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Hepatitis E virus is a common cause of acute hepatitis in humans. Related viruses have been isolated from multiple animal spe-
cies, including rats, but their impact on human health is unclear. We present the first full-length genome sequence of a rat hepa-
titis E virus strain isolated in the United States (LA-B350).
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Hepatitis E virus (HEV) is a positive sense, single-stranded
RNA virus and is a major cause of acute hepatitis worldwide

(1). Severe infections with high mortality may occur in pregnant
women and chronic infections have been described in immuno-
compromised patients (2). HEV belongs to the Hepeviridae family
that also comprises several related viruses isolated from different
animals, including rats, ferrets, bats, rabbits, chickens, and teleost
fish (3). The epidemiological aspects and public health impact of
these animal viruses are unclear to date, as are those for rat HEV.
At present, 10 full-length rat HEV genomes are available, includ-
ing sequences isolated from Germany, Indonesia, and Vietnam
(4). Rat HEV has also been detected in other regions, such as the
United States, Denmark, and China (5–8), but no full-length se-
quences have been determined for these strains yet.

Here we present the first full-length rat HEV sequence isolated
in the United States. The virus was originally isolated from rats
trapped in urban Los Angeles, and then passaged twice in
Sprague-Dawley rats and once in an athymic nude hooded rat
(B350), as reported (5). Total RNA was extracted from 100 �L of
a 10% liver homogenate from rat B350 with the Qiagen RNeasy kit
(Hilden, Germany) and viral RNA was amplified using the One-
Step reverse transcription (RT)-PCR kit (Qiagen) and KAPA
Hi-Fi HotStart ReadyMix PCR kit (Kapa Biosystems, Wilming-
ton, MA) subsequently. Primers were designed using relatively
conserved regions in an alignment of known rat HEV sequences
and strain-specific sequences as they became available. Fragments
were gel purified, cloned into the pJet1.2 vector using the Clone-
JET PCR cloning kit (Thermo Fisher Scientific, Waltham, MA),
and sequenced with the BigDye Terminator v. 3.1 cycle sequenc-
ing kit (Life Technologies, Carlsbad, CA). Sequences were assem-
bled and manually edited to obtain a complete consensus se-
quence (9).

The genome of this particular rat HEV strain, designated LA-
B350, is 6,942 nucleotides (nt) in length [excluding the poly(A)-
tail] and encodes the expected open reading frame 1 (ORF1)
(1,634 amino acids [aa]), ORF2 (644 aa), ORF3 (102 aa), and also
the ORF4 (183 aa) that seems to be conserved in rat and ferret

HEV (4). The highest nucleotide homology was found with the
Indonesian ratESOLO-006SF strain (87.8%) and the German rat/
Mu09/0434/DEU/2010 strain (87.6%), which have been provi-
sionally classified into genetic group 1. This lineage also includes
all other known German strains (4). Phylogenetic analyses of the
full-length LA-B350 confirmed its classification into the first ge-
netic group (designated G1). Sequence variation observed in the
cloned partial cDNAs was on average 2 � 10–3, and may thus be
slightly higher than expected for errors introduced by reverse
transcription (range of 10– 4 to 10–5) (10) and PCR (approxima-
tely 10– 4) (http://www.qiagen.com/media/ebooks/Maximising
_PCR_and_RT_PCR/index.htm), suggesting that LA-B350 may
exist as a diverse viral quasispecies, as was described for human
HEV as well (11).

In conclusion, the availability of the first U.S. rat HEV genome
may help in further elucidating rat HEV epidemiology and its
possible impact on human health.

Nucleotide sequence accession number. The complete ge-
nome of rat HEV strain LA-B350 can be accessed under the Gen-
Bank accession no. KM516906.

ACKNOWLEDGMENTS

Yannick Debing is a fellow of the Research Foundation—Flanders
(FWO).

This work was supported by KU Leuven, Geconcerteerde Onderzoek-
sacties (GOA/10/014), and the European Union (EU) FP7 project SILVER
(260644).

REFERENCES
1. Debing Y, Neyts J. 2014. Antiviral strategies for hepatitis E virus. Antiviral

Res. 102:106 –118. http://dx.doi.org/10.1016/j.antiviral.2013.12.005.
2. Wedemeyer H, Pischke S, Manns MP. 2012. Pathogenesis and treatment

of hepatitis E virus infection. Gastroenterology 142: 1388 –1397.e1. http://
dx.doi.org/10.1053/j.gastro.2012.02.014.

3. Johne R, Dremsek P, Reetz J, Heckel G, Hess M, Ulrich RG. 2014.
Hepeviridae: an expanding family of vertebrate viruses. Infect. Genet. Evol.
27C:212–229. http://dx.doi.org/10.1016/j.meegid.2014.06.024.

4. Mulyanto, Suparyatmo JB, Andayani IGAS, Khalid, Takahashi M,
Ohnishi H, Jirintai S, Nagashima S, Nishizawa T, Okamoto H. 2014.

crossmark

Genome AnnouncementsNovember/December 2014 Volume 2 Issue 6 e01096-14 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.01096-14&domain=pdf&date_stamp=2014-11-6
http://genomea.asm.org


Marked genomic heterogeneity of rat hepatitis E virus strains in Indonesia
demonstrated on a full-length genome analysis. Virus Res. 179:102–112.
http://dx.doi.org/10.1016/j.virusres.2013.10.029.

5. Purcell RH, Engle RE, Rood MP, Kabrane-Lazizi Y, Nguyen HT,
Govindarajan S, St Claire M, Emerson SU. 2011. Hepatitis E virus in rats,
Los Angeles, California, USA. Emerg. Infect. Dis. 17:2216 –2222. http://
dx.doi.org/10.3201/eid1712.110482.

6. Wolf S, Reetz J, Johne R, Heiberg AC, Petri S, Kanig H, Ulrich RG.
2013. The simultaneous occurrence of human norovirus and hepatitis E
virus in a Norway rat (Rattus norvegicus). Arch. Virol. 158:1575–1578.
http://dx.doi.org/10.1007/s00705-013-1646-2.

7. Li W, Guan D, Su J, Takeda N, Wakita T, Li TC, Ke CW. 2013. High
prevalence of rat hepatitis E virus in wild rats in China. Vet. Microbiol.
165:275–280. http://dx.doi.org/10.1016/j.vetmic.2013.03.017.

8. Guan D, Li W, Su J, Fang L, Takeda N, Wakita T, Li T-C, Ke C. 2013.

Asian musk shrew as a reservoir of rat hepatitis E virus, China. Emerg.
Infect. Dis. 19:1341–1343. http://dx.doi.org/10.3201/eid1908.130069.

9. Ladner JT, Beitzel B, Chain PS, Davenport MG, Donaldson EF, Frie-
man M, Kugelman JR, Kuhn JH, O’Rear J, Sabeti PC, Wentworth DE,
Wiley MR, Yu GY, Threat Characterization Consortium, Sozhamannan
S, Bradburne C, Palacios G. 2014. Standards for sequencing viral ge-
nomes in the era of high-throughput sequencing. mBio 5:e01360 – 01314.
http://dx.doi.org/10.1128/mBio.01360-14.

10. Roberts JD, Preston BD, Johnston LA, Soni A, Loeb LA, Kunkel TA.
1989. Fidelity of two retroviral reverse transcriptases during DNA-
dependent DNA synthesis in vitro. Mol. Cell. Biol. 9:469 – 476.

11. Lhomme S, Abravanel F, Dubois M, Sandres-Saune K, Rostaing L,
Kamar N, Izopet J. 2012. Hepatitis E virus quasispecies and the outcome
of acute hepatitis E in solid-organ transplant patients. J. Virol. 86:
10006 –10014. http://dx.doi.org/10.1128/JVI.01003-12.

Debing et al.

Genome Announcements2 genomea.asm.org November/December 2014 Volume 2 Issue 6 e01096-14

http://genomea.asm.org

	Complete Genome Sequence of a Rat Hepatitis E Virus Strain Isolated in the United States
	Nucleotide sequence accession number. 
	ACKNOWLEDGMENTS
	REFERENCES


