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astrRACT. Hemorrhagic fever with renal syndrome (HFRS) is a rodent-borne zoonotic disease caused by hantavirus infection. Many HFRS
cases have been reported in East Asia and North Europe, while the situation in Southeast Asia remains unclear. In this study, the prevalence
of hantavirus infection in rodents and humans in Thousand Islands regency, which is close to the port of Jakarta, one of the largest historic
ports in Indonesia, was investigated. A total of 170 rodents were captured in 2005, and 27 (15.9%) of the rodents were antibody-positive
against Hantaan virus antigen in an immunofluorescence assay (IFA) and Western blotting. Despite the high prevalence in rodents, human
sera collected from 31 patients with fever of unknown origin and 20 healthy volunteers in the islands in 2009 did not show positive reaction
to the antigen in IFA. To identify the virus in rodents genetically, a total of 59 rodents were captured in 2009. Sera from the rodents were
screened for antibody by ELISA, and lung tissues were subjected to RT-PCR. 20 (33.9%) of the 59 rodents were antibody-positive, and
3 of those 20 rodents were positive for S and M genome segments of hantaviruses. Genetic analysis showed that the viruses belonged to
Seoul virus and formed a cluster with those in Vietnam and Singapore. These results suggest that a unique group of Seoul viruses has spread
widely in Southeast Asia.
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Hemorrhagic fever with renal syndrome (HFRS) is a ro-
dent-borne zoonotic disease caused by hantavirus infection.
Humans become infected through inhalation of excreta from
infected rodents. The patients develop fever, renal disorder
and hemorrhagic manifestation, resulting in death in 1-10%
of cases. There are no effective therapeutic measures [19].

Hantaviruses belong to the genus Hantavirus, family
Bunyaviridae. The genome is composed of three segments
of single-stranded negative-sense RNA, designated as small
(S), medium (M) and large (L) segments, encoding nucleo-
capsid protein (N), glycoprotein (GP) and RNA-dependent
RNA polymerase, respectively [20].

Many HFRS cases have been reported in East Asia and
North Europe [11]. On the other hand, epidemiological in-
formation about hantaviruses in Southeast Asia is limited.
There have been a few reports on hantavirus infection in
humans and animals in Indonesia. Seoul virus (SEOV) in
Rattus norvegicus in Jakarta was demonstrated serologically
[8] and genetically [17]. Thottapalayam virus (TPMV) in
shrews (Suncus murinus) in Thousand Islands regency was
shown by serological examination [13]. A novel hantavirus
designated as a Serang virus (SERV) was detected from R.
tanezumi in Serang district of Banten Province by genetic
examination [15]. These findings suggest that a variety of
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hantaviruses exist in Indonesia and may cause human dis-
eases [6, 10]. However, the prevalence of those viruses and
the actual risk to human health remain unclear.

Thousand Islands regency of Jakarta consists of a string
of 105 tiny islands in Java Sea and is located close to the
port of Jakarta, which is largest historic port in Indonesia.
Onrust Island, belonging to the Thousand Islands regency, is
used to be an international and domestic quarantine seaport
more than 50 years ago when Indonesia was still a Dutch
colony. For a period of almost three hundred years, many
ships visited the island from all over the world before going
to other islands in the Indonesian archipelago. Considering
the location and history of Thousand Islands regency, it is
possible that unique hantaviruses exist there.

In this study, in order to determine the current status of
hantavirus infection in Thousand Islands regency, rodent and
human sera were collected and examined for the presence of
antibodies against hantaviruses. Genetic analysis of the virus
was also conducted.

MATERIALS AND METHODS

Sample collection: A total of 229 rodents (112 Rattus nor-
vegicus and 117 R. tanezumi) were captured in seven islands
in Thousand Islands regency of Jakarta, Indonesia in 2005
and 2009 (Fig. 1, Tables 2 and 3). One hundred and seventy
rodents were captured in Tidung, Panggang, Untung Jawa,
Pari, Kotok and Rambut Islands in July and October 2005,
and 59 rodents were captured in Tidung, Panggang and Karya
Islands in June 2009. Tomahawk traps with roasted coconuts
were set up in and outside the houses on each island. Species
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Table 1.  Primers used in this study
Name Sequence (5’ to 3°)

SERV-MF CCT CTC TGG ACW GAT AAT GCI CAT GG

SERV-MR GCC CAA CTA TTY TCA TAY TCI TAA TC

SEOMF1936 GTG GAC TCT TCT TCT CAT TAT T

SEOMR2353 TGG GCA ATC TGG GGG GTT GCA TG

MI12 AAC CAC TAT GGC CAC CTT TC

MurS110F CAG AAG GTI AIG GAT GCA GA

MurS1160R TGG TCC AGT TGT ATR CCC AT

SEOS800F CCG GGA GTT TAT CTG GGA AT

SEOS1589R ACT TAA GGT GAC CTG GCC CT
Table 2.  Prevalence of hantavirus infection in rodents in 2005 Table 3. Prevalence of hantavirus infection in rodents in 2009

determined by IFA and WB determined by ELISA
Species Species
Islands Islands
R. norvegicus R. tanezumi R. norvegicus R. tanezumi
Tidung 5298 (17.2)Y 0/26 0) Tidung 10/229 (45.5)® 2/10 (20.0)
Panggang 13/32 (40.6) 1/15 (6.7) Panggang 6/13 (46.2) 1/9 (11.1)
Untung Jawa 3/13 (23.1) 5/24 (20.8) Karya 1/3 (33.3) 0/2 0)
Pari - - 0/23 (0) Total 17/38 (44.7) 321 (14.3)
Kotok - - 0/7 0
RO Ob ‘ B B /1 EO; a) Number of antibody-positive sample/ Number of tested sample.
ambu b) Positive rate (%).

Total 21/74 (28.4) 6/96 (6.3)

a) Number of antibody-positive sample/ Number of tested sample.
b) Positive rate (%). ¢) No Sample.

were identified by outer appearance and sizes of body parts.
Sera were collected from all of the rodents, while lung tis-
sues were collected from rodents captured in 2009. A total
of 51 human sera were collected from 31 patients with fever
of unknown origin and from 20 healthy volunteers at com-
munity health centers in Tidung and Panggang Islands from
June 2009 to October 2009 (Table 4).

Immunofluorescence assay (IFA): Rodent sera collected in
2005 and human sera were screened for antibodies against

hantaviruses by IFA as reported previously [23]. Hantaan
virus (HTNV)-infected Vero E6 cells were used for the an-
tigen. Sera were examined at 1:200 dilutions. Fluorescein
isothiocyanate (FITC)-conjugated goat anti-rat IgG (KPL)
and Protein A-FITC conjugate (EY-lab) were used for rodent
and human sera, respectively. The specific granular pattern
of fluorescence in cytoplasm was examined under a fluores-
cence microscope.

Western blotting (WB): After screening by IFA, the pres-
ence of antibodies against hantaviruses was confirmed by
WB as reported previously [24]. Recombinant HTNV N
expressed by a baculovirus system was used for the antigen.
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Table 4.  Prevalence of hantavirus infection in human in
2009 determined by IFA
Island Sick Healthy Total
Tidung - 0/10 0/10
Panggang 0/31 0/10 0/41
Total 0/31 0/20 0/51

a) No sample.

Horseradish peroxidase (HRP)-conjugated goat anti-rat IgG
(KPL) and 4-chloro-1-naphthol (Wako) were used for the
secondary antibody and substrate, respectively.

Enzyme-linked immunosorbent assay (ELISA): Rodent
sera collected in 2009 were screened for antibodies against
hantaviruses by ELISA as reported previously [14]. Briefly,
96-well EIA/RIA plates (Corning) were coated with bacte-
rially-expressed HTNV N at 4°C overnight. After blocking
with PBS(—) containing 3% bovine serum albumin (Sigma-
Aldrich, St. Louis, MO, U.S.A.), the plates were incubated
with 1:200 dilutions of heat-inactivated sera at room temper-
ature for 1 hr. After washing with PBS(—) containing 0.05%
Tween 20 three times, the plates were incubated with HRP-
conjugated goat anti-rat IgG (KPL) at room temperature for
1 hr. After washing and coloring with o-phenylenediamine
(Sigma), optical density (OD) at a wavelength of 450 nm
was measured by a spectrometer. Cutoff value was set at
OD=0.864, which was the minimum OD value in ELISA
among the antibody-positive sera collected in 2005.

Sequence analysis of hantavirus genome: Total RNA iso-
lated from rat lung tissue was used to examine hantavirus-
specific cDNA as described previously [22]. Briefly, total
RNAs were extracted from lung homogenate of antibody-
positive rodents with ISOGEN (Nippon Gene, Tokyo, Ja-
pan) and reverse-transcribed into cDNAs by using random
hexamer and SuperScript II reverse transcriptase (Life
Technologies Japan Ltd., Tokyo, Japan) according to the
manufacturer’s instructions. cDNAs were amplified by poly-
merase chain reaction (PCR) by using AmpliTaq Gold (Life
Technologies Japan Ltd.) and primers specific for hantavi-
ruses (Table 1). PCR products were purified with a MinElute
PCR purification kit (QIAGEN GmbH, Hilden, Germany)
and subjected to nucleotide sequencing with a BigDye Ter-
minator v3.1 Cycle Sequencing Kit and ABI PRISM 3130xl1
Genetic Analyzer (ABI) according to the manufacturer’s
instructions. Phylogenetic analysis was performed by using
GENETYX-MAC (ver. 15.0.1), CLUSTAL W (ver.1.83) and
Njprot (ver. 2.3).

RESULTS

Prevalence of hantavirus infection in rodents captured in
2005: A total of 170 rodents (74 R. norvegicus and 96 R.
tanezumi) were captured in six islands in Thousand Islands
regency, and 27 (15.9%) of the rodents were positive for
antibodies against hantaviruses in [FA and WB (Table 2).
Seroprevalences in R. norvegicus ranged from 17.2 to 40.6%
(28.4% in total), while those in R. tanezumi ranged from 0

t0 20.8% (6.3% in total). Antibodies were not detected from
rodents in Pari, Kotok and Rambut Islands.

Screening of antibodies in rodents captured in 2009:
Genetic identification of the virus in the rodents captured in
2005 was hampered by lack of samples feasible for genetic
examination. Hence, rodents were captured again in 2009,
and sera as well as lung tissues were collected for subsequent
genetic examination. A total of 59 rodents (38 R. norvegicus
and 21 R. tanezumi) were captured in three islands, and 20
(33.9%) of the rodents were antibody-positive in ELISA
(Table 3). Similar to the results for rodents captured in 2005,
seroprevalences in R. norvegicus were higher than those in
R. tanezumi(33.3-46.2% vs. 0-20.0%). Seroprevalences in
rodents in Tidung and Panggang Islands were continuously
high in both 2005 and 2009.

Detection and sequence analysis of hantavirus genome:
20 lung tissues of the antibody-positive rodents captured in
2009 were examined for the presence of hantavirus genome
by RT-PCR. We chose three specimens, such as KS74, KS80
and KS90, for the sequencing analysis, because they showed
clear amplification patterns. cDNA fragments derived from S
and M genome segments were amplified from three lung tis-
sues of rodents: one R. norvegicus rodent captured in Pang-
gang Island (KS90) and two R. norvegicus rodents captured
in Tidung Island (KS74 and KS80). Partial sequences of the
S segment (129 to 1,570 nucleotides) and the M segment
(1,971 to 3,124 nucleotides) were determined. As for the S
segment of KS90, the sequence of a shorter region (839 to
1,570 nucleotides) was determined. Alignment and phyloge-
netic analysis with known sequences showed that the viruses
belonged to SEOV and formed a cluster with those detected
in Vietnam and Singapore (Fig. 2) [9, 12, 21].

Prevalence of hantavirus infection in residents of the
islands: To estimate the risk of hantavirus infection in
residents, 31 sera of patients with fever of unknown origin
and 20 sera of healthy volunteers in Tidung and Panggang
Islands were screened for antibodies against hantaviruses by
IFA (Table 4). Despite the relatively high prevalence in ro-
dents, there were no antibody-positive sera in either patients
or healthy volunteers.

DISCUSSION

Hantavirus-infected rodents have been reported in South-
east Asian countries including Vietnam, Cambodia, Thailand
and Singapore [2, 9, 12, 18, 21]. Antibody positivity among
humans has also been reported in Asian countries includ-
ing India, Sri Lanka and Vietnam [3, 5, 7]. In the present
study, we found SEOV-positive rodents in Thousand Islands
regency of Jakarta in Java Sea, where many ships traffic
frequently. In addition, phylogenetic analysis showed that
Indonesian SEOV belongs to the same lineage as that of
SEOV in Vietnamese and Singapore. These results suggest
that SEOV was transported through movement of people ac-
companied by infected rodents beyond the Java Sea and that
a unique group of SEOV spread widely in Southeast Asia.

Generally, hantaviruses are thought to have co-evolved
with host rodents [16]. Indonesia is thought to be the area
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Phylogenetic trees generated by the neighbor-joining method based on 129 to 1,570 nucleotides of the S

segment (A) and 1,971 to 3,124 nucleotides of the M segment (B). Sequences of Rn-DH27 (GQ279393), Z37
(AF187082 and AF190119), ZT10 (AY766368 and DQ159911), ZT71 (AY750171 and EF117248), HuBJ20
(GQ279394), Pf26 (AY006465), zy27 (AF406965), SD201 (GQ279385), Rn-SHY 17 (GQ279388), HuBJ15
(GQ279390), HuBJ19 (GQ279389), HuBJ16 (GQ279380), HuBJ7 (GQ279381), HuBJ22 (GQ279379), HuBJ9
(GQ279384), Rn-DC8 (GQ279386), Rn-M11 (GQ279383), Rn-YUEI2 (GQ279387), Rn-CP7 (GQ279382),
Rn-HD11 (GQ279392), HuBJ3 (GQ279391), BjHDO! (AY627049 and DQ133505), CUI (GQ279395),
93HBX12 (EF192308), SR-11 (M34881 and M34882), 80-39 (NC_005236 and NC_005237), tchoupitoulas
(AF329389), IR461 (AF329388 and AF458104), Hb8610 (AF329388), L99 (AF288299 and AF288298), R22
(AF488707), K24-v2 (AF288655 and AF288654), K24-¢7 (AF288653 and AF288652), Singapore/06(RN46)
(GQ274945 and GQ274943), Singapore/06(RN41) (GQ274944 and GQ274942), CSG11 (AB618113 and
AB618131), CSG5 (AB618112 and AB618130), B-1 (X53861), KI-83-262 (D17592), KI-88-15 (D17594),
KI-85-1 (D17593), China (EU163437), HB55 (AF035832) and Gou3 (AB027522 and AF145977) were used.
Sequences of S and M genome segments of KS74, KS80 and KS90, derived from Rattus norvegicus, cor-
respond to AB697613-AB697615 and AB697616-AB697618, respectively.

where original Rattus rodents appeared and spread to other
areas. Therefore, Indonesia is inhabited by many unique rats
[1]. Thus, not only SEOV but also various other types of
hantaviruses might exist in many unique rodents in Indo-
nesia and spread to Southeast Asian countries. In fact, after
the discovery of SERV in Indonesia [15], SERV-like viruses
were also discovered in Singapore [9]. In this paper, we
failed to detect hantaviruses from R. fanezumi captured in
Thousand Island district. Because antibody prevalence rate
among R. tanezumi was lower than R. norvegicus and viral

genome was not detected from any them, spillover infection
of R. norvegicus-borne SEOV to R. tanezumi is suggested.
It was very similar to the situation of SEOV infection in
Haiphong port, Vietnum [22]. In addition to the difficulties
of virus detection, taxonomic classification of R. tanezumi in
Asia has also not yet been fixed [1]. Furthermore, genetical
comparison between R. tanezumi in Serang district and Tho-
sand Island district has not been completed. To understand
situation of Rattus-borne hantaviurses in nature, additional
informations of hantaviruses and host animals are required
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in future.

Prevalences of hantavirus infection in rodents were higher
in populated islands, such as Tidung, Panggang and Untung
Jawa Islands. Hantaviruses might have been easily intro-
duced and maintained in these populated islands, because
rodents have an abundant food supply from garbage and can
reproduce efficiently. Indeed, the prevalence of hantavirus
infection in rodents in Tidung and Panggang Islands in 2009
was continuously high as that in 2005.

Despite the relatively high prevalence in rodents in Tid-
ung and Panggang Islands, antibodies against hantaviruses
were not detected from residents of these islands, implying
that the risk of hantavirus infection in humans may not be
high in those islands. However, it is important to try to avoid
direct and indirect contacts with rodents and improve hy-
giene, because rodents have a number of pathogens.

All of the rodents captured in Thousand Islands were
infested with at least one group of ectoparasites (fleas,
lice, tick or mites). The only species of flea found in this
study was Xenopsylla cheopis, which is known as a vector
of plague, and the flea index (average number of fleas per
host) was 2.8 for R. norvegicus and 0.4 for R. tanezumi. It
has been reported that a flea index of greater than 1 for X.
cheopis on rats represents a potentially dangerous situation
with respect to increased plague risk for humans [4]. These
observations suggest that the potential risk for outbreaks of
plague as well as other rodent-borne diseases in the district
is high. Continuous investigation in this area is needed to
control rodent-borne diseases and improve public health.

We found SEOV-infected rodents in tiny islands, the
perimeters of which are as small as several kilometers. The
isolated nature and small sizes of these islands are suitable
for monitoring the pathogen and reservoirs, evaluating the
outcome of countermeasures and studying the ecology of
hantaviruses in nature.
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