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INTRODUCTION

Hepatitis E Virus (HEV) is a small non-enveloped RNA virus belonging to the Hepeviridae family, genus Orthohepevirus. HEV is a major cause of acute viral hepatitis worldwide [START_REF] Kamar | Hepatitis E virus infection[END_REF][START_REF] Kamar | Hepatitis E virus infection[END_REF] . At present, multiple HEV genotypes have been described, including four major HEV genotypes (genotypes 1-4) involved in human pathology. Genotypes 1 and 2 infect only humans and are transmitted by orofecal route. They are prevalent in developing countries with poor sanitation where they may cause large outbreaks.

Genotypes 3 and 4 (HEV-3 and HEV-4) are ubiquitous and zoonotic, with domestic swine, wild boar, and deer as main reservoirs. HEV infections in Western Europe are autochthonous cases mainly caused by HEV-3 [START_REF] Mansuy | Acute hepatitis E in southwest France over a 5-year period[END_REF] . Transmission to humans occurs by consumption of contaminated undercooked meat or pork liver sausage, or by environmental sources such as contaminated water [START_REF] Mansuy | A nationwide survey of hepatitis E viral infection in French blood donors[END_REF] . In developed countries, HEV-3 and 4 are most often responsible for self-limiting asymptomatic acute hepatitis E, with the notable exception of acute liver failure with preexisting chronic liver disease and chronic hepatitis E occurring in immunocompromised patients [START_REF] Kamar | Hepatitis E virus and chronic hepatitis in organ-transplant recipients[END_REF][START_REF] Abravanel | Hepatitis E virus reinfections in solid-organ-transplant recipients can evolve into chronic infections[END_REF] .

Seroprevalence studies indicated that HEV infection is present in Europe with significant geographic heterogeneity between countries as well as within countries. In blood donors, reported anti-HEV IgG rates measured by the same serological test have ranges from 4.7% in Scotland [START_REF] Smith | Hepatitis E virus in Scottish blood donors[END_REF] to 52% in South-Western France [START_REF] Mansuy | Seroprevalence in blood donors reveals widespread, multi-source exposure to hepatitis E virus, southern France[END_REF] . A similar heterogeneity has been observed in Europe regarding HEV-RNA prevalence ranging from 1/14 520 in Scotland to 1/658 in Netherlands 9 Hepatitis E has emerged as a transfusion-transmitted (TT) infection, with a first case of TT hepatitis E formally described in 2002 in Hokkaido, Japan [START_REF] Matsubayashi | Transfusion-transmitted hepatitis E caused by apparently indigenous hepatitis E virus strain in Hokkaido, Japan[END_REF] . Since the first TT-HEV infection reported in 2006 in the UK [START_REF] Boxall | Transfusion-transmitted hepatitis E in a 'nonhyperendemic' country[END_REF] , several cases have been documented in European countries including Germany [START_REF] Domanović | Hepatitis E and blood donation safety in selected European countries: a shift to screening?[END_REF][START_REF] Huzly | Transfusion-transmitted hepatitis E in Germany[END_REF] , Spain [START_REF] Riveiro-Barciela | Red blood cell transfusiontransmitted acute hepatitis E in an immunocompetent subject in Europe: a case report[END_REF] , and France (first case reported in 2006 [START_REF] Colson | Transfusion-associated hepatitis E, France[END_REF] ) raising the attention about this emerging concern for blood safety. To assess further the characteristics of TT hepatitis E and to identify factors associated with transmission and/or severity, we describe here the 23 TT HEV cases with high imputability reported in France between 2006 and 2016.

MATERIALS AND METHODS

Blood products in France

In France, collection, qualification, preparation and distribution of labile blood products for civilians are under the exclusive responsibility of a national transfusion public service: Etablissement Français du Sang (EFS).

During the study period (2006-2016), approximately three million labile blood products were transfused annually in France including 2.4 million of red blood cells concentrates (RBC), ~300 000 platelets concentrates including ~ 50 to 60% whole blood-derived pooled platelets concentrates (WBPC) and ~ 40 to 50% apheresis platelets concentrates (APC) and ~ 300 000 fresh frozen plasma units (FFP).

Plasma units underwent a > 60 day quarantine or pathogen reduction by means of amotosalen treatment and UVA illumination (Intercept™ -Cerus®), methylene blue treatment and visible light illumination (Theraflex™ -Macopharma®) (until 2011) or solvent-detergent (SD) -treatment after pooling (100 apheresis plasma donations / pool, produced by EFS until 2014).

Platelets concentrates, from apheresis or from whole blood (5 pooled buffy-coats) (50/50 ratio on average during the study period) were mostly prepared in additive suspension SSP + (Macopharma®) or Intersol (Fresenius®) (on average 63% additive solution and 37% plasma) while a small minority remained in plasma. A fraction (approximately 7%) of platelets concentrates underwent pathogen reduction (Intercept™).

Hepatitis E virus screening of blood donations

HEV nucleic acid testing (NAT) was first implemented in France for plasma donations intended for solvent-detergent (SD)-plasma production in December 2012. Implementation resulted from the documentation of the first SD-plasma associated hepatitis E cases (Table 1, #3 and 4). HEV NAT was performed in pools of 96 apheresis plasma donations using a RT-PCR assay (Real Star HEV RT-PCR kit 1.0 (Altona diagnostic, Hamburg, Germany with an estimated 95% limit of detection (LOD) of 23 IU/ml). After interruption of SD-plasma production by EFS by end of 2014, HEV screening was pursued for approximately 30% of individual plasma units (from apheresis or from whole blood) using the same assay but with pools of 6 plasma donations. Since 2015, plasma units screened for HEV are preferably oriented towards patients at risk for severe HEV infections: transplant recipients and other severely immunocompromised patients as well as patients with preexisting chronic liver disease.

Reporting and investigation of hepatitis E in blood products' recipients

As for all infections potentially resulting from a transfusion, cases of hepatitis E occurring in transfusion recipients underwent mandatory reporting to the French national haemovigilance database ("e-FIT"= web-based secured reporting system) managed by the French National Agency for Medicine and Health Products Safety (ANSM). Hepatitis E was considered chronic when the estimated HEV viremia was longer than 6 months. HEV NAT screening of all potentially involved blood donations were performed according to established procedures and relied on the availability of archived cryopreserved plasma samples (for 3 to 5 years) of all blood collections in France. When a blood donation was found to harbor HEV, recipients from all blood products stemming from the involved donation were screened for HEV. Furthermore, prior and subsequent blood donations occurring within 4 months of the index donation were screened as well. Transfusion imputability was defined as described below.

Laboratory investigations

Hepatitis E diagnosis and HEV RNA detection in transfusion recipients were mostly performed by the virology laboratories of the involved hospitals and were all further investigated by the National reference laboratories for hepatitis A and E (Virology laboratory, Purpan University Hospital, Toulouse and Virology laboratory, Paul Brousse University Hospital, Villejuif). All archived samples from suspected blood donations were tested by RT-PCR as previously described [START_REF] Abravanel | Genotype 3 diversity and quantification of hepatitis E virus RNA[END_REF] . When positive, viral titer measurement and genotyping were systematically performed [START_REF] Legrand-Abravanel | Hepatitis E virus genotype 3 diversity in France[END_REF] . Total HEV RNA dose infused per patient (with the exception of SD-plasma) was calculated based on donor viral titer x the estimated volume of plasma in the transfused blood product(s).

When TT HEV infection was suspected, sequencing and phylogenetic analysis of partial sequences of blood donor and recipient viral strains in ORF-1 (RNA dependent RNA polymerase) and/or ORF-2 genomic regions was performed as previously described [START_REF] Haïm-Boukobza | Transfusion-transmitted hepatitis E in a misleading context of autoimmunity and drug-induced toxicity[END_REF] .

Transfusion imputability was classified as very likely if a 100% sequence identity was observed on analyzed genomic fragments between donor and recipients' strains, as possible if genomic comparison was suggestive of strain identity but not conclusive or if comparison between donor and recipient viral strains was not possible. Imputability was deemed non-evaluable in case of incomplete testing of all involved blood donations, and excluded in the absence of positive blood donation or if, in the presence of a HEV positive blood donation, comparison of donor and recipient viral strains was concluded to be phylogenetically distinct.

RESULTS

Patients

In 2006, the first case of TT HEV was reported in France in a 8 year-old child treated for a kidney tumor (#1, Table 1) [START_REF] Colson | Transfusion-associated hepatitis E, France[END_REF] . Up to December 2016, 78 suspected cases of possible HEV-TT were reported to the French hemovigilance network.

In 22 of these 78 cases, TT HEV was excluded based on negative HEV NAT of all blood products transfused to the patients. Imputability was deemed non-evaluable in 4 cases. In 29 cases, absence of evaluable recipient viral genome or inconclusive phylogenetic analysis did not allow to firmly establish TT HEV infection.

A total of 23 cases of TT hepatitis with high imputability (i.e. 100% sequence identity between donor and recipient) were reported during the study period and are presented here (Table 1). Some of these cases have been previously reported, in part or as case report [START_REF] Colson | Transfusion-associated hepatitis E, France[END_REF][START_REF] Haïm-Boukobza | Transfusion-transmitted hepatitis E in a misleading context of autoimmunity and drug-induced toxicity[END_REF][START_REF] Coilly | Posttransplantation hepatitis E: transfusion-transmitted hepatitis rising from the ashes[END_REF][START_REF] Belliere | Transfusion-acquired hepatitis E infection misdiagnosed as severe critical illness polyneuromyopathy in a heart transplant patient[END_REF][START_REF] Loyrion | Hepatitis E Virus Infection after platelet Transfusion in an immunocompetent trauma patient[END_REF][START_REF] Hauser | Hepatitis E transmission by transfusion of Intercept blood system-treated plasma[END_REF][START_REF] Mallet | Transmission of Hepatitis E Virus by Plasma Exchange: A Case Report[END_REF][START_REF] Mallet | Transmission of Hepatitis E Virus With Plasma Exchange in Kidney Transplant Recipients: A Retrospective Cohort Study[END_REF] .

Involved patients included 17 men and 6 women with an age range of 8 to 88 years old (median age: 55) (Table 1). With the exception of 3, all patients were immunosuppressed (87%), including 13 (57% of total) transplant patients: kidney (n=5), liver (n=3), heart (n=1), allogeneic hematopoietic stem cells (n=4). All graft donors were tested negative for HEV RNA. HEV contamination in 4 out of 5 of the kidney transplant recipients occurred during plasma exchanges performed for the prevention or treatment of graft rejection. Ten patients were treated for malignant hematological diseases (including the 4 hematopoietic allograft recipients).

Circumstances of hepatitis E diagnosis

In 20 of the 23 cases, hepatitis E diagnosis resulted from diagnostic work-up in the patient because of abnormal liver tests, mainly elevated liver enzymes. For the last 3 cases (#9, 11, 14), hepatitis E diagnosis resulted from look-back investigations in recipients of blood products to which had contributed a donor identified as harboring HEV. The case #9 involved a FFP from an Intercepttreated plasma donation implicated in another TT hepatitis E (#7). In case #11, the blood product was a RBC from a donation involved in case #10 (whole blood platelet concentrate), Lastly, the involved blood product in case #14 was an SD plasma unit from a lot found to be HEV positive (no other TT hepatitis E infection associated with SD plasma units from the same lot were identified).

Clinical course

Fourteen patients, all immunosuppressed, experienced chronic hepatitis E (Table 1). Eight of these patients were organ transplant recipients. The remaining 6 patients with chronic hepatitis E had undergone allogeneic hematopoietic stem cell transplantation (n=3) or were receiving chemotherapy for malignant hemopathy (n=2) or immunosuppression for auto-immune disease (n=1). Notably, 2 organ transplant recipients with chronic hepatitis E, had advanced (Ishak stage 5) liver fibrosis at diagnosis (patients #2 and 4). Ten of these 14 patients were treated with ribavirin for 1.5 to 15 months (median: 5.5 months) resulting in hepatitis E resolution. However, several patients required prolonged and/or repeated courses to achieve HEV clearance (Table 1). One patient with advanced liver fibrosis (#2; Ishak liver fibrosis score stage 5), underwent repeat liver biopsy 40 months after sustained virological response to ribavirin treatment which revealed fibrosis regression (Ishak stage 1). The second patient with advanced liver fibrosis (#4) did not have a repeat biopsy and was lost to follow-up. Four patients with TT chronic hepatitis E cleared the HEV infection upon reduced immunosuppression without ribavirin treatment (#5, 12, 16 and 17).

One organ transplant recipient with acute hepatitis E associated co-morbidities did not clear HEV infection despite ribavirin treatment and died of multiple organ failure 5 months after transplantation (#21). Hepatitis E contributed probably to the fatal outcome. However, formal imputability was deemed not assessable.

The last 8 patients experienced acute hepatitis E among which resolved spontaneously (n=4), with ribavirin treatment (n=3) or with reduced immunosuppression (n=1). Five of these 8 patients were immunosuppressed (Table 1).

Involved products

Involved blood products included 7 FFP, 7 RBC, 3 APC and 6 WBPC (Table 1). Seven blood products had undergone pathogen reduction by means of SD treatment (4 plasma) or amotosalen / UVA treatment (2 plasma units from a single plasma donation and 1 WBPC).

Viral genotype and titer in infected donors, viral HEV RNA dose in involved blood products

An HEV-3 genotype was identified in all but one case (#17, genotype 4d), including 3f subtypes in 16, 3c in 4, and 3a in one case (Table 1). In all 23 cases, a 100% sequence identity was observed between recipient and blood product strains.

Viral titers in contaminated blood donations varied from 1.14 x 10 3 IU/ ml (3.06 logIU/ml) to 31 x 62.10 6 IU/mL (7.50 logIU/ml) with a median of 2.72 x 10 4 IU/ml (4.43 logIU/ml) (Table 1, Figure 1A). 10 Total HEV RNA dose per contaminated blood product(s) infused to each patient varied from 22.88 x 10 3 IU (4.36 logIU) to 12.65 x 10 9 IU (10.10 logIU) with a median of 6.16 x 10 5 lU (5.79 logIU) (Figure 1B).

Of note, the 4 patients infected with SD-plasma had received several plasma units from the same lot of contaminated SD plasma (Table 1). An additional patient received 2 plasma units from a contaminated apheresis plasma donation (#2).

Lastly, to approach a "worst-case scenario" regarding the minimal donor viral titer associated with TT hepatitis E, we calculated the theoretical donor viral titer had the implicated RBC or PC blood product (with plasma volume ranging from 20 to 173 ml) had been in fact a 200 ml plasma unit (Figure 1C). In such case, the (inferred) lowest "infectious" donor viral titer would have been of 1.14 x 10 2 IU/ml (2.06 logIU/ml).

DISCUSSION

With 23 reported cases of transfusion-transmitted infections of high imputability between 2006 and 2016 in France, including 14 with chronic hepatitis, HEV has emerged as a significant infectious transfusion risk. These cases highlight the clinical burden associated with TT-HEV, while most probably only representing a fraction of the current occurrences. Indeed, and despite recent progress, hepatitis E may be misdiagnosed. HEV infection is often asymptomatic in immunocompetent patients. Chronic hepatitis E may also remain clinically asymptomatic even in immunosuppressed patients. Lastly, fulfilling the criteria necessary to adequately assess transfusion imputability may be challenging.

Immunosuppressed individuals, notably transplant recipients, may develop chronic infection and fibrosis that can rapidly progress to cirrhosis, end-stage liver disease, liver graft loss [START_REF] Kamar | Factors associated with chronic hepatitis in patients with hepatitis E virus infection who have received solid organ transplants[END_REF] and hepatocellular carcinoma [START_REF] Borentain | Hepatocellular carcinoma complicating hepatitis E virus-related cirrhosis[END_REF] . Furthermore, HEV infection in patients with chronic liver disease are at risk of acute liver failure and death [START_REF] Kamar | Hepatitis E virus infection[END_REF][START_REF] Peron | Fulminant liver failure from acute autochthonous hepatitis E in France: description of seven patients with acute hepatitis E and encephalopathy[END_REF] . HEV infection can also result in extra-hepatic manifestations, notably neurological disorders [START_REF] Wedemeyer | The hepatitis E virus: a likely cause of extrahepatic diseases![END_REF] . Hepatitis E treatment, when required, comprises reduction of iatrogenic immunosuppression and, if not feasible or unsuccessful, ribavirin treatment [START_REF] Kamar | Ribavirin for chronic hepatitis E virus infection in transplant recipients[END_REF] . Ribavirin is reportedly associated with sustained virologic response in 85% of chronically infected organ transplant recipients 30 .

In France, autochthonous HEV infection is frequent with regional disparities [START_REF] Mansuy | A nationwide survey of hepatitis E viral infection in French blood donors[END_REF][START_REF] Van Cauteren | Estimated Annual Numbers of Foodborne Pathogen-Associated Illnesses, Hospitalizations, and Deaths, France, 2008-2013[END_REF] . A recent nation-wide study found a 22% anti-HEV IgG prevalence [START_REF] Mansuy | A nationwide survey of hepatitis E viral infection in French blood donors[END_REF] . Approximately 68 000 HEV infections occur annually in France, most often asymptomatic and self-limited [START_REF] Kamar | Ribavirin for chronic hepatitis E virus infection in transplant recipients[END_REF] . Over 2200 symptomatic hepatitis E were reported yearly in 2016 and 2017 [START_REF] Couturier | Surveillance de l'hépatite E en France, 2002-2016 // Hepatitis E surveillance in France, 2002-2016[END_REF] . HEV donor screening has revealed a frequency of HEV-RNA positive blood donations ranging from 1/2218 33 to 1/1000 [START_REF] Gallian | Comparison of hepatitis E virus nucleic acid test screening platforms and RNA prevalence in French blood donors[END_REF] (and unpublished data, EFS 2017-2018).

Similar frequencies have been observed in blood donors in England [START_REF] Hewitt | Hepatitis E virus in blood components: a prevalence and transmission study in southeast England[END_REF] and in the Netherlands [START_REF] Hogema | Incidence and duration of hepatitis E virus infection in Dutch blood donors[END_REF] .

Foreign visitors may be exposed as well to HEV, as exemplified by the first case of TT hepatitis E in Australia and involving a blood donor most probably infected in France [START_REF] Hoad | First confirmed case of transfusiontransmitted hepatitis E in Australia[END_REF] .

Chronic hepatitis E, all in immunosuppressed patients, was observed in a majority of our cases (n=14, 61%), with advanced liver fibrosis in 2 cases. Ribavirin administration allowed for viral clearance in close to all treated patients. However, the prolonged treatment needed in most patients, as well as the death of one patient in the setting of an ongoing hepatitis E despite ribavirin treatment, highlight current limitations regarding hepatitis E treatment in immunocompromised patients [START_REF] Hoad | First confirmed case of transfusiontransmitted hepatitis E in Australia[END_REF] . Notably, chronic hepatitis E resolved spontaneously in 3 recipients of allogeneic hematopoietic stem cell grafts, probably in relation with reduced immunosuppression later after transplantation.

Hepatitis E virus transmission and disease were observed with RBC and additive-solution containing platelet concentrates despite the limited amount of donor plasma in such products. Pooled whole blood platelet concentrates are associated with an increased probability of a contributing infected donor. The observation of 6 TT-HEV cases with WBPC versus 3 cases with APC during a time period where only 50% of transfused platelets were WBPC might suggest an increased risk associated with WBPC. On the other hand, the probability of an anti-HEV IgG positive donor contributing the pooled product increases as well. However, the protective role of anti-HEV antibodies on the transmission risk of an infected blood product is debated. Blood donations containing anti-HEV antibodies have been found to be less likely to transmit and, when they did, there was a trend for lower levels of antibodies [START_REF] Gallian | Hepatitis E virus infections in blood donors, France[END_REF] . On the other hand, HEV particles circulating in the blood are associated with host lipids and are protected from the humoral response [START_REF] Chapuy-Regaud | Characterization of the lipid envelope of exosome encapsulated HEV particles protected from the immune response[END_REF] .

Current pathogen inactivation technologies for blood products are unable to prevent TT-HEV as exemplified by the occurrence of hepatitis E after transfusion of SD-plasma in 4 patients as well as after transfusion of amotosalen +UVA -treated blood products in 3 other patients. Efficacy of SD treatment relies on the disruption of lipid-enveloped pathogens [START_REF] Solheim | Viral safety of solvent/detergent-treated plasma[END_REF] . The resistance of non-enveloped virus such as HEV to SD treatment is therefore expected and transmission may occur despite the dilution-mediated reduction of the viral titer. As mentioned earlier, HEV is a quasi-enveloped virus in the blood, but remains infectious after lipid removal [START_REF] Solheim | Viral safety of solvent/detergent-treated plasma[END_REF] . The mechanism of HEV resistance to Intercept technology is not well established and may involve sub-optimal amotosalen concentration inside the tight viral capsid of such a non-enveloped virus [START_REF] Hanson | Photochemical inactivation of viruses with psoralens: an overview[END_REF] .

Most of the cases (20 out of 23) were diagnosed based on clinical findings in infected patients, and not a diagnosis resulting from the screening of patients having received blood products from HEV RNA positive donors. Therefore, the frequency and clinical profile of the reported cases cannot be considered as representative of the actual TT hepatitis E risk. Patients with TT chronic hepatitis E are most certainly overrepresented, while TT acute self-limited hepatitis E in non-immunosuppressed recipients may remain undetected. On the other hand, such bottom-up approach allows for the assessment of the HEV RNA dose required for transmission and occurrence of clinical hepatitis E in the most susceptible patients without the potential bias introduced by the limited sensitivity of the blood donation screening tests, most often performed on pools of up to 96 [START_REF] Domanović | Hepatitis E and blood donation safety in selected European countries: a shift to screening?[END_REF] .

In a study performed in southeast England [START_REF] Gallian | Hepatitis E virus infections in blood donors, France[END_REF]41 , Tedder and colleagues reported that the HEV-infected donations associated with transmission exhibited a median viral titer of 4.53log IU/ml and a lowest titer leading to infection of 2.61log IU/ml, in line with our findings (median 4.43 log IU/ml and lowest titer at 3.06 log IU/ml). Similarly, the lowest HEV RNA dose in a blood product associated with transmission (1.9 x 10 4 IU, 4.3 log IU) in their series is comparable to the lowest HEV RNA dose observed in our cases (2.29 x 10 4 IU, 4.36 log IU). Of note, lower donor viral titers resulting in infection have be described, although rarely (see reference 42 for review). Indeed, an infected donor with a viral titer of 120 IU/ml (2.1 log IU/ml) resulting an APC containing an HEV RNA dose of 7056 IU (3.85 logIU) has been associated with an HEV transmission to an immunosuppressed patient who subsequently developed a chronic hepatitis E [START_REF] Huzly | Transfusion-transmitted hepatitis E in Germany[END_REF] . Nevertheless, if one considers the viral titer threshold associated with TT hepatitis E observed in our recipient cohort (3.06 log IU/ml) in comparison to the median HEV viral titer found in our blood donor screening program (2.84 log IU/ml, data not shown), one can extrapolate that approximately 50% for HEV contaminated blood donation may result in HEV infection in the recipient. Interestingly, a similar 50% infectivity of HEV contaminated blood components has been reported in England [START_REF] Gallian | Hepatitis E virus infections in blood donors, France[END_REF] and more recently in Japan [START_REF] Satake | Unique clinical courses of transfusiontransmitted hepatitis E in patients with immunosuppression[END_REF] .

Systematic or partial HEV screening has been introduced or is being actively considered in a number of countries, in particular in Europe and Asia, which exhibit higher HEV endemicity than in North or South America [START_REF] Domanović | Hepatitis E and blood donation safety in selected European countries: a shift to screening?[END_REF] . Notably, hepatitis E screening of a fraction (27%) of blood products (as well as all apheresis platelet donations) for specific high-risk patient groups was introduced in the United Kingdom in 2015. Logistic issues as well as difficulty to insure the transfusion of HEV-tested products to all high-risk patient resulted in the decision to implement screening of all blood products in 2017 44 .

Other European countries and regions such as Ireland, the Netherlands, Catalonia, and more recently Switzerland, have implemented testing of all blood products [START_REF] Domanović | Hepatitis E and blood donation safety in selected European countries: a shift to screening?[END_REF] . A recent cost-effectiveness study in the Netherlands on blood donation HEV screening reported a cost of 310 000 euros per prevented chronic case, a cost that appeared not excessively expensive compared to other blood-screening measures in the Netherlands [START_REF] De Vos | Cost-effectiveness of the screening of blood donations for hepatitis E virus in the Netherlands[END_REF] .

In France, a fraction of plasma products to be transfused to high-risk patients (transplant recipients as well as patients with chronic liver disease or severe immunodeficiency) is tested for hepatitis E RNA since late 2012. Interestingly, despite being the most infectious blood product [START_REF] Gallian | Hepatitis E virus infections in blood donors, France[END_REF] , the last reported case of TT-HEV involving a plasma occurred in 2013. This finding suggests that the partial plasma strategy implemented in France may have indeed reduced the risk of plasma-associated symptomatic hepatitis E. Increasing awareness of hepatitis E among physicians may also be contributing to more timely diagnosis and treatment when warranted.

An important issue when considering HEV testing is to determine the donor samples pooling size, if any. The observed donor viral titers combined with the sensitivity of current NAT screening tests (LOD 95% of 12 IU/ml) [START_REF] Couturier | Surveillance de l'hépatite E en France, 2002-2016 // Hepatitis E surveillance in France, 2002-2016[END_REF] suggest that a pool of 24 donations, as implemented in the UK [START_REF] Domanović | Hepatitis E and blood donation safety in selected European countries: a shift to screening?[END_REF] and the Netherlands (Zaaijer H, personal communication), would have detected all the contaminated blood donations associated with TT hepatitis E described in this cohort (fig 1A). However, in a worst-case scenario, infused HEV RNA dose provided in a 200 ml plasma), 3 out the 23 involved blood donations may have gone undetected with a pooling of 24 donations strategy while remaining detectable with a pooling of up to 12 donations (fig 1C). A recent simulation study in Germany reported that using a screening test with 95% LOD of 20 IU/ml and a pooling of 24 would reduce by 90.7 % (1488 to 139 / year) the expected TT HEV infections and by 92% (93 to 10 / year) the expected TT chronic HEV infections [START_REF] Kamp | Impact of hepatitis E virus testing on the safety of blood components in Germany -results of a simulation study[END_REF] .

Lastly, but importantly, efforts to control of the zoonosis and therefore limit the exposure to contaminated food or water is an important requirement that may supersede specific transfusion mitigation strategies. In England, it was found that the TT hepatitis E risk only exceeds the annual dietary risk when more than 13 individual donor components are transfused 41 . Furthermore, vaccination [START_REF] Zhang | Long-term efficacy of a hepatitis E vaccine[END_REF] as well as specific surveillance and management of high risk populations [START_REF] Kamar | Hepatitis E virus and chronic hepatitis in organ-transplant recipients[END_REF][START_REF] Bettinger | Chronic hepatitis E virus infection following allogeneic hematopoietic stem cell transplantation: an important differential diagnosis for graft versus host disease[END_REF][START_REF]European Association for the Study of the Liver. Clinical Practice Guidelines on hepatitis E virus infection[END_REF] could also contribute to reducing the overall HEV infectious risk. A recent study in France reported that among a cohort of 60 HEV-positive organ transplant recipients, 7 had been transfused within 6 months of diagnosis, and of those 3 had received HEV-positive blood products [START_REF] Lhomme | Hepatitis E Virus Infection in solid organ transplant recipients, France[END_REF] . On the other hand, while only one in 700 hepatitis E in the Netherlands has been estimated to be due to blood transfusion, a much higher ratio (one in 3.5) was reported when considering cases of chronic hepatitis E [START_REF] De Vos | Cost-effectiveness of the screening of blood donations for hepatitis E virus in the Netherlands[END_REF] .

Overall, hepatitis E virus has emerged in France as well as elsewhere in Europe as a significant transfusion risk. Such transfusion-transmitted hepatitis E infections, resistant to current pathogen reduction technologies, occur with red cells, platelets, and fresh-frozen plasma blood products and can result in chronic severe hepatitis E in immunosuppressed patient. Where HEV is endemic, enhanced hepatitis E clinical awareness, particularly in immunosuppressed patients, reduced environmental or dietary exposure as well as screening of blood donations will reduce the hepatitis E risk associated with transfusion.

Figure 1.

Measured HEV viral titers (HEV RNA IU/ml) in the blood donors (1A), calculated HEV RNA dose in the blood products (1B) and inferred HEV viral titer in the blood donors had the RBC or platelet recipient received a 200 ml plasma unit with the same HEV RNA dose than in the involved blood product (1C), red lines report the expected 95% LOD with current HEV screening tests (12 IU/ml) [START_REF] Couturier | Surveillance de l'hépatite E en France, 2002-2016 // Hepatitis E surveillance in France, 2002-2016[END_REF] depending on the pooling strategy. Inferred HEV viral titer in the blood donor had the recipient received a 200 ml plasma with the same viral dose than in the involved blood product 1 C
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