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lishing s such cultured cells. These examples are intro-
duced below.

1) Isolation of a novel gamma-herpesvirus from a
horseshoe bat, Rhinolophus ferrumequinum

Hoerseshoe bat, Rhinolophus ferrumequinum, is re-
garded as the natural host of SARS coronavirus. For this
reason, we established cultured cell line originating from
Rhinolophus ferrumequinum, BKT1, which was expected
to be useful for isolation and analysis of the viruses orig-
inating in Rhinolophus ferrumequinum. During the pas-
sage culture of the adherent cells originating in the spleen
of another Rhinolophus ferrumequinum, a cytopathic ef-
fect (CPE) was confirmed. Large viruses were found by
observation with an electron microscope, and as a result
of the genetical analysis using the Rapid Determination
of Viral RNA (RDV) method developed by Mizutani et
al. (the National Institute of Infectious Diseases) [21],
the virus was identified as a novel gamma-herpesviruses.
This virus was close to equine herpesvirus 2 carried by
horses, which may be because of the close genetic rela-
tion between bats and horses (manuscript in preparation).

2) Isolation of a movel adenovirus from Japanese
fruit bat, Pteropus dasymallus yayeyamae

Fruit bats are the natural hosts of such viruses as
Ebola virus, Marburg virus, Nipah virus and Hendra virus.
Pteropus dasymallus yayeyamae is the only specie of fruit
bats which inhabits in Japan and has not been designated
as endangered species, thus is permitted to be captured.
We succeeded in the establishment of the cultured cell,
FBKT1, originating in Pteropus dasymallus yayeyamae.
However, the virus was isolated during the passage cul-
ture of the spleen cells, as in the case of Horseshoe bat.
As a result of identification, the isolated viruses were con-
firmed to be a novel adenoviruses. The isolation of aden-
ovirus from bats was reported for the first time [22].

3) Isolation of a novel beta-herpesvirus from a bent-
winged bat, Miniopterus fuliginosus

We also succeeded in the establishment of cultured
cells and isolation of a novel beta-herpesviruses from a
bent-winged bat, Miniopterus fuliginosus. Because we
had already found out the presence of adenovirus and her-
pesvirus in bats, we first tried to detect the both viruses us-
ing the consensus primers for adenovirus and that for her-
pesvirus. However, the isolated virus was PCR-negative,
accordingly we next tried to identify the viruses using the
above-mentioned RDV-method. As a result, they were
identified as a novel betaherpesvirus [23]. The virus ex-
isted in the spleen of 4% of the bats. The virus was de-
tected in kidney, lung, liver and spleen, but not detected
in intestines, trachea, urinary bladder and brain. The im-
portant point in this survey was that the virus could not be
detected by the consensus primers which had been pre-
viously considered to be able to detect all kinds of her-
pesviruses. The similar result was acquired in analyzing
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the virus originating in bats in the Philippines [24]. The
results of analyses showed the importance of isolation of
viruses and genetic identification, and indicated that over-
confidence in consensus primers would be risky.

As mentioned above, we succeeded in isolation and
identification of novel viruses originating from bats. The
possibility may be low that these viruses will cause
emerging infectious diseases. However, accumulated
knowledge on such viruses infecting bats is anticipated
to be useful at the time of outbreak of the emerging infec-
tious diseases originating from bats in the future.

6. A Novel Rhabdovirus Transmittable to Wild
boars, Deer, Cattle and Pigs

In the trial to isolate JEV from the serum of wild boars,
CPE was recognized in the Vero cell. As a result of iden-
tification, rhabdovirus-like particles were found by obser-
vation with an electron microscope, and it was proven by
the RDV method that the virus was the novel rhabdovirus,
According to viral neutralization tests, it was found that
more than 50% of wild boars in the area had been in-
fected with the virus, and that there were some positive
individuals in deer, caitle and pigs, although the number
of individuals were few. The pathogenicity and the infec-
tious cycle of this virus are still unknown, but attention
may be needed for infection of humans with the virus,
because it has the potential to be transmitted to many ani-
mals (manuscript in preparation).

The above finding is an example which indicates that
unknown infectious diseases are secretly prevalent in wild
animals in Japan. The possibility cannot be denied that
new emerging infectious diseases will appear in Japan.

7. Infection of Raccoons with Highly-
Pathogenic Avian Influenza Virus

In considering the intrusion route of the viruses to cause
highly-pathogenic avian influenza (HPAI) brought from
the Eurasian Continent by wild birds into poultry farms,
we thought about the possibility of wild animals being
the mediators. Focusing on raccoons, which were likely
to prey on wild birds on the shore and intrude into poultry
farms, we investigated whether or not they had antibodies
against HPAI virus [25]. As a result of the survey, HPAI-
positive raccoons were found in three prefectures out of
four. And in two prefectures out of the three, there had
been no report of the outbreak of HPAI so far. The find-
ings of the survey indicate that wild birds infected with
the HPAI virus would intrude into Japan with a consid-
erably high frequency and raccoons would prey on them.
It remains unknown whether or not these raccoons can
become the source of infection with HPAI virus for live-
stock. However, through the survey on the situation of
the antibody-prevalence of raccoons against HPAI virus,
it has been made clear that more HPAI virus has intruded
into Japan than we expected. According to a study abroad,
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it was reported that red foxes which ate the birds infected
with HPAI virus excreted the viruses later without show-
ing the symptom of the disease [24]. Raccoons may show
the same pattern as red foxes. Although our study focused
on raccoons, it may be possible that other wild animals
such as weasels, martens and rodents are infected with
HPAI virus and that the virus intrudes into poultry farms
via such wild animals.

Raccoons are invasive alien species which has recently
intruded into Japan. Such alien species may become the
natural host of viruses of new emerging infectious dis-
eases, and trigger unexpected spread of such diseases. Es-
pecially in Japan, where no large carnivorous animal in-
habits, humans are the only natural enemy of the alien
species like raccoons. Accordingly, humans should take
appropriate measures against the alien species.

The possibility of intrusion of wild animals into pig
farms or poultry farms is still unknown. However, by
preventing the intrusion of wild animals, we can prevent
various kinds of infectious diseases, because wild animals
may carry many viruses to cause infectious diseases.

8. Conclusions

We have introduced some viral infectious diseases in
wild animals, but these are a tiny part of numerous
viruses; there are still many other viruses including un-
known ones. It is thought that the measures for wild ani-
mals against viral infectious diseases might be not neces-
sary, but prevention of intrusion of wild animals into the
breeding site of domestic animals is important. As for rare
species of animals, some measures should be taken, be-
cause the number of such species can decrease drastically
due to the infectious diseases. Humans should avoid ap-
proaching wild animals, although in Japan people have lit-
tle awareness because rabies does not occur. In addition,
raw meat of wild animals should not be eaten. The viral
infectious diseases originating in wild animals may con-
tinue to break out in the future. Thus, it would be desir-
able to accumulate information on the viruses in wild ani-
mals, based on the principle of “One World, One Health.”

Acknowledgements

The studies mentioned in this paper were conducted in cooper-
ation with Drs. Tetsuya Mizutani, Koji Sakai and Noriyo Na-
gata at the National Institute of Infectious Diseases; Dr. Mayumi
Yokoyama at the Wildlife Management Research Center, Hyogo
Prefecture; Ms. Tomoka Tsuji at the Gifu University; Mr. Kazuo
Suzuki at the Tanabe Natural Park Center; Drs. Hiroshi Sato,
Masaru Okuda and Hiroyuki Iwata at Yamaguchi University;
Dr. Taisuke Horimoto at the University of Tokyo; and Dr. Shun-
pei Watanabe at Kyushu University and others. And these studies
were subsidized by the grant-in-aid for scientific researches of the
Ministry of Education, Culture, Sports, Science & Technology,
and the grant for health science of the Ministry of Health, Labor
and Welfare.

Journal of Disaster Research Vol.7 No.3, 2012

Viral Infectious Diseases in Wild Animals in Japan

References:

[1] T. Nabeshima, H. T. Loan, S. Inoue, M. Sumiyoshi, Y. Haruta, P.
T. Nga, V. T. Huoung, M. del Carmen Parquet, F. Hasebe, and K.
Morita, * Evidence of frequent introductions of Japanese encephali-
tis virus from south-east Asia and continental east Asia to Japan,” J.
of General Virolgy, Vol.90, No.4, pp. 827-832, 2009.

[2] T. Takasaki, T. Kotaki, I. Kurane, K. Sawabe, T. Lin, and M.
Kobayashi, “Japanese encephalitis virus detected from wild boars,
December 2008 and May 2009 - Hyogo,” Infectious Agenis
Surveillance Report, Vol.30, pp. 156-157, 2009.

[3] Y. Ohno, H. Sato, K. Suzuki, M. Yokoyama, S. Uni, T. Shibasaki,
M. Sashika, H. Inokuma, K. Kai, and K. Maeda, “Detection of an-
tibodies against Japanese encephalitis virus in raccoons, raccoon
dogs and wild boars in Japan,” J. of Veterinary Medical Science,
Vol.71, No.8, pp. 1035-1039, 2009.

{4] H. Shimoda, Y. Ohno, M. Mochizuki, M. Okuda, H. Iwata, and
K. Maeda, “Dogs as sentinels for human infection with Japanese
encephalitis virus,” Emerging Infectious Diseases, Vol.16, No.7,
pp. 1137-1139, 2010.

[5] H. Shimoda, S. Tamaru, M. Morimoto, T. Hayashi, M. Shimojima,
and K. Maeda, “Experimental infection of Japanese encephalitis
virus in dogs,” J. of Veterinary Medical Science (in press).

T. Kouda et al., in the 129 Annual Meeting of the Japanese Society

of Veterinary Science, Tsukuba, 2000.

[7]1 H. Y. A. Mahmoud, K. Suzuki, T. Tsuji, M. Yokoyama, M. Shimo-
jima, and K. Maeda, “Pseudorabies virus infection in wild boars in
Japan,” J. of Veterinary Medical Science (in press).

[8] Y. Furuse, A. Suzuki, and H. Oshitani, “Origin of measles virus: di-
vergence from rind t virus between the 11'" and 12" centuries,”
Virology Journal, Vol.7, No.52, 2010.

19] M, E. Roelke-Parker, L. Munson, C. Packer, R. Kock, S. Cleave-
land, M. Carpenter, S. J. O’Brien, A. Pospischil, R. Hofmann-
Lehmann, and H. Lutz, “A canine distemper virus epidemic in
Serengeti lions (Panthera leo),” Nature, Vol.379, pp. 441-445, 1996.

[10] United States Fish & Wildlife Service, “Endangered and threatened
wildlife and plants; listing the San Miguel Island fox, Santa Rosa
Island fox, Santa Cruz Island fox, and £ézmta Catalina Island fox as
endangered,” Federal Register Vol.69, pp. 10335-10353, 2004.

111] S.F. Timm, L. Munson, B. A. Summers, X. A. Terio, E. J. Dubovi,
C. E. Rupprechy, S. Kapil, and D. K. Garcelon, “A suspected canine
distemper epidemic as the cause of a catastrophic decline in Santa
Catalina Island foxes (Urecyon littoralis catalinae),” J. of Wildlife
Disease, Vol.45, pp. 333-343, 2009.

[12] S. Morikawa, S. Fukushi, 1. Kurane, K. Sakai, K. Ami, S. Ya-
mada, H. Hasegawa, N. Nagata, T. Sata, S. Matsui, N. Okabe, and
K. Nakajima, “Outbreak of deadly canine distemper virus infec-
tion among imported cynomolgus (crab-eating) monkeys,” Infec-
tious Agents Surveillance Report, Vol.29, p. 315, 2008.

113] Z. Sun, A. Li, H. Ye, Y. Shi, Z. Hu, and L. Zeng, “Natural infec-

tion with canine distemper virus in hand-feeding Rhesus monkeys

in China,” Veterinary Microbiology, Vol.141, pp. 372-378, 2010.

{14] Y. Kameo®, Y. Nagao’, T. Nisho, H. Shimoda, H. Nakano, K.
Suzuki, Y. Une, H. Sato, M. Shimojima, and K. Maeda, “Epizootic
canine distemper virus infection among wild mammals,” Veterinary
Microbiology, Vol.154, pp. 222-229, 2012 (Tequally contributed).

[15] T. Watabe and M. Yoshizawa, “The outbreak of death frequent oc-
currence of the wild raccoon dog by canine distemper,” J. of Envi-
ronment and Disease, Vol.15, pp. 11-14, 2006.

[16] M. Yoshizawa and T. Watabe, “The canine distemper outbreak
situation of mammals in Kochi City and the outskirts,” Kagawa
Seibutsu Vol.34, pp. 63-67, 2007.

[17}) M. . Appel, C. Reggiardo, B. A. Summers, S. Peame-}(elling, C.
J. Maré, T. H. Noon, R. E. Reed, J. N. Shively, and C. Orvell, “Ca-
nine distemper virus infection and encephalitis in javelinas (collared
peccaries),” Archives of Viorology, Vol.119, pp. 147-152, 1991.

|18} Y. Nagao, Y. Nishio, H. Shimoda, S. Tamaru, M. Shimojima, M.
Goto, Y. Une, A. Sato, Y. Ikebe, and K. Maeda, “An outbreak of ca-
nine distemper virus in tigers (Panthera tigris): Possible transmis-
sion from wild animals to zoo animals,” J. of Veterinary Medical
Science (in press).

[19] H. Nishihara, M. Hasegawa, and N. Okada, “Pegasoferae, an un-
expected mammalian clade revealed by tracking ancient retropo-
son insertions,” Proc. of the National Academy of Sciences USA,
Vol.103, No.26, pp. 9929-9934, 2006.

{20} T. Mizutani, D. Endch, M. Okamoto, K. Shirato, H. Shimizu, M.
Arita, S. Fukushi, M. Saijo, K, Sakai, C.K. Limn, M. Ito, R.
Nerome, T. Takasaki, K. Ishii, T. Suzuki, 1. Kurane, S. Morikawa,
and H. Nishimura, “Rapid Genome Sequencing of RNA Viruses,”
Emerging Infectious Discases, Vol.13, pp. 322-324, 2007.

[21] K.Maeda, E. Hondo, J. Terakawa, Y. Kiso, M. Nakaichi, D. Endoh,
K. Sakai, S. Morikawa, and T. Mizutani, “Isolation of novel aden-
ovirus from fruit bat (Preropus dasymallus yayeyamae),” Emerging
Infectious Diseases, Vol.14, No.2, pp. 347-349, 2008.

[6.

o

295

- 263 —



Shimoda, H. et al,

1221 S, Watanube, K. Maeda, K. Suzaki, N. Ueds, K. tha, 8, Taniguchi,
. Shimoda, K. Kato, Y. Yoshikawa, 8. Marikawa, L Kumm{é H,
_Akimm‘ and T, Mizutani, “Novel betaherpesvirus in bmx Enverging

 Infegtious Discases, Yol.16, No.6, pp: 986-988, 2010

1231 S Watanabe, N. da, K. tha, 1.8 Musangkay, H. %"u}u, P, Ah@s«
ol T: Mizetant, K. Macda, D, Yomune, A, Walid, K. Kato, S
Kyuwa, Y: Tohya, Y. Yoshikawa, and H.. Akzmiu, “Detection of 4
new batgammaherpesvires in the Philippines.” Viras Genes, Val. 39,
Nﬂ.hpp. 90-93, 2009,

[24] T Horimoto, 8. Murdkami, M, Kiso, K. IwatsukisHormow, T, o,
K. Suziiki, M, Yokoyama; K. Muedi, and ¥, Kawanoka, “Serological
B vidence of H3NI highly pathm,cmu avian ifluenza virus nfection
incferal raceoons in Jupan,” Emerging Infections Discuses, Vol.17,
Mo pp. 714717, 2011,

1251 L, A. Reperant, G. van Amerongen, M, W, G.van de Bild(, G B
Rimmelzwan: AP Dobson,A: D M, B Osterhians, and T Kuiken,
“Highly pathegenic daviim influesza viens (HEND) infection in red
foxes fed infected bird curcasses,” Emerging Infectious Diseases,
Vol 34, No.Z pp. 1835-1841, 2008,

Name:
Hiroshi Shimoda

Afiilintion: ,
DML, Laboratonyof Veterinary Microbidlogy,
Faculty of Agricultures Yamaguchi University

Address:

1677-1 Yoshida, Yambaguchi 753-8515, Japun.

Brief Carcer:

2011~ The United Graduate Sehool of Veterinary Sciency; Yamaguchi
University

Selected Publications:

‘o “Dogs as sentinels for human infection with Japanese envephalitis vitus)”
kmgr_&,mz Infections diseases; VoL 16, pp. VISTTIRY, July, 2006,

o “Experimental infection of Jupunese znwgmhm virus in ;ia:;g, “The
Journal of Veterinary Medical Scignce, Vol.73, pp. 124141242, Sepiemiber,
2011,

Acadeniic Societies & Sciéntific Organizations:

= The Japunese Society of Veterinary Science (JSVS)

Name:
Yumiko Nogao

Affiliation:
D.VM. Laboratory of Veterinary Microbiology,
Faculty of Agriculture, Yamaguehi University

Address:

1677-1 Yoshida, Yantaguehi 753-8515, Japun

Brief Career:

2011-"The United Graduate School of Veterinary Scignge. -
Univérsity

Selected Publications:

‘s “An outbreak of canine distemper virus in figers. (Panihera tigrist:
Possible transmission from wild animals to zov wimals,” Jowrnal of
Veterinary Medical Stience (in press). i

& “Epizootic canine distemper virus infection among wild mammals.”
Veterinary Microbiology, Vol.154, pp. 222-229, 2012,

Acadenmic Societies & Scientific Organizations:

= The Japanese Socicty of Yeterinary Science (JSVS)

Vuntaguchi

296

Name:
Masayuki Shimolma

Affiliation:

Associate Professor, PRI, D.V.M., Laborstory
of Veterinary Microbiology, Facalty of Agricul-
sure, Yamaguchi Uriversity

Address:

1677-1 Yoshida, Yamaguchi 753-8518, Japan
Brief Carcers

"(}(ﬁ» fie University of Tokyo

2010 Yamaguchi University

Setected Publications:

& “Tyro3 family-mediated cell entey of Ebola and Marburg viruses,” §
Virol., Voli80, pp. 10109-10116,2006..

= “Experimental infection of Japangse encephalitis virus indogs.” The
Journal of Vetmnary ‘md,_ai Science; Vol.73, pp. 1241 1242 September,
2011,

e “Usie of CD134 a5 a primary receptor by the Tefing immunodeficiency

5 Seience, Vol.303, ppe F192-1195, 2004,
Academic Societies & Scientific Organizations:
= The Japanese: Smsuy of Veleri inury Seience
o The Japanese Society for Virology

Name:
Ken Maeda

Affiliation:

Phiix, DVM,, Professor, Laboratory of Veteri-
nary Miciobiology, Faeulty of Agriculture, Yam:
aguchi University

Address:
H677-1 Yoshida, Yamaguchi 753-8513. Japar
Brief Carver:
1994- Research Fellow of Japan Science Promotion Soeiety

1996- Associale Professor, Yamaguchi University

2008~ Professor Ymmg?uam University

Seléeted Publications:
“ﬁwhiy ;mi}m&eme i

influenza virus infection in feral raccoons,

apan” BID, Vol 17, pp. THETLT, 2011,

Py

#*Dogs s sentinels Tor human infection with Japanese encephalitis virus,
EID, VoL.16, pp. 1137-1139, 2010,

@ "iwlahmw { novel adenavieus from frult bat {Preropis dasymallis

savevamaey,” BID, Vol. 14, pp. 347-349, 2008,
Amécmm Societies & Scientific Organizations:
selety of Velerinary: Science

& The Jﬁgmwzw Saciety fo Virglogy

o The American Sociery for Microbiglogy

Journal of Disaster Research Vol.7 No.3, 2012

- 264 —



RGBS EHREIC A Ch ol Capnocytophaga canimorsus BUILEE D —FEHF

W D FHEPE D EHEF D EAPET D GHEELLD
BHFEATFD HFRFVREF D ZHER? FERM
WARS 2 SEMT] V2 gAErRE 9 SiE— 9 &eii— 12
D BERIIERKEWER R
2) BEBRERRE REHIE - BRRRE R SR
3) BERIEMKFMERE Saf
4) ESIBAERTIEET BRER B —=

BHE B BRE, DEVEERFICEES

2T UINGRPICRUENE S 5 > 2 REE & 2o

TeBENBEME SN, JEBER O ML/ MR FRE ORER D 72 O KA MR GHE
RIZBWTHFERANCHEWIREOCERES A DN, MEIZS T ARMERET,
FERHBUCE > T2 BEICA IR ENTZ E NI BEERH T, ZDIZEhb,
Capnocytophaga canimorsus FEASENHER S, BEOICELTFROREND
Capnocytophaga canimorsus |~ £ 2 RULAE & B S iz, MRIEHT REZ BRI S
BLHBELEZEBBBICED ThHo THEGERER LD THET 5,

Key word : Capnocytophaga canimorsus

=E# DIC

LB

Capnocytophaga BHEILT T LEEDR
BT, BEbh, A XXRaOOBERNEEET
Ho, SEENHMONTND I, Zhbd
5B Capnocytophaga canimorsus(LLF C.
canimorsus & W&9) & Capnocytophaga
(LT C.eynodegmi & W)
WhET—F, XV F—ELHIZBHET
HOAXRRARFEEL LTS, EF,
IO OEMIC X WA, BEN DG,
BEER . BEELENEEERER (DIC),
BUMENES 3 v 7 I FOEEBREREET
DREEEDOEFIREINTWNDS 170,
C.canimorsus W X B BEIEITHETIEH D
A, BIE LIZHE IS REBRAEICE

cynodegmi

A A
AT Yy TRE

KL 77 LG%kE
16SrRNA &{=F475&H PCR

LU CERIESEY 3 v 7R DICIZWE D T
ENEL BIRERIL 0%ICHETHEED
LTV 5 18, SE, Fa L, DIC, MUiE
Hra vy 7 REBERVKABREI N
C.canimorsus BULIE & 22 W & Av7c —EH
BB LT,

HE B

59 Bk

BEERE . et E e L, AR,

B BETHEL QWS XIEFEE
HEWRENT, A XITHMANLGREYZT -
RO TTFHERLZIT Tl
IMIERHATH o7, BIEITERETH Y,
EFREEEZ2ETIC. BEETLERZ LE

— 265 —



DOHTHol, ZE2 BN LBGEEEE
THEIWheoTe, ZE3 HENOEHE
BRELHBE Lcew, ABEEZZ2 L.,
ZHE4 ARICEBREER L, FRE2ED
Lz, SR OIMEIMEN: 60 mmHg T
BHofr, BRILT—4 Cik, HimEkEk 4200/
w L, /% 6000/ 11, BUN 43.8 mg/dl,
Cr 2.97 mg/dl, PT"INR 1.26, FDP 33.2
g/ml THY, va vy, BEEERE, DIC
CH SEESEREE I, F0%
YkERE T v ¥ — RS L e o T,
WAEIE 3 2T H Y I X U ICRIE SR
BT DT RIEA bR o T (B 1),

PR RAERER (R D

A LSRR TR, RERE, BEEE I
A ENEEHERHEZ EEoEETH Y.
CRP 1% 43.93mg/dl, BNP X 2250pg/ml.
7= Ut 2758ng/ml &%=y ZETH
o, MEREE T RE A 5000/ 21 &
Hid TIRME Ch o 7z, BIMEREL 8600/ ul
TEDSHE T, R EREMN TR
Bk 29% & 5 < | DTEZFTER 27%, &
BREER 21%., BBEER 9% L EFBEERL
TUWe, HERBREAFMIES AL Tz,
BEBETIL, APTTR24 B LR, 74
7Y /4 510mg/dl, FDP28.9 u g/ml, D
KA <141 g/ml, TAT34.4ng/ml & &
BTHo, EEEMEBREEO~—I—
THHTIa Ny b= EERE RGN
THoTe, BYSE L DIC 258 < AT 55
BEREREThHoT,

SeBERERME Mg AR (X 2)
KA MIR DBERIEARZAERL LA A » F L7
L@ 2A(T/2 0T, HFROMBENICHER

VIRIR OB N E A b iz, FHPEROK
42 %iCH-bhTe, BEIMIRGHEE COEE
SETIHEONRVFTR Th o7,

Fio, EREEGH Y, FPERUSNT B
B D WILMERE BAE L BEZEIERD &
bz, Mifast GFR) CHERA LR
Mo T,

K1 HAFEEHBOREE

Eal

TR 57 gl WBC 88 xipvu! SEG 27 %
ALB 25 ga RBC 380 xt08/u1 BAND 29 %
AST 223 W/ HGB 128 g4 LY 6 %
ALT 74w HOT 3698 % MO 3%
LD 70 WL MOV 1025 ¢ EO 0 %
ALP 841w MCH 358 pg BA (o
7-GT 185 w/L MCHC 347 % Myelo g %
B 19 mg/dl PLT 5 %109/ 11 Meta 21 5
DB 18 mg/d RET 118 % ATY-L 18
UN 52 mg/dl MOWEE 4 4
CRE 3.28 owtdl
Ca 79 mg/d PT 888 % FDP 288 gg/ml
oK 258 /L PT-INR 117 D-D 141 pgim
AMY 38 WAL APTT 524 TAT 344 ng/ml
CRP 43,03 mg/dl FBG 810 mgsdi PiC 069 peimt
BNP 2250 pg/mt AT 85 %

5 T
NIl STRALVIL (R B

— 266 —




M2 Mk (A4 - XLAFERE)
SeprieskRIn 75 AR (K 3)
WEE OWER DT, RIEMAEARD S T hY:
GE{TIRoT, 7T AEMEORBENFPER

DOHEERNICRD b,

AEFRRERR

1. Mm¥kEEE

SR ML 23R b i, Ak
WH, MRS ER S, Mg
IHEMREBEE AN 7T T —F (VX
A7 A) LEOHEREERN I VAT
IR, WE, MREEERIL 7 BRBERS
AR, B EEE L 10 BEgE I N,
i, Capnocytophaga JEHE % HER L
R b HIR QLR DEER H o7 e D TH
%4, Capnocytophaga BEITHEENRENE
Ebh T35, BRIFRIEE. HREE
EHILEETho T,

2. "M TIUEyTHRE

an=—pbDREEORER TE RN
B, ATV E Y TREMT ROz,
A7 V¥ (FFREELLE) 1T, insitu
NATUE—vg OISHEZEREE LK
Wil oFPERe~vs/ 27 7 —VICERES
AT HIE DNA 225D THD 7, if
PERAHEZERTDE VO MEBICEREL
THEEINZHOT, BRZERESNT
WIB D DNA LRI T 2 u—7

EHOVTRBEEDFRRBE L KT HDT
b, A7 a—7 %% 21077,
ERIT 1 o —T I _RTUWCBETH -T2,
HET HEENE T RULE DREE %
‘ﬁeﬁ‘ﬁ”é LI TE Do, L, A
R BWME, 7T ARMEEEOHE, B
%ﬁt DR DICFTRE 2D
Capnocytophaga canimorsus BUIMLSE D3
HER SN T, ’

3 MM (77 h%0)

#2 Awnwkrrao—7

HET FUKED® DNA & RIG

Staphylococcus aureus

SA

£E 7 K URE DO DNA &S

SE
Staphylicoccus epidermidis

BIEE O DNA & Kis

Pseudomonas aeruginosa

PE

JEERE O DNA & &

Enterococcus faecalis

EF

KAFERED DNA & Kt
Eschelichia coli,

Enterobacter cloacae,

EK

Klebsiella pneumoniae

FELME D2 &b b4 EREITRHER

GB
%o DNA & i

FiARBRE O DNA & Rt

Streptococeus pneumoniae

SP

BFRMEE O DNA & 6
Bacteroides fragilis

BF

- 267 —




AN YFEO DNA & Ris

Hemophlus influenza

HI

Candida albicans (EH#) ® DNA &

CA
B

F%/2 Candida B (BE) © DNA

GC
& R

3. 16S rRNA B F# 28 PCR (K 4)
Capnocytophaga canimorsus \Z & 5 &Yk
RV, ESRYGYENIERTICB W TEET
LUV DR P T Rebiviz, BEREE L
T, o a ., MKFREEY 7,
MEgEEIEEY o A2 H, SR E LT,
C.canimorsus 1% ¥ #: (ATCC35979) . &
C.cynodegmi HEHERR(ATCC49044), &
TE52DRBHI DWW TPCRBEEITR o7,
75 A = —IZiX. Capnocytophaga B
A 120, C. canimorsus A 2 20D,
C. cynodegmi #HMA 2 >@O®DEE 5 2
RV, 38 BEDOBERMEIZEVTIZ
C.canimorsus BE¥ER L FRICT T A <—
D, @, @372 Capnocytophaga &~

5 A ~—& C.canimorsus WMHEA 774 <
—DWEEICARRERN A FRE LN,
UL, Ceynodegmi MR DT Z A ~<—
D—FHAIT, BHRE A FRHR LI,
C.cynodegmi {Z¥ERIT, 794 ~=—0. ®
WCRERA RNV RBE LRI,

C. canimorsus & C. eynodegmi, Zil6
DEIL, BEAICHERD T2 Lo
BRTEHIEDTTA <~—ICBHEICRD T L
BHY., BEREIZHONIZEIL,
Capnocytophaga canimorsus D BEET
b5 sz, < L bEhck
@ Capnocytophaga BHE THA 5 T &M
MO TR RBRINDBRTH o7,

— 268 —




PCRM ISR

(Bl B W DTS )

& C conimorsus B Nk [ ATCCI5979)
A rynodegmi TEXEIR (ATCCAS044)

& 4

Shir, BEEIOBRENRR S C
canimorsus ¥R B L OB EI C
canimorsus EEIEZILTWBNL DD
BHLoMAMEIHANLN, ZEEK
(ATCC35979) & @ — F £ 1 97.8%
(1350/1381 HaF%—80) . EWN ORER B
o —oTH 5 HP28003 &L 97.3%
(1346/1383 HExt—80) | ESLEYYERFS
FrCo SRR D7 & O—3EIX 98.8%
(1364/1381 HHEKR—8) ThH -7 (& 3),
ZOBREICRIT OEBERE T, 97%MU L
DRSS iU, EREEA 5 D | 98.5%
UEThnNER—BEETHLLE->TLN
EEbILTNS,
LEOEKIT, —BERPDED T, M
121X Capnocytophaga canimorsus D TEZ

s iSRT P O
tfﬁwﬂmﬁm e |
F S - Copadpe BRSO 1
F Sl el Consaene BB TS T 2
IM s RIS 2

=311 ks e |
lﬁbﬁﬂ?mi“ﬁﬂjﬁ)b
IREL oo g g1

DFHNG L, PRINKETHEPER
RDO—2 LB CRSES S LTS
iz,

37 S ¢ ST
YT AWERE, (RIR 38.5 EELL E, OMA
% 100/47 LA . PaC0225.5mmHg, HIMER
%8600/ u 1T 5 BEHEMIL O HELS 10%
LETHY SIRS (&5 MRIESUSEEEE)
DUTEES L LTV, & bl Mgk
5000/ 1. FDP28.9 12 g/ml, PT-INR1.17 T
B DICRIMEELZ b A TEERE
Thot, NEBRMLEDKTRADIL, /
AT ReF Uy, BERRIVREESR
MErE lOQ Bk, DB/ AT
LU IR RS NEHEERE, &b

- 269 —



R EL DI RE T 7 —F B E5HE
&N, MJE 140 B2z 0 g R v
Hike725, MERERICHLAT A P
LB, M/ NREARAE o 72 6 i/ MR 52
Wi, HLAERE LTIEABRRL, y2 s
Yo, 7TreEv ) rERMEE SR, 810
i BB X Y iSRSk EFMERL, £ 12 9% A IR
AREE, TBEERINBRE LAE MRS,
% 16 % H CRP1.13mg/dl, FHifEk¥k 9200/
pl EREFGME T, M/ 312000/ 11
LAEMICKE L EITHEIAYY Y
WCEERR & fp o e (B5),

3% 3 Capnocytophaga canimorsus 1S

I 37 B Y i R SR T D 4 B

98.8%
(D-7) ’

Capnocytophaga BHEILEMERKIES T L
BHERE T, B b A X3 0HRENIC
BET 5, b MCIIEEAREERE LTH
FIRBNCBREE T e TND
ue), ¢, C canimorsus & C,eynodegmi
HA XX UCDBHEEL, ZhbOEY
k5w, BEICIVBET S E2HR
EASEICEL L, MIVEICESHER%E
Ve AEIOEFIZIBNT S, A XX B
EBRdHY, =52 BENLERISHBELL,

L D—ER AT E LBUEME S 2 » 7 IREB L2
Capnocytophaga canimors o7 8% 7eo C. canimorsus FRYE DO BRI X
Y (ATCC35979) TP 4B, EHTEEEDRTOS,
ENOEREEE (HP28003) Capnocytophaga BHE OEEZEIZIE, 5~10%
REROX IMERENLO | 97.3% DIREEA AT E L, REBERPELLL
Sy BiERE ‘ FEE IR D 4~5 HRIILEEET 5 MR
poa [ 77 ] EREEHER
Noradrenaline | 02 m
Antibiotics [ MEPM 3 g/day ] SBT/ABPC 6 g/ @iay
WG
At 15000 /day
rTM [ 25600 L/day ]
CHOF: [eascrmes |
mPSL 500 mg/day W
FEPSQL” o ;
_ TRy M ohaE
Fioo— g v < i
o S ~———
& so g £ :
R ek Uy N -
,2‘1 1% 2001~ %
gs g@x g

5

H5D 8, FEFIZEBOTIE, BIEIZBWT

Sa v, BHERE, DIC LRSI
EFIRA TR b,y uT Y &R

BaERERE

BEEXNT W, 0D, BEEITEME
Topn=— 3B ohiRhoto, MEHEEX
DRREHENE L, ERE (10 8~9 BRI DT

- 270 -



BEEH) CTiTe A, fIEROERLRITIC

<K, BMBCERERESNCEEEER =~

FIR—arOEBELRNEFEDLRTY
BAATYE Y THRE NIRRT, BRLE
DEREEZHEETDHZ LI TERhoT,
C. canimorsus B{LIEL. EFNTH 2002 4
b 2009 FEDORNT 14 EFIBHRE STV
%V, Fio, SEIOFRMMLIREHTR & [k
IR TD S T LAREREDOREREEN R
HEINTWD 29, Z OBRAFEBICHERD
THDLEENENRVBREITIIRER

AThol, KBEBBRODNIEAIE. 8
YL OEMELHEEERELEEICE 2D

DREEZTIODLZENRIITHS 9,
Capnocytophaga canimorsus FEIJEIL.
ﬁﬁ?kﬁ§Ab03ﬁ£7:L/ﬁ;A.yQ%E:iLEu&:EH%D%L
TV, BICEBRBORWEEE L
FEEFIZE, B /\FJ’J%\_ WEDIR OB REE Lz &
WOBERDHD 9, Ny T —LDOH, B

YD DE SITH A TR RIS,

T RBGLUTHRIET D I L ITMmIEN,

SCHR

1) gaAEHE : FEREDREGME A X - R =R
& « 818 & Capnocytophaga canimorsus
BYME, EX AT AT,
2010556 (4) : 71-77

2) KHEREE, MBHUL, BEMATETF. &K
E . A s

o X ARUMED 1 BIRE, B
2009;83(6) :661-664

3) FILRE, BRERZE, Hiamtt, )
WA FE—, EMEEIL, KB
Capnocytophaga J&THEIC & 5 BILFE D 2 4]
EEME, 2010359 (10) 11171-1175

4 P)IRESE, IERIER. INEEYS, B bk

Capnocytophaga
canimorsus

Y R,

%f#é&éﬁ& ERBBICE(L L, Bl
FEICWZ 2B 8084 <, BIEDRIEEITH
m%&@moiﬁwémkéﬁﬁ%*én
BREBTHD,

)

A XN ENTZ LIZ XY C canimorsus
RELE 2 F85E U 72 B 2 8Bk U 7o, kiR
TOREBFT R bRUE % RV iRERFR
BHRGRICERRA~RE L2 E 3R E A
Tholz, MEBEOBREBROEEEZHE
BlLlc—flThole, £, AL OE
BN BRENIIBREEZ T T2 L, &
IRIEHZF S Z & bREICIIIEFICRET
HDZLEETHERH LI,

(RN, 88 52 R R EFERERS
TRBWTERELRE,)

Bid. MEBF. BARI. ZKREZ,
KAEESL A X, RO - \BEIC K
% Capnocytophaga canimorsus BUILEE D
4FEGI, BEFEMAE. 2011;60(3) :205-208
B) RIVE X : HIEFEEOME by 7 12 ©
Capnocytophaga canimorsus, Medical Tec
hnology., 2011;39(8) :836-842
6) A, HEHEE, AR ILTFRK
F, FEERE, SAERE, SEE—, KM
X : BEEEE CHiEL 7T e 2
L72h3so 7= Capnocytophaga canimorsus
W X BRUSE O—REG]. B ARERIRIED
FHESE, 2010520(3) 1182-187

D ZHER KEF. WAES, SEHF

- 271 —



ENEL T BRYMEZWNIC R 5 B iEkF
HEEBRERENM 7V Ey 7OEHR
M. EERRHETR, 2010:58(12). 1221-1229

- 272 —



Journal of
Clinical Microbiology

A New Loop-Mediated Isothermal
Amplification Method for Rapid, Simple,
and Sensitive Detection of Leptospira spp.
in Urine

Nobuo Koizumi, Chie Nakajima, Tsunehito Harunari,
Tsutomu Tanikawa, Toshihiro Tokiwa, Eriko Uchimura,
Tokujiro Furuya, Claro Niegos Mingala, Marvin Ardeza
Villanueva, Makoto Ohnishi and Yasuhiko Suzuki

J. Clin. Microbiol. 2012, 50(6):2072. DOI:
10.1128/JCM.00481-12.

Published Ahead of Print 14 March 2012.

Updated information and services can be found at:
http://jiem.asm.org/content/50/6/2072

SUPPLEMENTAL MATERIAL

REFERENCES

CONTENT ALERTS

These include:

Supplemental material

This article cites 19 articles, 6 of which can be accessed free at:

htip://jicm.asm.org/content/50/6/207 2#ref-list-1

Receive: RSS Feeds, eTOCs, free email alerts (when new
articles cite this article), more»

Information about commercial reprint orders: hitp:/journals.asm.org/site/misc/reprints.xhimi
To subscribe to to another ASM Journal go to: hitp:/journals.asm.org/site/subscriptions/

Journals. ASM.org

- 273 -

nsyysung eweAelnjy ‘Soseasiq sniosu| J0 81nIsu| [eoueN Ag €102 ‘81 YoJelA Uo /Bio-wse woly:dny woly papeojumo



JCM

Journals. ASM.org

A New Loop-Mediated Isothermal Amplification Method for Rapid,
Simple, and Sensitive Detection of Leptospira spp. in Urine

Nobuo Koizumi,? Chie Nakajima,® Tsunehito Harunari,© Tsutomu Tanikawa, Toshihiro Tokiwa,® Eriko Uchimura,® Tokujiro Furuya,’
Claro Niegos Mingala,® Marvin Ardeza Villanueva,® Makoto Ohnishi,® and Yasuhiko Suzuki®

Department of Bacteriology, National Institute of Infectious Disease, Tokyo, Japan?; Division of Global Epidemiology, Hokkaido University Research Center for Zoonosis
Control, Hokkaido, Japan®; Ikari Corporation, Chiba, Japan®; Section of Environmental Parasitology, Graduate School of Tokyo Medical and Dental University, Tokyo,
Japan®; Kagoshima Central Livestock Hygiene Service Center, Kagoshima, Japan®; Pfizer Japan Inc, Tokyo, Japan'; and Animal Health Unit, Philippine Carabao Center

National Headquarters and Genepool, Nueva Ecija, Philippines®

We developed a new loop-mediated isothermal amplification (LAMP) method to detect rrs, a 16S rRNA gene of pathogenic Lep-
tospira spp. in urine. The method enables detection of two leptospiral cells per reaction mixture following boiling of urine speci-
mens. The sensitivity of this method is higher than that of culture or of flaB nested PCR.

ieptospirosis is a worldwide zoonosis caused by infection with
pathogenic spirochetes of the genus Leptospira. Leptospira spp.
colonize the proximal renal tubules of maintenance hosts, natural
carrier animals of a particular leptospiral serovar, and are excreted
in the urine. Transmission of leptospirosis in humans and non-
maintenance host animals occurs incidentally by exposure to wa-
ter or soil contaminated by the urine of infected animals or by
direct contact with infected animals. Leptospirosis is a significant
public health problem in developing countries in the tropics, par-
ticularly Asia and Latin America (2, 11, 19). Its nonspecific and
varied presentation in the early phase hampers clinical diagnosis
and can lead to misdiagnosis as many other infectious diseases,
including dengue fever or dengue hemorrhagic fever, malaria, and
scrub typhus (9, 15, 20). Early diagnosis is essential because anti-
biotic treatment is most effective during the initial course of the
disease (5, 21). Therefore, availability of a rapid and accurate
point-of-care diagnostic test is required to identify leptospirosis;
however, current diagnostic methods are not useful for early di-
agnosis (e.g., culture and microscopic agglutination test) or are
not widely applicable in developing countries (e.g., PCR) (18).
Loop-mediated isothermal amplification (LAMP), unlike PCR,
amplifies a target DNA sequence under isothermal conditions for
approximately 1 h with high specificity and efficiency, and the results
~ can be assessed with the naked eye (12). Thus, LAMP has potential
applications as a diagnostic method in resource-limited countries.
Two LAMP methods for leptospiral DNA detection have been pub-
lished (10, 14). One method targets lipL4] and detects leptospiral
DNA by using purified DNA from mouse kidneys, but it has a detec-
tion limit of only 100 genome equivalents per reaction mixture (10).
The other method comprises primers that target leptospiral rrs, a 16S
rRNA gene (14). rrs LAMP and lipL41 LAMP were evaluated using
DNA samples extracted from sera of febrile patients. The results in-
dicated that the specificity of rrs LAMP is lower than that of lipL41
LAMP, and this hinders the clinical utility of rrs LAMP (14).
Leptospiral DNA has been detected by PCR during the chronic
phase in urine of carrier animals and during the early phase in
patients with leptospirosis (1, 3, 6, 13). Because urine collection is
easy and less invasive than blood collection, we attempted to es-
tablish a new LAMP method, Lepto-rrs LAMP, which uses simpli-
fied sample processing to detect leptospiral DNA in urine.
Lepto-rrs LAMP primers were designed using Primer-

2072 jcm.asm.org
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Explorer V4 software (https://primerexplorer.jp/lamp4.0.0
/index.html) and manually modified (see the methods de-
scribed as well as Fig. S1 in the supplemental material). The
reaction mixture (25 wl) for the Lepto-rrs LAMP contained 1.6
puM each primer (FIP, 5'-TAGTTTCAAGTGCAGGCTGCGAG
GCGGACATGTAAGTCAGG-3'; BIP, 5'-GGAGTTTGGGAGA
GGCAAGTGGGCCACTGGTGTTCCTCCA-3'; LE, 5'-GTTGA
GCCCGCAGTTTTCAC-3'; LB, 5'-AATTCCAGGTGTAGCGGT
GA-3') and 0.2 pM other primers (F3, 5'-TCATTGGGCGTA
AAGGGTG-3'; B3, 5'-AGTTTTAGGCCAGCAAGTCG-3'), in
addition to 20 mM Tris-HCI (pH 8.8), 10 mM KCl, 8 mM MgSO,,
10 mM (NH,),SO,, 0.1% Tween 20, 0.8 M betaine, 0.72 mM each
deoxynucleotide triphosphate, 1 pl of a fluorescent detection re-
agent (Eiken Chemical Company, Tochigi, Japan), 8 U of Bst DNA
polymerase (Lucigen, Middleton, WI), and 2 pl of DNA template.
DNA templates were heated to 95°C for 2 min, followed by rapid
cooling on ice before addition to the LAMP reaction mixture.
LAMP reactions were performed at 65°C for 60 min, followed by
termination at 95°C for 5 min using the GeneAmp PCR system
9700 (Applied Biosystems, Foster City, CA). Positive and negative
results were distinguished by UV fluorescence (17). The Lepto-rrs
LAMP primer set amplified the target sequences of all 14 patho-
genic and intermediate Leptospira spp. (4). Conversely, none of
the sequences of the six nonpathogenic Leptospira spp. or other
bacterial species was amplified, even when 5 ng of purified DNA
(10° genome equivalents) was used in each reaction mixture (Ta-
ble 1). The lower detection limit when using purified DNA was
determined to be 2 genome equivalents per reaction mixture un-
der heat-denaturing conditions (see Fig. S2 in the supplemental
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TABLE 1 Bacteria used to determine the specificity of Lepto-rrs LAMP

Species (DNA group®) Serovar Strain

L. alexanderi (P) Yunnan A10

L. alstonii (P) Pinchang 80-412

L. borgpetersenii (P) Javanica Veldrat Batavis 46
L. borgpetersenii (P) Sejroe M4

L. interrogans (P) Pomona Pomona

L. interrogans (P) Hardjo Hardjoprajitno
L. interrogans (P) Copenhageni Fiocruz L1-130
L. kirschneri (P) Grippotyphosa ~ MoskvaV

L. kirschneri (P) Cynopteri 3522C

L. kmetyi (P) Malaysia Bejo-Iso

L. noguchii (P) Panama CZ214

L. santarosai (P) Shermani 1342 K

L. weilii (P) Celledoni Celledoni

L. broomii (I) Undesignated 5399

L. fainei (I) Hurstbridge BUT 6

L. inadai (1) Lyme 10

L. licerasiae (1) Varillal VAR 010

L. wolffii (I) Korat Korat-H2

L. biflexa (NP) Patoc Patoc I

L. meyeri (NP) Semaranga Veldrat Semarang 173
L. terpstrae (NP) Hualin LT 11-33

L. vanthielii (NP) Holland Waz Holland
L. wolbachii (NP) Codice CDC

L. yanagawae (NP) Saopaulo Sao Paulo
Borrelia burgdorferi B31

Legionella pneumophila Clinical isolate
Leptonema illini 3055

Neisseria gonorrhoeae Clinical isolate
Staphylococcus aureus Clinical isolate
Streptococcus pneumoniae Clinical isolate
Turneriella parva H

Clinical isolate
Clinical isolate

Uropathogenic Escherichia coli
Vibrio cholerae

P, pathogenic species; I, intermediate species; NP, nonpathogenic species (as per 16S
rRNA gene sequence analysis).

material) and 10 genome equivalents per reaction mixture under
nondenaturing conditions (data not shown).

For the spiking assay, 1 X 10® L. interrogans serovar Pomona
(strain Pomona) and L. fainei serovar Hurstbridge (strain BUT 6)
cells, which were enumerated using a counting chamber of
0.010-mm depth (Nitirin, Tokyo, Japan) under dark-field micros-
copy, were centrifuged (4,000 X g, 15 min), resuspended in 1 ml of
urine obtained from a healthy man, and then serially diluted 10-
fold. The diluted samples were boiled for 10 min, and the super-
natant was used as a template for Lepto-rrs LAMP. Positive results

Detection of Leptospira spp. in Urine by LAMP

were obtained in samples of up to 10° cells/ml, indicating that the
lower detection limit was 2 leptospiral cells per reaction mixture.

LAMP was then applied to detect leptospiral DNA from urine
of carrier animals. First, Lepto-rrs LAMP and flaB nested PCR
were performed using urine samples from Norway rats (Rattus
norvegicus), whose kidney tissues were then cultured. The Norway
rats were captured using live traps or sticky traps for vermin con-
trol in Tokyo. Voided urine was collected, following which the
kidneys were excised under anesthesia and cultured in liquid
modified Korthof’s medium with 10% rabbit serum at 30°C, as
described previously (7). The urine samples were processed using
two procedures. In the first procedure, 20 l of the urine sample
was boiled for 10 min (boiled urine sample), whereas in the sec-
ond procedure, 50 to 800 pl of the urine sample was centrifuged
(16,000 X g, 10 min) and the resulting pellet was resuspended in
20 pl of 10 mM Tris-1 mM EDTA (TE; pH 8.0) and then boiled
(urine pellet samples). The supernatant of the boiled sample was
used as a template for Lepto-rrs LAMP and flaB nested PCR. flaB
nested PCR was performed using previously described primers
and conditions (8) with minor modifications: the reaction volume
was 20 pl and contained 2 pl and 1 pl of the DNA template in the
first and second PCRs, respectively. Lepto-rrs LAMP detected lep-
tospiral DNA in 11 of 12 culture-positive boiled urine samples and
10 of 11 culture-positive urine pellet samples. These results were
superior to those of the flaB nested PCR (Table 2). Intermittent
excretion as well as a variable number of leptospires in urine have
been demonstrated in carrier animals (13, 16), which may con-
tribute to the failure of rrs detection using the LAMP method in
culture-positive urine samples. Thus, repetition of nucleic acid
amplification tests is recommended when urine samples are used.
In addition, it is also advisable to immediately process collected
urine (preferably within 2 h) or make it alkaline, because survival
of leptospires in voided acid urine is limited (5, 21). Lepto-rrs
LAMP detected leptospiral DNA in two culture-negative samples.
DNA sequencing of each product revealed that these sequences be-
longed to pathogenic Leptospira spp. (data not shown). It is generally
accepted that culturing of leptospires is difficult and has low sensitiv-
ity (2). Furthermore, as shown in our previous study (7), Norway rats
in Tokyo carry an extremely fastidious L. interrogans strain (flaB se-
quence type; see RnTKD-2 and RatST3 in Fig. S3 of the supplemental
material). These facts strongly suggest that the sensitivity of Lepto-rrs
LAMP is higher than that of culture, and its specificity is also higher
than that obtained in this study (66.7% compared with that of cul-
ture, which is regarded as the gold standard).

Next, Lepto-rrs LAMP and flaB nested PCR were performed
using urine samples from field rats captured in Tokyo (different

TABLE 2 Comparison of results from Lepto-rrs LAMP and flaB nested PCR using urine samples from Norway rats and cultures of Norway rat

kidney tissues
Boiled urine” (n = 18) Urine pellet® (n = 16°)
Lepto-rrs LAMP flaB nested PCR Lepto-rrs LAMP flaB nested PCR
Culture result No. positive No. negative No. positive No. negative No. positive No. negative No. positive No. negative
Positive 11 1 6 6 10 1 9 2
Negative 2 4 0 6 2 3 1 4

@ Each urine sample (20 pl) was boiled for 10 min, and 2 pl of the boiled urine sample was then used as the template.
® Urine samples were centrifuged (16,000 Xg, 10 min), the resulting pellets were resuspended in 20 pl TE, boiled for 10 min, and 2 .l of the boiled urine sample was then used as

the template.

¢ The volumes of 2 of the 18 urine samples were sufficient only for preparation of boiled urine samples.
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TABLE 3 Detection of leptospiral DNA in urine samples from field rats
and from farmed pigs and buffaloes using Lepto-rrs LAMP and flaB
nested PCR

Norway rats Buffaloes

(Japan)® Pigs (Japan) (Philippines)

(n=16) (n=29) (n=51)

Boiled Urine  Boiled Urine Boiled Urine
Test method urine®  pellet® urine pellet  urine pellet
Lepto-rrs LAMP 10 13 0 5 0 10
flaB nested PCR 0 8 0 5 0 2

% Country names in parentheses indicate the place where the urine samples were
collected.

b Each urine sample (20 j11) was boiled for 10 min, and 2 ul of the boiled urine sample
was then used as the template.

¢ Urine samples were centrifuged (16,000 X g, 10 min), the resulting pellets were
resuspended in 20 pl TE, boiled for 10 min, and 2 pl of the boiled urine sample was
then used as the template.

individuals from those in Table 2) and farmed pigs and buffaloes,
which appeared healthy and had never been identified as carriers
(Table 3). Urine samples (150 pl to 1.9 ml from rats, 2.0 ml from
pigs, and 1.5 to 2.0 ml from buffaloes) were processed as described
above. The numbers of positive samples detected by Lepto-rrs
LAMP in boiled urine and urine pellets from rats and urine pellet
samples from buffaloes were higher than that detected by flaB
nested PCR. All the urine samples from pigs and boiled urine
samples from buffaloes were found to be negative by both the
methods. All the positive samples identified by Lepto-rrs LAMP
were sequenced and found to belong to pathogenic Leptospira spp.
(data not shown). All the negative samples identified by Lepto-rrs
LAMP were also found to be negative by flaB nested PCR (data not
shown). Based on flaB sequences, the Leptospira spp. identified in
this study were L. interrogans and L. borgpetersenii (see Fig. S3 in
the supplemental material).

We succeeded in detecting leptospiral DNA in carrier animals
by using Lepto-rrs LAMP. In incidental infections, significant lep-
tospiruria is infrequent at the early stage and is assumed to start
during the second week of illness (5). Moreover, the Leptospira
type (species and/or serovar) and infection dose influence the
clinical outcome, which may result in excretion of varied numbers
of leptospires in urine. However, leptospiral DNA has been de-
tected by PCR in urine samples collected from patients in the acute
phase with a higher sensitivity than that in blood samples (1, 3, 6).
Although further clinical validation is required, we also detected
leptospiral rrs in urine from humans and dogs with acute lepto-
spirosis (data not shown), indicating the applicability of Lepto-rrs
LAMP for early diagnosis of leptospirosis.

In conclusion, we developed a new LAMP method, Lepto-rrs
LAMP, which utilizes a simple DNA preparation step, to detect
pathogenic Leptospira spp. in urine. In contrast to previously de-
veloped LAMP methods that use purified DNA samples from kid-
ney tissues or sera (10, 14), this method can amplify the target
DNA without DNA purification; boiled urine or urine pellet sam-
ples are sufficient to prepare the DNA template. This LAMP
method also demonstrated a better detection sensitivity limit (2
genome equivalents per reaction mixture) than those demon-
strated by previous methods, i.e., 100 genome equivalents per re-
action mixture (10) and 10 genome equivalents per reaction mix-
ture (14). In addition, this method is faster than flaB nested PCR
and more sensitive for testing clinical samples. Moreover, Lepto-

2074 jcm.asm.org

rrs LAMP guarantees high performance at a low cost. It has the
potential to be used not only as a screening test for epidemiolog-
ical studies and management and control of farmed animals but
also as a point-of-care test for diagnose of acute leptospirosis in
resource-limited settings where leptospirosis is endemic.
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