8L1

BURERINES 2-1

EXER ' , £E5 10
EIEMAR  BIEHE RERES
it
| . @E&R B—BAFH FEEREORS | ma 9 ma e
MBIES - WEEK ‘ 20054 1A 31 H A=Y
—RRBIBFR | BBHD (Rho) ASBEYOTY > W D Nephrology Dialysis LEE
N\ N Transplantation S e
<z§z’) FIDA&EIOT Y -WE (RERIR) RERBL 20(2)447-448, 2005 AR
=T 2ABRIZEDRMBRLD 23 RO BN, EREBEER I, £ASBHEORF—TH 2881713 6 15 MCT > VROBERE A Lo ERERRR -
MHole, BHEBHFRMNE S5 BEIZ 30CRHL -, I ERIZR2 <. BRBEIIRBETH - 1= RF—DF L VREREEED, S5
UANVAD RT-PCR BEEITR MR, BUBERBE TS o/, DA N AMEDOHSABERED. K+ —OREANF S 7o L TOMBERES

ARBRLULEESE ST EIHTATH S, MOBMTLS 2 REBBEAH 5 7=h b LI A, IO, ZOMBTT > /OERL
ERIEBONT. BRTOBRBOTEELL LN,

TV RITHR T OREPCMEBRO KF— 22 -2 Vi, ZORE. RITH, Q2 MRXT 4 v FOFENLETH 2 HOOH K
THanbLlhzn,

2. BELEFNEE

(DFROFEME LD mEICDONTIE, HBs 51
. HLHCV Jidk, Hi HIV-1 Hifk, B HIV-2
DR T, D ALTGPTYETA Y ) —=
PUREELTVWS, BiZ, 7=V L=RR
T DONTIZ, HIV-1. HBV RUSHCV I2
DWTHBIMIBRE (NAT) ZEEL., BS
L7222 EROBEIZHERL TNDH, 4
B NAT OBRHBFRUTOIAINWANBALT

W ¥ S oF #f & H

Dot WAHTATREMNEICETET 3. R, Lo

AEEROBR TROMIE BEITES LM % FE E LT, Cohn DI

FUUBBENSD RF—M o O KEBEICID, Fo U0 A RE LInlRett 2R L A BETH 2. | FBEREFRORLMEIC BIY ) —INSETEFESDSHD (Rho)
MEDFEHBINSDOF > I N AGRBEAIRE IR TWRN, F-, A—FRIECT T NWANEBA | EEE S5 IR NWEEZ S ABESOT) S4B BRULEUETH
L7l TH, BVDEEFNIANRELEIAINZNY F— 3 CRBRENS, ZFOMBIECBWTE | 0T BBRORBIZEON D, IANARELEMNE LT, WETERIC
AICFREL - BRENDLEAT S, 28 BUTHEARAEG /) 74 b hL—232)
ZRLTWAH, BEIZEL T, RSl

+HEETBHI L,
HD YOI w



Nephrol Dial Transplant (2005) 20: 447448
d0i:10.1093/nd1/gfh601

Case Report

BENE2005-010

Y

Nephrology”
Dialysis
Transplantation

Dengue haemorrhagic fever after living donor renal transplantation

Felicia Li-Sher Tan, Dale L. S. K. Loh and K. Prabhakaran

Department of Pediatric Surgery, National University of Hospital, Singapore

Introduction

The transmission of infection from donor to recipient
in solid organ transplantation can result in loss of
the allograft and in severe cases, death of the
recipient. The occurrence of dengue virus infection
in an immunocompromised renal transplant patient
can have many detrimental effects, the most life-
threatening of these is development of dengue shock
syndrome. - We present a case of possible trans-
mission of dengue infection from donor to recipient
after living donor renal transplantation, resulting in
a fulminant course of dengue haemorrhagic fever
(DHF).

Case report

A 23-year-old male with end-stage renal failure due
to lupus nephritis underwent a living donor renal
transplantation. The donor was his mother, who was
healthy except for a significant past history of dengue
fever 6 months prior. Early post-operative recovery
was uncomplicated with immediate graft function and
serum creatinine of 67 pmol/l on post-operative day 2.
His immunosuppressive medication consisted of myco-
phenolate mofetil, tacrolimus and methylprednisolone.

On the 5th post-operative day, he spiked a tem-
perature of 39°C. He was asymptomatic and physical
examination did not reveal a source of infection.
In view of a previous history of dengue infection
in the donor, blood was analysed for dengue virus
using real-time polymerase chain reaction (RT-PCR).
This was positive for Dengue virus Serotype 1.

Over the next week, he continued to spike high
temperatures with a fall in platelet count and a deterio-
ration of his general clinical condition. On the 12th
post-operative day, he developed upper gastrointestinal
bleeding, gross haematuria and tachycardia. Investiga-
tions revealed that his haemoglobin had dropped
to 4.6g/dl, leucocyte count was 0.86 x 10°/1, platelet
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count was 71 x 10°/l, serum lactate dehydrogenase
was 1322 U/l (normal: 300-700 U/l) and albumin was
14 g/l (normal: 38-49 g/1). His mycophenolate mofetil
dose was discontinued and granulocyte-colony stimu-
lating factor was commenced for his profound leuco-
penia. He required multiple packed cell and platelet
transfusions. Chest X-ray revealed a right sided pleural
effusion. On the 15th post-operative day, he com-
plained of left flank pain and abdominal distension.
One litre of blood was drained from his Tenckoff
catheter., Computed tomography of his abdomen
revealed a large retroperitoneal haematoma arising
from the bed of the transplanted kidney. Emergency
laparotomy was undertaken for surgical haemostasis
and evacuation of the haematoma. Intra-operatively,
1.51 of blood was drained from.the retroperitoneal
space. A generalized ooze was seen from the tissue bed
of the allograft and this was treated with packing.
There was a perforation seen in the peritoneum, which
allowed communication between the retroperitoneal
and intraperitoneal spaces. The transplanted kidney
appeared - healthy. "A repeat dengue RT-PCR was
negative,

Post-operative recovery was uneventful with resolu-
tion of fever and recovery of thrombocytopenia within
the next week. Haemorrhagic tendencies ceased spon-
taneously with resolution of haemetemesis and haema-
turia. His graft function remained excellent. Figure 1
depicts the course and progression of his illness.

Discussion

The pathophysiological mechanisms underlying DHF
remains controversial. There is strong evidence to
suggest an increased risk of DHF with secondary
dengue virus infection [1]. The presence of pre-exisiting
antidengue antibodies increases viraemia titres by a
phenomenon known as antibody-dependent enhance-
ment of infection (ADE) [2].

Having lived in a dengue-endemic region, our patient
may have been infected previously but was asympto-
matic or had subclinical infection. A large propor-
tion of the adult population in Singapore have been
exposed to dengue as reflected by a high prevalence of
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Fig. 1. Trend of temperature and platelet count correlated to clinical
findings during period of iliness. Dotted line represents normal
values: normal body temperature taken as 37°C; lower limit of
normal for platelet count taken as 130 x 10°g/l. PCR, polymerase
chain reaction; BGIT, bleeding gastrointestinal tract. Minus sign
indicates negative results, plus sign indicates positive result.

dengue seropositivity (45%) {3]. Transplantation of the
dengue-infected allograft can cause secondary infec-
tion and development of DHF. It is not known
whether donor organs remain infected after apparent
resolution. of viraemia. Alternatively, secondary trans-
mission could have been via the usual route, the bite
of a mosquito. However, there was no active trans-

mission of dengue .in our area during this period,

making hospital-acquired infection less likely.

Clinical presentation and course of the illness in
this immunosuppressed patient is similar to that in
the immunocompetent, except for a longer period of
illness. Our patient experienced a prolonged course
of iliness (19 days) as well as prolonged duration of
thrombocytopenia (12 days). The mean duration ‘of
illness is 2—7 days and duration of thrombocytopenia
3.6 days (1.6 days) [4]. The critical stage in DHF is
usually around the time of defervescence, with circula-
tory failure of haemorrhagic manifestations occurring

about 24h before to 24h after the temperature falls

F.L.-S.Tan et al. 2 3

to normal or below. This was the case for our patient
with shock and haemoperitoneum occurring on the
same day as defervescence of fever (Figure 1).

DHF occurring early post-operatively poses a
potential danger to the transplant patient. Bleeding
diathesis resu]ting from thrombocytopenia, dysfunc-
tional surviving platelets and increased fibrinolysis
result in persistent haemorrhage especially from cut
tissue surfaces. In our patient, profuse, persistent
bleeding from the tissue bed of the transplanted
kidney led to circulatory collapse and a need for
surgical drainage of haematoma and haemostasis. In
addition, he also had other haemorrhagic manifesta-
tions with gastrointestinal bleeding and haematuria.
Hypovolaemia poses a risk of damage to the allograft.
Hypoalbuminaemia secondary to leakage of plasma

aggravates the problem of poor wound healing in the"

immunosuppressed transplant recipient. No specific

"therapy or vaccine exists for DHF. Management is

supportive, with correction of hypovolaemia and
coagulation abnormalities.

This case illustrates the severity of DHF after renal
transplantation of an infected allograft. In dengue-
endemic regions, clinicians should have a high index
of suspicion for DHF in patients with viral haemor-
rhagic fevers. Screening donors of organs and blood
products may be beneficial, although sensitivity, feasi-
bility and cost benefits of screening need to be assessed.
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Abstract: Epizootiological surveys on hantavirus infections in rodents were carried out in various areas of
Japan, including the four major islands of Hokkaidoe, Honshu, Shikoku, and Kyushu from 2000 to 2003. A
total of 1,221 rodents and insectivores were captured. Seropositive animals were found in Apodemus (A.) .
speciosus (5/482, 1.0%), Rattus (R.) norvegicus (4/364,1.1%), R. rattus (3/45, 6.7%), and Clethrionomys (C.)
rufocanus (71197, 3.6 %). The partial S segment was amplified from one seropositive R. rattus captured at
Hakodate. The nucleotide sequence showed 96 % identity with the Seoul virus (SEQV) prototype strain SR-
11. In addition, we conducted an epidemiological survey on human hantavirus infection in a high-risk pop-
ulation, the personnel of the Japan Ground Self-defénse Force on Hokkaido. One out of 207 human blood
samples was positive for anti-hantavirus antibody by IFA, ELISA, and WB analysis. The result of the
serotype specific ELISA indicates that this individual acquired SEQY infection. This study indicates that A.
speciosus, R. norvegicus, R. rattus, and C. rufocanus carry hantaviruses as the reservoir animals in Japan.
Infected R. rattus and R. norvegicus in port areas could be the souices of human SEOV infection and a
threat to travelers and individuals working in seaports.

Key words: Hantavirus, Rodent, Epidemiology, Epizootiology

Hantaviruses are causative agents of two human ill-
nesses. hemorthagic fever with renal syndrome (HFRS)
and hantavirus pulmonary syndrome (HPS). The animal
reservoirs of hantaviruses are various rodent species,
which, when infected. do not show any symptoms and
carry the virus for long periods. Humans acquire han-
tavirus infection by inhalation of virus-containing ‘ex-
creta from infected animals. More than 20 serotypes or
genotypes of hantaviruses have been reported, and each
virus has a specific rodent reservoir. Because the phylo-
genies of the viruses and the reservoir rodents are topo-
logically identical. it is generally believed that han-
taviruses and rodents have co-evolved (17). The fac-
tors responsible for the emergence of human hantavirus
infections include changes in ecological factors and

*Address correspondence 1o Dr. Hiroaki Kariwa, Laboratory
of Public Health. Graduate School of Veterinary Medicine.
Hokkaido University. Sapporo. Hokkaida 060-0818. Japan. Fax:
+81-11-706-5213. E-mail: kariwa@ vetmed.hokudai.ac_jp
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changes in human activities. The most important risk
factor is close contact with rodents as a result of agri-
cultural, forestry, or military activities (14).

HFRS is caused by Hantaan virus (HTNV), Seoul
virus (SEQV). Puumala virus (PUUV). and Dobrava
virus (DOBV) in Eurasia; these viruses are carried by

Abbreviations: AMRY, Amur virus: ANDV. Andes virus:
BAYV. Bayou virus; BCCV., Black Creek Canal virus: CMC.
carboxymethyl cellujose: DOBYV, Dobrava virus: ELISA,
enzyme-linked immunosorbent assay: FCS, fetal calf serum:
FFU. focus forming unit; FITC. fiuorescein isothiocyanate:
FRNT. focus reducticn neutralization test: HFRS. hemorrhagic
fever with renal syndrome: HPS. hantavirus pulmonary syn-
drome: HTNV. Hantaan virus: JFA. indirect immunofluorescent-
antibody assay; MEM, minimum essential medium; NP, nucleo-
capsid protein; NYV. New York virus: OD, opticat density; PBS.
phosphate buffered saline: PCR. polymerase chain reaction:
PUUV. Puumala virus: PVDF, polyvinylidene fluoride: SAAV,
Saaremaa virus; SEOV. Seoul virus; SNV, Sin Nombre virus:
WB. Western blot. '
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Apodemus (A.) agrarius, Rattus (R.) norvegicus and R.
rattus, Clethrionomys (C.) glareolus, and A. flavicollis,
respectively (3). Recently, Saaremaa virus (SAAV) was
identified as the causative agent of a mild form of
HFRS in Europe, and A. agrarius was found to be the
carrier (15, 18). There is serological evidence of
human SAAV infections in Estonia (4), and SAAV
might have been the cause of an HFRS outbreak in
Russia in the 1990 s (18).

On the American continent, 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
(P.) maniculatus, P. leucopus, Sigmodon hispidus, Ory-
zomys palustris, and Oligoryzomys longicaudatus,
respectively (16, 17).

About 200,000 HFRS cases are reported annually
throughout the world (10). A wide variety of han-
taviruses responsible for HFRS have been found in East
Asia (19). About 50,000 to 100,000 HFRS cases are
reported annually in China, where HTNV and SEOV
are responsible for most of the cases (20). In addition,
Far East Russia is well known as an endemic area for
HFRS. About 100 to 200 HFRS patients are reported
annually in that region. Recently, a distinct type of han-
tavirus, Amur virus (AMRYV), was identified in HFRS
patients in Far East Russia (23). Our previous studies
revealed that A. peninsulae is the reservoir animal for
AMRYV, as well as revealing antigenic and genetic evi-
dence of a distinct hantavirus serotype (12. 13). Fur-
thermore. Khabarovsk and Vladivostock viruses were
also identified in the same region (5, 6).

In Japan, there have been two outbreaks of HFRS
since the 1960s. One was reported in the Umeda district
in Osaka city in the 1960s (22). The source of the
infection is believed to have been urban rats (R.
norvegicus). The other outbreak was reported in various
animal facilities in the country between 1970 and 1984.
and the human infections were related to contact with
laboratory rats (R. norvegicus) (9. 11). Since 1985 to
the present. there have been no reported HFRS cases.
However, seropositive R. norvegicus have been identi-
fied in ports and reclaimed areas in different locations
throughout the country (2). In addition, Puumala-relat-
ed viruses are widely distributed in C. rufocanus on
Hokkaido. the northern-most major island of Japan (6.
8).

- Although our recent study 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 (7). It is unclear why
Japan has few HFRS patients in spite of the highly
endemic nature of the disease in surrounding countries.

To clarify this question, a large-scale epizootiological
study targeting indigenous rodents was esseftigh.
Therefore, we carried out epizootiological surveySi
rodents from various areas of Japan, including the four
major islands of Hokkaido, Honshu, Shikoku, and
Kyushu, to determine the endemic areas and the reser-
voir animals.

Materials and Methods

Cells and viruses. Hantavirus strains HTN 76-118,
SR-11, and Sotkamo, were propagated as representative
strains of HTNV, SEOV, and PUUV, respectively, in
Vero E6 cells grown in Eagle's minimum essential
medium (MEM) supplemented with 5% fetal bovine
serum (FCS). The cultured medium of the infected
celis was harvested 7—14 days later and stored as stock
virus at —80 C. All experiments with live viruses were
carried out in a P3 containment room.

Rodent sera. A total of 1,221 rodent and insectivore
sera were collected from field surveys on. Hokkaido,
Honshu, Shikoku, Kyushu, and Tsushima Island in
Japan from 2000 to 2003. The species captured were C.
rufocanus, C. rutilus, A. speciosus, A. argentius, R.
norvegicus, R. rattus, M. montebelli, E. smithi, M. minu-
ts, M. musculus, C. dsinezumi, and U. talpoides. Blood
samples were collected from live animals by cardiac
puncture under anesthesia. Blood samples from dead
animals were coliected on filter papers (Toyo, Tokyo).
After sampling, the papers with absorbed blood were
air-dried, cut into four pieces, and collected into micro-
centrifuge tubes containing 0.4 ml of phosphate

" buffered saline (PBS). The tubes were held at 4 C over

night and then heated at 56 C for 30 min. The tubes
were centrifuged at 10,000 revolutions per minitue for
10 min and the supernatants were transferred to new
tubes as 1:10 diluted sera. ~ All collectecl sera were
stored at —40 C until use.

Human sera. A total of 207 human sera were col-
lected from the personnel of the Japan Ground Self-
defense Force. who had been training on Hokkaido for
several years. The blood samples were processed as
described above for the rodent samples and stored at
=40 C until use.”

Indirect inmmmunofiuorescent antibody assay (IFA).
Vero E6 cells in 75-cm’ flasks were infected with
HTNV, SEOQV, or PUUYV and cultured for 6. 7. or !l
days, respectively. The cells were collected by
trypsinization and seeded onto 24-well slides. The
slides were incubated for 4 hr at 37 C in a CO; incuba-
tor. The cells were fixed with cold acetone for 20 min
and air dried for | hr. The prepared slides were stored at
=40 C until use. The sera were spotted onto the 24-
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well slides and incubated for 1 hr at 37 C. The slides
were washed with PBS and spotted with fluorescein
- isothiocyanate (FITC)-conjugated protein G (Zymed,
Laboratories, Inc., San Francisco, Calif., U.S.A.). After
incubation at 37 C for 1 hr, the slides were washed and
examined under fluorescence microscopy. Scattered
and granular fluorescence in the cytoplasm of infected
cells was considered a positive reaction.

Focus reduction neutralization test (FRNT). Serially
diluted rodent sera (50 jtl) were mixed with an equal
volume of stock virus, either HTNV or SEQV, contain-
ing 200 focus forming units (FFU)/50 pt and incubated
at 37 C for | hr in a CO; incubator. The mixtures were
then inoculated onto Vero E6 cell monolayers grown on
8-chamber slides. The slides were incubated at 37 C for
1 hr, and the inoculum was removed. The cells were
overlayed with MEM (supplemented with 5% FCS)
containing 1.5% carboxymethyl cellulose (CMC) and
incubated in a CO, incubator at 37 C for 6 to 11 days.
After incubation, the infected cells were washed with
PBS four times, fixed with methanol, and air-dried. To
visualize the foci of virus-infected cells, IFA was caried
out. Mouse immune serum to HTNV or SEOV was
added to the. Vgro E6 cells on the slides inoculated with
HTNV or SEOV, respectively. After incubation for 1 hr
at 37 C and three washes with PBS, FITC-conjugated

antibody to mouse IgG (ICN Pharmaceuticals, Inc.,

Aurora, Ohio, U.S.A) was applied. After incubation
for | hr at 37 C, the foci were counted under a fluores-
cence microscope. The FRNT titer was defined as the
highest dilution of the serum that reduced the number of
foci by at least 80%.

Western blot (WB). Western blot was performed
using the recombinant nucleocapsid protein (fNP) of
PUUYV as an antigen (Kariwa et al., in preparation for
publication). The rNP of PUUV was separated by sodi-
um dodecyl sulfate-12% polyacrylamide gel elec-
trophoresis and blotted onto polyvinylidene fluoride
(PVDF) membranes (Millipore, Bedford, Mass.,
U.S.A.). Mouse immune serum to PUUV was used as a
positive control to detect antigen on the membrane.
IFA-positive rodent sera were reacted with the mem-
brane, and bound antibodies were detected with horse-
radish peroxidase-labeled protein G (Prozyme. Inc.,
Calif., U.S.A.). The peroxidase substrate, 4-chioro-1-
naphthol, was used to visualize the bands.

Capture  engyme-linked — immunosorbent  assay
{ELISA). Seropositive human sera from the individuals
tested at the Japan Ground Self-defense Force were fur-
ther examined by capture-ELISA. using baculovirus-
expressed recombinant HTNV, SEOQOV, and DOBV
nucleocapsid proteins (fNP) produced in insect cells
(1). The Fab region of mouse monoclonal antibody
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ES/G6 was used as the capture-antibody to exclugepon-
specific reactions. Ninety-six-well plates wér%sd
with ES/G6 (2 pg/ml in PBS) at 4 C ovemighft=“The
plates were then incubated with the baculovirus-
expressed INP at 37 C for 1 hr. As a negative control
antigen, we used Borna disease virus p24 expressed by
the baculovirus system. Each well was then incubated
with 1:400-diluted seropositive serum samples or
seronegative sera (negative control) at 37 C for | hr.
After incubation, goat anti-human IgG conjugated with
alkaline phosphatase was applied to the wells and incu-
bated at 37 C for | hr. Finally, pNPP substrate was
added, the plate was held at room temperature for 30
min, and the optical density (OD) was measured at 405
nm. OD values exceeding the mean of the serum con-
trol wells plus twice the standard deviation were regard-
ed as positive.

Polymerase chain reaction (PCR) and sequence
analysis. Total RNA was extracted from the lungs of
seropositive R. rattus-and R. norvegicus with Isogen
reagent (Nippon Gene Co., Ltd., Osaka, Japan), accord-
ing to the manufacturer’s instructions. ¢cDNA was syn-
thesized using S pg of total RNA, Superscript IT (200
U), and random primer (Invitrogen, Carlsbad, Calif.,
U.S.A)) incubated at 42 C for 50 minand at 70 C for 15
min. Partial S segments were amplified using the
primer. pair SEO-66 (5-GAGAGAAATCAGTGCT-
CACG-3") and SEO-80!1 (5-ATAAACTCCCGGCA-
ATAAGA -3) and further amplified by an inner primer
pair specific for SEQV, SEO-96 (5-TGTGATAG-
CACGCCAGAAGG-3') and SEO-542 (5-TCCTCA-
TATGAGCTGTCATC-3"). The polymerase chain reac-
tion (PCR) program consisted of 35 cycles of denatura-
tion at 94 C for 30 sec, annealing at 52 C for 30 sec, and
extension at 68 C for 2 min. The amplified S segments
were sequenced directly using a Big Dye terminator
(Applied Biosystems, Foster City, Calif., U.S.A.) and
an ABI 310 Genetic Analyzer: ‘

Results
Epizootiological studies of hantavirus infection

among wild rodents were conducted in various loca-
tions of Japan including the 4 major islands, i.e., Hon-

. shu, 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.
Figure 1 shows the geographical locations of the sur-
vey sites. The sera were screened by IFA for anti-han-
tavirus antibodies. A total of 592 rodent sera from wild
settings in the southern regions of Japan, including

184
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Hakodate

Fig. 1. Geographical Jocation of epizootiological survey sites.
(1) Surveys weie carried out in Aomori. Niigata. Toyama.
Yamanashi, Shizuoka. Osaka, Tokushima, Shimane. Tsushima,
Miyazaki, and Kagoshima prefectures. (2) Surveys were car-
ried out in- Wakkanai, Rumoi, Ishikari, Otaru. Tomakomai.
Hakodate. Tobetsu. Ebetsu. Chitose, Yufutsu, Kushiro. Kiritappu.
Hanasaki. and Nemuro on Hokkaido. the northernmost main
island of Japan. Open circles represent survey sites in seaports
and airports; closed circles represent survey points of wild set-
tings like forests.

Honshu. Shikoku, Kyushu, and Tsushima Islands. were
screened for anti-hantavirus antibodies to HTNV.
SEQOV. and PUUV. Seropositive animals were detected
in Toyama and Shimane (Table 1). Of 471 A. speciosus.
5 (1.1%) were seropositive by IFA. Two R. norvegicus
(5.1%) from Toyama were positive for SEOV. No anti-
bodies to PUUV were detected in any rodent species in
the southern region of Japan. The IFA titers of seropos-
itive A. speciosus to HTNV (1:3210 1:128) were 4- to 8-
fold higher than the titers to SEOV (1:16 to 1:64).

185

Table 1. Serological screening for antibodies to huntavirus by IFA among wild rodents in Honshu. Shikeku, Kyushu, and Tsushima Islands (2000—;1003)

Rodent

Positive rate (%) to

Seroprevalence at

Shizuoka

Toyuma

Aomori

species

PUUV
0/471 (0)

SEOV

4/471 (0.84)

Osaka HTNV
51471 (1.1)

Tokushima Miyazaki Tsushima Kagoshima

Shimane

Yamunashi

0/6

Nijgata

0/19 1/69 012 0/69 0/33 0/1 0728
017 07

07

07

(g}
ol
ot

4/

0 /14"

AL speciosus™

0/49 (0) 0/49 (0)

0/49 (0)

079

079
0

A argenting

)
¥

0711 (0)
o711 (0)
0/1 (0)
0/4 (0)
0/39 (0)

0/11 (0)

0/t HO)
o/11 (0)

0/1 (0)

074 (0)
2/39 (5.1)

M. montebelli

L. wmithi

0/11 (0)
0/1 ()

0/4 (0)
2/39 (5.1)

O/

0/t (0)

0/5 (0)
0/592 (0)

0/1 (0)
0/5 (0)
6/592(1.0)

0/1 (0)

0/5 (0)
7/592(1.2)°

0/1
0/4

2/39

C. dsinezimi

M. minuy

0/5
0/92

U. tapoides

Total

0/28

o/1

0/45

0/6 6/293 0/t4 0728 1/69 2

/14

aces where seropositive rodents were found, and the number of seropositive rodents are shown in bold face.

" Number of seropositive rodents/number of captured rodents.

* Seropositive rodent species. the pl

/

[
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Table 2. IFA and FRNT for seropositive rodents in Toyama-and Shimane (2000-2003)
Place of  No. of Species IFA titer FRNT"
survey  positives HTNV SEQV PUUV HTNV SEOV
Toyama . 4/223" - A. speciosus 128 16 <16 20 <20
A. speciosus 64 16 <16 20 <20
A. speciosus 32 <16 <16 <20 <20
A. speciosus 128 T 16 <16 <20 <20
2/39 R. norvegicus 16 32 <16 NT NT
R. norvegicus 16 32 <16 NT NT
Shimane 1/69 A. speciosus 64 64 <16 <20 <20

Total

“ FRNT titer was expressed as a reciprocal of the highest dilution which showed 30% or more

inhibition of the virus focus formation.

“ Number of seropositive rodents/number of captured rodents.

Table 3. Serological screening for antibodies to hantavirus (HTN. SEQ. PUU) by IFA among rodents captured

in field surveys in Hokkaido (2000-2003)

Place of survey

Posiuve rate (%) to

Rodent species —
Nemuro Kiritappu  Ebetsu Tobetsu  Yufutsu HTNYV, SEOV, or PUUV

C. rufocanus 1/ 0/8 3/8. /125 N 57153 3.3
C. rutilus 0/20 — — — .02 0122 (O)
A. speciosus — — 0/1 0/1 0/4 0/6 (0)
A. argentius — — 0/ — 0/9 0/10 (0)
A. peninsulae — —_— — — 0/4 0/4 (0)
R. norvegicus — — — 0/4 — 0/4 (0)
S. caecuriens — — — — 073 0/3 (0)
S. gracillinus — —_ — — 0/11 o/t (0)
S. unguiculatus —_ — — — o/l 0/1 (0)
Total 1/21 0/8 3/10 17130 0/45 57214 (2.3)

“ Number of captured rodents is shown in parenthesis.

Seropositive R. norvegicus had slightly higher IFA titers
to SEOV (1:32) than to HTNV (1:16) (Table 2). Some
of the IFA-positive sera from A. speciosus neutralized
HTNV (1:20) but not SEOV. Virus gene detection was
attempted by RT-PCR in seropositive A. speciosus. but
none of the samples showed the virus-specific PCR
product bands (data not shown).

In contrast, of 214 animals captured in wild settings
of Hokkaido, only 5 out of the 153 (3.26%) C. rufo-
canus were found to be seropositive in Nemuro, Ebetsu.
and Tobetsu (Table 3). No other rodent species cap-
tured in wild settings had antibodies to hantaviruses. In
rodents captured in urban or semi-urban settings, name-
ly ports and an airport of Hokkaido, 4.5% (2/44) of C.
nifocanus. 0.62% (2/321) of R. norvegicus. and 6.7%
(3/45) of R. rattus were seropositive (Table 4). C. rufo-
canus captured in both wild settings and at the Chitose
Airport had IFA titers to PUUV ranging from 1:32 to
1:128. while {he titers to HTNV were negative or lower
than those to PUUV. However, none of these serum
samples had detectable levels of antibodies to SEOV.
In addition, some positive sera from C. rufocanus were

subjected 1o WB analysis with hantavirus rNPs (o con-
firm the specific reactivity of the antibodies. All [FA-
positive sera showed specific reactions with rNP, while
no bands were observed in WB with [FA-negative sera
(data not shown). Seropositive R. norvegicus and R.
rartus were found in the port area of Rumoi, Otaru. and
Hakodate. The IFA titers to SEOV and HTNV in these
samples were almost equivalent, but antibodies to
PUUYV were below detectable levels (Table 5). In addi-
tion. lung tissues from seropositive R. norvegicus and R.
ruitus were subjected to RT-PCR to amplify the viral S
segment. The partial S segment (256 nt) was amplified
from one seropositive R. ratrus captured at Hakodate
that had a high IFA titer (1:512) 10 SEQV. The
nucleotide sequence of the amplicon showed 96% iden-
tity with the SEOV prototype strain SR-11 (data not
. shown).

In order to examine the epidemiology of human han-
tavirus infection in an at-risk population, we screened
sera from the personnel of the Japan Ground Self-
defense Force on Hokkaido. Of 207 blood samples
examined, one sample was positive (0.48%) for anli-
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Table 4. Serological screening for antibodies to hantavirus (HTN, SEO, or PUU) by IFA among rodents captured in ports and the Chi-
tose Airport in Hokkaido (2000-2003) :

Rodent Place of survey Positive rate ( %)6"‘
species  Chitose® Otary Hakodate Rumoi Hanasaki Ishikari Kushiro Wakkanai Tomakomai HTNV SEOV  PUUV
244 0/44 244
C. rufocanus  2/39 0rs (4.5) (0) (4.5)
i 0/5 o/s 0/5
A. speciosus /5 0) 0) 0)
2/32}) 2/321 0/321
i 2 2 :
R. norvegicus 012 1/115  0/28 1156 0/4 09 0/3 0/35 0/59 062 (062 0)
3/45 3/45 0/45
g y : .
R. rattus 2/44 11 ©6.7) 6.7) )
7/415 5/415 2/415
‘ 2 2 2
Total 20156 3/159 1729 1/56 0/4 014 013 0/35 0/?9 0.7 (12) (0.48)
“ Arport.

Table 5. Serological cbnﬁmmtion of hantavirus infection in seropositive rodents in Holkkaido (2000-2003)

Type of Animal Rodent Positives by IFA
survey point Place of survey number species HTNV SEOQOV  PUUV WB  Nested-PCR FRNT to SEOV
Wild setting  Nemuro N126  C. rufocanus 64 <16 128 +) NT NT
Ebetsu, Ishikari E36 C. rufocanus <16 <16 32 (+) NT NT
E43 C. rufocanus <16 <i6 32 (+) NT - NT
ES5 C. rufocanus <16 <16 64 (+) NT NT
Tobetsu T37 C. rufocanus <l6 <16 128 NT NT NT
Airpoit Chitose™ C36 C. rufocanus 32 <16 64 (+) NT NT
and seaports C40 C. rufocanus 32 <16 64 +) NT NT
Rumoi* R-9 R. norvegicus 64 64 <16 NT =) <10
Otaru™ 13 R. norvegicus 64 64 <16 NT (-) <10
’ 15 R. ratius 64 64 <l6 NT {(—) <i0
114 R. rartus 128 256 <16 NT T () <10
Hakodate" NH3 R. rattus 256 512 <16 NT (+) 20

“ Chitose Aimport.
™ Seaport.
NT: not tested.

Tabie 6. ELISA and WB for anti-hantaviral antibody-positive blood donor found in the Self-defense Force in Holckaido

No. of blood donors Place  Donor ELISA WB . : IFA
and positives (%) HTNV  PUUV HTNV  PUUV HTNV SEOV - PUUV
17207 (0.48%) Chitose  #195 0816  0.113 (+) NT 128 256 <32
Control 0.023  0.018 (=) (=) L<317 <320 <32
NT: not tested.
hantavirus antibody by IFA, with titers of 1:256 10
SEOV and 1:128 to HTNV. In order to confirm this Discussion

finding. we carried out ELISA and WB analysis on the
[FA-positive sample (Table 6). For the ELISA. various
rNPs were used as antigens to determine the type of
infecting virus (Fig. 2). The IFA-positive serum reacted
most strongly with recombinant SEOV NP (rNP-
SEOQ501 in the ELISA test. The reaction pattern was
similar to that of a confirmed SEQV-infected patient
serum (Fig. 2).

HFRS, Japan has not had a reported case of HFRS for
about 20 years. During this period, however, anti-han-
tavirus antibodies have been detected in R. narvegicus
captured in various Japdnese ports. Our previous epi-
zootiological surveys revealed that 10% of C. rufocanus
on Hokkaido had anti-hantavirus antibodies and that
this species carried PUUV-related viruses (6. §). How-
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Fig. 2. Anti-hantavirus antibody detection by ELISA. IFA-positive human serum was
incubated on a plate coated with different recombinant hantavirus NP with serotype-spe-
cific anligenic sites. The plate was incubated with goat anti-human IgG conjugated with
alkaline phosphatase. Optical densily (OD) was measured at 405 nm.

Table 7. Seroprevalence of hantavirus antibodies in rodents and insectivores of Japan (2000-2003)

Positive rate (%)

Species Number of seropositive Number of captured
A. speciosus 5 ) 482 - 5/482 (1.0)
C. rufocanus 7 197 7/197 (3.6)
R. norvegicus 4 364 4/364 (1.1)
R rattus 3 45 3/45 (6.7)
A. argenteus’ 0 59 0/59 (0)
A. peninsulue 0 4 0/4 (0)
C. rutilus 0 22 0/22 (0)
E. simithi 0 11 0/11 (0)
M. minutus 0 I 0/1 (0)
M. moniebelli 0 1 . 0/11(0)
M. musculus 0 q : 0/4 (0)
C. dsinezumi 0 i 0/1 (0)
S. caecutiens 0 3 0/3 (0)
S. gracillium 0 11 0/11(0)

. S unguiculatus 0 1 © 0/1(0)
U. 1alpoides 0 5 0/5 (0)
Total 19 1,221 19/1,22] (1.6)

ever, epizootiological information on hantavirus infec-
tions in indigenous rodents in the southern parts of
Japan has been extremely limited. Therefore, this study
was carried out to elucidate whether rodent species
other than R. norvegicus and C. rufocanus carry han-
laviruses or antibodies to hantaviruses and to examine
the prevalence of human infections in a high-risk group.
such as personnel of the Japan Self-defense Force.

We found seropositive A. speciosus in Toyama and
Shimane by IFA screening, as was the case in our previ-
aus study (2). In seropositive samples, the IFA titers to
HTNV were 4- to 8-fold higher than the titers 1o SEQV,
and the IFA titers to PUUV were all below 1:16. Some

of the positive sera from A. speciosus neutralized
HTNV but not SEQV (Table 2). These findings indicate
that 4. speciosus might carry hantaviruses that are more
closely related to HTNV than to SEOV.

We were unable to amplify the virus gene from the
seropositive A. speciosus. 1t is possible that the virus
was present in seropositive animals at copy numbers
t00 low to permit detectable amplification, or that the
primers used in the PCR reaction had insufficient
homology with the infecting virus to anneal. Further
epizootiological surveys should be conducted to reveal
what type of hantavirus is carried by A. speciosus. In
addition, seropositive R. rattus and R. norvegicus found
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in seaports and at the Chitose Airport could be sources
of human SEOV infection, and their presence could
pose a threat to people working in these facilities, to
travelers, and to quarantine office employees. A higher
seroprevalence was reparted in workers employed in a
reclaimed area where seropositive urban rats were
detected (21). Therefore, a larger-scale epidemiological
study of hantavirus infection among people associated
with the seaports and airports in Japan is warranted.

Further, we found one seropositive individual among
the personnel of the Japan Self-defense Force on
Hokkaido, as confirmed by IFA, WB, and ELISA. The
ELISA result indicated that the person might have been
infected with SEOV. Although this group of people has
closer contact with C. rufocanus than does the general
population, no antibodies to PUU-related virus were
detected, suggesting that PUU-related virus carried by
C. rufocanus in this area rarely infects humans.

In this study we detected seropositive animals in A.
speciosus (5/482, 1.0%), R. norvegicus (4/364, 1.1%), R.
rattus (3/4S, 6.7%), and C. rufocanus (1/197, 3.6%)
among 1,221 animals captured in various areas and set-
tings of Japan (Table 7). These four rodent species may
serve as the reservoir animal of hantavirus in the coun-
try.

The results- of this study, combined with previous
findings, suggest that the low occurrence of HFRS in
Japan might be attributed to four principal factors: (1)
no A. agrarius and only a small number of A. peninsu-
lae, the main reservoirs of HTNV and AMRY, inhabit
Japan; (2) infections caused by SEOQV acquired from R.
norvegicus and R. rartus might be mild and easily mis-
diagnosed; (3) human infection with PUU-related virus
from C. rufocanus occurs only rarely; (4) the preva-
lence of hamtavirus infection in A. speciosus is low.

In this study, we found that R. rartus in Japan carries
hantaviruses; however, the infecting virus has not been
well characterized. Because all hantaviruses must be
considered potential human pathogens, we are now ana-
lyzing the virus in greater detail. ’
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