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about 7 Chinese SEOV isolates, which did not originate from
Shandong Province and were isolated mostly before 1990,
have been sequenced over 2000 nts. In order to obtain an
up-to-date information on SEOVs from Shandong Province,
we cloned, sequenced and phylogenetically analyzed 2353-
nts regions of M segments of two SEOV isolates (ZB8 and
GM04-38) from Shandong Province.

The isolates ZB8 and GM04-38 were identified as SEOV
by an indirect immunofluorescence assay in the lung tissue
of two brown rats captured in different areas of Shandong
Province in 2004. To avoid a potential genomic alteration
during growth in cell cultures (7), total RNA was extracted
from lung tissue of the rats with Total RNA Isolation System
(Promega) according to the manufacturer's instructions.
Cloning and sequencing was done using an RT-PCR. The
RT step was performed with random primers and AMV
reverse transcriptase (TaKaRa) in standard manner. The
cDNAs were PCR-amplified by LA Taq polymerase
(TaKaRa) using SEO virus-specific primers 5'-TAGTAGTA
GACTCCGCAA-3' (forward, nt 1–18) and 5'-TGGGCAATC
TGGGGGGTTGCATG-3' (reverse, nt 2353–2331) in 30
cycles consisting of 94°C/1 min, 51°C/1 min, and 72°C/150
secs. The PCR products of 2353 bp were gel-purified and
cloned into the pUCm-T vector (Sanger). Sequencing of the
clones was performed by Sangon Biocompany. The
sequences of the ZB8 and GM04-38 isolates were deposited
at GenBank under Acc. Nos. DQ469396 and DQ469397,
respectively. The nucleotide and deduced amino acid
sequences of these isolates were aligned and compared with
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Hemorrhagic fever with renal syndrome (HFRS) and
hantavirus pulmonary syndrome (HPS) are rodent-borne
viral zoonoses caused by hantaviruses (the genus Hanta-
virus, the family Bunyaviridae). Hantaviruses have
a tripartite, negative-strand RNA genome, of which the small
(S), medium (M) and large (L) segments encode nucleo-
capsid protein (N protein), glycoproteins (Gn and Gc), and
RNA-dependent RNA polymerase (L protein), respectively
(1). More than 20 hantavirus genotypes with specific main
rodent hosts have been identified so far (2). Rattus
norvegicus (brown rat) is the primary reservoir of Seoul
virus (SEOV) (3). In China, HFRS caused by Hantaan virus
(HTNV) and SEOV has a broad scope of prevalence. Ninety
percent of the total cases worldwide have occurred in China
(4, 5). Shandong Province, one of 31 provinces of China, is
an area of very severe HFRS epidemics with about one third
of total cases in China, and its annual HFRS incidence rate
is consistently among the top three in China (5). Since 1981,
many hantavirus isolates have been characterized genetically
and by restriction and sequence analyses of 300-nts regions
of M segments (3, 6). Only the sequences of M segments of
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those of other SEOVs deposited at GenBank: L99
(AF288298), B-1 (X53861), KI-88-15 (D17594), Gou3
(AF145977), HB55 (AF035832), IR461 (AF458104), K24-
v2 (AF288654), SR-11 (M34882), 80-39 (NC_005237), Z37
(NC_006436), R22 (S68035 with corrections) (8), ZT10
(DQ159911), and 76-118 (M14627). Phylogenetic analysis
of 2353-nts regions of M segments of the isolates was
performed by the neighbour-joining method using the Mega3
version 3.

Homologous comparison showed that ZB8 and GM04-
38 had a 98.9% identity with each other and an 84.4–97.5%
identity with other SEOV isolates at nucleotide level, and
a 99.7% identity with each other and a 96.9–99.7% identity
with other SEOV isolates at amino acid level. Except Gou3,
the nucleotide and amino acid sequences of all compared
SEOV isolates were highly conserved though they were
isolated in various countries and in different years, indicating
a genetic stability of these viruses. Among all nucleotide
substitutions in the isolates, transitions represented 76.9%
and transversions 23.1%. Whereas C→T transitions were
most common (45.1%), C→G transversions were rare
(1.7%). The L→F substitution at the position 6 was common
for both isolates. Two amino acids substitutions at the
positions 258 (A→T) and 543 (C→R) were unique for ZB8
and differed from other SEOVs.

Three potential N-glycosylation sites (N132, N345, and
N397) (9) were conserved among all SEOV isolates, while
N233 of IR461 glycoprotein Gn was substituted by I,
implying the glycosylation at this site was not crucial to the
folding and function of Gn. In phylogenetic analysis (the
figure), the two Shandong isolates formed together with two
isolates from Zhejiang Province P.R. China (Z37 and ZT10)
in the subtype 3 cluster an independent lineage distinct from
other SEOV isolates from other Chinese provinces or other
countries (10, 11).

Viruses of some species of hantaviruses, such as HTNV
or Puumala, are characteristic of virus-host co-evolution and
geographical clustering (10, 12). Although Zhejiang and
Shandong are geographically remote Chinese provinces,
both are situated on the east coast of the country. The fact
that the respective isolates clustered together was probably
related to their common host, Rattus norvegicus, which can
also migrate via trains, ships or long-distance buses. Some

isolates dated to different years grouped into the same
clusters, such as the abovementioned subtype 3 isolates,
indicating a slow mutation rate of SEOV. Three frame shifts
in the sequence of M segment of R22 isolate (7), caused by
erroneous sequencing, were later corrected (8). In this study,
we found that the corrected sequence of R22 M segment
still had two frame shifts due to a missing G at the position
897 and a T inserted at the position 905. Considering the
high identities of R22 with other SEOV isolates, e.g. a 99.2%
identity with L99 at the nucleotide level, we assume that
also the two frame shifts are sequencing errors and require
a re-sequencing.

Acknowledgements. This work was supported by the Key
Scientific and Technological Innovative Research Plan for
Shandong Province, P.R. China (the grant No. CX02102), and the
Scientific Foundation of Innovative Research Team, Shandong
University, Jinan, P. R. China.

References

(1) Elliot RM, J. Gen. Virol. 71, 501–522, 1990.
(2) Schmaljohn C, Hjelle B, Emerg. Infect. Dis. 3, 95–104, 1997.
(3) Xiao SY, Leduc JW, Chu YK, Schmaljohn CS, Virology 198,

205–217, 1994.
(4) McCaughey C, Hart CA, J. Med. Microbiol. 49, 587–599, 2000.
(5) Zhang YZ, Xiao DL, Wang Y, Wang HX, Sun L, Tao XX, Qu

YG, Chin. J. Epidemiol. 25, 466–469, 2004.
(6) Li Q, Yang ZQ, Qu H, Xiao H, Acta. Virol. 49, 17–22, 2005.
(7) Schmidt J, Jandrig B, Klempa B, Yoshimatsu K, Arikawa J,

Meisel H, Niedrig M, Pitra C, Krüger DH, Ulrich R, Virus
Genes 30, 37–48, 2005.

(8) Shi XH, Liang MF, Hang CS, Song G, McCaughey C, Elliott
RM, Virus Res. 56, 69–76, 1998.

(9) Shi XH, Elliott RM, J. Virol. 78, 5414–5422, 2004.
(10) Wang H, Yoshimatsu K, Ebihara H, Michiko O, Araki K,

Kariwa H, Wang ZX, Luo ZZ, Li DX, Hang CS, Arikawa
J, Virology 278, 332–345, 2000.

(11) Shi XH, McCaughey C, Elliott RM, J. Med. Virol. 71, 105–
109, 2003.

(12) Horling J, Lundkvist A, Jaarola M, Plyusnin A, Tegelstrom
H, Persson K, Lehvaslaiho H, Hornfeldt B, Vaheri A,
Niklasson B, J. Gen. Virol. 77, 2555–2562, 1996.


