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Abstract

Hantaviruses are causative agents of some severe human illnesses, in-
cluding hemorrhagic fever with renal syndrome (HFRS) and hantavirus pul-
monary syndrome (HPS). The viruses are maintained by rodent hosts, and
humans acquire infection by inhaling virus-contaminated excreta from in-
fected animals. To examine the epidemiology of hantavirus infections in Ja-
pan and Far East Russia, we conducted epidemiological surveys in these re-
gions. In Japan, anti-hantavirus antibodies were found in four rodent species,
Clethrionomys rufocanus, Rattus norvegicus, R. rattus, and Apodemus specio-
sus. Although no new HFRS cases have been officially reported over the past
20 years in Japan, one member of the Japan Ground Self-Defense Force did
test positive for hantavirus antibody. Repeated surveys in Far East Russia
have revealed that two distinct hantavirus types cause severe HFRS in this
region. Hantavirus sequences identified from A. peninsulae, fetal HFRS cases
in Vladivostok, and Amur virus are highly similar to each other (>92% iden-
tity), but they are less similar (~84% identity) to the prototypical Hantaan
virus, which is carried by A. agrarius. Phylogenetic analysis also indicates
that Amur and A. peninsulae-associated viruses are distinct from Hantaan vi-
rus, suggesting that A. peninsulae is the reservoir animal for Amur virus,
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which causes severe HFRS. From HFRS patients in the Khabarovsk region,
we identified viruses with nucleotide sequences that are more similar to Far
East virus (>96%identity) than to the Hantaan (88-89%identity) or Amur
(81-83%identity) viruses. Phylogenetic analysis also indicates that the vi-

ruses from Khabarovsk HFRS patients are closely related to the Far East vi-

rus, and distinct from Amur virus.

Key Words : Hantavirus, rodent, epidemiology, epizootiology, zoonosis

Introduction

Hantaviruses are known causative ag-
ents of two human illnesses, hemorrhagic fe-
ver with renal syndrome (HFRS) and hanta-
virus pulmonary syndrome (HPS). The ani-
mal reservoirs of hantaviruses are various ro-
dent species, which, when infected, are as-
ymptomatic and carry the virus for long periods.
Humans acquire hantavirus infection by in-
haling virus-containing excreta from infected
animals.

Hantaviruses belong to the genus Hanta-
virus of the family Bunyaviridae, are envel-
oped, and contain three single-stranded anti-
sense RNA segments. The large (L), medium
(M), and small (S) RNA segments encode a
viral polymerase, surface glycoproteins G1
and G2, and a nucleocapsid protein (NP), re-

spectively®**"*

. More than 20 serotypes or
genotypes of hantaviruses have been reported,
and each of these viruses has a specific rodent
reservoir (although one hantavirus strain has
been isolated from the insectivore Suncus
murinus)® . Because the phylogenies of the
viruses and their reservoir rodents are to-
pologically identical, hantaviruses and ro-
dents are generally believed to have co-
evolved”’. The emergence of human hantavi-
rus infections may be a result of changes in
both ecological factors and human activities.
The most important risk factor is close con-
tact with rodents as a result of agricultural,

forestry, or military activities"'.

HFRS is caused by Hantaan virus
(HTNV), Seoul virus (SEOV), Puumala vi-
rus (PUUV) , and Dobrava virus (DOBV) in
Eurasia ; these viruses are carried by Apode-
mus agrarius, Rattus norvegicus and R. rattus,
Clethrionomys glareolus, and A. flavicollis, re-
spectively’ . Recently, Saaremaa virus
(SAAV) was identified as the causative agent
of a mild form of HFRS in Europe, and A.

15, 22) Sero—

agrarius was found to be the carrier
logical evidence indicates that human SAAV
infections occur in Estonia”, and SAAV may
have been the cause of an HFRS outbreak in
Russia in the 1990s®. On the American conti-
nent, HPS is caused by Sin Nombre virus
(SNV), New York virus (NYV), Black Creek
Canal virus (BCCV), Bayou virus (BAYV),
and Andes virus (ANDV), which are carried
by Peromyscus maniculatus, P. leucopus, Sig-
modon hispidus, Oryzomys palustris, and Oli-
goryzomys longicaudatus, respectively”™** .
About 200,000 HFRS cases are reported
annually throughout the world”. A wide vari-
ety of hantaviruses responsible for HRFS
have been found in East Asia™. About 50, 000
to 100, 000 HFRS cases are reported annually
in China, where HTNV and SEOV are respon-
sible for most of the cases™. In addition, about
100 to 200 HFRS patients are reported annu-
ally in Far East Russia, a well-known en-
demic area for HFRS. Recently, a distinct
type of hantavirus, Amur virus (AMRV), was
identified in HFRS patients in Far East Rus-

sia"’. Our previous studies revealed that A.



Hiroaki Kariwa et al. 147

peninsulae is the reservoir animal for AMRYV,
and revealed antigenic and genetic evidence
of a distinct hantavirus serotype'”®. Further-
more, Khabarovsk and Vladivostok viruses
have also been identified in the same re-
gione,n).

Two outbreaks of HFRS have occurred in
Japan since the 1960s. One outbreak was re-
ported in the Umeda district of Osaka in the

1960s* . The source of the infection is be-

lieved to have been urban rats (R. norvegicus) .

The other outbreak was reported in various
Japanese animal facilities between 1970
and 1984, and the human infections were re-
lated to contact with laboratory rats (R. nor-

519 No new HFRS cases have been

vegicus )
reported since 1985, although seropositive R.
norvegicus specimens have been identified
in ports and reclaimed areas in various
locations throughout the country”. In addi-
tion, Puumala-related viruses are widely dis-
tributed in C. rufocanus on Hokkaido, the
northern-most major island of Japan'""

Although we recently identified anti-
hantavirus antibodies among patients with
hepatitis of unknown etiology in Japan, the
prevalence of the antibody is very low in the
general population’”. Why Japan has rela-
tively few HFRS patients, in spite of the
highly endemic nature of the disease in the
surrounding countries, is unknown. To inves-
tigate this issue, a large-scale epizootiological
study targeting indigenous rodents was es-
sential. Therefore, we carried out epizooti-
ological surveys in rodents from various areas
of Japan, including the four major islands
(Hokkaido, Honshu, Shikoku, and Kyushu),
to determine the endemic areas and the reser-
voir animals. In addition, we carried out epi-
demiological surveys in Vladivostok and
Khabarovsk to examine the ecology of hanta-
viruses in Far East Russia, a highly endemic
area of HFRS.

Epidemiology of hantavirus infection in
Japan

Rodent epidemiology

Despite its location amidst countries en-
demic for HFRS, Japan has not had a re-
ported case of HFRS for about twenty years.
During this period, however, anti-hantavirus
antibodies have been detected in R. nor-
vegicus specimens captured in various Japa-
nese ports. Our previous epizootiological sur-
veys revealed that 10% of C. rufocanus speci-
mens on Hokkaido have anti-hantavirus anti-
bodies, and this species carried PUUV-related
viruses'”".

Epizootiological studies of hantavirus in-
fection among wild rodents were conducted in
various locations in Japan, including the four
major islands (Honshu, Kyushu, Shikoku, and
Hokkaido), from 2000 to 2003. A total of 806
rodents and insectivores were captured from
11 wild settings on Honshu, Shikoku, Kyushu,
and Tsushima Islands, and from six sites on
Hokkaido. The geographical locations of the
survey sites are shown in Figure 1. The sera
were screened for anti-hantavirus antibodies
using immunofluorescent antibody assay
(IFA).

Serum samples from a total of 592 ro-
dents collected from wild settings in the
southern regions of Japan, including Honshu,
Shikoku, Kyushu, and Tsushima Islands,
were screened for antibodies to HTNV, SEOV,
and PUUV. Seropositive animals were de-
tected in Toyama and Shimane (Table 1 ). Of
471 A. speciosus individuals, five (1.1%) were
seropositive by IFA. Two R. norvegicus indi-
viduals(5.1%) from Toyama were positive for
SEOV. No antibodies to PUUV were detected
in any rodent species from the southern re-
gion of Japan. Some of the IFA-positive sera
from A. speciosus neutralized HTNV (1 : 20),
but not SEOV. Using RT-PCR, we attempted
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Fig. 1. Geographical location of epizootiological sur-
vey sites in Japan. A : Surveys were carried
out in Aomori, Niigata, Toyama, Yamanashi,
Shizuoka, Osaka, Tokushima, Shimane,
Tsushima, Miyazaki, and Kagoshima prefec-
tures. B : Surveys were carried out in Wak-
kani, Rumoi, Ishikari, Otaru, Tomakomai,
Hakodate, Tobetsu, Ebetsu, Chitose, Yufutsu,
Kushiro, Kiritappu, Hanasaki, and Nemuro
on Hokkaido, the northernmost main island
of Japan. Survey sites were (O) seaports and

airports or (@) wild settings such as forests.

to detect viral genes in seropositive A. specio-
sus, but none of the samples produced virus-

specific PCR product bands (data not shown).

In contrast, of the 214 animals captured
in wild settings in Hokkaido, five out of the

153(3.26%) C. rufocanus individuals from Nemuro,

Ebetsu, and Tobetsu were found to be seropo-
sitive (Table 2 ).
tured in wild settings had detectable anti-

No other rodent species cap-

hantavirus antibodies. In rodents captured in
urban or semi-urban settings (ports and a
Hokkaido airport), 4.5% (2/44) of C. rufocanus,
0.62% (2/321) of R. norvegicus, and 6.7% (3/
45) of R. rattus individuals were seropositive
(Table 3 ). C. rufocanus from both wild set-
tings and the Chitose Airport had anti-PUUV
IFA titers ranging from 1:32 to 1: 128 and
lower or undetectable anti-HTNV titers. Se-
ropositive R. norvegicus and R. rattus were
found in the port areas of Rumoi, Otaru, and
Hakodate. The anti-SEOV and-HTNV IFA titers
in these samples were almost equivalent, but
antibodies to PUUV were undetectable.

We detected seropositive specimens of A.
speciosus (5/482, 1.0%), R. norvegicus (4/364,
1.1%), R. rattus (3/45, 6.7%), and C. rufo-
canus (7/197, 3.6% ) among 1,221 animals
captured in various areas and settings of Ja-
pan. These four rodent species may play im-
portant roles as reservoir animals of hantavi-
rus in Japan.

Further epizootiological surveys should
be conducted to determine the type of hanta-
virus carried by A. speciosus. Furthermore,
since seropositive R. rattus and R. norvegicus
found in seaports and at the Chitose airport
could be sources of human SEOV infection,
their presence could pose a threat to people
working in these facilities, to travelers, and to
quarantine office employees. A higher sero-
prevalence was reported in workers employed
in a reclaimed area where seropositive urban
rats were detected [34].
scale epidemiological study of hantavirus in-

Therefore, a larger-

fection among people associated with the sea-
ports and airports in Japan is warranted.

Hantavirus infection in humans
To examine the epidemiology of human
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Table 1. Detection of antibodies to hantavirus by IFA among wild rodents in Honshu, Shikoku, kyushu, and
Tsushima islands (2000-2003)

Rodent spocies Seroprevalence at Positive rate (%) to
Aomori  Niigata Toyama Yamanashi Shizuoka Shimane Tokushima Miyazaki Tsushima Kagoshima Osaka HTNV SEOV PUUV

A. speciosu® 0/14 0/6 4/23 0/7 0/19 1./69 0/2 0.,/69 0,33 0/1 0,28 5/471 (1.1) 4 /471 (0.84) 0/471 (0)
A. argentius - - 0/9 0/7 0/9 - - 0/17 0/7 - - 0,49 (0) 0,49 (0) 0,49 (0)
M. montebelli - - 0/11 - - - - - - - - 011 (0) 011 (0) 0/11 (0)
E. smithi - - 0/11 - - - - - - - - 011 (0) 011 (0) 011 (0)
M. minutus - - - - - - - - 0/1 - - 0/1 (0) 0/1 (0) 0/1 (0)
M. musculus - - - - - - - - 0/4 - - 0/4 (0) 0/4 (0) 0/4 (0)
R. norvegicus - - 2/39 - - - - - - - - 2/39 (5.1 2/39 (5.1) 0./39 (0)
C. dsinezumi - - - - - - - 0/1 - - - 0/1 (0) 0/1 (0) 0/1 (0)
U. tapoides - - - - - - - 0/5 - - - 0/5 (0) 0/5 (0) 0/5 (0)
Total 0./14 0/6 6,293 0/14 0,28 1./69 0/2 0./92 0/45 0/1 0,28 7/592 (1.2) 6,592 (1.0) 0,592 (0)

a) Seropositive rodent species, the places where seropositive rodents found, and the number of seropositive ro-
dents were shown in bold face.
b) Number of seropositive rodents/number of captured rodents

Table 2. Detection of antibodies to hantavirus (HTN or SEO or PUU) by IFA among rodents captured in field
surveys in Hokkaido (2000-2003)

Place of survey Positive rate (%) to
Rodent Species
Nemuro Kiritappu Ebetsu Tobetsu Yufutsu HTNYV, SEOV, or PUUV
C. rufocanus 117 0/8 3/8 1./125 0./11 5,153 (3.3)
C. rutilus 0,20 — — — 0/2 0,722 (0)
A. speciosus — — 01 01 0/4 06 (0)
A. argentius - - 0/1 - 0.9 0,10 (0)
A. peninsule - — - - 0/4 04 (0)
R. norvegicus - - - 0/4 - 04 (0)
S. caecutiens - - - - 0/3 03 (0)
S. gracillimus — - - - 0./11 011 (0)
S. unguiculatus - — - — 01 01 (0)
Total 1,21 038 3./10 1./130 0./45 5,214 (2.3)

a) Number of seropositive rodents/number of captured rodents

Table 3. Detection of antibodies to hantavirus (HTN or PUU or SEO) by IFA among rodents captured in ports
and the Chitose Airport in Hokkaido (2000-2003)

Place of survey Positive rate (%) to
Rodent species
Chitose” Otaru Hakodate Rumoi Hanasaki Ishikari Kushiro Wakkani  Tomokomai HTNV SEOV PUUV

C. rufocanus 2./39 0/5 2/44 (4.5) 0/44 (0) 2/44 (4.5)
A. speciosus 0/5 0/5 (0) 0/5 (0) 0/5 (0)
R. norvegicus 0./12 1/115 0/28 1./56 0/4 0/9 0/3 0/35 0,59 2 /321 (0.62) 2,/321 (0.62) 0,321 (0)
R. rattus 2/44 1/1 3/45 (6.7) 3/45 (6.7) 0/45 (0)
Total 2 /56 3./159 1/29 1,/56 0/4 0./14 0/3 0/35 0./59 7./415 (1.7) 5/415 (1.2) 2 /415 (0.48)

a) Airport
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Table 4 . ELISA and WB for anti-hantavirus antibody positive blood donor found in the Self-defense Force in

Hokkaido
No.of blood donors ELISA WB IFA
Place Donor
and positives (%) HTNV  PUUV HTNV  PUUV HTNV  SEOV  PUUV
1.7207  (0.48%) Chitose ~ #195 0.816 0.113 (+) NT? 128 256 <32
Control 0.023 0.018 (=) (—) <32 <32 <32

a) Not tested

Ag

7 rNP-HTN50
rNP-SE050
rNP-DOB50

o

Value (OD450~ODgo0)

00 5

#195 HTNV- SEOV- DoBv-  Normal
infected infected infected  gerum

Patient serum

Fig. 2. Anti-hantavirus antibody detection by
ELISA. IFA-positive human serum was in-
cubated on a plate coated with recombinant
hantavirus nucleocapsid proteins with
serotype-specific antigenic sites. The plate
was incubated with goat anti-human IgG
conjugated with alkaline phosphatase. Opti-
cal density (OD) was measured at 405nm.

hantavirus infection in an at-risk population,
we screened sera from the personnel of the Ja-
pan Ground Self-defense Force in Hokkaido.
Of 207 blood samples examined, one sample
was positive (0.48%) for anti-hantavirus an-
tibody by IFA, with titers of 1 . 256 to SEOV
and 1 : 128 to HTNV. To confirm this finding,
we carried out ELISA and Western-blot

analysis on the IFA-positive sample (Table4 ).

For ELISA, various recombinant nucleocapsid
proteins (rNPs) were used as antigens to de-
termine the type of infecting virus (Fig. 2 ).
The IFA-positive serum reacted most strongly
with an SEOV rNP (rNP-SEO50) in the

ELISA test, and the reaction pattern was
similar to that manifested by serum from a
confirmed SEOV-infected patient (Fig. 2 ),in-
dicating that the person might also have been
infected with SEOV. Although this group of
people has closer contact with C. rufocanus
than does the general population, no antibod-
ies to PUU-related virus were detected, sug-
gesting that PUU-related virus carried by C.
rufocanus in this area rarely infects humans.

Epidemiology of hantavirus infection in
Far East Russia

A variety of hantaviruses have been iden-
tified in HFRS patients and rodents in China
and Korea®**** HFRS has been firmly es-
tablished to be endemic to Far East Russia.
However, the genetics of hantaviruses that
are human pathogens have not been well de-
fined. To determine the reason for the rela-
tively low prevalence of hantavirus infection
in humans in Japan, as compared to its sur-
rounding countries, we conducted epidemi-
ological surveys in Far East Russia, a highly
endemic area of HFRS.

Epizootiological survey of rodents in Vladivostok

An epizootiological survey was carried
out on a total of 122 rodents that were cap-
tured in a Vladivostok suburb. The results of
serological screening of the rodent sera by IFA
are shown in Table 5. The identified rodent
species included A. peninsulae (70), A.
agrarius (39), C. rufocanus (8 ), Microtus for-
tis (3), and Tamias sibiricus (2 ). Screen-
ing by IFA revealed that one A. agrarius
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Table 5. Detection of antibodies to HTN and PUU
viruses by IFA among rodents in Vladivostok

. No. of sera Positives by IFA (%)

Rodent Species
tested HTN PUU

A. peninsulae 70 4 (5.7) 0
A. agrarius 39 1 (2.5) 0
C. rufocanus 8 1 (12.5) 1 (12.5)
M. fortis 3 0 0
T sibiricus 2 0
Total 122 6 (4.9) 1 (0.8)

Table 6 . Clinical history, serology, and virus detec-
tion of HFRS patients in Primorye region

Patient No.

Category ] 2
Age/Sex 53 years/Male 49 years/Male
Residence Cavalerovo Vostok
Onset of illness May 22, 2000 June 9, 2000
Date of death May 30, 2000 June 22, 2000
Cause of death Gastrointestinal bleeding Acute renal failure
IFA antibody to

HTN 76-118 512 1024
SR 11 128 1024
PUU 32 32
PCR
Lung + —
Liver - -
Kidney + —
Spleen NAY +
Brain NA -

(2.5%), four A. peninsulae (5.7%), and one
C. rufocanus (12.5%) individual had antibod-
ies to HTN and/or PUU viruses. Lung tissues
from seropositive A. peninsulae were sub-
jected to RT-PCR to amplify the virus
genomes. Two (#61 and #63) of the four ro-
dents that had high anti-HTNV IFA titers
(1:256 and 1 : 512) were positive by PCR for
both the S and M segments of hantavirus.

Clinicopathology of HFRS patients

We obtained the clinical histories of two
fatal cases of HFRS that occurred in the Pri-
morye region (Table 6 ) . These patients, who
lived in villages 400 and 600 km from Vladi-
vostok, died 8-13 days after the onset of dis-
ease from gastrointestinal bleeding and acute

. Histopathological changes in kidney tissue
from an HFRS patient in the Primorye re-
gion. The histological changes include inter-
stitial edema with mild infiltration of mono-
nuclear cells (small arrow) and the degenera-
tion of renal tubules (large arrow) in the cor-
tex. A : Proteinaceous casts and exudate (ar-
rowhead) are seen in the luminae of renal tu-
bules. Glomerular changes are inconspicuous.
B:The most prominent change in the medulla
is a well-defined necrotic lesion (asterisk).

renal failure. Serological screening showed
that both patients were positive for hantavi-
rus antibodies. Antibody titers to HTN and
SEO viruses were apparently higher than to
PUU virus. Lung, liver, kidney, spleen, and
brain tissues from these HFRS patients were
used for RT-PCR analysis, which showed that
the lung and kidney tissues of patient No. 1
and the spleen tissue of patient No. 2 were
positive for the hantaviral M segment.
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Table 7 .

Comparison of nucleotide (2737-2969) and amino acid of M genome between those from A. peninsulae,

HFRS patients in Primorye region, and other hantaviruses ¥

Nucleotide identities %

SL/AP61 SL/AP63 AMR,1169 PRI/H1 PRIVH2 H8205 AMR/4313 HVI1l4 A9 HTN76-118 Hojo FE NC167 DOB/SLO SR-11  PUU
SL/AP61 - 99.5 97.8 96.1 98.2 94.8 94.3 86.2 85.7 84.4 82.7 82.7 79.3 79.3 79.7 60.3
SL/AP63 100.0 - 97.8 92.2 94.3 94.8 94.3 85.7 85.3 84.0 82.3 83.1 78.8 80.1 81.4 60.7
AMR./1169 94.8 9.8 - 96.5 98.7 95.6 95.6 86.6 86.2 84.9 83.1 81.4 9.7 80.1 79.3 60.3
PRIVH1 100.0 100.0 94.8 - 96.9 93.5 92.2 84.0 83.6 8.1 82.3 80.6 79.3 78.8 79.3 60.3
PRI/H?2 9%.7 9.7 93.5 98.7 - 94.8 9.3 8.7 85.3 84.0 82.3 81.4 78.8 79.3 78.8 59.4
H8205 100.0 100.0 94.8 100.0 9.7 - ei,3) 83.6 83.1 85.3 84.9 80.6 77.1 79.3 77.1 60.7
AMR, /4313 98.7 98.7 93.4 98.7 97.4 98.7 - 85.7 85.3 83.6 81.8 82.7 78.0 78.0 78.8 59.9
HV14 93.5 93.5 88.3 93.5 92.2 93.5 92.2 - 9.5 86.6 84.4 87.9 78.4 75.8 83.1 51.9
A9 93.5 93.5 88.3 93.5 92.2 93.5 92.2 98.9 - 86.2 84.0 87.5 78.0 75.4 81.8 50.6
HTN76-118 94.8 94.8 89.6 94.8 93.5 94.8 93.5 97.4 96.1 - 94.6 8.7 79.7 78.4 76.7 59.9
Hojo 94.8 94.8 89.6 9.8 93.5 94.8 93.5 97.4 96.1 100.0 - 87.9 78.0 78.8 76.7 51.5
FE 92.2 92.2 87.0 92.2 90.9 92.2 90.9 87.9 87.5 97.4 9%.7 - 75.8 73.7 78.4 59.9
NC167 86.8 86.8 80.5 86.8 85.5 86.8 85.5 89.5 88.2 90.8 90.8 88.2 - 75.4 77.5 49.3
DOB/SLO 88.3 88.3 83.1 88.3 87.0 88.3 87.0 88.3 87.0 87.0 87.0 84.4 81.6 - 75.0 59.9
SR-11 83.1 83.1 79.2 83.1 81.8 83.1 81.8 83.1 81.8 81.8 81.8 83.1 80.3 80.5 - 56.0
PUU 53.2 53.2 53.2 53.2 51.9 53.2 51.9 62.9 62.5 5L.9 61.6 53.2 61.6 49.4 61.2 -

Amino acid identities %

a) Values above the diagonal are nucleotide identities and those below the diagonal show amino acid identities

To examine the histopathological changes
that occur in HFRS patients, we used light
microscopy to examine sections of formalin-
fixed lung, liver, kidney, spleen, and brain
tissues from patient No. 2, who had died of
acute renal failure (Fig.3). We were able to
detect pathological changes typical of severe
HFRS"*#* " but the kidney was the only
tissue that exhibited recognizable histopa-
thological changes. The salient changes were
interstitial edema with mild infiltration of
mononuclear cells (small arrow) and degen-
eration of renal tubules (large arrow) in the
cortex (Fig. 3A) . Although proteinaceous casts
and exudates were observed in the luminae of
renal tubules (arrowhead), no glomerular
changes were observed. In addition, a promi-
nent, well-defined necrotic lesion (asterisk)
was noted in the medulla (Fig.3B) . Monoclo-
nal anti-HTNV antibodies failed to detect vi-
ral antigens in these specimens.

Sequence analysis of hantaviruses in the Pri-
morye region

The 232-nt G2 region of the M segments
of the viruses from two A. peninsulae speci-

mens (# 61 and # 63) were amplified and se-
quenced. These viruses were designated as
Solovey/AP61/1999 and Solovey/AP63/1999
(SL viruses) to indicate the name of the vil-
lage closest to the survey point, the rodent
species from which the sample was taken, and
the year of the epizootiological survey. We
also sequenced the M segments of the genetic
lineages that were identified in the two HFRS
patients from the Primorye region, designated
as Primorye/H1/2000 and Primorye/H2 /2000
(PRI viruses). When the M segments of the
SL and PRI sequences were compared with
those of other hantaviruses (Table 7 ), SL and
PRI nucleotide sequences were 92.2-99.5%
identical, and their amino acid sequences
were identical or nearly so (98.7-100%).

We also compared the SL and PRI M seg-
ment sequences with those of the AMR ge-
netic lineage, which were recently identified
in HFRS patients and A. peninsulae in Far
East Russia™". The nucleotide and amino
acid identities between the SL/PRI and AMR
lineages were 92.2-98.7% and 93.5-98.7%,
respectively. Comparison of the M segment
sequences of the SL-PRI-AMR lineages with
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(2736-2968 nt) of hantaviruses. The trees
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theses are bootstrap support values for 1000
replicates.

that of H8205, an isolate from an HFRS pa-
tient in China, revealed that their nucleotide
and amino acid sequences were 91.3-95. 6 and
94.8-100% identical, respectively. Lower lev-
els of identity were found with the Hantaan,
Seoul, Dobrava, and Puumala viruses. This
high level of sequence identity among the SL,
PRI, AMR, and H8205 sequences suggests
that some patients in Far East Russia and
China acquired the infection from the Korean
field mouse (A. peninsulae). Our results also
suggest that this genetic lineage is widely dis-
tributed throughout East Asia®.

Phylogenetic analysis of the M segments
of the Solovey, Primorye, and AMR sequences

Table 8 . IFA titers and PCR in acute HFRS patients
in Khabarovsk
IFA titer to PCR
PatANo. HTNV SEOV PUUV M (G2)
1 16384 8192 16 —
2 1024 512 128 +
3 1024 512 <16 +
4 512 512 <16 —
5 256 128 <16 —
6 1024 512 64 -
7 1024 128 32 -
8 1024 128 <16 —
9 8192 8192 16 —
10 4096 512 <16 —
11 4096 256 <16 —
12 64 <16 <16 +
13 1024 512 <16 —
14 16384 2048 32 -
15 1024 512 32 —
16 64 <16 <16 —
17 512 512 <16 —
Control <16 <16 <16 N.D.”
a) Not done

indicates that they form a common lineage
with high bootstrap support values, regard-
less of viral origin, but separate from the pro-
totype HTNV lineage (Fig. 4 ).

Serology of acute and convalescent HFRS pa-
tients by IFA

Sera from 17 acute and 32 convalescent
patients who were clinically diagnosed with
HFRS in the Khabarovsk region were exam-
ined for anti-hantavirus antibody against
HTNYV, SEOV, and PUUYV antigens using IFA.
Most of the samples from the 17 acute and 32
HFRS convalescent patients had IFA anti-
body titers to HTNV and SEOV ranging from
1: 128 to 1 . 16384, while titers to PUUV
ranged up to 1 : 128 (Table 8, 9). However,
sera from two acute (PatAl2 and PatAl6) and
one convalescent (PatC4) patient had low or
no antibody titer to all viruses (the antibody
titers were 1 . 64 or lower). In 10 acute and
25 convalescent patients, the difference in
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Table 9. IFA titersin HFRS convalescents in Khabarovsk

IFA titer to
PatC No. HTNV SEOV PUUV
1 1024 512 16
2 512 256 16
3 1024 1024 32
4 <16 <16 <16
5 8192 4096 128
6 2048 1024 64
7 1024 1024 32
8 4096 2048 64
9 4096 2048 32
10 4096 512 16
11 4096 1024 64
12 2048 1024 64
13 1024 1024 16
14 1024 512 32
15 4096 1024 32
16 1024 1024 <16
17 1024 1024 16
18 4096 1024 16
19 4096 1024 32
20 8192 2048 64
21 4096 2048 64
22 8192 2048 128
23 16384 8192 128
24 2048 4096 16
25 4096 8192 32
26 4096 4096 16
27 128 128 <16
28 2048 2048 16
29 8192 4096 32
30 8192 4096 32
31 256 256 32
32 1024 1024 16
Control <16 <16 <16

Epidemiology of hantavirus infection

HTNYV and SEOV antibody titers was no more
than two-fold.

Characterization of anti-hantavirus antibod-
ies in acute patients by ELISA

The ELISA results for the acute patients
are shown in Table 10. Sera from 12 of the 17
acute patients assayed by IgG ELISA using
baculovirus-expressed rNPs"** had higher
optical densities (OD) for HTNV (range : 0. 32
-2.07) than for PUUV (range:0-0.04). Sera
from 16 of 17 acute patients assayed by IgM
ELISA using whole rNPs yielded higher ODs
for HTNV (range : 0.71-2.40) than for PUUV
(range : 0.01-0.14). Only PatA16 yielded a
low OD value by both IgG and IgM ELISA
(Table 10) and a low IFA titer (Table 8 ).
Therefore, we did not consider PatA16 to be
infected with hantavirus. Furthermore, we
tried to distinguish the infecting virus by IgG
ELISA using truncated rNPs (rNP50) (Table
10). All sera except PatAl6 were positive for
anti-HTNV antibodies. The ratio of rNP50s for

TablelO. Detection of anti hantavirus antibodies by ELISA in acute HFRS patients in Khabarovsk

Acute IgG (whole rNP) IgM (whole rNP) IgG (rNP50)

Pat No. HTNV PUUV HTNV PUUV Infection HTNV SEOV DOBV OD Ratio? Serotype
Al 2.07 0.01 0.96 0.02 + 1.79 0.05 -0.01 0.03 HTNV
A2 1.02 0.04 1.94 0.14 + 0.63 0.05 -0.01 0.08 HTNV
A3 0.67 0.00 1.71 0.02 + 0.37 -0.01 -0.01 -0.03 HTNV
A4 0.49 0.01 1.19 0.02 + 0.49 0.01 0.00 0.02 HTNV
A5 0.24 0.01 0.97 0.04 + 0.30 0.06 -0.01 0.21 HTNV
A6 0.98 0.01 1.10 0.04 + 1.18 -0.01 -0.01 0.00 HTNV
AT 0.15 0.00 1.94 0.03 + 0.45 0.07 0.00 0.15 HTNV
A8 0.19 0.00 0.71 0.02 + 0.62 0.03 0.00 0.04 HTNV
A9 1.50 0.02 1.48 0.03 + 1.18 0.17 0.02 0.15 HTNV
Al10 0.82 0.00 1.75 0.03 + 0.48 0.07 0.01 0.14 HTNV
All 0.75 0.01 2.24 0.08 + 0.75 0.14 0.01 0.19 HTNV
Al2 0.05 0.00 1.19 0.01 + 0.23 0.09 -0.01 0.39 HTNV
Al3 0.35 0.00 2.14 0.06 + 0.64 0.06 0.00 0.09 HTNV
Al4 0.97 0.00 2.40 0.04 + 0.92 0.13 0.05 0.14 HTNV
Al5 0.80 0.00 1.09 0.02 + 0.26 0.06 0.01 0.22 HTNV
Al6 0.04 0.00 0.23 0.02 = 0.06 0.01 0.00 0.24 N.D.2
Al7 0.32 0.00 0.85 0.02 + 0.45 0.02 -0.01 0.04 HTNV

Control 0.00 0.00 0.08 0.02 - 0.00 0.00 0.00 N.D. N.D.

a) Not determine

b) Ifthe ratio of the OD of SEOV or DOBV rNP50 to that of to HINV rNP50 was <0. 7, the serum was deemed to

be from an HTNV-infected human.
¢) Nomal human sera
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Tablell. Detection of anti hantavirus antibodies by IgG ELISA in HFRS convalescents in Khabarovsk

Convalescent IgG ELISA (whole rNP) IgG ELISA (rNP50)

Pat No. HTNV PUUV Infection HTNV SEOV DOBV OD ratio ® Serotype
C1 1.42 0.05 + 0.92 0.19 0.07 0.21 HTNV
C2 0.60 0.01 + 0.56 0.19 0.02 0.35 HTNV
C3 1.50 0.02 + 1.25 0.67 0.19 0.53 HTNV
Cc4 0.02 0.01 0.07 0.01 -0.01 0.09 ND=
C5 2.66 0.27 + 3.30 2.10 0.37 0.64 HTNV
C6 2.21 0.11 + 2.34 0.75 0.17 0.32 HTNV
Cc7 1.77 0.05 + 1.14 0.42 0.12 0.37 HTNV
Cc8 2.08 0.04 + 2.71 0.91 0.12 0.34 HTNV
c9 1.78 0.03 + 1.42 0.30 0.06 0.21 HTNV
Cl10 1.96 0.05 + 1.39 0.30 0.08 0.21 HTNV
Cl1 1.99 0.10 + 2.42 0.71 0.23 0.29 HTNV
Cl2 2.00 0.25 + 1.68 0.51 0.13 0.30 HTNV
C13 1.47 0.02 + 1.03 0.19 0.06 0.19 HTNV
Cl4 1.14 0.03 + 0.73 0.21 0.05 0.29 HTNV
Cl5 1.61 0.00 + 1.63 0.41 0.09 0.25 HTNV
Cl16 0.81 -0.01 + 0.63 0.15 0.02 0.24 HTNV
C17 1.63 0.04 + 1.30 0.28 0.08 0.22 HTNV
C18 1.81 0.06 + 1.64 0.35 0.07 0.21 HTNV
C19 2.02 0.12 + 1.78 0.53 0.12 0.30 HTNV
C20 3.01 0.26 + 2.76 0.99 0.26 0.36 HTNV
c21 3.06 0.42 + 3.01 1.54 0.51 0.51 HTNV
Cc22 2.90 0.36 + 2.50 0.84 0.20 0.34 HTNV
C23 3.11 0.45 + 3.42 2.46 1.03 0.72 HTNV
c24 1.92 0.04 + 1.24 0.23 0.05 0.19 HTNV
C25 2.62 0.17 + 2.36 1.02 0.18 0.43 HTNV
C26 1.94 0.02 + 1.63 0.30 0.04 0.19 HTNV
c27 0.74 0.04 + 0.47 0.07 0.01 0.14 HTNV
C28 1.91 0.03 + 1.85 0.39 0.08 0.21 HTNV
C29 2.64 0.15 + 2.60 0.50 0.11 0.19 HTNV
C30 2.36 0.12 + 2.62 0.83 0.13 0.32 HTNV
C31 1.45 0.15 + 1.00 0.29 -0.09 0.29 HTNV
C32 1.74 0.07 + 1.48 0.39 0.10 0.27 HTNV

Control 0.00 0.00 0.00 0.00 0.00 ND ND

a) Not determined

b) If the ratio of the OD of SEOV or DOBV rNP50 to that of HTNV rNP50 was < 0.7, the serum was deemed to

be from an HTNV-infected human.
¢) Nomal human sera

serum OD (second-highest value) to HTNV
(highest value) was less than 0.7 ; therefore,
all positive sera were deemed to be from pa-
tients infected with HTNV or HTN-related vi-
rus (Table 10).

Characterization of anti-hantavirus antibod-
les in convalescent patients by ELISA

The results of the IgG-ELISA with rNPs
in convalescent patients are presented in Ta-
ble 11. Most of the sera yielded higher ODs
with HTNV rNPs (range . 0.6-3.11) than
with PUUV rNPs (range : -0.01-0.45). Only

PatC4 yielded low ODs for both rNPs (Table
11) and a low IFA titer (Table 9 ), suggesting
that PatC4 had not been infected with hanta-
virus. Using rNP50 HTNV, SEOV, and DOBV
antigens, most sera reacted strongly with rNP
50 HTNV antigen, as seen for the positive-
control sera from a patient infected with
HTNV. The SEOV/HTNV OD ratios of most
sera were less than 0.7 (Table 11) . Therefore,
we conclude that 31 of these 32 convalescent
cases were infected with HTNV or HTNV-
related virus. Sera from convalescents who re-
covered from HFRS 10 to 30 years ago still
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Fig. 5. Long-term persistence of anti-hantavirus
IgG in convalescent HFRS patients in
Khabarovsk.

yielded high ODs (Fig. 5).

Sequence analysis of hantavirus M genomes
identified in acute patients

Hantavirus sequences were amplified
from three acute patients (PatA2,3, and 12)
by RT-PCR. We sequenced partial M seg-
ments of the genome encoding the G2 region
and compared them with those from other
hantaviruses (Table 12). These sequences

from the patients were found to be very
closely related, with 97.4-98.3% nucleotide
identities and 98. 7-100. 0% amino acid identi-
ties. The sequences were most closely related
to FE3844, the Far East HTNV lineage” ,
with 96.6-97.4% identity at the nucleotide
level and 96.1-97.4% identity at the amino
acid level. The nucleotide identities from high
to low were : HTNV (88.8-89.7%), AMRV
(81.0-82.7%), DOBV (76.6-77.9%), PUUV
(65.3-66.7%), ANDV (65.2-66.5%), and
SNV (59.1-60.3%).

Phylogenetic analysis of hantaviruses from
patients with acute HFRS in the Khabarovsk
region

The partial M genes were aligned using
Clustal X. When a phylogenetic tree was con-
structed by the NJ method, PatAZ2, 3,12, and
FE 3844 formed a phylogenetic cluster with
high bootstrap support (Fig.6). These se-
quences shared a common lineage with the
prototype Hantaan virus (HTN76-118), but
were distinct from the AMR genotype identi-
fied in Far East Russia and China (AMR7649,

Tablel2. Nucleotide and amino acid identities of hantavirus sequences from acute HFRS patients in

Khabarovsk with other viruses *

Nucleotide identities (%)

PatA2  PatA3  PatAl2 FE3844 HINTG: AMR7649 Solovey/ - Primorye H8205 Saaremaz/ SEO/SR-11 SEONad DOB/SLO FUUKami AND/23 SN
118 AP63/1999 /H2/2000 160V /8243 -iso R11
PatA2 - 97.4 97.4 96.6 89.7 82.3 82.3 81.4 81.0 78.4 77.9 77.5 74.9 65.3 66.1 59.1
PatA3 9.7 — 98.3 97.4 88.8 81.8 81.8 81.0 81.0 78.4 71.5 77.5 74.0 66.7 66.5 60.3
PatAl2 100.0 98.7 - 97.4 8.7 8.7 82.7 81.8 81.0 77.9 77.1 76.6 75.3 65.8 65.2 60.3
FE3844 97.4 96.1 97.4 - 88.8 81.8 82.7 81.8 81.0 78.4 78.8 78.4 74.0 65.3 65.1 59.1
HTN76-118 100.0 98.7 100.0 97.4 - 84.4 84.4 84.4 85.7 79.2 71.1 76.2 78.8 62.6 64.2 59.1
AMRT7649 93.5 92.2 93.5 90.9 93.5 - 9.7 97.0 94.4 75.9 71.9 7.1 78.9 65.2 62.5 60.2
Solovey/AP63/1999 9.5 92.2 93.5 90.9 93.5 97.4 - 97.8 94.4 76.3 81.0 80.1 79.7 63.9 62.3 57.6
Primorye/H2/2000 93.5 92.2 93.5 90.9 93.5 97.4 97.4 - 94.8 75.9 79.2 78.4 79.3 63.5 62.9 58.4
H38205 94.8 93.5 94.8 92.2 94.8 98.7 98.7 98.7 - 77.6 77.5 77.1 79.3 63.9 61.6 59.7
Saaremaa/160V 87.0 85.7 87.0 84.4 87.0 84.4 84.4 84.4 85.7 - 74.9 74.0 81.0 66.7 61.9 61.5
SEO/SR-11 81.8 81.8 81.8 83.1 81.8 81.8 81.8 81.8 83.1 77.9 - 94.8 75.3 62.9 65.4 59.7
SEO/Vlad/8243 81.8 83.1 81.8 8.1 81.8 81.8 81.8 81.8 83.1 77.9 98.7 - 76.6 63.3 65.8 58.9
DOB/SLO 87.0 85.7 87.0 84.4 87.0 87.0 87.0 87.0 88.3 90.9 80.5 80.5 - 61.6 61.9 59.3
PUU/Kamiiso 57.1 58.4 57.1 55.8 57.1 59.7 58.4 57.1 58.4 54.5 56.0 57.3 54.5 - 67.0 67.4
AND/23 55.8 57.1 55.8 55.8 55.8 61.0 59.7 58.4 59.7 53.2 58.4 59.7 54.5 68.8 - 75.0
SN/NM R11 54.5 55.8 54.5 51.9 54.5 58.4 57.1 55.8 57.1 50.6 53.2 54.5 53.2 68.8 81.8 -

Amino acid identities (%)

a) Values above the diagonal are nucleotide identities and those below the diagonal show amino acid identities
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Fig. 6. Phylogenetic tree for the M segment of the
hantavirus genome. The Clustal X program
package was used to generate the phyloge-
netic trees using the NJ method with 1000
bootstrap replicates.

Solovey/AP63/1999, Primorye/H2 /2000, and
H 8205 )" .
Khabarovsk patients fell in the same cluster

The virus sequences from
as Far East virus, which was identified in
HFRS patients in Far East Russia®™. We did
not identify the AMR genotype of HTNV in-
fections in either acute or convalescent pa-
tients. Since the AMR genotype is genetically
close to that of HTNV, the NP antigenicity of
the two types may be similar. Therefore, we
cannot exclude the possibility that some
HFRS patients were infected with the AMR
genotype. Antigenic characterization of the
prototype HTNV, AMR and FE types is now in
progress.

Although seropositive C. rufocanus,
which carries PUUV-related virus in Japan'’,
inhabit this region, no evidence of PUUV or

PUUV-related virus infections was found in
the acute or convalescent patients. An epide-
miological survey to examine whether C. rufo-
canus carries PUUV-related virus in this re-
gion, as it does in Hokkaido, Japan, is planned.

Conclusion

Using epizootiological, clinical, pathologi-
cal and sequencing studies, we identified a
hantavirus carried by A. peninsulae as one of
the causative agents of HFRS. We believe
that this information may be helpful in pre-
venting human infections not only in Far East
Russia but also in eastern Asia. Since A. pen-
insulae is distributed over vast areas, includ-
ing Far East Russia, China, Korea, and Japan,
and hantaviruses closely related to the AMR
genotype have been isolated from HFRS pa-
tients in China®, considerable numbers of
HFRS cases may be caused by the AMR geno-
type in these regions. Revealing the anti-
genicity of the AMR genotype glycoprotein,
which is responsible for induction of neutral-
izing antibody and protective immunity, is
very important. Since vaccine strains used in
China and Korea are closely related to proto-
type HTNV, determining whether the anti-
body to HTNV can neutralize the AMR geno-
type is essential. Our recent cross-neutra-
lization study revealed that the anti-sera
against HTNV and AMRV had neutralizing
antibody titers to the homologous virus that
were =8 times higher than those to the het-
erologous virus. Therefore, vaccination with
HTNYV may be insufficient to prevent AMYV in-
fection.

Serological results indicate that FE geno-
type infection may be predominant in the
Khabarovsk region. However, since A. penin-
sulae inhabit this region, AMR infections may
also occur. Taken together, the AMR and FE
genotypes are circulating in far eastern Rus-
sia, and both genotypes cause severe HFRS.



158 Epidemiology of hantavirus infection

The animal reservoir of the FE genotype has
not yet been determined, and C. rufocanus
may carry a distinct hantavirus in Far East
Russia. Therefore, further epizootiological
studies are required to reveal the comprehen-
sive ecology of hantaviruses in this area.

The result of this comparative epidemi-
ological study of hantaviruses in Japan and
Far East Russia suggests that the low preva-
lence of HFRS in Japan might be attributable
to four principal factors : (1) no A. agrarius,
and only a small number of A. peninsulae, the
main reservoirs of HTNV and AMRYV, inhabit
Japan ; (2 ) infections caused by SEOV ac-
quired from R. norvegicus and R. rattus may
be mild and easily misdiagnosed ; (3 ) human
infection by PUU-related virus from C. rujfoca-
nus occurs only rarely ; and ( 4 ) the preva-
lence of hantavirus infection in A. speciosus is
low.

Hantavirus is one of the typical rodent-
borne zoonotic agents. The pathogenicity of
the virus largely depends on the virus type
that is carried by the specific rodent host.
Therefore, the reservoir rodent species of each
virus type must be determined if anti-
infective strategies are to be successful. Care-
ful epidemiological study should be conducted
to evaluate the hantavirus infection risk to
the public in each local setting, since addi-
tional hantaviruses that are human patho-
gens may yet be discovered.
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