. Deceased tissuss donors can donate skin, musculoskeletal lissues,
cardiovascular and ocular tissues, pancreatic islels and hepatocvies for transplantation,
Armnion and femoral heads are donated by living donors. Pancreatic islets and hepatocytes
are normally donated by organ donors and will be considered in the section on organ

transplantation.

Donor Selection

Selection of deceassd tissue donors is carried out by asking the next of kin a standard set of
guestions refating 1o the general health and behaviowrs of the donor, The person assisting in
the donor selection process may not have known the donor well. The information provided
by the next of kin iz supplemented by information provided by the general practitioner
however, of course, only linesses thal were sufficiently serious or long lasting will have
resulted in a GP visit therefore mild iiness may be missed in the selection,

The selection criteria and post-donation information applied to blood donation also apply o
live tissus donors. Live tissue donors reporting recent iliness are excluded from donating
tissues, Live tissue donors reporting post donation information would be managed in the

sama way as blood donors and donated tissues would nof be issued for clinical use.

Tasting

Biood samples from living and deceased tissue donors are currently fesled for a range of
mandatory tests namely MV, HCOV, HBV, HTLV and treponemal antibodies and additional
tests where appropriate, following requirements of EU Tissues and Cells Directive. HEW
testing could be added, subjsct to validation of assays for testing with deceased donor

samples.

Tissue grafts can be processed and stored as non-viable or viable {oryopreserved) grafls.
Bone, tendon, decelluarised dermis, iradiated skin, amnion and sclera are non viable grafis,
Heart valves, pericardium, areries, skin, osteochondral, meniscus, comea are viable grafis.
in addition pancreatic islets are minimally processed, fresh, viable grafis infused without
siorage. Hepatooytes may be transplanted without storage or cryopreserved for future use.
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Femoral head donated by surgios! donors is stored without additional processing or can be
irradiated. Amnion donated at the time of delivery by live donors is processed and stored.
The tissues grafts donated by deceased donors are processed and stored with the exception
of pancreatic islets,

infectivity of allografts

it iz not known i the HEV lead in unprocessed tissue is sufficient to infect the recipients.
Donations arg nol pooled which s a general risk reduction measure o ménimim risk of
infection transmission. One tssus donor can donate one or more grafts. Some grafls e.g.
bane and amnion can be ransplanted fo a number of recipients. One lissue donor therefore
Chas the potential fo infect one or more recipients. MHowever, processing steps and storage
conditions may minimise infectivity of tissue grafts.

Effect of processing, preservation and Storage

Thare are no specific studies In Herature examining the effect of lissus processing steps on
HEV. Experimental studies conducted to determing food safety have demonsirated that HEV
can be inactivated above 71°C for 20 minutes or by bolling for 5 minutes . The heat
sensitivity of HEV is dependent on the heating conditions '°. HEV can survive frozen
storage in dry ice {(-80° C) or vapour nitrogen (below -135° C), but HEV is rapidly degraded
by the freezing and thawing process 7. As there is no tissue culture system for HEV, the
ahility to massure pathogen visbility and sterlily assurance level is affected. Viruses
irradiated in a liquid medium are more sensitive than elther dried or frozen samples. Fully
wel virus is most sensilive with resistance increasing with dehydration. Gamma irradiation
alone does not appear {0 be particularly effective for inacliveling small, non enveloped
viruses. In the absence of data for a virus family, it is advisable that higher radiation doses
- may need to be used

fost non viable tissue grafls are processed o deplete donor cell, blood andfor bone mamow
contents. The processing steps may include physical processes, sueh as high pressure
water jet, centrifugation or increased temperature up fo 80°C, and chemical processes,
including water washing or washing with solvents or delergents, depending on local
protocols. Some types of non-vigble lissus graft, such 3s bone, may ziso be terminally

sterilised with gamma iradiation at an absorbed dose of 26-40kGy.
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Viable grafts are either processed using decontamination with a cocktall of antibiotics,
followed either by cryopreservation by impregnation with a cryoprotectant and condrolled
fraezing o <-135°C, or stored at normothermic lemperatures for up to 28 days .

Decalivlarised grafls are terminally sterdlised and slored at room temperature. Non-viable
allografis are either freeze dred, or immersad in solvent, and stored al ambient tempearature

or frozen and stored in a freezer,

Viable grafls are cryopreserved and stored at <-138°C in the vapour phase of liquid nitrogen
or using ultra low temperature freszers. The processing and storage conditions may
significantly reduce the viral load, but there is no evidence that any of these inactivate the

virus,

Recipienis

Most of the tssue allografl recipients are immunccompetent and do not require
immunosuppression. For example, tendon and meniscus recipients are normally healthy
individuals undergoing surgery following sports injuries. The clinical consequence of HEV
infection in  most tissue allograft recipients is not a sericus concern,  Some hepatocyie
recipients can be neonates and children.  Hepatocytes and pancreatic islels recipients
receive immunosuppression. The guidance for organ donors and argan transplant recipients

is applicable to hepalocyles and pancreatic islels.

There have, as yel, been no reports of HEV being transmited by tssue alografiing.
However where a potential tssue donor is known o be actively infected with HEV it is not
advised that donation and transplantation of tssue should take place. In the case of living
tissue donors, tissue shouwld not be donated until the donor has been microbiclogically
cleared to donate.

7.2. Gametes {(eggs and sperm)
7.2.1 What is the chance of sexual transmission of HEV via semen?

HEV comprises 2 family of at least four major genotypes, sach with ils own epidemiology,
global distribution and pathogenicity in humans. In the UK genatype one {1}, an endemic
human infection in developing countries, is acquired through foreign fravel and accounts for
a minority of cases of hepatitis E and & very small fraction of HEV infections over all. The
main genotype in the UK {G3) is not thought to have a significant person-io-person
fransmission. None of the differant genotypes have been shown to be sexually transmitled.
Whilst this does not precluds transmission by this route, the risk must be considared to be
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very small. Thers may be an increased risk in MSM, this is mostly likely due (o transmission
via anal intercourse in relation to G1 ™. Based on this information, it is concluded that there
is unlikely to be a significant infective viral load in semen,

Processing of semen for donation

Semen collected for donstion other than 1o a sexual partner is processed before use. The
sparm are separated from the seminal plasma then re-suspended in sterlle media. The
sample is then placed into sealed vials or straws and cryopreserved In liquid nitrogen or
vapour phase nitrogen. For use, the volume of media containing the sperm that is used is
about 0.3ml Following freezing and thaw, &t is likely that the HEV will survive but alse
possible that its infectivity will be reduced.

Feasibility of screening sperm donors

Donors are screened for other virusas (HBY, HCV and HIV) prior {o donation and the sample
is usually quarantined for 6 months so that the donor can be retested before the sample is
used. It would thus be possible to include HEV NAT screening In this procedurs if & were
considerad to be required.

7.2.2 Risk of HEV transmission via egyg donation

The risk from agg donation is diferant from spermm because eggs are collected via 8 surgical
procedure as part of the IVF process. Although there may be some blood contamination, this
" is removed immedistely sfter the egg s identified. The egg is & single cell with surrounding
cumulus cells that form a complax sbout Zmm diameter. Whilst there is a potential risk that
there may be HEV present in this complex if the donor were viraemic, the risk of thers being
an infective viral load in the egg must be very small. Thus risk of passing HEVY to the egg
recipiant is equally small.

Processing of eggs for donation

Egg donation involves the IVF process during which the egg is mixed with sperm. if HEV is
present with either the egg or sperm, then thers is a theoratical risk (o the embryo. There is |
no evidence of teratogenicity in those with the infection who conceive naturslly although it is
noted that the embryo in the laboratory has none of the protective immune factors prasent
during natural conception. IVF is currently carred out for couples where either one or both
couples carry HBV, HCV or HIV. There is no evidence that this has a pre-implantation
developmental effect on the child.
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Feasibility of screening egg donors

Most eggs are donated to another woman for treatment without being cryopreserved
although the success rates of egg cryopreservation have improved and this could be a
routing option in the future. This would facilitate screening i # were considered 0 be

NECessary.

7.3. Embryos
The situation for embryo donation is different from separate egg and sperm donation

because the embryos are usually created and cryopreserved by a couple for thelr own use
and then later donated. Resulis of screening at that later date may not reflect the viral
situation at the time that embryos were created and cryopreserved. Given the information
above about the risk of sperm and sgg donation, it can be concluded that the risk from
embryos is equally small.

7.3.1 Risk after conception if HEV is transmitted by gamete donation
Despite the very small risks identified above, if pregnancy does follow gamete donation and
HEY transmission occurs, the disease is only likely to be limited to the first timester,

7.4. GConclusions
No specific steps are required to mitigate the HEV risk in recipients of banked tissues, The

risk from tissue transplants themselves appears 1o be extremely low, Tissue transplants are
not commonly accompaniad by a need for transfusion, bul even if transfusion ocours, most
tissue recipients are not immunosuppressed and therefore not at high rsk from serious
glinical sequelae. The recommendations for organ donors and organ ransplant reciplents is
applicable to hepatooyies and pancreatic islets transplantation.

There is no evidence of HEV transmission as a result of donation of gametes and the
theoretical risk is extremely low. Thera is therefore no requirement o take steps to mitigale
the risk of HEV through donation of eggs, sperm or embryos.
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8. Recommendations v
A, On the albelt limited avidence available, there is no pressing case for HEV RNA scraening

of the entire blood supply at this time. However, the pattern of HEV infection in the UK is
avalving and this recammendation should be reviewad at the earliest opportunity when the
findings become available from the additionad work recommended below (see section 93, or
other new evidence from other countries.

8. The requirament and optimal strategy for clinical risk mitigation in solid organ and stem
sell transplant patients is not yvet clear. While the additional evidence is bring gathered, UK
Blood Services should without delay develop a costed operational plan for blood donor
testing o provide HEV-tested componenis for solid organ and allogeneic stem cell ransplant
recipiants. -
C. Testing of deceased organ donors for HEY should be imited to those with an unexpﬁaiﬂed“
hepatitis where a viral cause is being considered on clinical or epidemiological grounds.
Specific pre-donation screening is not indicated for deceased organ donors with normal ver
function tests,

D. Organs from deceased HEV infected donors should be used only in exceptional cases
and only after full discussion and treatment planning with an expert microbiologist and with
suitably informed patient consent,

E. Living organ or stem cell donors with unexplained liver function tests should be
investigated and HEV infection considered. Organs from infected donors should not be used
until the dorﬁar has been consistently negative for HEV BNA with a documenisd asceptable
leve! of detectable 1gG.

F. HEV testing should be considered in any solid organ or stem cell ransplant patient with
ungxplaingd changes in liver enzymes.

. No specific steps are required {o mitigate the HEV risk in recipients of bankad Hssues.
Howaver, any fulure recommendations for recipients of pancreatic islels or hepatooytes
should follow that for solid organ recipients.

H. No specific sleps are required to mitigate the HEV risk in recipients of donated gametes
or embryos.

L Awareness of HEV should be increased in clinical teams treating organ and stem cell
transplant reciplents, neonates, pregnant women and transfusion-dependent patients such
as those with haemoglobinopathies.

J. The section bslow highlights the further information needed to make definilive
recommendations. A costed plan of this further work should be produced without delay,
showing Hme lines as to when each piece of information will become available,
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8, Further work needed

HEV in Europe is evolving, and the information un which to make decisions af this ime is
limited. Further studies o provide data critical to decision making are needed in the
{ollowing areas.

1. How the incidence of new HEV infections in blood donors varies over time.

{t is clear that the incidence of HEY infections is not constant in the UK population. What
influences fluctuation in the risk of acquiring HEV remains unclear nor is the range of
these exoursions known, We suggest a roliing programme of work that monitors changes
in the dynamics of HEV infection in blood donors at a national level. These investigations
could be undertaken as: '

a} HEV antibody studies o delermine changes in HEV seroprevalence rates in biécd

donors over Hme

or

b Determine atlack rates by measuring HEV seroconversion in a cohort of regular

donors

These data will inform on changes over time in the risk of HEV acquisition from
bloodiblood components. The frequency of the survey should be decided with
statistical input.

2. The rate of HBY acquisition and its clinical seguelae in specific patient groups:

a. Transfusion-dependent patients. Is there evidence that transfusion
dependent patient groups who recsive multiple blood components over
extended time periods have 8 higher HEV seroprevalence rale than the rest
of the population eg sickle cellthalassemia patients?

b. Organ and stem cell transplant recipients. A recent siudy has
demonstrated that immunosuppressed transplant patients receiving HEV-
sontaining products are at increased risk for the development of persistent
infections. There are however no coherent data on HEV antibody prevalence
rates in individuals on transplant waiting lists. Studies to determing HEVY
antibody status in these individuals would provide baseling information on
how many are fikely to be suscaptible to infaction but also provide opporiunity
for longitudinal studies to be undertaken in seropositive patients. These
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investigations would ascertain whether the pre-existence of circulating
antibody protects against HEY infection post-transplant or whether antibody
disappears following inftiztion of mmunosuppression regimens  leaving
recipients susceplible to infection.

¢. Children. Data on HEY infections in children are lacking. Survelllance studies
indicate seropravaelence rates to be low in children, an observation which in
itself raises interesting questions about susceptibility. However, recent case
reporis of chronic HEV infeclions in children plus descriptions of HEV
antibody detection in transplant recipients indicete thal more work and a
better understanding is neaded In this populstion. Proposed studies could
include:

i Genersl population seroprevalence studies in children (<20 years}).
i. Understanding persistent infections in children who recaive solid
organ transplant (80T}, and those who are immunosuppressed
after reatment for heematological malignancies and lvmphomas
{HOne), including those who have received stem cell transplants.

These studies could be linked and developed along 3b and 4a,

d. Serc-prevalence in deceased tissue donors. These studies would provide
an estimate of the likely HEV prevalence in argan donors, but avoid the
problems assoclated with post hoo testing of organ donors for research
purposes. Linked with Study B above, this will indicate how many organ
transplant reciplents are being exposed to HEV through their iransﬁ&ants,

3. Programme of work investigating the prevalence of chronic HEV infection in the
UK and understanding the determinants assocliated with viral persistence in the
irmmunosuppressed population.

g. Thers is currently insufficient information for building strategies for monitoring
patients at higher risk of persistent HEV infection post transfusion. A study is
therefore nesded that will define the dlinical Indicators of pemisteni HEV
infection in two immunosuppressed patient groups, those who hava received
a solid organ transplant (80T}, and those who are immunosuppressed after
treatment for hasmalological malignancies and lymphomas (HOne), including
those who have recelved stem csll transplants. The study will also inform on
the prevalence and oulcome of persistent hepatitis E and its relation o
immunosuppression regimens. Since such patients will both be exposed by
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transfusion  {and potentislly transplantation iself) and through dietary
gxposurg during thelr life as a transplant recipient, so both cross-sectional

and extended longitudinal studies will be necessary.

f.  Functional assays for T-cell responsiveness o recombinant genotype 1 and 3
virus like particles will be mapped for recovered cases of hepatitis E and for
patients who are persistently infected and those undergoing infervention for
viral clearance. This is a8 necessary sirategy as the vaccineg is based on &1
but the principal challenge in the UK patient is G3. Study patients undergoing
intervention may include both those in whom immune manipulation is
attempted and those recelving specific antiviral therapy (ribavirin.

4. Effectiveness of Pathogen Inactivation of blood components.  Reports of
‘breakthrough’ HEV infections despite Incercept treatment may suggest there is no
merit in recommending Pl Howsver, observations that the use of Mirasol isads o a
reduction in HEV viral load are encowraging. A recent UK study looking at
transmission from MEV containing blood products showed that donations with a lower
viral load were less likely to be associated with & transmission event. Manufacturers
wishing to supply P! systems for blood components in the UK should therefore be
required to demonstrate the capacity of their system to inactivate HEV.

8. A feasability study of testing all fransplanted patients {organ or stem cell) eg

annually.
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10.Appendices
Appendix 1

Commercial screening assays available
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Appendix 3 Statistical Risk of HEV Infection in Solid Organ and Stem Cell Recipients

This note considers the risk of HEY infection in solid organ and stem cell transplant
recipients. Given the available data, we estimate the probability of immunosuppressed
individuals being infected with HEV, broken down by transplant type.

The PHE/NHSET study in 2013 found a HEV RNA prevalence in blood donors of 1in 28580
{0.04%) so we assume this as the rate of polentially infective blood components. HEV is
fransmitted at a rate of approximately 40%, with transmission more lkely at higher viral loads
and with exposure to larger volumes of plasma, Transmission rates do appear to vary by
blood component as shown by the recipient outcomes from the PHE/MNHSET study provided
in Table 1. However, these are based on small numbers so we use the 40% average as the
transmission rate. Given these assumptions, we might expect there to be approximatsly 820
potentially infective issues of blood components, and 368 infections from exposures a year
as shown in Table 2.

Table 1 - Association between transfused blood components and HEV transmission, Hewilt
37

Component MNumber of infected Recipiants Uninfecied
recipients {9} Recipients (%)
Red Blood Cells 16 4 {25%) 12 {(75%)
Pooled Platelels 10 4 {40%) 8 (80%)
Apheresis platelels 14 7 (50%) 7 {50%)
FFP 2 2 (100%:) 0 {0%)
Pooled Granulocyles 1 1 {100%) 0 {0%)
TOTAL 43 18 25

Table 2 -~ Number of Infective Blood Components
Blood Component’

RBC Platelets FFP

2013 UK 2,821,000
Issues? 2,043,000 312,000 266,000 0
Potentially
{RNAT)
infactive
lssues {0.04%)
Transmission
rate

Predicted
infections from 287 44 37 388
SADOSUNE

TN account made for wastage
% Fram 2013 Annual SHOT report

Total

7 110 94 920

40% 40% 40%
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The ikelihood of an mmune suppressed individual being infected with HEV following

fransplantation will be based on interaction of a number of factors: the level of viral load and

antibody in the donation; the level of virsemia that would be expected to transmil; the

guantity of products provided {o the recipients, and the susceptibility of recipients to

infection,

There are different ransplant types for each organ, with each procedure requiring a varying

number of units to be ransfused. For the purposes of these calculations an “average” has

been used. Table 3 provides estimates of the average number of donor exposuwres with each

transplant based on information provided by Chairs of Organ Advisory Commitises and
Cantral Manchester hospitals for allogeneic stem cells.

Table 3 - Average donor exposure for reciplents of transplants, information provided

by Chairs of Organ Advisory Groups and Central Manchester Hospitals

Transplant Average Donor Exposure with Transplan | Total
Transplant Total { Activity Units
Exposure | 2013-14 | {Averag
& UK & Units x
RBG FFP | Platelets | Cryo Activity)
Liver .8 12 1 2 0 10.0 800 | 8,100
Kidey | 05 0 0 0 | 05 | 3085 | 1528
lung ] 4 1 2 | 2 | 0 | 80 210 | 1470
Heaﬂ 5 > | Q | {} 5}0 19’1’385
Pancreas | 184 | 030 | 005 | 0 | 22 261 | 564
et 2 1 3 | o | o . 5’0 H o 130
Multivisceral | 40 | 20 6 | 4 | 700 | 13 | 884
Heaflung | 6 | 4 | 2 | o0 | 120 | & | @2
Kidray &
Pancress | 2% | 0% | 005 | 0 | 27 | 88 | 500
Kidney &Heart | 35 | 2 | 0 o | 85 “e 6
Koneyalver | 65 | 2 | 2 [ o | w5 | 12 | 14
fsgeneio Stem 7 12 0 19 1615 | 20,188
6,488 34,560

Serp-epidemiological studies have baen caried out in the general population in England
indicating HEV seroprevalence o be high at approximately 13%. The seroprevalence rates
have been found to increase with age, peaking at approximately 28% in those aged 50 vears
and over. However, for the purposes of these caloulations a single assumption of 13% is

umad.
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There remains much debate on the persistence of HEV antibody following recovery and data

is lacking on decay of HEV antibody and what level of HEV antibody Is protective. it is also

net clear whether the pre-existence of circulating antibody protects against HEV infection

post-transplant or whether antibody disappears following inftiation of immunosuppression

regimens leaving recipients susceptible to infection.

For thase reasons two scenarios of susceplibility are considerad;

a) A fowesr sstimate: There i5 100% susceptibility to an infective issue for any
immunosuppressed individual who has not had HEV prior {0 the transplant.

Convarsaly, an individual4s assumed to clear the virus f they have praviously

had HEV.

b) An upper esiimate: There is 100% susceptibility to an infective issur regardless

of whether an individual has had HEV prior to the transplant.

Lising the assumptions oulline above, the estimated probability of post-transfusion HEV

infection is shown in Table 4,

ol Individual being infected with HEV

Clinically sianificant g;j n;i;z Number of Yearly
ically signmncan Transpla y transplant HEV
HEV Infection before . A
nt HEV $ infections
Transplant Activity infection functionin | via diet for
2013-14 . g at 31 all living

Enge; Eug pat; UK tra:js?usi March fransplant
sumate stmate on 2014 recipients

“Liver T 0422% | 0.140% 900 1.2 8,300 16-17

Kidnay 0.006% 0.007% 1,088 4-5 31,000 B52-83

Lung $.088% 0.112% 210 4-5 '

Heart 0.061% | 0.670% 197 78 3,600 78
Pancreas 0.027% 0.031% 261 12-14 1,800 Fed}
intestinal 0.061% 0.070% 28 54-862 100 0-0.5

Multivisceral 0.851% 0.978% 13 78
Heart/lung 0.147% .168% 8 74-85
Kidney & Pancreas 0.033% 0.038% 188 14-16
Kidney & Heart 0.067% | 0.077% 1 1:;%%”
Kidney & Liver 0.128% 0.147% 12 56-85
Allogeneic Stem Cell | 0.232% 0.267% 1,615 0.25-0.5

it is estimated that for liver ransplant recipients, the upper estimate of infection from blood

componants at the time of transplant is 0.14%, equivalent to 1 liver transplant recipient every

1 to 2 years. Because mullivisceral transplants are not commanly performed, the

corresponding figure is 1 infected recipient every 7-8 years, with the number in kidney and

lung transplants being intermediate, The estimate of infection from blood components for
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gllogeneic stem cell recipients is 0.267%, but due to the large number of ransplants
performed this could result in 4 infections per year,

It is estimated that 80,000 infections of HEV occur yearly in England and an annual distary
risk of 0.1% - $.2%. However, thers is an upward trend in infections so an altack rate of
1.2% or 1 in 500 per year is assumed as the distary risk, This provides a comparison in
Table 4 of HEV infaction via dist to that via transfusion. For example, for liver transplant

recipients we might expect 1 person a year to have HEV infection via blood components, but
18 infactions to ocour through dist in all liver transplant recipients.

HEY Report 68

WITN0643003_0068



11.References

1. laz 8, Vyse AJ, Morgan D, Pebody BG, Tedder RS, Brown B. Indigsnous hepatiis E virus
infgetion in England: more common than it seems. J Clin Virol, 2009, 44:272-6

2. Baid B, ez S, Chand MA, Kafalos G, Tedder R, Morgan [, Hepatitis E virus in England and
Wales: indigenous infection is associated with the consumplion of processed pork products.
Epidemiol Infect. 2014; 142(T), 1467-75

3. LT, Chiflwa K, Sera N, ishibashi T, Etoh Y, Shinchara Y, Kurata Y, Ishida M, Sakamoto 8,
Takeda N, Mivamura T. Hepatitis E virus transmission from wild boar mest EID
2008;11.1858-1860.

4. Tei 8, Kitajima N, Takahashi K, Mishiro 8. Zoonotic transmission of hepatitis E virus from
deer to human baings. Lancet 2003; 382: 371373,

5. Takshashi K, Kitajima N, Abe N, Mishire §. Complete or near-complets nuclectide sequences
of hepatitis E virus genome recovered from a wild boar, a deer, and four patients who ate the
daer. Virclogy 2004; 330: 501-508.

8, Colson P, a2t al 2010, Pig liver sausags as 8 source of hepatitis E virug transmission to
humans. J. Infect. Dis. 202:825-834.doi:10.1086/655808,

7. Teshale EH, Hu DJ, Holmberg SD. The two faces of hepatitis E virus. Clin Infect Dis. 2010
Aug 1:51(3):328-34.

8. Geng Y, Zhang H, Huang W, J Hamison T, Geng K, LI Z, Wang Y. Persistent hepatilis e virus
genotype 4 infection in a child with scute lymphoblastic leukemiz. Hepat Mon, 2014 Jan
2314{1) 15618

8, Halac U, Beland K, Lapierre P, Paley N, Ward P, Brassard J st al. Chronic hepatilis E
infection in children with liver transplantation. Guf 2012, 1. 587-803,

10, Halac U, Beland K, Laplers P, Paley N, Ward P, Brassard J et al, Cirrhosis due o chronic
hepatitis E in a child post-bone marrow ransplant. J Pediafr 2012; 160: 8714,

14, Dalton H.R.: Kamar N.; lzopet J Hepatitis E in developed countries: Curreni status and fulure
perspectives Future Microbiology, December 2014, vol.fis. 8/12{1361-372}

12, Woolson K.L.; Vine L.; Beynon L. McElhinney L. Hunter J.G,; Madden R.G.; Glasgow T,
Palmer J.; McLean BN, Bendall RP.; Warshow U.; Dalton HR. Neurclogical manifestations
of HEV genotyps 3, Journal of Hepatology, April 2014, vol.fis. 600

13. Madden R.G.; Van Den Berg B.; Van Eijk J.J.4; Van Der Eijk AA,; Hunter 4.6 Tio-Gillen
AR Reimerink J.; Bendall R, Pas 5.0, Ellis V.; Van Alfen N,; Beynon L;Southwell L;
MeLean B Van Engelen B.GM.; Jacobs B.C.; Balton HR.

Post-infectious peripheral nervous system disorders and hepatitis & virus Journal of
Hepatology, Aprl 2014, vol.fis. 60/

14, van Eilk, Jeroen J J; Madden, Richie G; van der Eijk, Annemisk A; Hunter, Jeremy G;
Reimerink, Johan H J; Bendall, Richard P; Pas, Suzan D; Eliis, Vie; van Alfen, Nens;
Beynon, Laura; Southwell, Lugcy; Mel.ean, Brendan; Jacobs, Bart C; van Engelen, Baziel
G M; Dalton, Harry R. Neuralgic amyotrophy and hepatitis E virus infection.

Meurology, 11 February 2014, vol.fis. 82/8 {488-503;

15. van den Berg, Bianca; van der Eilk, Annemisk A; Pas, Suzan I Hunter, Jeremy G

HEV Report 69

WITN0643003_0069



Madden, Richie &; Tio-Gillen, Anne P, Dalton, Harry R; Jacobs, Bart ©
Guillain-Barre syndrome associated with preceding hepatitis E virus infection.
Neurclogy, 11 February 2014, vol fis. 82/6 {491-497)

16, Beale MA, Tettmar K, Szypulska R, Tedder RS, sz 8. Is there svidence of recent hepalitis E
virus infection in English and North Walsh blood donors?Vox Sang, 2011,100:340.2,

17, Hewitt PE, fjaz B, Brallsford S8R, Brelt R, Dicks 8, Haywood B, Kennedy 1T, Kitchen 4, Pate!
P, Poh J, Russell K, Teltmar K1, Tossell J, Ushiro-Lumb |, Tedder RS, Hepatitis E virus in
biood components: a prevalence and transmission study in southeast England. Lancet, 2014
Jul 26, plil: S0140-6736(14)61034-5. dol: 10.1016/S0140-6736{14)81034-5. [Fpub ahead of
print}

- 18, Hogema BM, Molier M, Slot E, Zaajjer HLFast and present of hepatiis F in the Netherlands.
Transfusion, 2014, dob 10111112733, [Epub ahead of print].

19, Galllan P, Lhomme §, Piquet Y, Saung K, Abravanel F, Assal A, Tiberghien P, lzopet J.
Hepatitis E virus infections in blood donors, France.
Emerg. Infect. Dis. 2014 Nov;20 (11} 1814.7

20. Mogema BM, Modier M, Slot B, Zaaijer HLPast and present of hepatitis E in the Natherlands.

Transfusion. 2014, dob 10. 1111412733, [Epub shead of print] .

21, SlotE, Hogema BM, Riezebos-Brilman A, Kok TM, Molier M, Zaailer ML

Silent hepatitis E virus infection in Dutch blood donors, 2011 to 2012, Ewro Survelll. 2013 Aug
1;18(31).pi: 20850

22, Vollmer 1, Knabbe ©, Direier J
o Clin Microbiol, 2014 Juny52(6}2150-6. doi: 10, 1128CM.03578-13. Epub 2014 Apr 18,

Comparison of real-time PCR and antigen assays for detection of hepatitis F virus in blood
donors,

23, Cleland A, Smith L, Crossan C, Blatchford O, Dalion HR, Scobie L, Peirk J
YVax. Sang. 2013 Nov;10584(4):283-8. Hepatilis E virus in Sgottish biood donors,

24, Juhl B, Baylis 84, Bigmel J, Gérg 8, Hennig H. Seroprevalence and incidence of hepatitis B
virus infection in German blood donors, Transfusion. 2014 Jan;84(11:49-56

25, Mansuy JM, Bendsll R, Legrand-Abravane! F, Sauné K, Middouge M, Bllis V, Rech H,
Destruel F, Kamar N, Dalion HR, fzopet J. Mepatitis E virus antibodies in blood donors,
France. Emeryg Infect Dis, 2011:17: 2309412,

26. Takeda M, Matsubayashl ¥, Sakata M, Saio 8, Kato T, Hino 8, Tadokoro K, keda H. A
nationwide survey for for prevalence of hepatitis E virus antibody in qualified blood donors in
Japan. Vox Sang. 2010; 88(4)3:307-13.

27, Matsubayashi, K., Nagaoka, Y., Sskata, M., Sato, 8., Fukai, K, Kato, T., Takahashi, i,
Mishire, 8., Imal, M., Takeda, N. & tkeda, H. {2004) Transfusion-ransmitied hepatitis E
caused by apparently indigenous hepatitis E virus strain in Hokkatdo, Japen. Transfusion, 44
(8}, 934.040.

28, Boxall, ., Herborn, A, ”; Kochethu, G, ++; Praft, G. ++; Adams, D. [S]; ljaz, &, [P}, Tes, .-G,
P Transfusion-transmitted hepatitis E in a nonhyperrendemic couniry. [Article] Source
Transfusion Medicine, 18(2).79-83, April 2008,

28, Huzly O Umhau M, Bettinger I, Cathomen T, Emmerich F, Hasselblatt P, Hengsl M, Herzog
R, Kappert O, Maassen 8, Schorb E, Schulz-Muotari C, Thimme R, Unmilssig R, Wenzel 3J,

HEYV Report 70

WITN0643003_0070



nsfusion-ransmitted hepatitis € in Germany, 2013.Euro Surveill. 2014 May
28 1@(213 pii: 20812. PMID: 24&%3?7

30. Andonov A, Rock G, Lin L, Borlang J, Hooper J, Grudeski E, Wu J; Members of lhe Canadian
Apher&sss Group {CAS} Sem ogical a molecular evid

31, B. Schiosser, A, Stein, R. Neuhaus, 5. Pahl, B. Ramez, D.M. Kriger, T. Berg, J. Hofmann.
Liver ransplant from a donor with oceult HEV infection induced chronic hepatitis and cirrhosis
in the recipient. Journal of Hepatology 2012 vol. 58 pS00-502

32. C Koenecke, S Pigchke, G Bautsl, U Ritter, A Ganser, H Wedemayer, M Eder. Hepatitis £
virus infection in a hematopoistic stem cell donor Bone Marrow Transplantation {2014) 49

33. http:www transfusionguidelines. org.ulddsgiwb

34. Brendan Al PayneManjul Medhi, Samreen ljaz,Mano] Valappll, Emma J. Savage, 0. Nosl
Gill, Richard Tedder, Ulrich Schwab, Hepalitis E Virus Serpprevalence among Men Who Have
Sex with Men, United Kihgdom. Emerging Infectious Diseasas » www.cdo.govieid « Vol. 18,
No. 2, February 2013 {333-335)

35. Michells K. Yong AC, Emma K. Paigea, David AndersonB,D and Jennifer F, HovA CE
Hapatitis E in Australian HiV-infected patients: an under-recognised pathogen? Ssxual
Health, 2014, 11, 375378,

38. hitps:ihwww. gov.ukiogovernment/upioads/svsiemfuploadsiattachment dataffile/32
8634/01 info-note-hepatitis-e ndf

37. Juhl D, Bayliss SA, Blumel 4, Gorg 8, Hannig H. Serpoprevalence and incidence of hepatitis
E virus infection in German blood donors. Transfusion. 2014; 54:48-88

38. ljaz &, Vyse A, Morgan D, Pebody R, Teddsr RS, Brown D Indigenous hepatitis F virus
infection in England: More common than it seems. J Clin Virol 2009 44; 272-276.

39. ez 5, Said B, Boxall E, Smit E, Morgan D, Tedder RS, Indigenous Hepatitis E in England
andd Wales From 2003 to 2012: Bvidence of an Emerging Novel Phylotype of Viruses. J infect
Dis. 2014 209(8)1212-8

40, Zhu FC, Zhang J, Zhang XF, Zhou C, Wang Z2, Huang SJ, Wany H, Yang CL, Jiang HM, Cai
JP, Wang YJ, ALX, Hu YM, Tang Q. Yao X, Xan YL, Wu T, LI YM, Miae J, Ng MM, Shih JW,
Xig NS, Efficacy and safety of a recombinant hepatitis £ vaccine in healthy adulls: a large-
scale, randomised, double-blind placebo-controlied, phase 3 trial. Lancet 2010 378:885-802.

41, Abravanel F, Lhomme &, Chapuy Regaud S, Mansuy JM, Muscari F, Sallusto F, Rostaing L,
Kamar M, lzopst J. Hepatitis E virus reinfections in solid-organ-transplant recipisnts can
evolve into chronic infections. J Infect Dis, 2014 208{12):1800-6.

42, Bartolling, J. Boss,N. Curling, J.
Production of Plasma Proteins for Therapeutic Use. 2013. Wilsy & Sons

43. Hauser, | Roque-Afonso, A. Beyloung, A. Simonet, M. Deau, B,
Hepatitis E transmission by transfusion of Intercept Blood System treated plasma, lood 2014,
123:796-787

44, Owada,T. Kansko, M. Matsumoto,C. Sobata, R. lgarashi, M. Suzukl K.
Matsubayashi K. Mio, K. Uchida,S. Satake M. Tadokoro, K.

Establishment of culture systems for Genolypes 3 and 4 hepatitis
E virus (HEV) obtained from buman blood and application of

HEV Report 71

WITN0643003_0071



HEV inactivation using 3 pathogen reduction technology system.
Transfusion 2014, 54{11)2820-7

45, Khuroo MS, Teli MR, Skidmore 8, Sofi MA, Rhuroo ML 1881 Incidence and severity of virsl
hepatitis in pregnancy. Am J Med T0:282~-255.

46. Nargis Regum, Salam Gyaneshwori Devi, Syed A, Husain, Ashak Kumar & P. Kar,
Seroprevalence of subclinical HEV infection in pregnant women from north India: A hospital
based study 2008 Indian J Med Res 130, 708-T13

47, Salam Gyaneshwori Devi Ashok Kumar Premashis Kar, Syad Akhtar Husain, Shashi Sharma,
Association of Pregnancy Cutcoms With Cylokine Gene Polymorphisms in HEV Infection
During Pregnancy 2014 Journal of Medical Virology 86:1368-1376

48, Monica Velosaa, b, Antdnio Figueiredo, Heleng Gldria, Ana Morbey, Elia Malaus, Zeéfia
Mevesd, Ana Aradio, Ana Sarvalho,Judite Qliveira, Bduardo Barrogso. 2013 Fulminant
hepatiis B in a pregnant woman GE J Port Gastrenterol. 20(5):210-214

49, Udayakumar Navangethan, Mayar Al Mohajer, Mohamed T Shata. Hepatitls £ and
Pregnancy- Understanding the pathogenesis. 2008. Liver Int. 28(8) 1190-1189.

80, Renou C, Gobert V, Locher C, Moumen A, Timbely O, Savary J, Rogue-Afonso AM;
Assnciation Nationale des Mépato-Gastroentérologuas des Hipitaux Béndraux (ANGH).
Prospactive study of Hepatitis E Virus infection among pregnant women in France, Virot .
2014 Apr 9;11:68,

81, Anty R, Oflier L, Péron JM, Nicand £, Cannavo |, Bongain A, Giordangngo V, Tran A, First
case report of an acule genotype 3 hepatitis E infected pregnant woman living in South-
Eastern France. J Clin Virgl, 2012 May; 54{1)178-8.

53 Tabatabai J. Wenzel 14, Soboletzid M, Flux ©, Navid MH, Schiitzler P. First case report of an
acule hepatitis B subgenotype 3¢ infection during pregnancy in Germany. J Clin Virel, 2014
SepB11R170-2.

53, Bose PD, Das BC, Hazam RK, Kumar A, Medhi §, Kar P. Evidence of exirahepatic replication
of hepatitis E virus in human placenta. J Gen Virol 2014 Jun@5(Pt 811266-71.

54. Mesquita JR, Conceicio-Nelo N, Valente-Gomes G, Gongalves G, Nascimento MS.
Antibodies to hepatitis E in Portuguese mothers and thelr newboms. J Med Viral, 2013
A 88(8L1377-8

55. Kenfak-Foguena A, Schoni-Aff olter F, Burgisser P, et al, and theData Center of the Swiss
HIV Cohort Study, Lausanne, Swilzerand.
Hepatitls B Virus seroprevalence and chronic infections in patients
with HIV, Switzeriand. Emerg Infect Dis 2011, 17: 107478,

56. Renou C, Lafsuillade A, Cadranel 3F, et al, and the ANGH.
Hepatitis E virus in HiV-infected patients, AI08 2010,
24; 149388,

§7. Keans F, Gompels M, Bendall R, of al. Hepatitis E virus coinfection
in patients with MV infection, HIV Med 2012, 13: 8388,

58, Kaba M, Richet ¥, Ravaux |, et al. Hepatitis E virus infection
in patients infectad with the human immunodef clency virus,
J Med Virgl 2011, 83 170418,
114 Thoden J, Venhoff N, Miehle N, et al.

50, Sherman KB, Terrault N, Barin B, Rouster 8D, Shata MT. Hapatitis E infection in HiV-infecied
liver and kidney transplant candidates, J Viral Hepat. 2014 21(8) :e74.7,

HEV Report 72

WITN0643003_0072



60. Buffaz C, Scholtes C, Dron AG, Chevallier-Cueyron P, Ritter J, André P, Ramigre C, EurJd
Clint Microbiol infect Dis, 2014 Jun33{811037-43. doi: 10.1007/s10086-013-2042-2. Epub
2014 Jan 21,

Hepatitis £ in liver transpland recipients in the Rhéne-Alpes region in France,

81. Riezebos-Brilman A, Verschuuren EA, van Son W, van lmhoff GW, Briigemann J, Blokaijl
#, Nigsters MG, J Clin Virol, 2013 Nov:88(31:508-14. doi: 10,1016/ jov.2013.08.022, Epub
2013 Sep 4.

The clinical course of hepatitis E virus infection in patients of & tertiary Dutch hospital over a
S-year period.

£52. Legrand-Abravanal F, Kamar N, Sandres-Saune K, Garrouste ©, Duboils M, Mansuy
JM, Muscari F, Sallusto F, Rostaing L, lzopst J. J infect Dis. 2010 Sep 15,202(5):835-44. doi:
10.1086/855808.

Characteristics of autochthonous hepatitis E virus infection in solid-organ transplant recipients
inn France.

83, Kamar N, Garrouste ©, Hasgsma BB, ot al. Factors associated with chronic hepatitis in
patients with hepatitis E virus infection who have recelved solid organ
wransplants.Gastroenterclogy 2011;140:1481-148%

84. Fujiwara 8, Yokokawa Y, Moring K, Hayasaka K, Kawabata M, Shimizu T, J Viral
Hapat, 2014 Feb:21{2):78-88, dok 10.17111/vh. 12156, Epub 2013 Aug 12, Chronic hepatilis
E: a review of the literature.

88, Unzuela A, Rakela J. Liver Transplantation 2014:20{1):15-24. Hepatitis E infection in fiver
fransplard recipients

68, Kamar N, Selves J, Mansuy JM, ef al. Hepatitis E virus and chronic hepatilis in organ-
transplant reciplents, N Engl J Med 2008,358:811-817

g7, Vaersiuis J, Pas 80, Agteresch Hd, de Man RA, Maaskant J, Schipper ME, Osterhaus
AD, Comelissen JJ, van der Eijk A&, Hepatiis E virus: an underestimated opportunistic
pathogen in recipients of allogeneic hematopoietic stem cell ransplantation. Blood. 2013 Aug
§;122(61078-88. doi: 10.1182/blond-2013-03-482383. Epub 2013 Jun 21,

68, Zhou X, Wang Y, Metselaar HJ, Janssen ML, Peppelenbosch MP, Pan Q. Rapamyein and
averolimus facilitate hepatiils B virus replication: revealing a basal defense mechanism of
PIA-PEB-mTOR pathway . J Hepatol, 2014 Oot{4):746-84, '

89, Barnaud £, Rogée 8, Ganry P, Roge N, Pavio N. Thermal inactivation of infectious hapatitis E
virus in experimentally contaminataed food. Appl Environ Microbiol, 2012 Aug, 78(1515153-8

70, Yunoki M, Yamamoto 8, Tanska H, Nishigaki H, Tanaka Y, Mishida A, Adan-Kubo J,
Teujikawa M, Mattori S, Urayama T, Yoshikawa M, Yamamoto |, Hagiwara K, lkuta K. Exient
of hepalitis E virug slimination is affected by stabilizers present in plasma products and pore
size of nanofilers. Vox Sang, 2008 Aug 85(2):84-100.

71, WHO Global Alert Response Mepatitis B
hilp: s who inticsridiseasehepatitis/iwhocdsesrede2001 1 2/endindex2 him! accessed
19/08f2014

72, Lewis HC. Wichmann O Duizer B 2010 Transmission routes and risk factors for
autochtbonous hepatitis B virus infection in Europe: & systematic review Epidemiol. Infact.
138, 145168,

HEV Report 73

WITN0643003_0073



Additional Reading.

A rare case of ransfusion-transmitted hepatitis € from the blood of a donor infected with the
hepatitis E virus qenclvpe 3 indigenous o Japan: Viegl dynamics from onsel o recovery.
Matsud T, Kang JH, Matsubayashi K, Yamazaki H, Nagai K, Sskata H, Tsuji K, Maguchi H.
Hepatol Res. 2014 Jul 17, doi: 10.111Whepr 12380, [Epub ahead of print] PMID: 25041213

An assessment of hepatitis E virus (HEV) in US blood donors and recipients: no detectable
HEY RNA In 1838 donors tested and no evidense for HEV transmission to 362 prospectively
followed recipients. Xu €, Wang RY, Schechterly CA, Ge 8, Shih JW, Xia NS, Luban NL,
Alter Hd. Transfusion. 2013 Och83(10 Pt 2%2505-11. dol 10.11114rf. 12328, Epub 2013 Jul
7. PMID: 23829183

Autochthonous hepalitis e virys infections: 8 new transfusion-associated risk? Dreler J, Jubl
o,

Transfus Med Hemother, 2014 Feb41(11:28-38. doi: 10.1159/000357088. Epub 2013 Dec
30. Review. PMID: 24658045

Past and presemnt of hepatitis E in the Nethedands. Hogema BM, Molier M, Slot E, Zaasijer
HL.
Transfusion. 2014 May 28, doi 1011114112733, [Epub ahead of print] PMID: 24889277

HEV Report 74

WITN0643003_0074



