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Background: Hepatitis E Virus (HEV) is one of the most common causes of hepatitis worldwide, and South-Western France is a high HEV seroprevalence area. While most cases of HEV infection are associated with the species Orthohepevirus-A, several studies have reported a few cases of HEV infections due to Orthohepevirus-C (HEV-C) that usually infects rats. Most of these human cases have occurred in immunocompromised patients. We have screened for the presence of HEV-C in our region.

Methods and Results: We tested 224 sera, mostly from immunocompromised patients, for HEV-C RNA using an in-house real time RT-PCR. Liver function tests gave elevated results in 63% of patients: mean ALT was 159 IU/L (normal < 40 IU/L). Anti-HEV IgG (49%) and anti-HEV IgM (9.4%) were frequently present but none of the samples tested positive for HEV-C RNA.

Conclusion: HEV-C does not circulate in the human population of South-Western France, despite the high seroprevalence of anti-HEV IgG.
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INTRODUCTION

Hepatitis E virus (HEV) is a major cause of epidemic waterborne and sporadic hepatitis worldwide (1). HEVs belong to the family Hepeviridae, which contains two genera: Orthohepevirus and Piscihepevirus (1). Genus Orthohepevirus comprises four species: Orthohepevirus A–D. The viruses that make up the species Orthohepevirus A are assigned to one of at least eight distinct genotypes (HEV-1 to HEV-8); the four major ones are the main causes of infection in human (1).

Hepatitis E produces a benign infection in most immunocompetent people, with a wide range of symptoms, including fever, nausea, anorexia, asthenia, vomiting, abdominal pain, and icterus. Liver function tests are often abnormal, with signs of hepatic cytolysis (increased transaminases), cholestasis, and sometimes even liver failure. Severe acute or fulminant hepatitis is rare, usually occurring in patients with underlying chronic liver disease and pregnant women with an HEV-1 or HEV-2 infection (2). The virus can also produce extra-hepatic symptoms like neurological disorders, renal failure, pancreatitis, and hematological disorders (1). HEV replication can persist for over 3–6 months in adults or children on immunosuppressive therapy following transplantation, those on chemotherapy or immunotherapy, and persons with a concomitant HIV infection. Such infections can lead to chronic hepatitis with progressive liver fibrosis and cirrhosis. The majority of immunosuppressed patients are asymptomatic and present with persistent, mildly abnormal liver function tests (1).

In developed countries, HEV is a zoonosis with pigs being the main reservoir (1). Direct and indirect contact with infected animals or consumption of contaminated food products are the main transmission routes of HEV. Rabbit HEV, which is closely related to HEV3, circulates in rabbits in China, the United States and Europe (3, 4). Other food products are also possible sources of HEV, as HEV3 RNA was detected in red fruits, strawberries, green leaves and spices (1). Furthermore, one case of transmission of HEV7 to an immunocompromised individual through consumption of camel meat and milk has been described (5). HEV RNA was recently identified in goat and sheep milk and could represent a source of infection to consumers (6). Parenteral transmission by blood transfusion is also a potential mode of contamination (1).

An HEV of rat origin has recently been shown to cause zoonotic infections and symptomatic disease (hepatitis) in humans (7). This rat HEV is a genetically distant relative of other mammalian HEVs; it is about 55–60% sequence homologous to HEV genotypes 1–4, and is assigned to the genus Orthohepevirus C (7). In Europe, studies conducted on Norway rats and Black rats, reported the detection of HEV-C RNA with prevalence ranging between 0.3 and 27.2% (8–15); HEV-C RNA was also frequently detected in Asia with prevalence ranging between 0.7 and 26.3% in rats (16–21), 1.9% in musk shrew (22) and between 1.5 and 7.8% in 2 US studies in rats (23, 24). The virus isolated in musk shrew could infect nude mice (25). The first human case identified was a previously healthy Canadian man (26) and there have been a few recent (2017–2020) confirmed cases in Hong Kong (27–29). In the largest epidemiological studies performed in Honk-Hong, HEV-C1 RNA was detected in 6/2,201 (0.27%) patients with hepatitis and 1/659 (0.15%) immunocompromised persons (28). The eight HEV-C1 infections identified included 3 with acute hepatitis, four with persistent hepatitis, and one with a subclinical infection but no hepatitis. Significantly, seven of the eight patients were immunosuppressed (28). The source of transmission from rat to these human cases is still unknown. None of these patients had a history of rat meat consumption, and the practice is uncommon in Hong Kong. Indeed, almost all of them even denied rat infestation in their domestic premises. The adulteration of food products or natural HEV-C infection of pigs may be a possibility (28). Another relevant sanitary aspect of rat as HEV carrier is the possibility of interspecies transmission of HEV-3 between pigs, wild boar, humans and rats. Three studies reported the detection of HEV-3 in rats, in the USA, Japan and Belgium (10, 23, 30). Rats are synanthropic mammals and their ubiquitous presence in urban environments and in rural areas where pigs are farmed may explain the interspecies transmission.

As the seroprevalence of anti-HEV IgG is high among blood donors in our area (52.5%) (31), and HEV-A infections are frequent among immunocompromised patients (32), while cirrhotic patients are at high risk of hepatic decompensation (33) these populations in our area are regularly tested for HEV-A. This prompted us to assess the risk of an HEV-C infection.



PATIENTS AND METHOD


Patients Samples

We investigated prospectively 224 patients who tested negative for HEV-A RNA. They were from a group of individuals at risk of developing a chronic HEV infection, for whom physicians had prescribed regular HEV-A RNA tests. The majority of them were immunocompromised (organ transplant recipients, hematological malignancies, bone marrow transplant recipients and solid cancer). All sera were collected between December 2019 and May 2020 and all tested negative for HEV-A RNA. According to French law (Loi Jardé), because this is an anonymous study without additional blood sampling, institutional review board approval was not required.



Serological Assays

We used commercial ELISA kits (Wantai, Beijing, China) for the serological tests for HEV-IgM and HEV-IgG as recommended by the manufacturer. The capture antigen in these kits is an ORF2 fragment of HEV-A genotype 1. We used the Wantai kits since they cross-react with both anti-HEV-A and anti-HEV-C antibodies (34). Sample were considered as positive if the signal to cut-off ratio (S/Co) was >1.



HEV-C RNA Detection

RNA was extracted using QIAamp Viral RNA Mini kit (Qiagen, Courtabeuf, France). We diagnosed HEV-C infections using an in-house qRT-PCR assay based on HEV-C sequences available in Genbank.

Reverse transcription and amplification were performed using the SuperScriptIII Platinum One-Step qRT-PCR kit (Invitrogen). The forward primer was 5′-CCACGGGGTTAATACTGC-3′, the reverse primer was 5′-CGGATGCGACCAAGAAACAG-3' and the probe was 5'-6FAM-CGGCTACCGCCTTTGCTAATGC-BBQ-3'. Each 50 μL mix contained: RNA (15 μL), SuperScript III RT/Platinum TaqMix (1 μL), buffer containing 0.4 mM of each dNTP and 6 mM MgSO4, 0.4 μM forward and reverse primers, 0.2 μM probe, and 1 μL RNAse-out. The RT-PCR cycle was: 50°C/25, 95°C/10 min, 95°C/20, and 56°C/45 s. HEV RNA was detected on a Light Cycler 480 Real-Time PCR System (Roche).

The rat HEV-RNA positive control was extracted from a PLC/PRF/5 cell culture supernatant containing rat HEV strain 63 (kindly provided by Prof. Reimar Johne).




RESULTS

The 224 samples analyzed included 207 from immunocompromised patients. Of these, 67 were solid organ recipients, 48 suffered from hematological malignancies, 85 were bone marrow transplant recipients, 5 had solid cancers, 2 were on corticosteroids and 17 were immunocompetent with abnormal liver function tests (including 4 cirrhotic patients). Over half the patients (142/224; 63%) had elevated liver function tests (mean ALT: 159 IU/L) (Table 1).


Table 1. Clinical and demographic features of patients.
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Summary of serological results are presented in Figure 1. Anti-HEV IgG was present in 49% of the sera and anti-HEV IgM in 9.4%. The ratios of the HEV IgG and IgM are presented in Figure 2. The sera from 14.6 % (12/52) of the patients with normal liver function tests contained anti-HEV IgM, as did the sera from 6.3% (9/142) of those with an elevated ALT.


[image: Figure 1]
FIGURE 1. Summary of serological results of samples depending on ALT results (N, normal value: N < 35 U/L in our lab).
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FIGURE 2. HEV IgG and IgM ratio (S/Co) in positive samples (S/Co:signal-to-cut-off ratio). Limit of positivity is plotted on the vertical axis with the dotted line.


All samples tested negative for HEV-C RNA.



DISCUSSION

Our investigation of individuals, mainly immunosuppressed, who were highly susceptible to viral infections found no HEV-C infections, even in the patients with anti-HEV antibodies or transaminase elevation.

Most of the patients we tested were immunosuppressed and had been referred by their physician for an HEV diagnosis as this population is at risk of persistent HEV-A infection or HEV-C1 infection, as recently reported by Sridhar et al. (28). They found that among the 8 cases of HEV-C infection included 7 were immunocompromised and 3 of them developed a chronic infection. Moreover, prior exposure to HEV-A does not protect against an HEV-C1 infection (34).

Sridhar et al. recently investigated the divergence between HEV-C1 and HEV-A, the usual cause of human hepatitis (34) because genomic divergence reduces the capacity of existing tests to diagnose HEV-C. Human HEV-based antigen and antibody assays, even molecular assays, may not diagnose HEV-C1 infections. We therefore developed an in-house RT-PCR assay to look for HEV-C RNA and tested the samples for anti-HEV-C antibodies using the Wantai IgM and IgG kits, which cross-react with both anti-HEV-A and anti-HEV-C antibodies (34).

There were 21 HEV-IgM positive patients, none of whom had any virus detected, either HEV-A or HEV-C, by PCR. They probably had a HEV-A infection in the past, as HEV-IgM is a persistent marker that can be detected up to 3 years after acute hepatitis (35). Similarly, HEV-IgG can persist for a long period after an HEV-A infection, up to 14 years (1). Additionally, 142/224 (63.4%) of our patients had abnormal aminotransferase activities, but they tested negative for HEV-RNA. Only one of them tested positive for HCV RNA. Our patients may have several causes of transaminases elevation: drug induced liver injury, graft-vs. diseases cirrhosis.

Despite the high HEV-A seroprevalence in South-Western France, HEV-C does not seem to circulate in the human population. However, we focused our study in immunocompromised patients and other groups of patients should be investigated. The epidemiology of HEV-A infections is known to vary greatly from one geographic area to another. The route of transmission between rats and humans in Hong Kong, where the majority of the HEV-C infections have been reported, is still elusive. Certain populations are known to be more at risk of infection, depending on immunocompromised factors and/or life style. One study found a few forestry workers in Germany tested positive for anti-HEV-C antibodies (36). Thus, serological and molecular assays that discriminate between HEV-A and HEV-C would be valuable for determining the real distribution of rat HEV worldwide. Immunoblot assays could help to distinguish the serological profiles of HEV infections (34).

Sridhar et al. reported that HEV-C infections accounted for 8% of all genotyped hepatitis E cases in Hong Kong (28, 34). We therefore expected to find at least some cases of HEV-C1 among the limited number of patients tested, as anti-HEV antibodies are prevalent in our region, particularly in the population investigated. We have designed our RT-PCR assay to detect all HEV-C variants according to the sequences available in Genbank. We used a culture supernatant of a rat HEV to verify the ability of our test to detect this specific species, but we cannot rule out the possibility that our PCR have missed a divergent strain.

In conclusion, we found no case of rat HEV infection between December 2019 and May 2020 despite the high seroprevalence of HEV in our region. A larger study, testing patients with occupational exposure and more immunocompromised patients, using discriminatory serological assays such as immunoblots, could help reveal the presence of HEV-C in South-Western France. Specific molecular assays would also enable us to confirm human cases of HEV-C if serological tests were positive.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

JI, DP, and FA: drafting and refining the manuscript. SL: critical reading of the manuscript. DP, FA, JP, ST, and NK collected the data. ID performed the analysis. All authors contributed to the article and approved the submitted version.



FUNDING

The National Reference Center for Hepatitis E was supported by a grant from the French Public Health authorities.



ACKNOWLEDGMENTS

We thank Prof. Reimar Johne for providing the positive HEV-C RNA control. The English text was edited by Dr. Owen Parkes.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.726363/full#supplementary-material



ABBREVIATIONS

ALT, alanine aminotransferase; HEV, hepatitis E virus; RNA, ribonucleic acid.



REFERENCES

 1. Kamar N, Izopet J, Pavio N, Aggarwal R, Labrique A, Wedemeyer H, et al. Hepatitis E virus infection. Nat Rev Dis Primers. (2017) 3:17086. doi: 10.1038/nrdp.2017.86

 2. Wu C, Wu X, Xia J. Hepatitis E virus infection during pregnancy. Virol J. (2020) 17:73. doi: 10.1186/s12985-020-01343-9

 3. Abravanel F, Lhomme S, El Costa H, Schvartz B, Peron JM, Kamar N, et al. Rabbit hepatitis E virus infections in humans, France. Emerg Infect Dis. (2017) 23:1191–3. doi: 10.3201/eid2307.170318

 4. Lhomme S, Top S, Bertagnoli S, Dubois M, Guerin JL, Izopet J. Wildlife reservoir for hepatitis E virus, Southwestern France. Emerg Infect Dis. (2015) 21:1224–6. doi: 10.3201/eid2107.141909

 5. Lee GH, Tan BH, Teo EC, Lim SG, Dan YY, Wee A, et al. Chronic infection with camelid hepatitis E virus in a liver transplant recipient who regularly consumes camel meat and milk. Gastroenterology. (2016) 150:355–7.e3. doi: 10.1053/j.gastro.2015.10.048

 6. Dziedzinska R, Krzyzankova M, Bena M, Vasickova P. Evidence of hepatitis E Virus in goat and sheep milk. Viruses. (2020) 12:1429. doi: 10.3390/v12121429

 7. Reuter G, Boros A, Pankovics P. Review of hepatitis e virus in rats: evident risk of species orthohepevirus C to human zoonotic infection and disease. Viruses. (2020) 12:1148. doi: 10.3390/v12101148

 8. Johne R, Dremsek P, Kindler E, Schielke A, Plenge-Bonig A, Gregersen H, et al. Rat hepatitis E virus: geographical clustering within Germany and serological detection in wild Norway rats (Rattus norvegicus). Infect Genet Evol. (2012) 12:947–56. doi: 10.1016/j.meegid.2012.02.021

 9. Johne R, Heckel G, Plenge-Bonig A, Kindler E, Maresch C, Reetz J, et al. Novel hepatitis E virus genotype in Norway rats, Germany. Emerg Infect Dis. (2010) 16:1452–5. doi: 10.3201/eid1609.100444

 10. Ryll R, Bernstein S, Heuser E, Schlegel M, Dremsek P, Zumpe M, et al. Detection of rat hepatitis E virus in wild Norway rats (Rattus norvegicus) and black rats (Rattus rattus) from 11 European countries. Vet Microbiol. (2017) 208:58–68. doi: 10.1016/j.vetmic.2017.07.001

 11. Spahr C, Ryll R, Knauf-Witzens T, Vahlenkamp TW, Ulrich RG, Johne R. Serological evidence of hepatitis E virus infection in zoo animals and identification of a rodent-borne strain in a syrian brown bear. Vet Microbiol. (2017) 212:87–92. doi: 10.1016/j.vetmic.2017.11.005

 12. Wolf S, Reetz J, Johne R, Heiberg AC, Petri S, Kanig H, et al. The simultaneous occurrence of human norovirus and hepatitis E virus in a Norway rat (Rattus norvegicus). Arch Virol. (2013) 158:1575–8. doi: 10.1007/s00705-013-1646-2

 13. Murphy EG, Williams NJ, Jennings D, Chantrey J, Verin R, Grierson S, et al. First detection of Hepatitis E virus (Orthohepevirus C) in wild brown rats (Rattus norvegicus) from great Britain. Zoonoses Public Health. (2019) 66:686–94. doi: 10.1111/zph.12581

 14. Widen F, Ayral F, Artois M, Olofson AS, Lin J. PCR detection and analysis of potentially zoonotic hepatitis E virus in French rats. Virol J. (2014) 11:90. doi: 10.1186/1743-422X-11-90

 15. De Sabato L, Ianiro G, Monini M, De Lucia A, Ostanello F, Di Bartolo I. Detection of hepatitis E virus RNA in rats caught in pig farms from Northern Italy. Zoonoses Public Health. (2020) 67:62–9. doi: 10.1111/zph.12655

 16. Primadharsini PP, Mulyanto, Wibawa IDN, Anggoro J, Nishizawa T, Takahashi M, et al. The identification and characterization of novel rat hepatitis E virus strains in Bali and Sumbawa, Indonesia. Arch Virol. (2018) 163:1345–9. doi: 10.1007/s00705-018-3736-7

 17. Mulyanto, Depamede SN, Sriasih M, Takahashi M, Nagashima S, Jirintai S, et al. Frequent detection and characterization of hepatitis E virus variants in wild rats (Rattus rattus) in Indonesia. Arch Virol. (2013) 158:87–96. doi: 10.1007/s00705-012-1462-0

 18. Mulyanto, Suparyatmo JB, Andayani IG, Khalid, Takahashi M, Ohnishi H, et al. Marked genomic heterogeneity of rat hepatitis E virus strains in Indonesia demonstrated on a full-length genome analysis. Virus Res. (2014) 179:102–12. doi: 10.1016/j.virusres.2013.10.029

 19. Li TC, Yoshimatsu K, Yasuda SP, Arikawa J, Koma T, Kataoka M, et al. Characterization of self-assembled virus-like particles of rat hepatitis E virus generated by recombinant baculoviruses. J Gen Virol. (2011) 92 (Pt. 12):2830–7. doi: 10.1099/vir.0.034835-0

 20. Li W, Guan D, Su J, Takeda N, Wakita T, Li TC, et al. High prevalence of rat hepatitis E virus in wild rats in China. Vet Microbiol. (2013) 165:275–80. doi: 10.1016/j.vetmic.2013.03.017

 21. Van Nguyen D, Van Nguyen C, Bonsall D, Ngo TT, Carrique-Mas J, Pham AH, et al. Detection and characterization of homologues of human hepatitis viruses and pegiviruses in rodents and bats in Vietnam. Viruses. (2018) 10:102. doi: 10.3390/v10030102

 22. Guan D, Li W, Su J, Fang L, Takeda N, Wakita T, et al. Asian musk shrew as a reservoir of rat hepatitis E virus, China. Emerg Infect Dis. (2013) 19:1341–3. doi: 10.3201/eid1908.130069

 23. Lack JB, Volk K, Van Den Bussche RA. Hepatitis E virus genotype 3 in wild rats, United States. Emerg Infect Dis. (2012) 18:1268–73. doi: 10.3201/eid1808.120070

 24. Purcell RH, Engle RE, Rood MP, Kabrane-Lazizi Y, Nguyen HT, Govindarajan S, et al. Hepatitis E virus in rats, Los Angeles, California, USA. Emerg Infect Dis. (2011) 17:2216–22. doi: 10.3201/eid1712.110482

 25. Bai H, Li W, Guan D, Su J, Ke C, Ami Y, et al. Characterization of a novel rat hepatitis E virus isolated from an asian musk shrew (Suncus murinus). Viruses. (2020) 12:715. doi: 10.3390/v12070715

 26. Andonov A, Robbins M, Borlang J, Cao J, Hatchette T, Stueck A, et al. Rat hepatitis E virus linked to severe acute hepatitis in an immunocompetent patient. J Infect Dis. (2019) 220:951–5. doi: 10.1093/infdis/jiz025

 27. Hon KL, Sridhar S. Rat hepatitis E in an immunocompromised patient. Indian Pediatr. (2020) 57:1085–6. doi: 10.1007/s13312-020-2051-z

 28. Sridhar S, Yip CC, Wu S, Chew NF, Leung KH, Chan JF, et al. Transmission of rat hepatitis E virus infection to humans in hong kong: a clinical and epidemiological analysis. Hepatology. (2021) 73:10–22. doi: 10.1002/hep.31138

 29. Sridhar S, Yip CCY, Wu S, Cai J, Zhang AJ, Leung KH, et al. Rat hepatitis E virus as cause of persistent hepatitis after liver transplant. Emerg Infect Dis. (2018) 24:2241–50. doi: 10.3201/eid2412.180937

 30. Kanai Y, Miyasaka S, Uyama S, Kawami S, Kato-Mori Y, Tsujikawa M, et al. Hepatitis E virus in Norway rats (Rattus norvegicus) captured around a pig farm. BMC Res Notes. (2012) 5:4. doi: 10.1186/1756-0500-5-4

 31. Mansuy JM, Bendall R, Legrand-Abravanel F, Saune K, Miedouge M, Ellis V, et al. Hepatitis E virus antibodies in blood donors, France. Emerg Infect Dis. (2011) 17:2309–12. doi: 10.3201/eid1712.110371

 32. Abravanel F, Lhomme S, Chapuy-Regaud S, Mansuy JM, Muscari F, Sallusto F, et al. Hepatitis E virus reinfections in solid-organ-transplant recipients can evolve into chronic infections. J Infect Dis. (2014) 209:1900–6. doi: 10.1093/infdis/jiu032

 33. Blasco-Perrin H, Madden RG, Stanley A, Crossan C, Hunter JG, Vine L, et al. Hepatitis E virus in patients with decompensated chronic liver disease: a prospective UK/French study. Aliment Pharmacol Ther. (2015) 42:574–81. doi: 10.1111/apt.13309

 34. Sridhar S, Situ J, Cai JP, Yip CC, Wu S, Zhang AJ, et al. Multimodal investigation of rat hepatitis E virus antigenicity: implications for infection, diagnostics, and vaccine efficacy. J Hepatol. (2021) 74:1315–24. doi: 10.1016/j.jhep.2020.12.028

 35. Riveiro-Barciela M, Rando-Segura A, Barreira-Diaz A, Bes M, S PR, Piron M, et al. Unexpected long-lasting anti-HEV IgM positivity: is HEV antigen a better serological marker for hepatitis E infection diagnosis? J Viral Hepat. (2020) 27:747–53. doi: 10.1111/jvh.13285

 36. Dremsek P, Wenzel JJ, Johne R, Ziller M, Hofmann J, Groschup MH, et al. Seroprevalence study in forestry workers from eastern Germany using novel genotype 3- and rat hepatitis E virus-specific immunoglobulin G ELISAs. Med Microbiol Immunol. (2012) 201:189–200. doi: 10.1007/s00430-011-0221-2

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Parraud, Lhomme, Péron, Da Silva, Tavitian, Kamar, Izopet and Abravanel. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-726363-t001.jpg
Mean age (year)

Gender (Male/Ferale)
Underlying pathologies
Bone marrow transplant recipients
Organ transplant recipients
Hematological malignancies
Solid cancer

Cirthosis

Corticosteroids treatment
Others

ALT (U/L)

AST (L)

Bilirubine (mol/L)

GGT (U1

19G VHE+

1M VHE +

Total (n)

83+17
133/91

85

67

48

5

4

2

13

159 £ 378
162 £ 763
239+ 45
20 + 488
110/224
21/224
224





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Rat Hepatitis E Virus: Presence in Humans in South-Western France?



		Introduction



		Patients and Method



		Patients Samples



		Serological Assays



		HEV-C RNA Detection







		Results



		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		Abbreviations



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Rat Hepatitis E Virus: Presence in
Humans in South-Western France?





OPS/images/fmed-08-726363-g001.gif
ATN

s
2 (n=3) (=5 o=6 \(n=61)(=3)(m72

igs+ | tese || s o+ | oo || s || s

ignae J Lige J{igne igwte JLigne J Lighae J g






OPS/images/fmed-08-726363-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





