
Hidden Danger: The Raw Facts about Hepatitis E Virus

Robert H. Purcell and Suzanne U. Emerson
Sections of Hepatitis Viruses and Molecular Hepatitis, Laboratory of Infectious Diseases, National
Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, Maryland

In 1980, hepatitis E was the last of the 5 recognized types of human hepatitis to be discovered;
in 1990, the genome of the etiologic agent of hepatitis E, hepatitis E virus (HEV), was cloned
and serological tests were developed [1]. It proved to be the most or second-most important
cause of acute clinical hepatitis among adults throughout much of Asia, the Middle East, and
Africa [2]. In contrast, HEV was rarely identified in industrialized countries, and the few
reported cases of infection were usually in someone who had recently traveled to an endemic
region. In the past few years this pattern has changed, as cases of endemic or autochthonous
hepatitis E have been diagnosed with increasing frequency in individuals who have not traveled
abroad.

HEV exists as at least 4 genotypes. Genotype 1 is the principal cause of disease in much of
Asia, the Middle East, and Africa, whereas genotype 2 is associated with outbreaks in Mexico
and Central Africa [2]. In 1998, 2 cases of autochthonous hepatitis E were reported in the
United States [3]. These appeared not to have been caused by genotypes 1 or 2. At about the
same time, HEV was recovered from domestic swine in the United States, and this virus proved
to be closely related to the viruses recovered from the 2 humans in the United States with
hepatitis E [3,4]. These were the first reports of what became known as genotype 3. Eventually,
this genotype was recovered from swine herds throughout the Western Hemisphere and parts
of Asia and shown to be highly endemic, infecting >90% of swine in some herds [4,5]. At
about the same time, an additional genotype, genotype 4, was recovered from humans in parts
of Asia and subsequently from swine in the same regions [6,7]. Both genotypes 3 and 4 continue
to be recovered occasionally from humans with hepatitis E, principally from cases in Asia but
also from sporadic cases (mostly genotype 3 infections) in North and South America and
Europe [8]. However, genotype 1 and, to a lesser extent, genotype 2 have remained the most
important causes of epidemics of hepatitis E in developing countries.

Genotypes 1 and 2 may be more virulent than genotypes 3 and 4: clinical hepatitis E caused
by genotypes 1 and 2 occurs most frequently in individuals 15–35 years of age, whereas that
caused by genotypes 3 and 4 occurs most frequently among immunocompromised individuals
(eg, persons >40 years of age, patients infected with human immunodeficiency virus [HIV],
and organ transplant recipients) [2,9,10]. Subclinical infections with genotypes 3 and 4 may
be responsible for the relatively high prevalence of anti-HEV antibodies in industrialized
countries [11].

Shortly after the discovery of genotypes 3 and 4, a zoonotic association between genotypes 3
and 4 and human disease was proposed [4,7]. The prevalence of antibodies to HEV was higher
among swine workers than among blood donors in the United States, and epidemiological and
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molecular associations between hepatitis E cases and eating raw or undercooked meat from
domestic swine, wild boar, and Sika deer were reported in Japan [12-16].

The increased incidence of reported cases of hepatitis E in Europe has focused attention on a
virus that previously had garnered little attention. Cases have been reported with increasing
regularity throughout Western Europe, as well as in some Eastern European countries [17,
18]. Most of these have been cases of infection with genotype 3, which is highly endemic
among domestic swine and wild boar in the same regions. The consensus is that in most cases
of hepatitis E in Europe the disease is zoonotically acquired, but the principal modes of
infection (through contaminated food, direct exposure to swine and swine feces, or
environmental contamination) are not well understood. Indeed, HEV sequences (and, in 1 case,
viable viruses) have been found in raw pork liver purchased from commercial shops in Europe,
the United Kingdom, the United States, and Asia. Proper cooking of pork containing HEV
would render it safe to eat, but HEV is still viable after heating at 56°C (the temperature of
rare to medium-cooked meat) for 1 h [19].

However, much pork is consumed that has not had even that degree of cooking. In this issue
of the Journal, a case-control study by Colson et al [20] links cases of hepatitis E in 3 separate
outbreaks to the consumption of figatellu, a traditional pig liver sausage from Corsica that is
widely eaten in southeastern France and commonly consumed raw. Sequences of HEV that
closely matched the sequences recovered from the patients were recovered from 7 of 12 figatelli
purchased from local supermarkets; the titer of HEV in these sausages was 103–106 genome
copies per slice. However, the viability of HEV was not tested. Figatellu is smoked for a few
days but not otherwise processed and is usually consumed within 5–25 days. This study has
prompted French public health authorities to require that labels on figatellu call for thorough
cooking [20].

Another study in this issue of the Journal, by Legrand-Abravanel et al [21], also addresses the
issue of autochthonous hepatitis E but from the standpoint of the characteristics and
epidemiology of the disease among solid-organ transplant recipients who had incidentally
contracted hepatitis E. The authors studied 38 patients in southwestern France with HEV
genotype 3 infection, 58% of which progressed to chronicity. The patients were compared with
matched control participants in southwestern France who had no evidence of HEV infection.
According to the results of a questionnaire, consumption of game meat (hunted animals such
as wild boar, deer, and hares), consumption of processed pork (pate, sausages, etc), and
consumption of mussels were all statistically significantly more common among case patients
than among control participants (68% of case patients vs 47% of control participants consumed
game meat, 97% of case patients vs 84% of control participants consumed processed pork, and
100% of case patients vs 78% of control participants consumed mussels). The association
between hepatitis E and consumption of game meat remained statistically significant after
logistic regression analysis.

Eating undercooked pork and pork products appears to be quite common in Europe. Although
the study by LegrandAbravanel et al [21] did not address the consumption of undercooked
meat, other studies have explored its association with hepatitis E. A case-control study by
Wich-mann et al [22] in Germany, where hepatitis E is a reportable disease, found that
consumption of raw or undercooked beef, wild boar meat, and offal (liver, kidney, and intestine)
was statistically significantly associated with autochthonous HEV infection after bivariate
analysis, but only consumption of offal and consumption of wild boar meat were independently
associated with hepatitis E after conditional logistic regression. What is noteworthy is that 79%
of case patients and 66% of control participants had consumed raw or undercooked pork
products during the previous 2 months.
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What is not clear is how effective the usual processing procedures for uncooked meat and offal
and their products are in inactivating pathogens such as HEV. Processes such as salting, air-
drying, and smoking are ancient traditions of human-kind that are now perpetuated for taste
rather than the necessity of preserving food. HEV can be found in the liver, blood, and intestinal
tract, which are all consumed in one form or another and often together, such as in sausages.
How safe are these products? The question is difficult to answer because HEV grows poorly
in cell culture, and in vivo testing of viability requires nonstandard laboratory animals—
nonhuman primates or pigs for genotypes 3 and 4.

Is the frequency of hepatitis E increasing in industrialized countries or is this only a perception?
Probably the latter is correct. There has been a rapid rise in pork consumption in some
developing countries, but this may not be true in Western countries. Although the per capita
consumption of pork in Europe is already the highest in the world [23], pork consumption has
remained relatively stable in recent years, for example, in Hungary, as has identification of
hepatitis cases in at least 1 medical center where HEV has also been identified in the livers of
3 suspect meat sources: swine, wild boar, and roe deer [24,25]. Similarly, the frequency of
HEV infection of swine in Spain has been relatively constant, at least since 1985 [26]. Thus,
a doubling of reported hepatitis E cases in European countries from 2004 through 2005 does
not likely reflect increased pork consumption or increased infection of swine [27]. More likely,
it could simply reflect increased testing for hepatitis E. Commercial tests for antibodies to HEV
have been notoriously unreliable, and a hepatitis E test has never been licensed in the United
States. This lack of interest in hepatitis E tests by the industry most likely reflects their
calculation that such tests will not be very profitable. Consequently, testing for hepatitis E in
the West has been sporadic at best. However, the industry is beginning to take notice of the
growing interest in hepatitis E in industrialized countries. Most commercial tests remain
suspect, as comparisons reveal different results with different tests [28]. Several years ago,
most of the anti-HEV tests available at the time were compared, using a panel of coded samples
[29]. The study revealed wide discrepancies in sensitivity and specificity. A comparison of
currently available diagnostic tests for hepatitis E could provide the medical community with
the information needed to choose tests that accurately reflect the extent of hepatitis E, which
in turn should aid in better understanding the sources of infection.

Acknowledgments
Financial support: Intramural Research Program of the National Institute of Allergy and Infectious Diseases, National
Institutes of Health.

References
1. Reyes GF, Purdy MA, Kim JP, et al. Isolation of a cDNA from the virus responsible for enterically

transmitted non-A, non-B hepatitis. Science 1990;247:1335–1339. [PubMed: 2107574]
2. Purcell RH, Emerson SU. Hepatitis E: an emerging awareness of an old disease. J Hepatol

2008;48:494–503. [PubMed: 18192058]
3. Schlauder GG, Dawson GJ, Erker JC, et al. The sequence and phylogenetic analysis of a novel hepatitis

E virus isolated from a patient with acute hepatitis reported in the United States. J Gen Virol
1998;79:447–456. [PubMed: 9519822]

4. Meng XJ, Purcell RH, Halbur PG, et al. A novel virus in swine is closely related to the human hepatitis
E virus. Proc Natl Acad Sci U S A 1997;94:9860–9865. [PubMed: 9275216]

5. Meng X-J, Dea S, Engle RE, et al. Prevalence of antibodies to the hepatitis E virus in pigs from countries
where hepatitis E is common or is rare in the human population. J Med Virol 1999;59:297–302.
[PubMed: 10502259]

6. Wu J-C, Sheen I-J, Chiang T-Y, et al. The impact of traveling to endemic areas on the spread of hepatitis
E virus infection: epidemiological and molecular analyses. Hepatology 1998;27:1415–1420.
[PubMed: 9581700]

Purcell and Emerson Page 3

J Infect Dis. Author manuscript; available in PMC 2010 September 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



7. Wu J-C, Chen C-M, Chiang T-Y, et al. Clinical and epidemiological implications of swine hepatitis E
virus infection. J Med Virol 2000;60:166–171. [PubMed: 10596016]

8. Schlauder GG, Mushahwar IK. Genetic heterogeneity of hepatitis E virus. J Med Virol 2001;65:282–
292. [PubMed: 11536234]

9. Kabrane-Lazizi Y, Zhang M, Purcell RH, et al. Acute hepatitis caused by a novel strain of hepatitis E
virus most closely related to United States strains. J Gen Virol 2001;82:1687–1693. [PubMed:
11413380]

10. Kamar N, Selves J, Mansuy J-M, et al. Hepatitis E virus and chronic hepatitis in organ-transplant
recipients. N Engl J Med 2008;358:811–817. [PubMed: 18287603]

11. Mansuy JM, Legrand-Abravanel F, Calot JP, et al. High prevalence of anti-hepatitis E virus antibodies
in blood donors from South West France. J Med Virol 2008;80:289–293. [PubMed: 18098159]

12. Tei S, Kitajima N, Takahashi K, et al. Zoonotic transmission of hepatitis E from deer to human beings.
Lancet 2003;362:371–373. [PubMed: 12907011]

13. Matsuda H, Okada K, Takahashi K, et al. Severe hepatitis E virus infection after ingestion of uncooked
liver from a wild boar. J Infect Dis 2003;188:944. [PubMed: 12964128]

14. Takahashi K, Kitajima N, Abe N, et al. Complete or near-complete nucleotide sequences of hepatitis
E virus genome recovered from a wild boar, a deer, and four patients who ate the deer. Virology
2004;330:501–505. [PubMed: 15567444]

15. Matsubayashi K, Kang J-H, Sakata H, et al. A case of transfusion-transmitted hepatitis E caused by
blood from a donor infected with hepatitis E virus via zoonotic food-borne route. Transfusion
2008;48:1368–1375. [PubMed: 18651907]

16. Mishiro S. Recent topics on hepatitis E virus: emerging, zoonotic, and animal-to-human transmission
in Japan [in Japanese]. Uirusu 2004;54:243–248. [PubMed: 15745163]

17. Dalton HR, Bendall R, Ijaz S, Banks M. Hepatitis E: an emerging infection in developed countries.
Lancet Infect Dis 2008;8:698–709. [PubMed: 18992406]

18. Shouval D, Zanetti A. Hepatitis A and E: update on prevention and epidemiology. Viral Hepatitis
Newsletter 2009;18:12–24.

19. Emerson SU, Arankalle VA, Purcell RH. Thermal stability of hepatitis E virus. J Infect Dis
2005;192:930–933. [PubMed: 16088844]

20. Colson P, Borentain P, Queyriaux B, et al. Pig liver sausage as a source of hepatitis E virus
transmission to humans. J Infect Dis 2010;202(6):825–834. in this issue. [PubMed: 20695796]

21. Legrand-Abravanel F, Kamar N, SandresSaune K, et al. Characteristics of autochthonous hepatitis E
virus infection in solid-organ transplant recipients in France. J Infect Dis 2010;202(6):835–844. in
this issue. [PubMed: 20695798]

22. Wichmann O, Schimanski S, Koch J, et al. Phylogenetic and case-control study on hepatitis E virus
infection in Germany. J Infect Dis 2008;198:1732–1741. [PubMed: 18983248]

23. United States Department of Agriculture (USDA) Census of Agriculture. Pork consumption per capita
(most recent) by country. NationMaster Web site.
http://www.nationmaster.com/graph/foo_por_con_per_cap-food-pork-consumption-per-capita.
Measures taken in 1997

24. Podruzsik S, Szigeti J. Changes in consumption preferences of the meat products in Hungary. Journal
of International Research Publication: Ecology and Safety 2009;4:76–83.

25. Reuter G, Fodor D, Forgách P, et al. Characterization and zoonotic potential of endemic hepatitis E
virus (HEV) strains in humans and animals in Hungary. J Clin Virol 2009;44:277–281. [PubMed:
19217346]

26. Casas M, Pujols J, Rosell R, et al. Retrospective serological study on hepatitis E infection in pigs
from 1985 to 1997 in Spain. Vet Microbiol 2009;135:248–252. [PubMed: 18996653]

27. Mataragas M, Skandamis PN, Drosinos EH. Risk profiles of pork and poultry meat and risk ratings
of various pathogen/product combinations. Int J Food Microbiol 2008;126:1–12. [PubMed:
18602180]

28. Dalton HR, Bendall RP, Keane FE, et al. Persistent carriage of hepatitis E virus in patients with HIV
infection. N Engl J Med 2009;361:1025–1027. [PubMed: 19726781]

Purcell and Emerson Page 4

J Infect Dis. Author manuscript; available in PMC 2010 September 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.nationmaster.com/graph/foo_por_con_per_cap-food-pork-consumption-per-capita


29. Mast EE, Alter MJ, Holland PV, et al. Evaluation of assays for antibody to hepatitis E virus by a
serum panel. Hepatology 1998;27:857–861. [PubMed: 9500718]

Purcell and Emerson Page 5

J Infect Dis. Author manuscript; available in PMC 2010 September 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


