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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 established in 2013 with the following remit. 

A. To review the evidence base, including findings of the joint PHE/NHSBT study, of HEV 

prevalence in blood/organ donors and transmission through transfusion/transplantation. 

B. To consider the impact of HEV on transfusion recipients and recipients of organs, tissues 

lTIml 

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. 

D. The remit included consideration of: 

Efficacy of current strategies in mitigating risk of transmissiontlong-term term 

liver disease; 

0 Steps being takenfunder consideration in other countries 

• Determining whether there are specific patient groups, if possible, who should 

be prevented from becoming infected 

• Secondary transmission ie human to human through social or sexual contact 

• The practicalities and impacts of mitigation steps on donors/recipients and on 

the blood/organ supply 

• The cost-effectiveness of any proposed mitigation steps 

® Further research or information required 

Disseminating the outcome of the review. 
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H V in 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. HEV is a zoonotic infection in the UK, most likely acquired through eating infected pork 

products. However, the HEV genotype in human UK cases does not match that of the UK 

pig population. 

C. The UK incidence of clinicaal infection is increasing, with 600 indigenous clinical cases 

reported in 2012, 700 in 2013, and 300 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 viraernia rate of —1 in 

2850, equivalent to 23 donorslday across the UK. 

D. Short-lived viraemia and complete viral clearance is the norm in immune competent 

individuals, However, long-  terra viral carriage may occur in imrnunosuppressed individuals, 

with progression to chronic liver disease; the frequency of this remains uncertain. 

B. In patients with chronic liver disease, serious worsening of liver function has been 

described. 

F. Clinical features other than hepatitis have been described, such as GuillainBarré 

syndrome, but it is not clear whether these are more common with HEV than after other viral 

infections . 

1.4. Transmission through blood, tissues, organs and cells 

A. Transfusion transmission of HEV is well described in the literature, with the first reported 

UK case in 2006 from red cells, and 3 cases reported by the UK heemovigilance scheme 

Serious Hazards of Transfusion (SHOT) from 2011-14, all from fresh frozen plasma (FFP); 

no UK deaths were attributed to H .y, Most clinically apparent cases in the UK and other 

countries have been in organ or stem cell transplant recipients. Even in such recipients, 

acute severe hepatitis 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 PH /NH aBT study, still the only donor/recipient prospective study available at the time 

of this review. In this study, albeit with small numbers of recipients, transmission was more 

likely at higher viral loads and with exposure to larger volumes of plasma (25% 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 sera-  conversion was the commonest outcome, but a small 
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number of immunosuppressed individuals required anti-viral therapy and/or reduction of 

immunosuppression to achieve clearance. Special consideration is therefore 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. 

I.S. Possible risk m itigation steps for the blood supply 
A. No country has yet 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 

implement screening at present. France screens donors for manufacture of solvent 

detergent FFP, and discussions there and in Ireland are ongoing regarding broader donor 

screening. 

B. There is no evidence which can be used to develop questions which could be added to 

the blood donor health check questionnaire to identify donors at particularly high risk of 1FV 

viraemia. 

There have been no reported 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 recipients. 

Based on the known incubation period, the period following donation for which donors are 

asked to report new illness need not be extended beyond the current 2 weeks. 

C. Should testing be proposed. HEV NAT testing, which detects vireemia and hence 

potentially infectious donors, is the testing strategy of choice. There are CE marked assays 

currently available and suitable for 1V 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 screening by NAT could safely be performed in pools of 116-24, which would be 

determined as part of validation. Reactive samples would then be confirmed by a validated 

different 1 V RNA assay of equivalent sensitivity, along with assessment of viral load, 

genotype and serological status. 

Universal donor screening would yield over 500 donors/year who would require deferral and 

retest before returning to donation. Look-back of previous recipients would also be required, 

with an indicative look-bask period of 4 months. 

Due to variable levels of viraemia which in some donors will be below the detection limits of 

the assay, routine screening by pooled testing would potentially miss 16-44 donationslyear, 

a figure which will vary with the population incidence. 

D. There is insufficient information at present to recommend creation of a panel of sero-

positive immune donors to provide transfusions for high risk recipients. For example, there is 
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no definition of igG or 1gM levels to define immunity, nor adequate information an antibody 

decay. 

E. It is uncertain at 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 

1V, and breakthrough transmissions have been seen with FFP treated by 

method. Manufacturers should be asked to provide such data. 

The solvent detergent method of inactivation for FFP is not in itself effective against 1V. 

Therefore, specifications are being set for plasma used for manufacture with regard to 11 V 

testing. If these are implemented, solvent detergent treated FFP (SDFFP) is likely to carry a 

significantly reduced risk of 1EV, and merits further investigation with the manufacturer. Its 

cost-effectiveness as the FFP product of choice for all or high-risk recipients is as yet 

uncertain. 

There are no FI 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 G31EV genotype found in the UK. 

There is a major risk in the third trimester of pregnancy from a GI 1 V genotype, It is 

Important to prevent GI infection at this stage of gestation but it is highly unlikely that a GI 

infection would be acquired in the UK (from any route). 

B. No cases from arising from transfusion transmission have been reported in neonates. 

There are few data regarding the risk to neonates from 1V infection. Awareness of I1V in 

the paediatric community is low and consideration should therefore be given as to how such 

awareness could be increased, along with inclusion of 11EV in the investigation of the 

jaundiced neonate 

C. There have been occasional case reports of 11 V in HIV positive patients. No cases 

arising from transfusion transmission have been reported. 

D. There are no case reports of 1 V in patients who receive regular red cell transfusions for 

either heemoglobinopathies or chronic haematological 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 

itself, by transfusion at the time of transplantation, or by diet (infected pork) in the months or 

years following the transplant, when still on immunosuppression. 

B. It is not known whether solid organ or stem cell transplant recipients are at particular risk 

of 1EV acquisition. A sub-set of infected transplant patients go on to delayed clearance 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 illness, 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 organ 
donorlyear, 1 infected living organ donor every 1-3 years, and 1 infected unrelated stem cell 
donor every 1-3 years. 

D. 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. 

P. Blood component exposure is low in renal transplantation (mean 0.5 donor 

exposures/procedure), rising to 9/procedure for liver transplantation, and 68/procedure for 

rnultivisceral 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 (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 19 donor exposures/procedure, 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 pooled platelets is unknown. 

G. Based on transplant activity, donor exposure and transmissibility, the estimated risk from 

blood components is equivalent to 1 infection/l-2 years from blood components in liver 

transplant recipients. The corresponding figure for renal and rnultivisceral 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 HEy becomes 
chronic in organ and stem cell transplant recipients, and the likelihood of chronicity leading 

to serious sequelae such as cirrhosis. 

1. Possible options to provide risk mitigation for solid organ and stem cell transplant 

recipients were considered. Because the clinical burden of HEV infection in transplant 

recipients 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 50-0000 

donations/year would need to be screened, at an indicative cost of 

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

(3) Test all solid organ and allogeneic stem cell transplant recipients at pre-defined 

intervals) eg 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 agents such as 

ribavirin. 

J. The requirement and optimal strategy for clinical risk mitigation in transplant patients is not 

yet clear and further information is needed (see section 1.10). 

1i. Banked tissues gametes and embryos 

A. The intrinsic risk from tissue transplants appears to be extremely low. Tissue transplants 

are not commonly accompanied by a need for transfusion, but even if transfusion occurs, 

most tissue recipients are not imrunosuppressed and therefore not at high risk from serious 

clinical sequelae. The exceptions are recipients of pancreatic islets and hepatocytes, who 

receive immunosuppression and who are therefore at equivalent risk of clinical sequelae as 

solid organ transplant recipients. 

B. Likewise the risk of both infection and clinical sequelee from donation of eggs, sperm or 

embryos is extremely low.. 

1.9. 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 

evolving and this recommendation should be reviewed at the earliest opportunity when the 

findings become available 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 transplant patients is 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 HEVtested components for solid organ and allogeneic stem cell transplant 

recipients. 
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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 donor has been consistently negative for HEV RNA with a documented acceptable 

level of detectable Ig . 

F. HEV testing should be considered in any solid organ, stem cell transplant or chronic, liver 

disease patient with unexplained changes in liver enzymes. 

G. No specific steps are required to mitigate the HEV risk in recipients of banked tissues. 

However, any future recommendations for recipients of pancreatic islets or hepatocytes 

should follow that for solid organ recipients. 

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

I. Awareness of HEV should be increased in clinical teams treating organ and stem cell 

transplant recipients, neonates, pregnant women and transfusion-dependent patients such 

as those with haemoglobinopathies. 

J. The section below highlights the further information needed to make definitive 

recommendations. A costed plan of this further work should be produced without delay, 

showing time lines as to when each piece of information will become available. 

Obta t . . • . : : ,: 
io ■ 

l

-solid a pl r 

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

2. The rate of HEV acquisition and its clinical sequelae in specific patient groups, 

including children, transfusion-  dependent patients, and solid organ/stem cell 

transplant recipients 

3. Work to investigate the prevalence of chronic HEV infection in the UK and 

understanding the determinants associated with viral persistence in the 
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4. Effectiveness and cost-effectiveness of different methods of Pathogen Inactivation for 

FFP and platelets. 

5. A feasibility study of testing all transplanted patients (organ or stem cell) eg 

annually. 
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However, despite a reported increase in incidence, in routine clinical practice post-

transfusion HEV infection is rarely reported. The first UK report of the virus being transmitted 

through the transfusion of a blood component was received in 2006. 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 (two in 2013, five in 2012, and one in 2011) suspected transfusion-

transmitted HEV cases notified to NHS Blood and Transplant (NH BT) for investigation. Of 

cases investigated to date, 3 have been confirmed to have arisen from transfusion (all 3 from 

FFP), with the remaining cases concluded not to have arisen from transfusion. Two of these 

cases appear in annual reports of the UK haemovi ilance scheme Serious Hazards of 

Transfusion, and the third will be included in the 2014 report, due to be published in July 

201 5. 
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transmission rate of approximately 40%. Transfusion-transmitted infections were found to 

rarely cause acute morbidity but in some immunosuppressed patients the virus became 

persistent and took some time to clear. 

The working group have reviewed and evaluated the evidence base for HEV transmission 

through blood, cells, tissues and organs„ Including the findings of the jooint. PHINH T study 

of HEV prevalence in blood/organ donors and evidence of transmission through 

transfusion/transplantation. In so doing, information has been gathered on steps being taken 

or considered to reduce the risk of HEM! 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 transmission. 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, 

practicalities, costs and disadvantages of implementing such steps. The group aimed to 

determine whether there are specific patient groups who should be protected from HEV 

infection and to determine 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 recipients, and on UK blood set-ices' 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 agreed that the scope of the review would be as follows: 

0 Consideration of HEV screening for blood, tissue, organ and cell donors 

0 Consideration of potential steps to be taken to reduce the risks of transmission of 

HEV and its clinical sequelae 

w Consideration of the cost effectiveness of any proposed risk mitigation strategies 

Review of actions undertaken internationally to mitigate risk of HEV transmission 

The following were agreed aas out of scope (though it was recognised that fractionated 

plasma products are regulated by the MHRA and therefore the group's recommendations 

related to blood components may be reviewed for relevance by the MHRA,) 

Risk mitigation steps for the general population 

Antenatal Screening 

HEV in fractionated plasma products 

W Steps to reduce dietary risks 
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Hepatitis E virus (HEV) is increasingly described as having 'two faces', the outbreaks of HEV 

genotype 1 seen in developing countries that often results in significant morbidity and 

mortality and the usually asymptomatic cases of HEV genotype 3 reported in the developed 

world 7. Differences in transmission routes, disease pattern and outcome are broadly 

dictated by viral genotype, geography and socio-economic status. These aspects are 

discussed in this document but with a focus on HEV genotype 3 infections that occur in the 

UK. 

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

food/water hygiene may be poor, Infections in the developing world are usually linked to 

genotype 1 (South Asia, Middle East and Africa) and genotype 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 to 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 HEV antibody prevalence rates have been 

described in pigs worldwide. The concept of a zoonosis is further supported by the close 

sequence homology observed between the HEV genotype 3 and 4 viruses found in humans 

and animals. There are now also good data supporting food as a vehicle for transmission 

with infections in industrialised countries linked to the consumption of undercooked/raw pig, 

deer and wild boar meat. 

3.2. Course of infection and tissue distribution 
The incubation period ranges from 15-60 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. 1-1EV 

RNA does not persist, in immunocompetent individuals becoming undetectable in blood about 

3 weeks after the onset 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 illness and 

can persist for 4 to 5 months. HEV IgG appears shortly after gM and levels rise rapidly, 
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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 after infection. 

3.3. Pathogenesis, clinicall features and sequelae 

The majority of infections regardless of HEV genotype are asymptomatic. In symptomatic 

cases the disease is usually mild and symptoms may be non-specific„ such as fatigue, loss 

of appetite, abdominal pain, fever and nausea Symptomatic acute illness may include 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. 

Through hyper-endemic regions where genotypes 1 and 2 are found, clinical attack rates are 

highest amongst young adults 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 worsen, 

especially 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 appear to be a feature of genotype 3 and 4 infections. However, the development of 

chronic HEV infection is increasingly recognised in immunosuppressed individuals including 

children ' .' All cases except one have been linked to genotype 3 infections; one recent 

paediatric case has been shown to be associated with a genotype 4 infection. It remains 

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 viraemic, but is based on small case series. Reports of chronic infection have also 

appeared in relation to stern cell transplant recipients, patients with other haematological 

disorders and hllV-infected persons. These cases are in the main asymptomatic with only 

mild liver enzyme derangement although the long-term prognosis for individuals with chronic 

hepatitis E is poor. Chronic hepatitis E infection can result in rapidly progressive liver fibrosis 

and cirrhosis with death due to decompensated liver disease. In addition, acute HEV 

infection in patients with pre-existing liver disease has been associated with a poor outcome. 

A 70% mortality rate linked to HEV infections has been reported in patients with underlying 

chronic liver disease. 

3.4. Extra-hepatic manifestations 

A number of extra-hepatic manifestations, clinical features other than hepatits, linked to 

acute and chronic hepatitis E have been reported. These include a range of 

neuropathologies, thrombocytopenia, glomerulonephritis, acute pancreatitis, and acute 

thyroiditis. In a recent retrospective review of 106 hepatitis E cases from South West 
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England, eight (7.5%) presented with neurological syndromes, which included brachial 

neuritis, Guillain-Barre syndrome, peripheral neuropathy, neuromyopathy and vestibular 

neuritis. Patients with neurological syndromes were younger and had a more modest 

transaminitis compared to cases without neurological symptoms. Twelve patients (11.3%) 

presented with thrombocytopenia, fourteen (113.2%) with lymphocytosis and eight (7.5%) with 

a lymphopenia. Seventeen of 65 patients had a monoclonal garnmopathy of uncertain 

significance (MGUS). Two cases developed haematological malignancies 36 and 18 months 

after presenting with acute HEV infection. Additional studies are required to understand the 

role of HEV in contributing to diseases other than hepatitis "' ' 3, °'
s

3e5. Management and treatment 
In the majority of hepatitis E cases no treatment will be required as these infections will clear 

uneventfully. Individuals with persistent HEV infection may require intervention. Data from 

the transplant setting have shown that a reduction in immunosuppression levels (in particular 

drugs that target T cells) led to viral clearance in 30% of cases. Clearance in this setting is 

usually associated with sero-conversion and frequently with a transaminitis. However, 

reduction in immunosuppression levels needs to be balanced with the risk of graft loss in 

transplant patients. Antiviral treatment 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 HEV 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 avoid 

ribavirin-induced haemolytic anaemia, the dose should be adjusted according to renal 

function. 

• r r-. -r: n 
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the provision of clean drinking water and good sanitary infrastructure. In the developed 

world, ensuring meat products are thoroughly cooked and appropriately handled will be good 

measures for reducing transmission. Hepatitis E is a notifiable infection and as such all new 

cases should be reported to the relevant public health team for follow-up. ,Public Health 

England have published guidance for follow-up of affected individuals and wider public health 

actions. However, there is no data to suggest that there is frequent transmission of HEV from 

person-to person, where infection occurs in families it is thought that this is due to a common 
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food source rather than personwto-person transmission. Usually only patients with significant 

symptoms 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 to spread faecal-oral infections such as young children, food 

handlers, those with poor personal hygiene and front-line health and social care workers. 

A Hepatitis E vaccin has been licensed for use in China in those aged between 

16 and 65 years. The vaccine, also known as HEV 239, is a 26 Ka protein encoded by 

ORF2 of HEV genotype 1. In a recent phase 3 trial of the vaccine using a 3 dose schedule 

found it gave very good protection (protective efficacy rate of 100% (95% Cl 72.1-100.0). 

Hecolin] was well tolerated with local reactions at the injection site being the main adverse 

event associated with its use. The data also showed that despite being based on genotype 1 

virus the vaccine provided protection against genotype 4 infections. Its efficacy against 

genotype 3 is not known. However, there is limited or no data available on the safety and 

irnmunogenicity of the vaccine amongst children, pregnant women and in specific groups 

such as individuals with chronic liver disease and imniunocompromised patients. The long 

term efficacy of the vaccine, duration of protection and the need for a booster dose has not 

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

3.7. NEB/ in the UK 
Public Health England has had a programme of enhanced surveillance for hepatitis 

running since 2003. The data shows that whilst cases are observed from travellers returning 

from HEV hyper-endemic areas, the majority of HEV cases are acquired indigenously 

(Figure 1). The data collected over a ten year period also shows the virus to be dynamic in 

our population. Travel associated cases have remained steady and are mainly associated 

with genotype 1 infections. 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 to genotype 3 viruses and for these to form two distinct 

phylogenetic groups. Of interest, the recent rise in indigenous cases has been associated 

with the emergence of a novel HEV G3 phylotype not commonly circulating prior to 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 carried out in the general population in 

England indicating HEV seroprevalence to be high at approximately 13%. The 

seroprevalence rates were found to increase with age and in a cohort from 2004, it peaked 

at approximately 25% in those aged 50 years and over. Additional data modelling 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 Hepatitis E (HEV) infection in Scotland has increased dramatically 

in recent years. Between 2000 and 2011, the number of laboratory confirmed cases of HEV 

varied from 3 to 13 per year. Since 2011 there has been a substantial Increase in laboratory 

reports of HEV. In 2011 Health Protection Scotland received 13 reports, increasing to 76 in 

2012 and 95 in 2013, and a provisional total of 160 in 2014. In 2014, 60% of HEV reports 

were from males, with 73% of the cases in males reported from those aged 50 years and 

over (personal communication Alison Smith-Palmer Health Protection Scotland). 

Hepatitis E is not a notifiable infection in Northern Ireland. Currently local laboratories test 

on request but there is no standardised policy, and this may lead to an underestimation of 

the number of infections. Between 2000 and 2013 3 cases were reported to the NI Public 

Health Agency whereas in 2014 9 cases were reported (personal communication Philip Veal, 

1 
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As a result of increased awareness and testing, persistent 11EV infections are being 

increasingly recognised in the immunosuppressed population in the UK. These have been 

described in HIV-infected patients but primarily in haemato-oncology patients and solid 

organ transplant recipients. The overall UK seroprevalence and complication rate in this 

cohort has not been clearly established. 

3. . HEV epizoology in England and Wales 

A case controlled„ questionnaire based study undertaken by PHE in 2012 indicated the 

consumption of pork based products to be associated with cases of hepatitis E from England 

and Wales. In order to better understand HEM" infections in the UK pig population, a joint 

PHEDeFRAFSA investigation was undertaken studying pigs at time of slaughter. The study 

reported a high HEV seroprevalence rate of 93% with the detection of Ig t antibody in half of 

the 6eropositive animals indicating many pigs to have had recent infection and sorrfa 6% to 

be undergoing a current infection and to be viraemic (1 V RNA In their plasma) at the time 

of slaughter. Molecular characterisation of identified viruses showed that the UK pig could be 

the likely source of a small proportion 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 to be confirmed. 

.9, Epidemiology in UK blood donors 

In recent years the blood and transplant community have become more aware of the 

potential impact of transmission of hepatitis E to immunosuppressed individuals through 

blood transfusion and organ transplant. Hepatitis E is not routinely included in the screening 

of blood donations although in the last year there has been much debate as to whether this 

should be implemented in Europe. 

A study published by Beale in 2011 '6' looked at the rate of 11 V RNA and seroprevalence in 

unselected UK blood donors (n=262) and with a history of jaundice unrelated to hepatitis 

(n=333), Seroprevalence for anti41 V 1813 was 12% in unselected donors and 8% in those 

with a history of jaundice. Two samples in each group were 19M positive but HEV RNA 

negative. These results suggested that there was likely HEV infection turning over in the 

blood donor panel which warranted further investigation. A more recent study 97 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 screened between October 2012.

and 2013 for the presence of HEV RNA. Of 225,000 donations tested 79 were found to be 

positive for 11 V RNA, genotype 3, a rate of 1/2848 or 0.04%. A recent study carried out In 

the Scottish National Blood Transfusion Service looked for 11 seroprevalence in a 

collection of 1559 anonymised samples collected between 2004 and 2008 and an additional 
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528 samples collected in 2012. The samples from 2012 were included for comparison to 

ensure that long-term storage did not affect on the test results. In addition 43,560 

anonymised samples in minipools were tested for the presence of HEV RNA. HEV RNA was 

detected in 1114,520 or 0.007% of donations, with anti-HEV 190 seroprevalence of 4.7%, 

lower rates than detected in England. As this was retrospective testing there was no follow-

up of those samples found to be HEV RNA positive. 

3.10. Population and blood donor studies in other countries 
Data from the Netherlands '8 reported a viraemia rate of 1:1761 (0.06%) in 35,220 plasma 

donations tested (Table 1). It has also been shown that anti-HEV IgG sera-prevalence has 

declined over time in donors aged 18-64 from 46.6% in 1988 to 20.9% in 2011 in The 

Netherlands. 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 meet products. 

Country Time Number HEY RNA Method Rate Ref 
rind screened positive 

France Nov. 53,234 24 Pool 1/2218 Gallian et 
2012- al., 2014'0
Dec. 
2013 

The 2013 35,220 20 Pool 111761 Fiogema et 
Netherlands al., 2014 20

The 2011- 45,415 17 Pool 1/2671 Slot et al., 
Netherlands 2012 2013 2'

Germany July- 16,125 13 Individual 1/1240 Vollmer et 
Sept al., 2014 22

2011 
Scotland 2004- 43,560 3 Pool 1/14,520 Cleland et 

2008 al., 2013 
23

England 2012- 225,000 79 Pool 112648 Hewitt et al., 
2013 2014 17

Table I Hepatitis E rates in blood donors 

A recent study in Germany found relatively low rates of past infection in donors: anti-HEV 

IgG of 6.8% in 1 019 donors tested. Seroconversion was observed in 7/69 donors within a 2 

year period, an incidence of 0,35% per year. HEY RNA was detected in 0.08% of donations 

(1 in 1,250) with a report of transfusion 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 HEY IgO positive, probably reflecting the local diet. 
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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 lgG positive 

with prevalence varying by geography. There was a relationship between elevated alanine 

aminotransferase and positive anti-H V Ig . The predominant genotypes were both 3 and 4 

with 4.1 % of samples were HEV RNA positive 26'. 

Work has been carried out in the USA to investigate the anti-I-IV lgG seroprevalence < f 

016 donations investigated in 2006, prevalence was 21.8% compared with 1023 donations 

in 2012 when seroprevalence was 16%. None of the donations were positive for HEy RNA 

although 0.4% were 1gM 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 TTIs were 

observed despite the relatively high seroprevalence rate 26. 

3,11. Conclusion 

HEV is a zoonotic infection in the UK, most likely acquired through eating infected pork 

products. The UK prevalence of clinical infection is increasing, with 500 indigenous cases 

reported in 2013, and high rates 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 blood donors revealed a viraemia rate of —1 in 2850, equivalent to 2 

donorsfday. Short-lived viraemia and complete viral clearance is the norm in immune 

competent individuals, in whom severe acute hepatitis and chronic liver disease are rare. 

However, long-•term viral carriage may occur in immunosuppressed individuals, with 

progression to chronic liver diease, the frequency of this remains unceheln. Worsening of 

chronic liver disease may also occur. Extra-hepatic manifestations have also been 

described. 
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Subsequently the first British TTI was reported 73 following a transfusion in 2004. The donor 

was asymptomatic but reported flu-like symptoms 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 platelet 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 occurred in 2011, 2012 and a single case in 2014; no 

transmissions were reported in 2013. All 3 transmissions were from FFP. The transmission 

in 2011 was identified in an adult stem cell recipient who had received blood components 

from 34 donors, two of whom were found to be vireaemic at the time of donation following 

analysis of archive samples. One of these donors had donated FFP; donor and recipient 

were found to have the same genotype 3 virus. Unfortunately the recipient died from other 

causes. The 2012 recipient was receiving immunosuppressive therapies and had 

experienced 129 donor exposures, One donor had evidence of HEV RNA at the time of 

donation, the infection cleared and the donor seroconverted 5 months later. This donor was 

identified as the source of infection having donated FFP to the recipient. The 2014 patient 

had underlying chronic liver disease and was treated with FFP (details will appear in the 

2014 SHOT report due to be published in July 2015). Two other cases are under 

investigation where donors reported post-donation illness and were investigated by their 

GPs. Both were found to be HEV RNA positive and lookback investigations on the 

recipients are ongoing. Now that investigations for possible hepatitis include HEV 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 2930. In the 

Canadian study, patients with Thrombotic Thrombocytopaenic Purpura were receiving up to 
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40L of plasma as either SDFFP or cryosupernatant plasma. Patients were followed up at 

baseline, I and 6 months and tests for anti-6 E V antibodies and where seroconversion had 

been observed HEV RNA. Seroconversion was observed at one month in 2/17 patients 

treated with SDFFP, 

The recent Hewitt study '7 actively followed up recipients of blood donations given in the 

South East of Engnd. Of 60 patients receiving blood components 17 were unable to be 

followed up for various reasons. In the 43 recipients with outcomes 18 had evidence of a 

HEV T'TI. Six recipients had serological evidence of infection and 12 had proven viraernia on 

at least one point following transfusion. TTIs were more often associated with higher viral 

load in the donor and absence of antibody. In the recipients, 4615 receiving red cells 

developed infection, 4/10 receiving pooled platelets, 5/14 receiving apheresis platelets and 

both pooled granulocytes (n=1) and FFP (n=2) resulted in a TTI. Although numbers are 

small it does appear that those components containing large volumes of plasma from an 

infected donor may be expected to transmit HEV RNA. Analysis of outcome in the infected 

recipients indicated that level of immunosuppression was linked to the duration of infection 

and median weeks to seroconversion (Table 2). Prolonged vireemia with delayed 

development of the antibody response was observed in those recipients with moderate and 

severe imniunosuppression levels. Intervention either through the reduction of 

inmtmunosuppression, or through antiviral treatment led to viral clearance in three recipients. 

Based on this study, It would be expected that there would be 400-500 transfusion 

transmissions annually in UK, yet only occasional cases are reported. This illustrates the 

asymptomatic or mild nature of HEV infection in most recipients, even those ill enough to 

require transfusion, 

Inferred I ledia n wk s' Fropa~r€k n (%) who da:vvla pod 
Number air i m~ a rc itlienbi to RNA to duration 

in FIFV 4: earurie;L". 
Clini£:~3i 

Suppression tectton s r'oconve n tton t7s ;Irtt)5 

Norte or mild 8 5 7 to. 8. (100'x) 8 (IO0"4) 1 (125%) 

Moderate 6 8 11 56 34 ] 0 R, o (75 .1 ** 
. ...._.._ ............. ................................................................ ........_ 

Severe 4 9 37,5 30 
R 3 2 0 

Table 2: Outcome in 18 recipients infected by transfusion of a blood component from 
a vireemic donor, ranked by immunosuppression. 
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4.2. International situation 
No country has yet introduced routine blood donor screening. The Netherlands has been the 

lead country in terms of epidemiological studies, with 3.5% of donors sero-positive and 1 in 

3000 RNA positive (Hans Za.aijer, presentation to HEV group). 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 contributing to pools of SDFFP. Universal or selective 

screening of blood donors is under consideration. Other countries in Europe plus Canada 

are carrying out epidemiological studies, but have not taken any decision regarding blood 

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 3'. There have 

been no other cases ascribed to stem cell, tissue or organ transplants themselves, although 

a stem cell donor was reported to have been undergoing acute HEV infection at the time of 

transplant 32. 

donor M b s: :r: : • . rru s. 

• r ♦ t • N 

It is known that the majority of people with HEV may not be aware of their illness at the time 

of donation. In a recent English study it was observed that approximately a third of donors 

experienced same illness which was probably related to their infection ' r . Some donors may 

have relatively minor symptoms which they did not disclose - it is known that donors do not 

always fully disclose illness, particularly if they think it is not relevant. 
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It would be difficult to introduce any donor selection criteria for a food-mediated infection; 

currently there are no deferral criteria in the UK that are related to diet. It seems unlikely that 

there are any donor selection criteria that would mitigate against HEy genotype 3. There 

have been no reported cases of HEV in vegetarians, but the population rate of self-declared 

vegetarians (7%) is too low to use this characteristic to identify a love-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 Le. working in animal husbandry or welfare, but rates of viraemia or 

sero-positivity are not known in the populations. 

Other genotypes of hepatitis E infection such as those viruses found in Africa and SE Asia 

are mitigated against by other travel deferrals. Donors are asked about any travel overseas 

either since the last donation or for new donors in the last 12 months `
33. Most of those 

countries with endemic HEV are in areas where donors would already be deferred for 

months due to the malarial risk deferral. It may be possible to target particular donor groups 

to identify those donors with possibly protective HEV lgG antibodies i.e. known that older 

males are more likely to have evidence of HEV lg . HEV has been described in men who 

have sex with men (MSM) 34°3' the risk from such individuals as blood donors is already 

covered by the 12 month deferral period. 

Post-donation information 

There are specific questions on the DHC which ask all donors about illness in the last 2 

weeks, 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 symptoms some days after donation and therefore it is 

important that all donors are aware, and reminded, that they should report any illness (other 

than a cold) that develops within two weeks of donation. Hepatitis E symptoms may develop 

more than two weeks post donation so the group considered extension of the period of post- 

donation reporting. However, any extension of the reporting time for post-donation infections 

would be likely to result in a large increase in donor reports but unlikely to yield many 

hepatitis E infections. 

Recommendation. the period following donation fear 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 H y, HEV nucleic acid (RNA) and lgO antibody 

to HEV (anti-H V). 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 HEV 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 screening cannot identify all viraemic, and thus potentially 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 viraemic components from the inventory. 

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, viraen is and seroconversion in those inoculated with higher 

doses (104-105 infectious doses), with just viraemia and seroconversion in those with lower 

doses. However, although based upon small numbers, one of the outcomes of the NHSBT 

study was to identify the lowest level of viraemia associated with transmission, 409 IU/ml, in 
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the UK Transfusion Services 

There are a number of factors that need to be considered when deciding whether any 1V 

RNA screening should be ID or pooled: the range of viral loads expected in vireemic donors; 

the sensitivity of the assays available; the lowest level of viraemia that would be expected to 

transmit: the quantity of virus likely to be present in the products provided to recipients and 

the susceptibility 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 detected, and if 

not detected whether it would transmit, the prime consideration is whether the assay is 

.... 

[IJj .tjiIj1!iliiI{[.. 

Further analysis of the recipient outcomes from the NHSBT/PHE study have determined that 

the minimum infectious dose in a blood product that could result in transmission is estimated 

to be 2x104 Its. Different products have different residual plasma volumes and consequently 

contain different overall quantities of virus. Taking 2x104 lU as the minimum total viral input 

in each product type that would lead to 1V infection in the recipient, the minimum viral load 

in any donation that would be expected to lead to 18V 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 to 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 currently any such effect can only be surmised. 

Platelets 

1 44s/ FFP (not 
Red cells Apheresis Pooled' 

t plasma) treated) 

Residual 706 m 
plasma 17.4nil, 43volume in depending 180 290 105 27S 
product on pack 

(172/215) 

(ml) type 

Viral load 
in donor 
plasma 1.15 -~ 2.63 465 
required to ; x10m 111 69 19a T3

116/9) result in 
infection 
(lU/ml) 

Table 3 EstImation of infectivity per product type based on residual plasma 
volume 

Pools of 4 but the majority of the plasma from 1 donor 
2 Pooled figures in brackets; pools of 4 for untreated and 5 for MB treated plasma 
Y Mean actual values for NHSBT products obtained from routine Quality Monitoring data 

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

high enough to still be detectable when diluted in a pool. Table 4 presents the 

manufacturer's claimed sensitivity for their respective assays, with the impact of different 

pool sizes included. On the basis of these data together with data from the NH BT1PHE 

study, both assays could be considered to be suitable for use up to and including a pool size 

of 16 donations. 
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Confirmation 
It is best practice to independently confirm screening reactivity. Whether screening in pools 

or ID, all screen reactives should be confirmed by a sensitive and independent HEV RNA 

assay, the viral load determined and genotype ascribed. Reactive pools would automatically 

be resolved to the individual donation by the screening laboratory. The individual donations 

would then be referred to 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 HEV RNA positive donors would be required to enable 

reminstatement to the donor panel once viraemia has cleared. 

4,6. Donor management and deferral 
Currently any donor reporting a known history of HEV is deferred for 12 months from the 

time of recovery a6. If HEV screening were introduced in the U. 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 NHSBT 

and P E„ 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 infection was notifiable and 

hence the local public health team would be informed. Donors were asked to ring the clinical 

team to discuss their results. During this post-test discussion the nature of the infection was 

explained, the donor was asked about any travel or unusual foods and any symptoms. The 

majority of donors were asymptomatic but were warned that symptoms may develop. 

Consent was sought to send a letter 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 E infection. However, if screening were in place it may be possible to 

reduce this deferral by several months. Donors would be retested before being returned to 

the panel to ensure that HEV RNA had cleared and seroconversion had taken place with the 

presence 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 BIC, HIV and 

HTLV in an average year, 
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period infection. Usually archives are retrieved and retested using individual nucleic acid 

testing. If a previous donation is found to be positive then a lookback investigation on 

previous recipients will be carried out. In brief the fate of all components manufactured from 

the previous donation will be identified and where units have been transfused the consultant 

haematologist 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 consultant, their GP or 

in some cases by the blood services. The recipient 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. 

~. . . r! :. a . r ~ M .~ : : : : .» •. n : :k • .te a: : • . 
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of 0.35%. 

The NHSBT/PHE study identified 79 HEV viraemic individuals. As HEy, in such healthy 

individuals, is an acute infection itcould be argued that this figure can be used to 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 

pick-upa Nt 

For the purposes of estimating HEV residual risk for this assessment the following values 

were used° 

1. the length of the HEV window period is uncertain, but NEV RNA would be expected 

to be seen within 2-4 weeks of exposure; an infectious window period being from 1.. 

2 weeks 

2. the annual incidence of HEV in blood donors, based upon the total number of RNA 

positive donors identified, with or without serological evidence of infection was 

determined to be 0.035%. 
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determined to be 0.024%, 

The residual risk estimation, the annual risk of failing to detect HEV viraeniic donations 

across all of the UK Blood Services, was performed by the NHSBTIPHE Epidemiology Unit 

using the above figures . These figures were generated from the outcomes 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' 

• Using 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 

Using an annual incidence of 0.024% the number of donations that may not be 

detected in one year is estimated to range from 16 a 31, 

The full figures are presented in Appendix 2. 
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4.8. Creation of a panel of immune donors 
Background 

The use of bespoke panels to reduce the risk of pathogen transmission to vulnerable 

recipients is well established. With hepatitis E virus infections in immunosuppressed patients 

linked to the development of chronic hepatitis and a poor hepatic outcome, the need to 

define strategies to reduce the risk of transmitting HEy through blood/blood components to 

at risk recipients is clear. With a view to explore the role of a bespoke panel of known HEV 

immune donors in addressing this concern, we examine what is known about HEV 

sercepiderniology in blood donors and discuss what is understood about HEV antibody 

dynamics. 
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Figure 2: HEV IgG prevalence in blood donors shown by age 
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Figure 3: Breakdown of antibody levels in 3000 blood donors 

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

Understanding antibody dynamics has been hampered by the unreliability and lack of 

sensitivity of commercially available HEV lgG detection assays, further exemplified by the 

poor concordance between many of these tests. Whilst improved assays are 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 between 6 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 (58%) showing reductions to S/ CO <10. We accept that the 

numbers involved are small and that the period of follow up is short. Clearly more long term 

data is needed to define the decay of HEV antibody, in this group. Nonetheless, the 

observation of rapid antibody decay even in the minority of donors does raise interesting 

questions. What level of HEV antibody is protective? Is 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 safety involving some 225,000 samples 

identified 79 viraeraic blood donors 17. Retrospective testing of archival samples available 

prior to the donor being identified as being viraemic, showed all samples to be completely 
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unreactive for anti-H V. These data confirm that all 79 donors found to be viraemic were 

likely the result of primary infections. These occurred in an estimated 190„000 sero negative 

donors. Given that the modal age for repeat donors lies between 40 and 45 and the 

seroprevalence at this age is around 16%, we could have anticipated pro rata around 15 

viraamic 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 but does not exclude the occurrence of reinfections in those whose 

antibody titres has waned or declined, such infections in the UK would seem to 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 lgG levels. Whether the re-infections were due to viruses of the same or different 

genotype to the original infection remains unknown. Re-  infections in the transplant setting 

linked to lower HEV antibody levels have also been reported '1. HEy RNA has been 

detected in solid organ recipients who had demonstrable HEV lgG prior to transplant, 

numbers involved were very low, and titres <7 WHO unitslml did not seem to be sufficient to 

prevent or control viraeneia, with one patient out of 3 progressing to chronicity. It is worth 

noting that descriptions of HEV re-infections remain rare, but there have not been large 

systematic studies looking at this. 

rE f '.:! :'ice F: '. liii ir.wit I1,iøi tilThTiIi
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There are currently no platforms available that support HEV antibody testing. Logistics as 

well as costs for the implementation of liquid 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 panel is Maintained with antibody testing at 

a year to ensure that levels remain at a /CO ratio of a5.0. A second possibility is that a new 

panel is constructed very year. Perhaps most critical are considerations needed for the initial 

assembly of the panel. Whilst screening for HEy IgO will identify those donors with antibody, 

additional HEV RNA testing will have to be undertaken in this group in the first instance. 

During an acute infection HEV IgS will be detectable during the viraemic phase. The levels 

of lgG will rise as HEV RNA clears. However to screen and therefore base inclusion criteria 

solely on the presence of HEV IgO will not be acceptable. 

NAT screening Panel of HEV immune 
donors 

Donor Selection 
Donor Followv 
Donor Deferral (Could ++++ 
be decreased from 

Ease of adding to Requires new UK wide Would require new 
current tests tender process microplate and 

implementation of liquid 
handlers 

No, required to meet + +++ 
demand 2999 of 3000 are negative IgM Nag, lg Z : 

Potential for selected 144 out of 3000 donors will 
screening to supply all fit this criteria 
platelets, RC's and FFP 

h risk reci Tents 
Estirtiated residual risk 16-44/ ea.r 

Table 5: Head to head comparison of the introduction of NAT screening vs the 
creation of a bespoke panel of immune donors 

FFP: There are 3 licensed methods for PI of FFP. 

This is a phenothiazine-based photosensitizer process with affinity to guanosinemcytosine 

pairs. It is said to inactivate all enveloped viruses and some nonenveloped like Parvovirus 

B14 for Plasma. 
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The Carus Intercept System uses amotosalen HMI (a photoactive compound) for both 

platelets & plasma and long-wavelength ultraviolet (UV) illumination to photoche ically 

treat components, 

The Intercept Platelet and Plasma systems use arnotosalen (also known as 559). Whereas 

the Intercept Rod Cells system uses S303 (still in trials, not licensed). 

EuIIITI 

.9.4 Platelets 

There are 2 licensed methods, although routine use is l`€mited. 

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 a 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 occurring compound, and a specific spectrum of ultraviolet (UV) 

light to inactivate viruses, bacteria, parasites and white blood cells that may be present in 

collected blood products. 

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

donor health check questionnaire to identify donors at particularly high (or low) risk of HEV 

carriage for selective testing. 

Ris :R r ♦ r d ♦: w ♦. ♦: 1. ... . . . r r:" ♦ :n d a: .r:: i 

♦♦n is R is ♦ K i: : A R'♦n - R R -:

♦Ir f ♦s 1. r: ♦ ♦: ld ♦ r` ♦ -s i 

There is insufficient information to recommend creation of a panel of immune donors for 

transfusion to high risk recipients. There is no definition on IgG or IgM levels to define 

immunity, nor adequate information on antibody decay. 

uncommon, with the first reported UK case in 2006 from red cells, and 3 cases in the UK 

from 2011-14, all from FFP; no deaths were attributed to HEM+'. 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 is transmitted by red cells, platelets and FFP, with a transmission rate of -40% in the 

only UK prospective study and transmission more likely at higher viral loads and with 

exposure to larger volumes of plasma (25% transmission rate from red cells, 50% from 

FFP/platelets). In this study, most recipient infections were asymptomatic or mild, with 

case of clinical hepatitis in an immunocompetent recipient. Viral clearance with sero-

conversion was the commonest outcome, but a small number of immunosuppressed 

On this albeit limited evidence, there is no pressing case for routine HEV screening or other 

steps affecting the entire blood supply at this time. No country has yet adopted universal 

Special consideration is 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 5. HEV is reported in such patients from either diet or transfusion, with one case 

ascribed to a liver transplant from a HEM' positive donor. There have been no other cases 

ascribed to stem cell, tissue or organ transplants, although a stem cell donor was reported to 

have been undergoing acute HEV infection at the time of transplant. 

It is uncertain at present what degree of protection would be provided by Pl of platelets or 

single unit FFP, as not all available methods have been tested by HEy, and breakthrough 

transmissions 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 being 

set for plasma pools for manufacture. If these are met, aIDFFP is likely to be HE'S safe. 

There are no P1 methods available for red cells. 
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ii 

During epidemics of G1, there is a significant risk of mortality from HEV infection in the third 

trimester of pregnancy. This has been seen in ongoing outbreaks in Africa and during 

epidemics in India where the mortality rate from liver failure is 1 -20%. The neonatal 

outcome is also compromised , '.The additional risk factors are low socioeconomic status, 

co-infection, poor sanitation and nutritional status A6. There is also evidence that there may 

be an underlying genetic susceptibility. It is suggested that the adverse outcome in HEV 

infected pregnant women might be due to the presence of certain cytokines gene 

polymorphism °1'. 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 ' 8. 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 to 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. 

•, av been / : • : : : e . : i 11 Ti III . !TTeiJ4ifl. 

The prevalence of HEV in a small cohort of asymptomatic pregnant women in France 

yielded an overall HEV prevalence of 7J4%, which was deemed low. Genotype was not 

specified A case report describes autochthonous HEV 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 

hepatitis had a spontaneous good outcome for the mother and the child. It is suggested that 

in nonendera ic areas where hepatitis E infections are emerging, unexplained cytolysis, 

whatever its level, in a pregnant woman could be investigated for REV, using biological 

molecular and serology tools , 

In another case report from Germany, an autochthonous REV subgenotype 3c infection is 

described in a 27 year old pregnant women and was the first documented case of a hepatitis 

E infection during pregnancy in Germany. The patient presented in week 26 of gestation with 

acute hepatitis and elevated transaminases. During follow-up, she tested positive for antiro 

HEV antibodies. HEV viral load during the acute hepatitis was 2310 copies/mi serum, 

however vireerria declined and cleared rapidly. Sequence analysis revealed a REV 

subgenotype 3c closely related to European isolates. The patient had not travelled 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, REV was not transmitted and 

liver enzymes were normal The authors concluded that hepatitis E should be considered in 

differential diagnosis in patients with acute hepatitis especially during pregnancy, even 

without travel history to countries with high endemicity z. 

The role of the placenta in Mother to Infant HEV transmission 

In a study to investigate if REV replication occurs in the placenta of infected mothers, viral 

RNA was extracted from blood and placenta of 68 acute viral hepatitis (AVH) and 22 acute 

liver failure (ALF) pregnant patients. Replicative HEV RNA was detectable only in the 

placenta in ALF and AVH cases and not in blood samples. Positive staining of placental 

tissue sections with REV antibody against the viral structural protein ORF3 was observed. 

REV replication in placenta also correlated with foetal and maternal mortality in ALF 

patients. REV replication thus occurs in human placenta and that placenta may be a site of 

extrehepatic replication of HEV in humans Aso 

Archived sera dating from 1993 from Portuguese mothers with no history of travelling to HEV 

endemic countries, and their newborns, were tested for anti-HE ' lgG antibodies to genotype 

3 REV. Four of the 12 maternal sera were positive for IgG anti-E EV, indicating exposure to 

this virus. Their newborns were also positive, showing higher anti-MEN"` IgG levels. These 

findings demonstrate an efficient transplacental transport of anti-HEV lg , and also that 

there was circulation of autochthonous REV in Portugal in the early 1990s 6''a. 

HEV Report 41 

WITNO643003_0041 



Anecdotally, in the UK foetal medicine and neonatal clinical settings, hepatitis E virus is 

infrequently considered as a pathogen. HEV is infrequently tested for, and infrequently 

identified in association with jaundice and hepatitis (whereas hepatitis A, B and C and CMV 

are frequently tested for). In standard neonatal guidelines for investigating early and late-

onset jaundice, testing for HEV is mostly absent. 

The lack of UK data and studies of HEV in UK pregnant women and neonates, especially 

those who are symptomatic of liver disease, represents an absence of evidence versus 

evidence that HEV is not pathogenic in this group. It is difficult to quantify the risk of HEV to 

mother, foetus and neonate from genotype 3 infection as there is insufficient published 

information. 

.3. HlVinfected patients 
The reported incidence of HEV infection in patients with HIV is low ranging from 0% to 0.9% 

Of the 14 P fd-proven cases, ten were acute infections and four patients had 

chronic infections, two of whom had cirrhosis. All infections were linked to Hy genotype 3. 

Of note, patients who developed chronic infection had low CD4 counts despite their HIV 

infection being under control. There have been no reports of HEV infection linked to 

transfusion transmission in this population. 

5.4. Transfusion-  dependent patients 

There have been no reports of transfusion associated HEV in transfusion dependent 

patients. However, in a survey of regularly transfused sickle cell (n- 437) and thalassaernia 

(n= 323) patients in London, donor exposure reached 27-42#year and 26-6 1year 

respectively; moreover, in sickle cell patients treated by automated exchange transfusion, 

this rises to 50-110dyear (Sara Trompeter, NHS BT audit data). Assuming a transmission rate 

of 25% from red cells, it would be expected that there would be 1-2 new infectionslyear in 

each of the sickle and thalassaernie populations. Such patients would therefore be a useful 

sentinel group in which to examine HEV sero-prevalence as an indicator of transfusion risk. 

(see section 8). 

5.5. Conclusions 

There is no evidence of risk in pregnancy related to 03 HEV genotype. There is a major risk 

in the third trimester of pregnancy from a 01 HEV genotype. It is important to prevent 01 

infection at this gestation but it is highly unlikely that a Ci infection would be acquired in the 

UK (from any route). No cases from transfusion have been reported in pregnant recipients. 

There are few data regarding the risk to neonates from HEV infection. Awareness of HEV in 

the paediatric community is low and consideration should therefore be given as to how this 
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could be increa d, a'ong with inclusion of N Vin the investigation of the jaundiced 

neonate. No cases from transfusion have been reported in neonates. 
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These patients are considered separately because: 

(1) they are treated with long-term immunosuppression and appear to be at particular 

risk of HEV chronicity and progression to chronic liver disease 

(2) they potentially have multiple sources of infection: the graft itself, transfusion around 

the time of the transplant or later, diet as an on-going source indefinitely, and reactivation of 

past infection(s). 

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

transfusion to organ transplant recipients, Initial reports of autochthonous acute HEV 

infections were in the setting of solid organ and haematopoietic stem cell transplants and 

there is an increasing 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 transplantation, active ongoing infection is less common

However, seroconversion after transplantation does occur: one study from France estimated 

an incidence of seroconversion of 2,33 cases per 10 person years in liver transplant 

recipients 60. Another study of 283 solid organ recipients followed for one year after 

transplantation found 38% had evidence of anti-HEV IgG at the time of transplantation with 

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

In one centre (Groningen), 34 of 1129 patients suspected of possible HEV infection were 

positive for HEV RNA: only 7 of these were immunocompetent 6° . 

Hepatitis E virus (HEV) infection is increasingly recognised as a cause of morbidity and 

occasional mortality in immunosuppressed patients. In transplanted individuals, HEV 

infection is due to G3 or 4. There are increasing reports and series of both acute and chronic 

HEV infections in immunosuppressed individuals but there have, as yet, been few large 

scale studies using robust approaches to diagnose infections. 

The incidence of HEV G3 infection after organ transplantation has been estimated at 3 

cases per 100 person-years in southwest France 2 Consumption of game meat and pork 

products is associated with HEV infection after transplantation 62. Despite a high 

seroprevalence of HEV in organ donors in the Toulouse area of southwest France, no cases 

of HEV transmission via a graft have been documented, 
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Most organ transplant patients have no symptoms when infected with HEV and very few 

present with jaundice. Liver abnormalities detected by blood tests are usually very modest 

(typicallyr serum alanhne aminotransferase is around 300 IU/L), anti-H V l G and gM might 

be negative and aeroconversion might never occur after infection 5s Therefore, use of 

molecular techniques to confirm the diagnosis and assess the response to therapy is 

important. Patients present with usually a mild hepatitis, both biochemically (with elevated 

serum aminotransferases) and histologically, although fulminant cases may occur in 

immunosuppressed patients. Acute HEV infection proceeds to chronic infection in 50-0% f"

and in solid organ recipients, there is an increased rate of progression to advanced fibrosis 

and cirrhosis within 3-5 years 65, Extra-hepatic manifestations of HEV may occur. 

Kamar 66 followed up 217 solid organ transplant recipients (SOT R) and described 1.4 cases 

(3 liver, 3 kidney and pancreas, 3 kidney) of acute HEV , who presented with abnormal 

amino transferases with or without clinical symptoms. Eight patients developed chronic 

infection, with elevated liver enzyme levels, positive HEV RNA in plasma and histological 

evidence of hepatitis. When comparing those who resolved infection and those who did not, 

there were no differences in the level of serums transferase, immunosuppressive regimen or 

induction, nor demographics. Those who acquired infection in the earlier postmtransplant 

period, whilst they had lower lymphocyte and platelet counts, were more likely to develop 

chronic infection. Histologically, Metavir activity and fibrosis score progressed from 1 to 2.2 

and 1.2 to 1.5, respectively, from the acute to the chronic phase. Resolution of infection 

(seroconversions, clearance of HEV viraemis and normalisation of liver enzymes) occurred 

within I to 3 months from diagnosis of acute infection in 43% of patients. 

Like solid organ recipients, patients having allogeneic stem cell transplants (alto- T) also 

appear to be at increased risk of chronicity with 5 of 6 patients developing chronic HEV 

infection in one study from the Netherlands . Fibrosis of the liver was documented on 

histology in 2 of these patients (Table 6). Other than the UK study? there are ns data on 

possible transmission of HEV infection via blood products or the transplant itself in these 

patients. In the absence of such data it would be difficult to establish algorithms for testing 

donor or recipient. Versluis' paper µ'' highlights the higher detection of viraemia in transplant 

recipients by RT. P R rather than ALT based algorithms. 

The infection 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 allogeneic-stern cell transplant in both seropositive 
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and negative recipients with reduction in imniunosuppression and and antiviral treatment 

considered if infected. 

Versluls 2013 .ei ebosw rilrnan 2013 
328 ntsaVoSCT 7 1129 ho talised s atients 6a

Retrospective. Bloods for Prospective, in pts with unexplained 
HEV RNA and serology hepatitis, abnormal ALT led to RT-
undertaken if ALT PCR 
abnormal. Additionally, 
bloods at time points for 
CMV for TAT-PCR. 
Median fiaa 40,9 months. 
44% sib 34 infected (3%), of which 18 had 
42% MUD solid organ transplant (SOT). 
14% cord. 
Ac GVH 40%, cGVH 37% 

8 (2.4%) confirmed HEV SOT pis are more likely to get 
infection, chronic infection. 
718 (88%) detected by cross Blood products not tested, 
sectional RT-PCR testing, 
118 by ALT abnormality and 
subsequent testing. 
4 alive, 4 died with active 
HEV and hepatitis. (6/8 
patients developed chronic 
disease (2 died before time-
frame for chronicity was 
reached) Cause of death 
unrelated. 618 recd blood 
products. Blood products 
not tested for HEV 
transmission risk. 
713 patients on 
irrrrn€ar ras ressi ara. 
Median time to infection 4.6 Median 6 yrs (3 moa12 years )post 
months, median time to transplant to infection. 
clear infection 6.3 months. 

Table 6 HEV Infection in Solid Organ and Stem Cell Transplant Recipients 

6.2. The effect of ir°nrnuraosuppression 

In vitro studies suggest that different immunosuppressive agents affect HEV replication in 

different ways: for example, inhibitors of mammalian target of rapamycin (mTORi) (sirolimus 

and everolimus) and calcineurin inhibitors (CM) (cyclosporin and tacrolimus)„ support HEV 

replication, whereas mycopherolate inhibits replication; corticosteroids have no effect ; 

whether these effects translate into in vivo effects is unclear. 
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6.3. Risk from deceased and living organ donors 
Deceased donors 

The selection criteria for organ donors are very different from those in place for blood and 

tissue donors. The person giving consent for the organ donation will be asked a number of 

questions about the donor's health and lifestyle. However, it is very unusual that an organ 

would not be offered because of this information; there are a very small number of absolute 

contraindications to organ donation but these are not related to donor behaviours. The age 

of the donor may increase the likelihood that the donor is NEV lgG positive but as with blood 

and tissue donors it would not be possible to select low-risk donors on donor risk 

information alone. 

At present, there are no robust date on the prevalence 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 were the same as in blood donors, it is estimated that there would be 1 

infected donor/year (defined as HEV RNA posi(ive). 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 organ donors, HEV 

lgG screening is not informative in terms of infectivity risk and HEV RNA results may not be 

available until after donation has occurred. 

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 

estimates would suggest that an HEV RNA positive living donor would be detected every 1-2 

years. Screening for 1-1EV would be possible in the work-up of living organ donors but since 

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

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

donor with an acute infection has been reported. There are 1 15 allogeneic stem cell 

transplants annually in the UK. If the rate of infection were to be similar to blood donors, 

there would be 1 HEV infected stem cell donor every 5-10 years. 

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

provides an annual dietary risk of 0.1-0.% ie 1 in 500 transplant recipients will become 
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infected annually through diet. Put another way, after 5 years, 99% of transplant recipients 

will not have acquired HEV from their diet. 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 series of HEV infections in hospital 

populations. If the risk of acquiring HEV from diet is substantially increased in organ 

recipients, the number of patients infected will rise concomitantly. Therefore, more data are 

required regarding the background rate of HEV acquisition from diet in transplant recipients. 

6.6. Risk from blood components 
Bloodcomponent exposure is low in renal transplantation, where most procedures require 

no blood at all (mean 0.5 donor exposures/procedure). Donor exposure rises to 9/procedure 

for liver transplantation, with heart, lung and pancreas transplant being intermediate. The 

highest of all is multivisceral transplantation (68/procedure). 

Based on data from the Hewitt study '" for donor incidence and infectivity, it is estimated that 

for liver transplant recipients, the upper estimate of infection from blood components at the 

time of transplant is 0.14%, equivalent to 1 liver transplant recipient/year. Because 

multivisceral transplants are not commonly performed, the corresponding figure is 1 infected 

recipient every 6 to 7 years, with the number in heart and lung transplants being 

intermediate. Where there is considerable uncertainty is the frequency with which HEV 

becomes chronic in such recipients, and the likelihood of chronicity leading to serious 

sequelae such as cirrhosis. 

Recipients of allogeneic (donor) stern 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 Hendry„ NHSBT/Central Manchester Hospitals) show that both adult 

and paediatric recipients of allogeneic (donor) stem cell transplants receive a median of 19 

donor exposures/procedure, 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%. In contrast, recipients of 

autologous (patient's own) stem cells have a median of 5 donor exposures/procedure, and 

do not receve specific immunosuppression, , 

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

however patients are rendered immunosuppressed for longer periods. 
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607. Diagnosis and treatment 
Prophylactic anti-viral therapy to cover a transplant procedure is not recommended. There is 

broad consensus that treatment should be considered for organ transplant recipients with 

HEV infection, balancing the risks and benefits of treatment- 

The diagnosis of ongoing H V infection should be established by using a validated 

RNA-based test 

0 in some patients, no treatment is indicated 

review immunosuppression and minimise the total immunosuppressive burden only if 

clinically appropriate 

a. consider switching from inhibitors of mammalian target of rapamycin (mTORi) 

(sirolimus and everolimus) and calcineurin inhibitors (CM) (cyclosporin and 

tacrolimus) to other medications such as mycophenolate and/or steroids 

b. monitor liver tests and HEV RNA levels closely 

if there is continuing infection, consider drug therapy with ribavirin for 3 months and 

then review response (note: ribavirin is not licensed for use in this indication). 

Gamma Interferon (lFN) has a significant morbidity and complication rate in 

immunosuppressed patients and can precipitate allograft rejection, so transplant physicians 

would not be keen to advocate lFN as a first line of treatment. 

8, Risk mitigation options 
Based on the considerations above, there are several options to mitigate risk for transplant 

recipients. 

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

recipients. 

It is clinically acceptable to provide screened blood components to recipients at particularly 

high risk. UK lood Services have experience with selective testing through many years of 

supplying CMV sera-  negative components for high risk recipients. Provision of NAT 

negative components 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 50,0O0R 

100,000 donors/year may be sufficient to meet demand. However, confirmation of these 

numbers will depend on gathering detailed prospective date on blood component usage in 

stem cell transplant recipients.. This would generate a managable 1540 HEV NAT positive 

donors/year for confirmatory testing and follow up. 

Option 2, Provide blood components from immune 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 eq annually and treat if 

positive, 

European organisations, who have seen increasingly high proportions of liver disease in 

organ transplant patients with chronic H y, have suggested baseline HEV Ab and RNA 

testing, followed by 6 monthly and yearly monitoring. 

There are no firm data at this point to support such a strategy. The risk from diet may be as 

low as t % over 5 years, but this needs to be confirmed. Moreover, it is not clear whether the 

risk of serious clinical sequelae is similar in recipients of different types of transplant or in 

patients receiving different types of immune suppression. For example, patients receiving 

liver transplants may be at particularly high risk. There are currently 43,300 people dive in 

the UK with a functioning organ transplant, of whom 8,300 have transplanted livers (Rachel 

Johnson, NH BT data). The 1 year survival of patients undergoing stem cell transplant is 

62% for matched unrelated donors and 71% for related donors (BSBMT date). The 

approximate number of people alive after 5 years who have had an unrelated allogeneic 

stem cell transplant is 5 . 

The need for and feasability of testing all or selected transplant recipients at regular intervals 

whilst on immunosuppression or for life is not clear, and it would be premature to 

recommend such a strategy at this time. More information is needed from cross-sectional 

and longitudnal studies to understand the feasability of and yield from such an exercise. 

Option 5. No prevention, but a low index of suspicion for HEV testing if abnormal liver 

enzymes arise in a transplant recipient. Positive patients would be treated as above. This 

recommendation can be promulgated immediately while additional information is gathered, 

6.9. Cost effectiveness considerations 
It follows from the above uncertainties that a full cost-effectiveness analysis is not possible at 

this time, as key inputs are not available regarding the frequency with which HEV 

transmission occurs in transplant recipients, the source of infection, and the rate of serious 

clinical sequelae in the highest risk populations. Hence the costs saved by their avoidance 

cannot be calculated. The paragraphs below are intended to give some only some broad 
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estimates of costs of different options, These would need confirmation and refinement before 

precise coat-  effectiveness calculations could be performed. 

This does not include costs of confirmatory 

testing, staff costs nor costs of donor follow up and reinstatement testing. 

Option 4, A combination of Options (1) and (3) 

Option : No prevention, but a low index of suspicion for 11EV testing, treating 

infected patients, 

Options (1) and (3) might each preventldetect 1 infection/year in liver transplant recipients, 

fewer in other types of solid organ recipients, and perhaps 4 infections/year in stem cell 

transplant recipients. Only a proportion of these infections will become chronic and cause 

HEV Report 51 

WITNO643003_0051 



any clinical sequelae. Because the frequency of minor and severe clinical sequelae remain 

uncertain, the treatment costs saved by any of the risk mitigations are as yet unknown. 

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

acquisition. A sub-set of infected patients go on to delayed clearance or chronic infection; 

some of those will develop chronic liver disease. However, there is considerable uncertainty 

as to the size of the risk. 

Stem cell transplant recipients also appear to be at increased risk of chronic infection with an 

increased risk of chronic liver disease. 

There are many causes for mildly abnormal liver tests in deceased donors and chronic 

infection is rare, so it is recommended that testing of deceased donors is limited to those 

with an unexplained hepatitis where a viral cause is being considered on clinical or 

epidemiological grounds. It is expected 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 Ig . 

Organ donors with known HEV infection, rarely, a donor may present with known HEV

infection, It is 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 microbiologist and with suitably informed patient consent. 

A study of HEV prevalence and clinical consequences of HEV infection associated with solid 

organ and stem cell transplantation should be undertaken before definitive recommendations 

can be made (see section 8). 

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 uncertain as the 
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frequency of serious sequelae is not known. Therefore a full cost-effectiveness calculation 

cannot be made at this time. Further information is needed (see section 8). 

It is premature to recommend either provision of HEV negative blood components or routine 

monitoring of solid organ or stem cell transplant patients for HEV infection. Further 

information is needed on the degree of nnitigation of s mplications 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. 

HEV Report 53 

WITNO643003_0053 



7. Transmission Through Tissues, Gametes and Embryos 

7.1. Banked tissues 
This section considers the factors determining the risk of H V transmission by tissue 

transplantation from untested donors, particularly the effect of processing steps and storage 

conditions. The scope of this section is restricted to the tissue grafts donated for clinical use 

in the UK, Deceased tissues donors can donate skin, musculoskeletal tissues, 

cardiovascular and ocular tissues, pancreatic Islets and hepatocytes for transplantation. 

Amnion 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 deceased tissue donors is carried out by asking the next of kin a standard set of 

questions relating to the general health and behaviours 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 is supplemented by information provided by the general practitioner 

however, of course, only illnesses that were sufficiently serious or long lasting will have 

resulted in a OP visit therefore mild illness may be missed in the selection. 

The selection criteria and postmdonation information applied to blood donation also apply to 

live tissue donors. Live tissue donors reporting recent illness are excluded from donating 

tissues. Live tissue donors reporting post donation information would be managed in the 

same way as blood donors and donated tissues would not be issued for clinical use. 

Testing 

Blood samples from living and deceased tissue donors are currently tested for a range of 

mandatory tests namely HIV, HCV, HBV, HTLV and treponernal antibodies and additional 

tests where appropriate, following requirements of EU Tissues and Cells Directive. 11 V 

testing could be added, subject to validation of assays for testing with deceased donor 

samples. 

Tissue grafts can be processed and stored as nonviable or viable (cryopreserved) grafts. 

Bone„ tendon, decelluarised dermis, irradiated skin, amnion and sclera are non viable grafts, 

Heart valves, pericardium, arteries, skin, osteochondral, meniscus, cornea are viable grafts. 

In addition pancreatic islets are minimally processed, fresh, viable grafts infused without 

storage. Hepatocytes may be transplanted without storage or cryopreserved for future use. 
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Fernoral head donated by surgical 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 is not known if the HEV load in unprocessed tissue is sufficient to infect the recipients. 

Donations are not pooled which is a general risk reduction measure to minimise risk of 

infection transmission. One tissue donor can donate one or more grafts. Some grafts e.g. 

bone and amnion can be transplanted to a number of recipients. One tissue donor therefore 

has the potential to infect one or more recipients. However, processing steps and storage 

conditions may minimise infectivity of tissue grafts. 

Effect of processing, preservation and Storage 

There are no specific studies in literature examining the effect of tissue processing steps on 

H y, Experimental studies conducted to determine food safety have demonstrated that HEV 

can be inactivated above 710C for 20 minutes or by boiling for 5 minutes 69. The heat 

sensitivity of HEV is dependent on the heating conditions 70  ̀ HEV can survive frozen 

storage in dry ice ( 800 C) or vapour nitrogen (below -1350 C), but HEV is rapidly degraded 

by the freezing and thawing process ''. As there is no tissue culture system for HEy, the 

ability to measure pathogen viability and sterility assurance level is affected. Viruses 

irradiated in a liquid medium are more sensitive than either dried or frozen samples. Fully 

wet virus is most sensitive with resistance increasing with dehydration. Gamma irradiation 

alone does not appear to be particularly effective for inactivating 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 

Most non viable tissue grafts are processed to deplete donor cell, blood and/or bone marrow 

contents. The processing steps may include physical processes, such as high pressure 

water jet, centrifugation or increased temperature up to 60C, and chemical processes, 

including water washing or washing with solvents or detergents, depending on local 

protocols. Some types of non-viable tissue graft, such as bone, may also be terminally 

sterilised with gamma irradiation at an absorbed dose of 2540kGy. 
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Viable grafts are either processed using decontamination with a cocktail of antibiotics, 

followed either by cryopreservation by impregnation with a cryoprotectant and controlled 

freezing to <-1 35'C, or stored at norr€a atl ermic temperatures for up to 2 days . 

Deceularised grafts are terminally sterilised and stored at room temperature. Non-Viable 

allografts are either freeze dried, or immersed in solvent, and stored at ambient temperature 

or frozen and stored in a freezer. 

Viable grafts are cryopreserved and stored at <-135 C in the vapour phase of liquid nitrogen 

or using ultra low temperature freezers. The processing and storage conditions may 

significantly reduce the viral load, but there is no evidence that any of these inactivate the 

virus. 

Recipients 

Most of the tissue allograft recipients are immunocompetent and do not require 

immunosuppression. For example, tendon and meniscus recipients are normally healthy 

individuals undergoing surgery following sports injuries. The clinical consequence of 1 ' 

infection in most tissue allograft recipients is not a serious concern. Some hepatocyte 

recipients can be neonates and children. Hepatocytes and pancreatic islets recipients 

receive immunosuppression. The guidance for organ donors and organ transplant recipients 

is applicable to hepatocytes and pancreatic islets. 

There have, as yet, been no reports of HEV being transmitted by tissue allografting. 

However where a potential tissue donor is known to be actively infected with 11EV it is not 

advised that donation and transplantation of tissue should take place. In the case of living 

tissue donors, tissue should not be donated until the donor has been microbiologically 

cleared to donate. 

7. . Gametes (eggs and sperm) 
7,2.1 What is the chance of sexual transmission of HEV via semen? 

11 V comprises a family of at least four major genotypes, each with its own epidemiology, 

global distribution and pathogenicity in humans. In the UK genotype one (G1), an endemic 

human infection in developing countries, is acquired through foreign travel and accounts for 

a minority of cases of hepatitis E and a very small fraction of 11V infections over all. The 

main genotype in the UK (G3) is not thought to have a significant personwto-person 

transmission. None of the different genotypes have been shown to be sexually transmitted. 

Whilst this does not preclude transmission by this route, the risk must be considered to be 
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very small. There may be an increased risk in MSM, this is mostly likely due to transmission 

via anal intercourse in relation to GI F . 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 donation other than to a sexual partner is processed before use. The 

sperm are separated from the seminal plasma then re-suspended in sterile 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 g,ml. Following freezing and thaw, it is likely that the Hy° will survive but also 

possible that its infectivity will be reduced. 

Feasibility of screening sperm donors 

Donors are screened for other viruses (HBV, HCV and HIV) prior to 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 procedure if it were

considered to be required. 

7.2.2 Risk of HEV transmission via egg donation 

The risk from egg donation is different from sperm because eggs are collected via a surgical 

procedure as part of the IVF process. Although there may be some blood contamination, this 

is removed immediately after the egg is identified. The egg is a single cell with surrounding 

cumulus calls that form a complex about 2mm diameter. Whilst there is a potential risk that 

there may be HEV present in this complex if the donor were viraemic, the risk of there being 

an infective viral load in the egg must be very small. Thus risk of passing HEV to the egg 

recipient 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 there is a theoretical risk to the embryo. There is 

no evidence of teratogenicity in those with the infection who conceive naturally although it is 

noted that the embryo in the laboratory has none of the protective immune factors present 

during natural conception. IVF is currently carried 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 

routine option in the future. This would facilitate screening if it were considered to 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 their own use 

and then later donated. Results 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 egg donation, It can be concluded that the risk from 

embryos is equally small. 

7.3.1 Risk after conception if tt V is transmitted by gamete donation 

Despite the very small risks identified above, if pregnancy does follow gamete donation and 

HEV transmission occurs, the disease is only likely to be limited to the first trimester. 

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

risk from tissue transplants themselves appears to be extremely low. Tissue transplants are 

not commonly accompanied by a need for transfusion, but even if transfusion occurs, most 

tissue recipients are not immunosuppressed and therefore not at high risk from serious 

clinical sequelae. The recommendations for organ donors and organ transplant recipients is 

applicable to hepatocytes 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. There is therefore rio requirement to take steps to mitigate 

the risk of HEV through donation of eggs, sperm or embryos. 
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. Recommendaflons 
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 I°1V infection in the UK is 

evolving and this recommendation should be reviewed at the earliest opportunity when the 

findings become available from the additional work recommended below (see section 9) 
r 

or 

other new evidence from other countries. 

B. The requirement and optimal strategy for clinical risk mitigation in solid organ and stem 

cell transplant patients is 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 HEVtested components for sod organ and allogeneic stem cell transplant 

recipients. 

C. Testing of deceased organ donors for HEV should be invited to those with an unexplained 

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 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 microbiologist and with 

suitably informed patient consent. 

, 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 donor has been consistently negative for HEV RNA with a documented acceptable 

level of detectable lg . 

F. V testing should be considered in any solid organ or stem cell transplant patient with 

unexplained changes in liver enzymes, 

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

However, any future recommendations for recipients of pancreatic islets or hepatocytes 

should follow that for solid organ recipients. 

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

or embryos, 

1. Awareness of HEV should be increased in clinical teams treating organ and stern cell 

transplant recipients, neonates, pregnant women and transfusion-dependent patients such 

as those with heenoglobinopathies. 

J. The section below highlights the further information needed to make definitive 

recommendations. A costed plan of this further work should be produced without delay, 

showing time lines as to when each piece of information will become available, 
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HEV in Europe is evolving, and the information on which to make decisions at this time is 

limited. Further studies to provide data critical to decision making are needed in the 

following areas. 

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

It is clear that the incidence of HEV 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 excursions known. We suggest a rolling 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 to determine changes in HEV seroprevalence rates in blood 

donors over time 

or 

b) Determine attack 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 

blood/blood components. The frequency of the survey should be decided with 

statistical input. 

a. Transfusion-dependent patients. Is there evidence that transfusion 

dependent patient groups who receive multiple blood components over 

extended time periods have a higher 11 V seroprevalence rate than the rest 

of the population eg sickle cell/thalassernia patients? 

b. Organ and stem cell transplant recipients, A recent study has 

demonstrated that immunosuppressed transplant patients receiving HEV 

containing 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 determine 1V 

antibody status in these individuals would provide baseline information on 

how many are likely to be susceptible to infection but also provide opportunity 

fdr 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 HEV infection post-transplant or whether antibody 

disappears following Initiation of immunosuppression regimens leaving 

recipients susceptible to infection. 

c. Children. Data on HEV infections in children are lacking. Surveillance studies 

indicate seroprevalence rates to be low in children, an observation which in 

itself raises interesting questions about susceptibility. However, recent case 

reports of chronic HEV infections in children plus descriptions of HEV 

antibody detection in transplant recipients indicate that more work and a 

better understanding is needed in this population. Proposed studies could 

include' 

I General population seroprevalence studies in children (<20 years). 

ii. Understanding persistent infections in children who receive solid 

organ transplant (SOT), and those who are immunosuppressed 

after treatment for haematological malignancies and lymphomas 

(HOnc), including those who have received stem cell transplants. 

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

d. Seroprevalence in deceased tissue donors. These studies would provide 

an estimate of the likely HEV prevalence in organ donors, but avoid the 

problems associated with post hoc testing of organ donors for research 

purposes. Linked with Study B above, this will indicate how many organ 

transplant recipients are being exposed to HEV through their transplants. 

3. Programme of work investigating the prevalence of chronic HEV infection in the 

UK and understanding the determinants associated with viral persistence in the 

immunosuppressed population. 

e. There is currently insufficient information for building strategies for monitoring 

patients at higher risk of persistent HEV infection post transfusion. A study is 

therefore needed that will define the clinical Indicators of persistent HEV 

Infection in two immunosuppressed patient groups, those who have received 

a solid organ transplant (SOT), and those who are immunosuppressed after 

treatment for haematological malignancies and lymphomas (HOnc), including 

those who have received stem cell transplants. The study will also inform on 

the prevalence and outcome of persistent hepatitis E and its relation to 

immunosuppresslon regimens. Since such patients will both be exposed by 
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transfusion (and potentially transplantation itself) and through dietary 

exposure during their life as a transplant recipient, so both cross-sectional 

and extended longitudinal studies will be necessary. 

f. Functional assays for T-cell responsiveness to 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 intervention for 

viral clearance. This is a necessary strategy as the vaccine is based on G1 

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 receiving 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. However, observations that the use of Mirasol leads to a 

reduction in H V viral load are encouraging. A recent UK study looking at 

transmission from HEV containing blood products showed that donations with a lover 

viral load were less likely to be associated with a transmission event. Manufacturers 

wishing to supply tit systems for blood components in the UK should therefore be 

required to demonstrate the capacity of their system to inactivate Hy. 

S. A feasability study of testing all transplanted patients (organ or stem cell) eg 

annually. 
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Appendix 3 StatistcaStatistical Risk of HEV Infection in Solid. Organ and Stem Cell Recipients 

This note considers the risk of HEV infection in solid organ and stem sell transplant 

recipients. Given the available data, we estimate the probability of immunosuppressed 

individuals being infected with HEV, broken down by transplant type. 

The PHE/NHSBT /NHSBT study in 2013 found a HEV RNA prevalence in blood donors of I in 2850 

(0.04a%a) so we assume this as the rate of potentially infective bled components. HEV is 

transmitted at a rate of approximately 40%, with transmission more likely 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/NHSBT 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 approximately 920 

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, Hewitt 
YT 

Component Number of Infected Recipients Uninfected 
reel orients I e i ierats % 

Red Blood Cells 16 4 25aa 1 5a 
tooled t latelets 10 4 40 fa 6 60~a 
Apheresis l telets 14 7 50 ~a 5C1aa 
FFt 2 

d ranulc~oes 
.1 L 

1 100°la 0 (O
TOTAL° 43 18 25 

Table 2 — Number of Infective Blood Components 
to d Cora anent 

RBC Platelets FFP Total 

2013 U 
issues 

2,043,000 312„000 266,000 2„621,C 

Potentially 
(F N+) 717 110 94 920 
Infective 
lasses 0.04%d6 
Transmission 

40-%/. 40% 40% 
rate 
Predicted 
infections from 287 44 37 368 
exposure 1 

o accoun, made for wastage 
2 From 2013 Annual SHOT report 
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The likelihood of an immune suppressed individuai being infected with HEV following 

transplantation will be based on interaction of a number of factors, the level of viral load and 

antibody in the donation; the level of viraemia that would be expected to transmit; the 

quantity of products provided to the recipients, and the susceptibility of recipients to 

infection. 

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

number of units to be transfused. For the purposes of these calculations an "average" has 

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

transplant based on information provided by Chairs of Organ Advisory Committees and 

Central Manchester hospitals for allogeneic stem cells. 

Table 3 Average donor exposure for recipients of transplants, information provided 

by Chairs of Organ Advisory Groups and Central Mzmchester hospitals 

Transplant Average Donor Exposure with Transplan ! Total 
Trans Cant Total t Activity Units 

Exposure 2013-14 (Avsrag 
s UK eUnitsx 

p P Platelets Cr yo Actrvat 
Liver ... . ._. 8 2 2 0 10.0 900 8100 
Kidney 0.5 0 0 0 0.5 3,055 1,528 ... 
Lung ........_ . ..... ..... . .... .. .. ... . . 4 ......_ 

..:_ 
2 

. ... 
2 

0.. . .. 
8.0 210 1,470

.,.

Heart 3 
.__ 

2 0 0 5.i7
.__. . . . ._ 

197 
..... 

985 
Pancreas 1.84 

. 
0.30 

.. ... ... . 0.05. .... . 0. . ... 
2.2 261 

. ..... _. 
564 Intestinal.... . 2 3 0 0 5.0 26 

.._ . ..... . ...... 
130 

Multivisoeral 40 20 6 4 70.0 13 884 
Heart/Lung Heart/Lung 6 4 2 0 

. 
12.0 8 

.. .. . . . . ....... . 
92 

l idney~ s 
tar~creas 

2.34 0.30 0.05 0 2.7 188 500 

Kdney& Heart 3.5 2 0 0 5.5 1 6 
Kidney Liver 6.5 2 2 0 10.5 12 114 
Alloeneic Stem 7 0 12 0 19 1 615 20,188 Cell 

6466 34n5 . 

Sera-  epidemiological studies have been carried out in the general population in England 

indicating HEV seroprevalence to be high at approximately 13%, The seroprevalence rates 

have been found to increase with age, peaking at approximately 25% in those aged 50 years 

and over. However, for the purposes of these calculations a single assumption of 13% is 

used. 
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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 

not clear whether the pre-existence of circulating antibody protects against HEV infection 

post-transplant or whether antibody disappears following initiation of irimunosuppression 

regimens leaving recipients susceptible to infection. 

For these reasons two scenarios of susceptibility are considered; 

a) A lower estimate: There is 100% susceptibility to an infective issue for any 

irnmunosuppressed individual who has not had HEV prior to the transplant. 

Conversely, an Individual is assumed to clear the virus if they have previously 

had HEy, 

b) An upper estimate: There is 100% susceptibility to an infective issue regardless 

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

Using the assumptions outline above, the estimated probability of post-transfusion HEV 

infection is shown in Table 4. 

Table - Probebillt of irnmuncsa reseed inelivicluel bein infected with HEV 

___ Prrsbab"rl~ty of [ Number 
...... 

"Yearly 
Clinically sign€ficant Transpla ofyears Number of 

l transplant HEV HEv' Infection before nt ~ s infections
Transplant Activity 

g 
HEV 

infection functionin via diet for 
l 

Lower 
Estimate 

upper 
Estimate 

2013-14 va 1 

transfuse 

g at 31 all living 
March transplant 

on € 
2014 recipients 

Liver 0.122% 0.140% 900 
1

8,300 1617 

Kidney 0.006% 0.007% 3,055 45 31,000 62-63 

Lung 0.098% 0.112% 210 44
E

Heart 0.061% 0,070% 197 7m 
..... 3p60t 7~6 

Pancreas 0.027% 0.031% 261 12-14 1,900 3~ 

= Intestinal 0.061% € 0.070% 1 26 5442 100 04.6 

Multivisceral i ......................................................................................................................................._ 0.851% 0.978% 13 7' 
. . . .` 

Heart/Lung 0.147% 0.168% 8 7485 : .. . 
Kidney & Pancreas 0.033% 0.038% 188

1 .kidney & Heart 0.067% 0.077% 1

Kidney & Liver 0.128% 0.147% Th Ii
Allogeneic Stem Cell 0.232% 0.267% l 1,615

It is estimated that for liver transplant recipients, the upper estimate of infection from blood 

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

1 to 2 years. Because multivisceral transplants are not commonly performed, the 

corresponding figure is 1 infected recipient every 7-9 years, with the number in kidney and 

lung transplants being intermediate. The estimate of infection from blood components for 
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allogeneic stem cell recipients is 0. 67%, but due to the large number of transplants 

performed this could result in 4 infections per year. 

It is estimated that 60,000 infections of HEV occur yearly in England and an annual dietary 

risk of 0i% - 0.2%. However, there is an upward trend in infections so an attack rate of 

0.2% or I in 500 per year is assumed as the dietary risk. This provides a comparison rison in 

Table 4 of HEV infection via diet 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 

16 infections to occur through diet in all liver transplant recipients. 
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