BE~BHREOHRIZHONWTIL, FERDZFNAEHL
DIREFAI DI, BT L ITREREZHWT5Z
CIXTERVA, F &5 & HALHIT ORI 4/112

(B.6%) ThHYH, &EEE LY LD RVERT
Bole, MEDPRTRVEER, HEI, PikEkk
WC, HROLTHETT 2 & BT 16/596 (2.7%)
Lirats (3&3),

B. canis 137 O BEEEIIA IROBMIZIE L,
BEFRRENEOD, 2B L U THEEHOR 2R
BEUTARERTIL2280 (0.7%) BBHETH T,

D. &% - i

TN T BEITHRATEE CTH L0, Bk
B OPEBRTITR W RITSIIZ 72, OF O HUANREIE
THEEHIT Lk, TEREZD (VoG d) 12
BATWT, R, JURRIBCE: 5 2 T 5 =RGuns
MEL QD). EBXDHI LB TED, TDRD,
FURRARIRIZE D & & DRYGLRIN & BN 5
LEZ BTG, £E, BENOA XITBIT H5UE
ERREREL, TTICRADEZATELNT
UVSRER L ORECHBIRET L2 & 2 A, 4.9%70° TH
KB =Ry, ThHoTlz, ZORRIL, oI N—
LB, BENOEWRbEE =2 LT\ 5H A XIZEB
AR IRITAERE R 3.0% L 0 b, BTEL R
STV,

AP IR, ik, MRl onwaiene
NOBMWE#EY v X — IR SN X, ZhList
DEIZOWTIEIFR Lo T D, FRIIFFR A
BOA XTI N—TTiEH A0, TOGMERIL2.7%E
SEEE I HIEL, BRINREFRETho T,
ZOZ &, FEEROAE EHAIRRD) 15
MRIHEVEDLLRNEEI ZEEEL TS,
7o, AREIZRT HEMEEHL, IR LTE
R L D bEEER LS, Jhud, #E)IR
KPR TIL 25, 27% TH DD L, HEARE & FT
FROFERD, 2 EFH L BT T2 2 Eick 3,
FZ) 1B DOFHE & 2003~2006 FEETH Y . 1FITHIA
B R ORER C BRI b b T, 2
BHIAR RIS Ca\ O IURMRE R AR LI Dh,

HEIZENTIFAR, 7272, AL, ks Hiz
PUARERIUR TEAN R Z TD, £ 0OBEH,
Nz & 2 ODNIHERIDEE H 2V A3, 2006 FEEHDH
—FEH, A XOTNEFIREDHDIZONTR,
FEREERIZ 31T AEMFADERD, v A2 IHFICH
BV EFbonizz & T, AARBR L VFREME, T
BithiE (EAT Y —&—b &0 T, SRR~
REEM ORI EFE B A B O BRI A
DEMERE) B, HREICEONA L SIR>TET
WDDE LILRNY,

B. canis 1%, =0 BIRETEA B OBDIZIR 530,
TEFRERMENE, Elo, B MIBERLTHRIEL
RN, ETIIRE L C O D B CEARIRIET
HLEbhbD, 1272, 2008 FEOBFERIC X BhEskiE
B OBRBID X 51T HER O ERE R LIZH O
R, TOMOBERID X 5 e RN b7 A RAEE
RL., PWE TR b DR ERHD, B
FERSD T2 L 10O X AR IR L TR W
CIIRy, E-A XTRIT D EFEEEIC L ARG
FIEEITERIC L > TIERTH 5, AEEITHL
DNZERNDA X TGRS TE Y | 2~5%D35%
e fRE LW 5, —RETBE 22071 X &
HFNTH LT ARBREOEOFEE - HEIZEET 5
fEREREE L, K0 —B A EER L TH b O ME
BHdEEZ BN,

TNVEFECELT, RRLFEFRORIICHSE
BIZOWTHE, BIE, &M Ch 508, 2001 4
DOFFETIT 5138 (132%) OFUAEME (YY) 1 X
DHE ST S, BITE, ZOFURREEMET L
TWBDONE s ERENETHD, 2. Zh
ETHOLN TR TZREITOWNT S, a2
L7 TL AL L Ebih A,

BEE . A XUMNEY v VORI R, F—F T
TEANTONT, BEREER TR B HEFTRIENE
RSB X — DR AR R
B — DY, IR R AR TR E SR EE
EOERIZEHN N LE T,

E. REaiREH



2L,
F. WfoeRRs

1. S0 #eiiss

(1) BREEL b, BHHEN, PHE, MRIMDE,
ASTE—, TAME T, FRESC, HHEIME mEE
D5 4yEE S ITz Brucella melitensis D—JER. EFHR
7, 61(5): 902 -907, 2012

(2) Nakato,G, Hase K., Suzuki,M., Kimura,M., Ato,M.,
Hanazato,M., TobiumeM., HoriuchiM., AtarashiR.,
Nishida,N., Watarai,M., Imaoka,K. and Ohno,H. Cutting
Edge: Brucella abortus exploits a cellular prion protein on
intestinal M cells as an invasive receptor. J. Immunol.,
189:1540-1544,2012

(3) &fis—, AFEM. BARIZBIT AT VL TIE
— YR TRT (19994E3 A31 ) £T—.in:
SRIEAE IR G ), ESLRYERTIERT, EA 8
BIRERE, 33(7): 186-187, 2012

(4) AhsE—, SRR, BB BEILRT LT
Nk THE—33 50 OBRERE L EHRE~—.
in : JIFIRAESR ISR, [ENRYLERTZERT, B
BYE IR, 33(7): 193-194, 2012

(5) SRE—, ANEM, BITH. 71t TiE-
TN FERE~ =2 7 L2012, in : RFRARE~

== 7 (ESURGYERTFRT. OGRS 2E
WS W) , [http//www.nih.go jp/niid/images/lab-
manual/brucellosis 2012.pdf], 2012

(6) AiE—. 7N ZREOHIK. in : (LFFED
FEIK, EIR v —F L4, 28(12): 138-148,2012

2. FRFER - BT
(1) Gaku Nakato, Koji Hase, Michio Suzuki,
Masanobu Kimura, Manabu Ato, Misaho Hanazato,
Minoru Tobiume, Motohiro Horiuchi, Ryuichiro Atarashi,
Noriyuki Nishida, Masahisa Watarai, Koichi Imaoka,
Hiroshi Ohno. Cellular prion protein on Peyer's patch M
cells could serves as an invasive receptor for Brucella
abortus. The 11th Awaji International Forum on Infection
and Immunity, Awaji, Sep. 11-14, 2012
(2) garRiEHE, EEE, BERTEA, AREM RN
IR, BRAFZ, FHEE, FIFZ, HIE, LHELE,
KEET], SFE—. Brucella abortus 1ZHFE /XA —
MR D DBRAC M Ml D7) A BERE
(PrPc) ZFIFT 5. 5 155 B HABREFRFHE
=, B, 201343 A

G. HAHIAEEMEDHIE - BRI

mu



#£1) END B. canis IBRYRBETH] (BYEEEER. 1999.4.1~2012.12.31)

BIEA S8 LDl s s 3R e
2002.1 4018 EEH REE? RYRDR  RE BRTER BE () REEY
2005.12 108 ERHFR RER? e R, HEB. BE B (-) BE(mWwE)
2006.6 2008 RBR (A1 2UT) B R, BB B (-) BE(OK)
2006.9 B0k RER EHR T 2, BE B (-) ESiincl )
2006.10 706% EHE BRE B FEh, PRSSER B () RiEEY
2007.4 408 KRS KERAF 4 R U INEERR. BR2 B (-) HEEY
2008.6 10K HER HER MOR BE, EEL. B B (o) M (M)
20088 70k EBER BAR SR RE BE. FEX B (+) B. canis
20088 40k BMA BHR FHER  R# B (+) B. canis
20004 30/ HER  HER gmr  (EARRERRSCLE B (o) =meT
2010.6 608 #FARR WARR T e B (-) EEET
201141 60k BER  BER g zi‘) PIRBRIER (B B (o) @ﬁﬁ(;;% '
#2) ENDA XITBIT B B. canis EEMIEGLESH]
1971 : ERBMRAE— I REEFCTHRE
T0ER  RRBYA. IEER. Ay FRARERLECTRERS
TOERBEOHAERERR - AEREDOFH8.8%
(GEFEOERFEE ) |
REFE X HWEE AR BRI BERORE RBREORWD
2003 BE BIEEER 51/114 ENC ZL
zgggg Y8 EWEHR (207  16/83 ¥§§§§Z§ =L
o KR SR 130/263 mAEAS &L
2008 g2m 7 %%;;; 15/37  RERLH ﬁff
2008 RR T8 H:f;’;f; L% 18/59 =g zL




#3) ENDA XIZRBIT D B. canis \ZxT 55 R

BERR RBREREHR BAER BER%) REH—R

B& 23 0 0.0 FE REBEH BHEK (%)
B5F 16 0 0.0 2007 50 5 10.00
= 28 0 0.0 2008 89 12 13.48
HE 9 0 0.0 2009 106 8 7.55
iy 20 3 15.0 2010 70 6 8.57
) 16 1 6.3 2011 125 7 5.60
R 582 38 6.5 2012 79 3 - 3.80
RE 519 41 7.9 &t 519 41 7.90
eE 479 12 2.5
E0 ] 24 2 8.3 WARE—R
= 9 0 0.0 FE BREEH BUEK (%)
RE 23 1 4.3 2002 245 18 7.35
I & 36 3 8.3 2003 64 5 7.81
B 46 1 2.2 2004 99 7 7.07
B4 15 0 0.0 2005 130 7 5.38
=B 56 0 0.0 2012 44 1 2.27
HaE 5 0 0.0 a5t 582 38 6.53
IN= 47 0 0.0
=0 8 0 0.0
BA 10 0 0.0 (%)
RIF 20 0 0.0 REE—IE
REZK 20 0 0.0 FE REBEHR BEK (%)
=y 20 1 5.0 2008 98 1 1.02
BRE 110 2 1.8 2009 102 0 0.00
g 35 2 5.7 2010 80 1 1.25
a5t 2176 107 4.9 Bt 280 2 0.71

HE  BEHSYSERH > 2 —F8E(2007-2012)

R MAREBYEEREE LY X—FHE(2003, 2012)

wHR) BRI BEATEYEE L X —5HE(2003-2006)

T 04 BARFE(2009-2012)

*ARE, 02FEICAFULERRE (—8 )., HAR, HitFORRE, ThETORERRELLHLELEOTSHD



EA BRI ERFREHE FE A 7T VSR - FRRIYEMIEE)

SRR E

B L OEEBOWE D BRRHIC T 5 BB IERE
& B> & D BHH SRR AR DR

Mooy BERK ESAVARP O
A PAE S & FHL H AR AW IR A

Y BRSEHICAERT 2ERENUCER LT, B8 L AEEO/KEME CHANBERE ST
FAEXRTATAR T v 72 AVEREBREIC L o7, 2011 £& 2012 FIT4 2
EHHRE R LT, &5 31 BEORKREMESHRESINZ. 205 b TH@E L
THREINTBEIXa I T HAh, AVRVATHRE REET, WIhbLEREE
DEWEEREEH ChHo. BoNWT I Ahs, BEROUE M HHREEATHD S~
Z VT REOBRHEIT o7, 2011 FEOBY I A b &N B~ T Y TREDZRKIL 7
FRET, 1HE (P rouxi) BEBL TV, SEIOAMECTE~ T U TRAIKRHE SO
FEIIAE TS HEE, fEB T 2EET, ZEBT2FBAEIIRD R0, Tz
B E AT IR TN CHRPNIC 8 S AU MO DNA %5547 L, IR & 72 2 B9 0
FEEZRIELZEZA, aValARNVT NHTA, TARX I 2 EOBFEEE AN

o7z,

LU CHILEARL LD b oz,

AMFFEERY

BEBET7 4 VEU D LEEEE, RARE,
MBI THEERCHARSIEE L TEIR2 VT
HDWIHT LT v v HEE~EHEEY BD
N— N ORTEERMBIZHD, EVERE
HEBEAEEZ B S E2ER OV E2E LT,
EHFEERINTEY, o ko TN D
WERAEDOHFIZE, VA MFA LT A AD
LOWCEYRBREOHESODERENRER L
TWARRER & 5,

B L BRIV LB S 5 5IE B,
BERE, AEEREOMIIE, BHWHECEY
FIZEWERMER R oD, SRS EUC
LCREEME TS L, B (132 EH)

EFOE (120 FEEE) OFEEEME O 1/4 (46 FEEE)
BEBLTND. FTHA =7 BOELMEI
BbE< 68% T, YT HRBD 14%°, "<&
TARD20% LD b Emy. BT AE
ERZNWEW) Z Lk, RICEBECHLHE
DI Ko THEAN SN TV AHRERSKREIC
FHIAENTZHEIC, TR F CEEOEN
WARECEELTEBY, DBRETHLZOR
RN TAAREMEN RN L ZERLT
Wh, LLARRLRECEEOI TH->ThH,
B & BARICAERT HEMITHIE I REE S
. ETBRRDIF[ESBEICHESLTNWDZ &
o, HEIREOECHZENEHDZ LI
+oaTHREIND,



BB & WA E OBIRE BB K o Tl
NENDHEEEOMICIE, E0 X5 REER
ERBEFRBDHDEFALNCL, BUZE-T
A S DREAEOTRAT FRIRCEARIC L T
L5 EEEBE LT, B CDC & ORI
BITo>TW5,

ATV BRI AR T B R
BIZEH LT, BB EAEEOEMNBEE
L7, i, WUEMERRA L LA AR
RIVANAER<TFVTRARZ—F v h &
LT, ZNOHRBEEDOEI L DML E{To 7.
BAFFE 5

BB A HHFRE : 2011 FI25] & FE X
BRI ERIROE Y SRk (B, &
BUWKSIREX) A E U CRBEI L
DBEHMPFAEZITo7-. FEIZEY SHRKT
5201245 AL 10 AICER L. REHAE
1L 1kg D RTATARZFERETDH T >
710 BERRE LT, HBiE L7z 2 ARRELRTT
ST g SRk Rk B EIY L, &7 CDC
DEBERIZFELIF-> CHRERELZTo7=. ¥
T NNTE DB DI DT DI TRF L
7.

FHEICBIT 2BHRE - BB ALIE DI
B E T B - DI AEEFEE O K B T,
201243 B & 9 BICHMPAELER L. AR
BHEEILIRSATA AT 7 15 BEHW
T, Bt L7z 3 HEIT- 7=,

B & OIFRAEDIRE - BB OFHE THE S
NleaX BT AT HRBY T, BE
CDC THAEME T A NV ADSBERR LT, +
NSO BY > TFLERNT, B<F U7
JR RO AT > 72,

W O MIEEBM ORIE : b T v TERER
UM R EEREE 1T & - THEREE SN2 R i > &
&, DNA Z#itH L T, RFEEHORE & B

<7 VT RHORHEIT> 7,
CHFFERE SR

B L AEBOBRMPBAEIC L - THES
T OB & OEEEER 1 ITFE LD TR
L7z, 2 FHOFHETHE TILEF 19 FEHE,
FHEE TILER 24 FEEOWNRE SNz, 2
DO HEEEFEEOE G OFEM CERE X
NleDik, 2 BEThHoTZ, Thb 12 fEE
DTS ERENR L, AE#MTSDIIC
REShIEETho T2,

BETRESNZATET A IOV
TAPOITAERMER D A NV AORREEZ RS T
B, BHETERNPo T,

ST ET AT SO T inb D
B~V TREORHMEREER 2 &£ 3ITRL
oo BEBEOBE6ALEIADYUT NG, Th
EFn4-o08~7 Y TEEB (Plasmodium) %5
WY IR/ LN, T DD Plasmodium
FHIZF b7 a—5h BBEFOELMEND,
BEIZHEE S T2 3% (GRW6, P. tacy,
P. rouxi) & FHLD 2 %Ak (Yilan0l & Yilan02)
ERIEESNTZ, B 7 U 7T HRANKRHE I
WoREIX, V7V Axh, Jve s ho—
I FINTHEIAZH AVRVATH,
YR uBITA D STETHoTZ,

FEED 6 AV T Ahb, 6 DDE<
FUTRBEBES AR ELNTL, 2D
HL S DA THXXInLELN, HRR
BT XTORWL Tholz, &V D 1BEEY
YTV R Yy EAAL T, FBRIE P
Juxtanucleare TH o772, 9 OV AN X
B V7 HERITE =< BREEN R o7,

R IR EN Y O [E EHE F & Wi & DK<
FUTRAOBERRER 4 L 5ITR LT,
BB OREM TH LRI 5 FEE T,
A BEAATT, ITFTINTEITAZH, WP



XU IADTHERERML T\, 2
BT A ZHIHEHAFE (N7 v exa)
ERMLLTWe, 2 VoA E2RIMLTWE
FoBAATTINBIE, BT UTRA (P
rouxi) WEHINTZ, FEETEHEINZR
ML 6 BET, Ry FZAATH, IVEY
A xHh, ATV FX<HIEEENLRMm LT
W, =7 FY 7 79 0iEANERMLLTE
D, ZOEENSIZEYT Y TEHR (Prouxi)
b EhEz, £/, ea RV 2HM LT
e LT X A0 R/~T Y TREA ORWI
DR ST,

D.Z %

EEILHEE & FHEEOBFICIE 12 FEEO
IBELHE IN, Eo, BrbHmHEI R
7B~ T ) TIREOFZHIL 7 RFE T, 1 BE
(P rouxi) DB L TV, SEIOFETE
~ 7 UTREPHEE S ofEICIL, &
BT HEAIIFED bR 0Tz,

G CHRIH SR~ T U TRBEDRK
Wik, RS MAERT 4 Rff e T —F
— RZRWHTR DR 2 DD E E T,
REFECHMT 2R~ T VT RARKEDOO L
D TH D Prouxi 1, B L HEEOHE T TH
HanTky, BAo<EYBICL>THLIA
ENTOTIERVNEHRAIZN D,

B ENTEB~Z U TRAIZENENLOH
EH TGS A 7 NV EREONE I K. 4D
B TIIAATH 2, FEOMHMIETOE~
7V 7 IREB OB T, FAEHIRIC R A
I NVEFEDL, BEE T VIR UEMD BB
HENDRMBIFET 5 —F., BEFEHOME
ZBEUT1ELPMRESNTERBIZL > TH

RELAENTZ EHAI SN2 RZHROLHEET D
TEWRBRINTWD, KFROFEMTLE
DE~T )T FEBRMEN EOEMBIZ L > T
RSN TWEDONE, SROFRICE-T
LN THZERNELASS,
FEEOYV I NT, AOMRE R L7
H=TFY ) 7Y AN ET U TIRADRR
HahTnd, it BHEROFEREE R
STEHBAERIMLZZ EEZBRLTWS,
BTV TIRE IR D REROREEDR
NTAREE SN D BIERN ROV L D& R
T 56D TH Y HREEN,

E. &
BB & AESEMORMMAE L ER L,
BEF 31 EORREMATRES N, 20
O B TIE L TRE SN EEITa Y
BT HATH, AVKRYATHRE RTEEAT
Holz. Elz, WrbRHEINTER<FIT
JFRHROZRHIL 7 ZH T, 1 BE (P rouxi) B8
L@ LTz,
GHFE5E3R
1. ®SCHER
2L
2. FRER
2L

H.ENROFIT A HE O BURRR I
1. FrEE
L
2. ERFRBG
L
3. ZoM
2L



# 1. BEILHEER RS L CWHER O VY BARCKHINT 31T 2 BRI BER Ak &

‘ B A B
& #H ImfE

2011 2012 2011 2012
aFET AT O 565 5223 1081 884
RFINTETALATH 151 325
TIwE TR O 38 305 246 278
BRIV @) 217 49 332 71
i/ = e v v O 23 210 32 18
BTV A T @) 90 129 27 359
LY HRX<T O 27 182 150 204
Xy BEAALTT @) 161 27 239 327
e —HE 28 100
YR A T @) 69 38 474 563
vish gr @) 1 13 1016 202
vany ATl @) 2 10 747 132
VA=A O 9 11 5
YxabssAh 5
THhHY TV A 5
IVERTA T
XURGFHANTT 2
AT HO—FE 2
TRy ORVFED O 1 1 1
NTFEY )TV h 50
U=z 13 7
N HE T T AR 5 2
aBENeETH 6
Juaz hAYTH 6
oA aYITh 3 2
N E T 1
NG T =T TFED 1
FAINNTETH 1
FTEFVA A ; 1
Y7 o—FE 1
F o O—Fl 1
TR 1380 6631 4391 3108

TR 12 15 17 19 19




#2 BEIEHERBEOED EREMICBIT D 2011 FORFRECHEINZWNLDE~T ) TERADKR KR

, ok 3 I o s R EHU7Z Plasmodium D SRFE & BHE

4 RS PR R PAI% ¢ By T
Ry ZAA 2T 112 110 11 0
SFINTETAD 133 130 13 0
BT A xT 80 80 8 3 (Yilan02)
JIe T O—TE 23 23 3 1 (GRW6-P. elongatum)
N ) 13 13 2 0
FAravTh 16 16 3 0
TIRETRH 0
TR IaRYFESD 1 1 1 0
Ry BAA XTI 49 50 5 0
IFINTETATT 18 18 2 1(P.rouxi)
N7V ATH 10 10 2 0
AYVRYA T 69 78 8 P.tacy & Yilan01
VNS 27 27 3 0
TS ETRAHN 37 37 5 0
7 ey O—E 5 5 1 0
bt hAVYSh 147 147 15 0
FA a7 5 5 1 0
XTaBsAh 2 2 1 1(P.rouxi)




£ 3 FHEHEOEYD BEREMIZIT 5 2011 FOPE CTHREINLWA LD B~ T U 7 JH OB R

BH &7z Plasmodium @ %% & B

A B A 7=k P
6 B v hAVVeD 140 7
ATHF RS 135 9 ORW1(5)
Xy BAATT 57 5 P. juxtanucleare(1)
BT AT 17 2
Y= H 16 2
TR H T 15 1
AT h 15 2
=TT THH 10 1
A=W A=A ] 4 1
NTHETFTHART 2 1
INwHTH 1 1
X RTG TN T 1 1
aFENTETH 1 1
9 A AVRVA T 450 24
TR E T 230 16
Xy BEAAL T 137 10
B hRVVD 100 5
= ) 17 3
HTTA T 11 1
LTHXX<T 11 1
aAHFENTE T 6 1
7az g e 6 1
NTHTFIHAZRA 3 1
AoA4a¥YTh 3 1




F4 BEAREERNEOEY SR THRE SN2 R OB mIFRBMORIE & B~ T U 7 ROk HfE R

CE | W M PR E # W H X472 Plasmodium DR

ARy HAATT aYalrA 2 1(P. rouxi)
IFINTHEITAT aValrAg 1 0
BEA T ANy 1 0
aAWFET AT NT 1 0
Fa 1 0
VA= BAT ANy 1 0
T HTXh Not amplified 1 0

F 5 AHEEOEY BRCKHM CEE SN RN ORMFEEMORE L B~ 7 U 7 FREOBHIER

& ¥ % i Eh 4 258 Plasmodium
=TT TY T k1, REA7 8 P. rouxi(1)
R NCT NAT A, 0
FwBAAZH P 2

VRV ATH T F N 1 0
ATV HX=D va KU 1, R#{ 1 2 ORW(1)
FFrsuv T h 7y 1 0
JoR—R=h TN AA ], 2 0

Vavufxawsf /il




JEARE RS (B T S - FRRYE R )
SRR

TIOTIZBIT A E B %IEEE Bordetella holmesii D FRITIZE & W R MEEMT

WgesyE W —RR ESCRRYYENTZEET MES TR ER

BMRES 775 E BYIEEE Bordetella holmesii DWATIRILE A CDC L#FALCHELE, BH
WARRTE & X BRIZ B. holmesii DBGTRE % M U7 iR, AARICEIT AREBHEEIT487TLF 04 TH o728,
B TIL 1 4D B. holmesii &G Z MRS LTz, 7286, B BSHE OB FRAEGMERIT B AR 9.0%, BB 10%
CNRIEFERR R EE 2R LTz, E72. B. holmesii DVEREHEFIOBNER 2B L4572,
BERBR & LB LT, T ORER, RS HORRIC R RSB T 2 &5 F ¥ 737 B (FHA-like protein) 43

RO b, AEBEESHHERRIERESE (FhaB) L2252 L 2fEE LT,
WYMo le Z Linh . REITE BYE & FRICEFRRIIT 2 RO TREMES I S iz,

R & MR SRR D

EEEE DA TIL B. holmesii Bt

WrEwmHE

fByisE (ENCRRYERTIERT - M5 )
KigHE (FE)
BRI (B R AL AT SET)

e R’ (AL

FAATER (FF) L)

M EER (ESORBE R
Bk (B CDC)

IEE (AL

B (LBERT - BRYGHERFAT)

A. TFREM

Bordetella holmesii 1% 1995 #EIZK[E CDC 12 & V) fv4
ENT=FHLVEARERE CTH Y | RERICHERA
EROBFICEY L, BUSE - DRIRK R EORNE
L%, ETITERKB LR R2VEE - AR
L., HEW%ERBRRERRSG (B ZolskEodz
EBHEIN TS, ZWE T B. holmesiii DIEFIERE
WXEIREICIR DTS, 2009 4RI OAETH )
DN DIHERE STz, 2010~11 O E IR IR TRA
L7- B B RBRY S T 6 Bl DIRGE 3588 B,
HRTHDH T Mt MNEROFTREMER B S, &
BT 2011 FITITRE IR EFIE LTS D B. holmesii
BYSEFI AR S, AEBSHIRIC HESRT D2 &0
RENTZ, TIODRBYIEBNL B. holmesii 137 27 #

BWITER > TWD Z EHRRT D,
B O E 2o TR,

B. holmesii DEFRBITE BI%E L% L < | BRRZHIC
EEEE R TERNEWIRIERDH D, F. B
holmesii \IZIZE BV E U I FUNESHTH L7280, AE
DEELIT 7 F o HIER IR RBEL DIRA L7225,
o DOREREZTIRY 27, FAk 23 FEDARRZ
HETIL B. holmesii (TR REVRBEFRAEL, 7720
% loop-mediated isothermal amplification (LAMP) 157D BH
FHEITolz, ABIT PTIZ8T 5 B. holmesii DIATIR
WEHET 2 2 L2 BRI, B CDC L #&F L GEE
FREC L DPREY —A TR R LT, &6
IZ., B. holmesii DFFRFHEF OWINRER 2 BLET 570
B DR ER & MR SRERD & 2 /X7 3880 % LLRAT
L7z,

T DRGERRRIT

B. B E

AAIZIIT DIRET ]« 4@ R AR R T & s R s i
THALTZE AREREE 2 RICRRTHREL E L
7o BEFARENL B, holmesii ® LAMP (Otsuka et al.,
Microbiol Immunol, 2012) F72iX duplex U 7 /V& A A
PCR IZ X VEM L, duplex U7 /L¥A A PCR 1Z8EH
(Guthrie et al., J Clin Microbiol, 2010) ™ % ¢ % —ER#ZE
L. VIC £# X #17= TagMan MGB 7' —7 %\ 7z,
T oo BEWR (RIELWY) 1XE LRGSR TR

— 100 —




AU EB, MR o BEREKIT &S REERITC
BWUREZITo Tz, SRR CiiE A%
B —_A T 2FEL L TERTRE L EHE L,
BB D REMS : ESLRYYEF R L BB
CDC |Z duplex U 7 /L& A I PCR & BB 5 &
& B2, B. holmesii D= o —/V DNA 245 L
770

AL Ty MEHT:B. holmesii BB DR ERD B 43
Eiz 2 ¥k (BH2, BH6) &MERERLSN O HEESH
72 2 # (BH7., BH ATCCS51541) %3 U7, BH7 ¥k
ILDIMERBE O.LFER (Nei et al,, J Clin Microbiol,

2012), BH ATCC51541k ¥RIZRUMLIE B3 O Mgk &5y
BESNEbDOTH Y, MkE IIRERERE LT, Btk
i% Bordet-Gengou B TR L, B b L2 XU E
EHH U, 457 7 vy MEFTICIE, B BEE FHA
265~ U AFUMIE 72 & UNE BH2 BRO 2B RIS
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Simple and specific detection of Bordetella holmesii
by using a loop-mediated isothermal amplification assay
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and Kazunari Kamachi'
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ABSTRACT

A loop-mediated isothermal amplification (LAMP) assay for simple detection of Bordetella holmesii was
developed. This assay discriminates between B. holmesii and other Bordetella species and successfully
detect B. holmesii DNA in nasopharyngeal swab samples from subjects with suspected pertussis. The
LAMP assay results were in complete agreement with the results of previously published real-time PCR
assay, indicating that the former is a powerful tool for the accurate diagnosis and surveillance of B.

holmesii.

Key words Bordetella holmesii, loop-mediated isothermal amplification, molecular diagnosis, recA.

Bordetella holmesii (formerly known as CDC nonoxidizer
group 2) is a small Gram-negative coccobacillus that was
first reported in 1995 (1). B. holmesii causes disease mainly
in immunocompromised patients with serious underly-
ing medical conditions, and is associated with bacteremia,
endocarditis, pneumonia, and septic arthritis (1-7). B.
holmesii has been detected in nasopharyngeal specimens
from patients with pertussis-like symptoms (8, 9) and
therefore may also be responsible for causing a disease sim-
ilar to pertussis (whooping cough) in otherwise healthy
patients, particularly young adults.

The bacterium B. pertussis is the predominant cause of
pertussis, the diagnosis of which is frequently established
by using PCR specific for a target insertion sequence 15481
(10, 11). Because IS481is presentin multiple copiesin both
the B. pertussis and B. holmesii genomes (12), 1S481-based
PCR assays may lead to misdiagnosis of B. holmesii as B.
pertussis (12, 13). To specifically detect B. holmesii, RT-
PCR assays have recently been developed that target the
housekeeping gene recA, which is polymorphic in Borde-
tella species (8, 14). However, this assay has the disadvan-
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tage that it requires expensive real-time PCR equipment,
which may not be feasible for hospital laboratories.

During the last 10 years, a novel method, known as
LAMP, for amplifying DNA with high specificity and sim-
plicity has been developed (15). LAMP has become a pow-
erful tool for facilitating the rapid diagnosis of various
viral and bacterial infectious diseases. We have previously
developed a LAMP assay that targets the pertussis toxin
promoter (ptxP), thus permitting specific diagnosis of B.
pertussis infection (16). However, there is currently no
similar assay available for diagnosis of B. holmesii. In the
present study, we therefore developed a B. holmesii-specific
LAMP assay and compared its sensitivity, specificity, and
diagnostic accuracy with the B. holmesii-specific RT-PCR
assay.

For specific detection of B. holmesii, we designed
five LAMP primers that target the recA gene (nu-
cleotide position 216—425; GenBank accession number
AF399661) using Primer Explorer V4 software (https://
primerexplorer.jp/lamp4.0.0/index.html). As shown in
Table 1, we employed two outer primers (BH-F3 and
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Table 1. LAMP primers for Bordetella holmesii detection

Table 2. Specificity of Bordetella holmesii-LAMP assay

Primer  Type Sequence (5’ to 3')
BH-F3 F3 GCTCTCCCAGATCGAAAAGC
BH-B3  B3c TCGGCGATGACCTGCA

BH-FIP  F2-F1c CAGCGAACCGGTGGAAACGAATGCGCTACGGCGACAATG

BH-BIP B1-B2c  ATTGGGCGTGGGTGGTCTGCGTGTCAGCGTGGTCTTGC
BH-LB LB GTCGTAGAAATCTACGGCCCCG
08
100 pg
__ 05 —10pg
0
- 04
bt 160 g
o —itig
=03 ] iy
£ W
B 02
5
= 8.3
40 ‘ .
o 168 20 30 4G B0 &0

Time {min)

Fig. 1. Analytical sensitivity of LAMP for detection of Bordetella
holmesii genome. Total DNA from B. holmesii ATCC 51541 was serially
~ diluted from 100 pg to 1 fg, and amplified by LAMP. Amplification was
monitored by a Loopamp real-time turbidimeter. The arrows indicate
absorption lines of 1 fg DNA and negative control. DW, negative control;
0OD650, optical density at 650 nm.

BH-B3), two inner primers (BH-FIP and BH-BIP), and
one loop primer (BH-LB). We purified all LAMP primers
by reverse-phase high-performance liquid chromatogra-
phy. We performed the LAMP reaction using the Loopamp
DNA amplification kit (Eiken Chemical, Tokyo, Japan).
Briefly, we used a 25-uL reaction mixture containing
40 pmol (each) of BH-FIP and BH-BIP primers, 5 pmol
(each) of BH-F3 and BH-B3 primers, 20 pmol of BH-LB
primer, 2x reaction mixture (12.5 uL), Bst DNA poly-
merase (1 uL), and template DNA (4 pL). We denatured
the template DNA at 95°C for 5 min, cooled it on ice,
and then subjected it to amplification. We incubated the
mixture at 67°C for 60 min and subsequently heated it at
80°C for 5 min to terminate the reaction. We confirmed
LAMP amplification by real-time monitoring of the in-
crease in turbidity using an LA-320C turbidimeter (Eiken
Chemical).

We tested the analytical sensitivity of the LAMP assay by
using 10-fold serial dilutions of B. holmesii ATCC 51541
DNA. As shown in Figure 1, LAMP amplification was ob-
served for 100 pg—10 fg template DNA over a 60 min
reaction. However, the assay failed to yield reproducible
results with 10 fg DNA. Using 50 fg template DNA, the
LAMP assay was able to reproducibly detect B. holmesii
DNA from five isolates, (Table 2). On the other hand, the

(© 2012 The Societies and Blackwell Publishing Asia Pty Ltd

Strain Genomic DNA/tube  Amplification®
B. holmesii BH1P 50 fg +
BH2° 50 fg +
BH3P 50 fg +
BH4® 50 fg +
BH5P 50 fg +
B. pertussis Tohama 1ng -
Yamaguchi 1ng —
BP256¢ 1ng -
BP257¢ 1ng -
BP258°¢ 1ng -
BP259¢ 1ng -
BP260¢ 1ng -
BP289¢ 1ng —
BP290¢ 1ng -
B. parapertussis BAA-587 1ng -
ATCC15237 1ng -
ATCC15311 1ng -
BPPQ1d 1ng -
B. bronchiseptica RO5® 1ng -
B. hinzii ATCC51730 1ng -
B. avium ATCC35086 1ng -

aturbidity assay with a 60-min reaction; Pisolated from patients in a
pertussis outbreak, 2010-2011; “isolated from patients in the period
2004~2005; Yisolated from a patient in 2002;%isolated from a rabbit in
1995; ATCC, American Type Culture Collection.

specificity of the LAMP assay was confirmed by using vari-
ous Bordetella species: B. pertussis (n=9), B. parapertussis
(n=4), B. bronchiseptica (n= 1), B. hinzii (n= 1), and B.
avium (n = 1). With the exception of B. holmesii, all Bor-
detella species were negative (<0.01 turbidity) in LAMP
assays using 1 ng template DNA (Table 2). Taken together,
our results show that the LAMP assay is highly specific for
B. holmesii, the detection limit being 50 fg DNA/tube for
chromosomal DNA over a 60 min reaction.

Between 2010 and 2011, a pertussis outbreak caused by
B. pertussisand B. holmesiiinfections occurred in Miyazaki
Prefecture, Japan (17). The first patient (a 17-year-old
male adolescent) was reported in September 2010; in this
outbreak most patients were elementary and junior high
school students. To easily and rapidly detect B. holme-
sii infection, we applied B. holmesii-LAMP assay to NPSs
from 88 patients with pertussis-like symptoms. We per-
formed this investigation for diagnostic purposes under
the Japanese Infectious Diseases Control Law, Article 15.
‘We obtained the NPSs using sterilized rayon-tipped swabs
(Eiken Chemical), suspended themin 1 mL of cyclodextrin
liquid medium (without Bactoagar) containing 5 ug/mL
of cephalexin (18). We inoculated approximately 10 uL
of the resulting NPS solution on Bordet-Gengou or blood
agar plates for culture testing. We extracted total DNA
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from the remaining NPS solution by using the QIAamp
DNA Micro kit (Qiagen, Tokyo, Japan) (16), and subjected
it to the LAMP assay and B. holmesii-specific RT-PCR (8).
We performed the RT-PCR with a minor modification;
we used a TagMan MGB probe labeled with the VIC flu-
orescent reporter, instead of NED. Among 88 NPSs, six
specimens that were positive for B. holmesii by RT-PCR
and/or culture testing were also positive by LAMP. In con-
trast, 82 specimens that were negative for B. holmesii by
RT-PCR/culture testing were all LAMP-negative. We failed
to observe a significant difference in clinical sensitivity and
specificity between the LAMP and RT-PCR assays. In con-
clusion, the LAMP assay described in the present study
has the same levels of clinical sensitivity and specificity as
RT-PCR for the detection of B. holmesii.

Previous surveillance studies conducted in the USA and
Canada have revealed a low positive rate (0.1-0.3%) for B.
holmesii infection by culture or RT-PCR in patients with
coughs (8, 9). However, in a recent study, B. holmesii DNA
was detected in 20% of NPSs collected from French ado-
lescent patients who had previously been diagnosed with
B. pertussisinfection (19). These surveillance data indicate
that B. holmesii infection has recently spread worldwide
and that accurate diagnosis is needed to discriminate be-
tween B. holmesii and B. pertussis infections. The LAMP-
based assay described here provides simple and specific
detection of B. holmesii. Owing to its ease of operation
in both hospital and diagnostic laboratories, this LAMP
assay promises to become a powerful tool for diagnosis
and surveillance of B. holmesii.
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Abstract We report a case of a bronchitis caused by
Bordetella holmesii in a 2-year-old girl with asthma. The
patient had a moderate fever and productive cough, and her
condition was initially diagnosed as mycoplasmal bron-
chitis on the basis of her clinical symptoms and rapid
serodiagnosis of mycoplasmal infection. She was treated
with a bronchodilator and clarithromycin, which resulted in
complete recovery. However, after the initial diagnosis,
nucleic acid amplification tests of her sputum showed the
absence of both Mycoplasma pneumoniae and Bordetella

This article appeared in the Infectious Agents Surveillance Report
(IASR), vol. 33, p. 15-16, 2012, in Japanese.
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pertussis infections. Sputum culture showed the presence of
a slow-growing, gram-negative bacillus in pure culture on
Bordetella agar plates; the bacillus was later identified as
B. holmesii. B. holmesii infection is rare in immunocom-
petent children; however, the organism is a true pathogen
that can cause bronchitis in young children with asthma.

Keywords Bordetella holmesii - Bronchitis - Young child -
Asthma

Introduction

Bordetella holmesii was originally described as a CDC
nonoxidizer group 2 pathogen. This small gram-negative
coccoid bacillus was first reported in 1995 [1]. The
organism is associated with bacteremia, endocarditis, and
pneumonia, usually in patients with underlying disorders
such as asplenia or sickle cell anemia, and has been iso-
lated from blood and sputum samples [1-6]. B. holmesii
may also cause a disease similar to pertussis (Whooping
cough) in otherwise healthy patients, particularly in ado-
lescents and adults [7, 8]. Large surveillance studies have
revealed that the organism was detected in nasopharyngeal
specimens of patients with pertussis-like symptoms such
as cough, paroxysms, whoop, and post-tussive vomiting
[8-10].

Bordetella holmesii infection, which was considered rare
in Asian countries, has been recently detected in Japan. The
first reported case of B. holmesii infection was of an elderly
patient with infectious pericarditis [11]. A pertussis outbreak
caused by B. holmesii and Bordetella pertussis infections
occurred in otherwise healthy people between 2010 and 2011
[8]. In Europe and the United States, B. holmesii infection
has been observed mainly in adolescents and adults, and
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