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Abstract

Five species of murine-like animals were obtained in five towns of Kinmen County, Taiwan from August 1999 to June 2000.
Four species were members of the Muridae of the Rodentia, Rattus flavipectus, R. rattus, R. norvegicus and Mus caroli, and one
species was of the Soricidae of the Insectivora, Suncus murinus. The total capture rate of murine-like animals was 28.11%. Among
these specimens, R. flavipectus was dominant, representing 91.67% of the collected animals, followed by S. murinus (3.57%). The
percentage of animals infected with chiggers ranged from 55% to a peak of 98%, while the mean number of chiggers per animal
ranged from six to 382. Our study showed that the seasonal variation in the mean number of chiggers per animal was slightly
correlated with the seasonal incidence of human infection. Except for April 2000, the seropositive rates of these animals against
Orientia tsutsugamushi exceeded 90% in each survey. Eight species of chiggers were identified, including Leptotrombidium
deliense (53.40%), L. scutellare (33.43%), Walchia chinensis (12.06%), L. yui (0.70%), Odontacarus majesticus (028%),
Ascoschoengastia indica (0.08%), Helenicula sp. (0.04%), and L. imphalum (0.01%). Our survey showed that L. deliense appeared
from April to November, with a peak occurring in August, whereas L. scutellare appeared from November to April, with a peak
occurring in December. Walchia chinensis occurred throughout the year, but was more abundant in summer. The state of O.
tsutsugamushi infection was demonstrated by the minimum infection rate (MIR). The MIRs of L. deliense and L. scutellare were 12
and 5, respectively. These results indicate that L. deliense may be the vector in summer, while L. scutellare may transmit disease in
winter. Walchia chinensis has not been reported to bite humans, but it was found to harbor O. tsutsugamushi with an MIR of 8, and
it may transmit rickettsia among animal reservoirs. In this study, the nested polymerase chain reaction (nested-PCR) was followed
by digestion with the restriction enzymes Hhal and SfaN], to classify serotypes of O. tsutsugamushi. We found that Karp and Gilliam
were dominant, but that other different local strains already exist.
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norvegicus) & BE (Mus caroli) ; MR &a B (Insectivora) #1411 --8258 (Suncus murinus) - B Z RHERD28.11% - HP
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$RIEE - DI1999FE8A&H = %5382 - 2000F48 & 1856 - B—HHeMME 2R ERASBEEHIEHZ2REEEE - BEZE
BT RETNEGHERR2000F4B 218 H R B82.2% BIKS - HERAMIFEI0% M L - SWiEHEEEER - HEIR5ESRE
BIN - BIECHIERTE  KAESRLE  HEBRHEMGIEERS BRI ESE (Leptotrombidium deliense) : 53.40% - /NMR&EH
(L. scutellare) : 33.43% -~ REEMAEIH (Walchia chinensis) : 12.06% ~ TEEH (L. yui) : 0.70% - EE#5%55 (Odontacarus
majesticus) : 0.28% - ENE % EH (Ascoschoengastia indica) : 0.08% - &m:& B —1& (Helenicula sp.) : 0.04% L R 2= 1A
&I (L imphalum) : 0.01% - B EWMN4BRKBEIER - Z28AESE - ERASPRBENESTESE ; Bt/ MREmELIR
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3R (minimum infection rate, MIR) &K + 1B &I M/ MWREMAIMIRD BIA12K5 - IhERBE IR EEmAUEESTERAH
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BREMBEEF P KarpKGillam#BE - BERBHFZRERNES -
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FHEfE RYE* auoecesses olmRMERIE 135278
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#1999 5 8 1 £ 2000 F 6 A M AL FIMEWMEE ~ &34 ~ & - 2EHA
Podin g B AR AT R MW R BRER S LERW - BRETIRG R At ES A
(Rodentia) 14 4 #& : £ K. (Rattus flavipectus) ~ 2B R. (R. rattus) ~ # R (R.
norvegicus) B J & (Mus caroli);#»4& # B (Insectivora) )4 1 #&-- 2§ (Suncus
murinus) o AL BWEEE 28.11% > L P AXMARERS (91.67%) » Lk
(8.57%) - RAAZ i vk 2000 4 4 A AL F 55% 2 2000 F 6 A 2 98% - & F1# A
BEWIEH > 241999 F 8 A& A 3820 2000 F 4 ARALE 6 Bl —H &I E
% B T g 5] B sl £ kA% B 2 A0 B B 14 o R & SR LR H AL Bt E 1k 2000
4 AR BRE 82.2% AR 0 LIRA ML 90% Uk o EIAEABTLER - &
SR 5B 8 AL BIECHiEM TAE > RontEd 148> LAGHASATAE IR 5] B 3
2 E%% (Leptotrombidium deliense) : 53.40% ~ "k £ %% (L. scutellare) : 33.43% ~
3 Ay £ 8 (Walchia chinensis) : 12.06% ~ T X Z%5 (L. yui) : 0.70% ~ E %% &
¥ (Odontacarus majesticus) : 0.28% ~ ¥7 & &4 £ 55 (Ascoschoengastia indica) :
0.08% ~ &% & 4% )8 —4% (Helenicula sp.) : 0.04% VA B g £%% (L. imphalum) :
0.01% - 2 Exh7~4 AWML HEA - 28 A &% » LAELFIMRAMEN T FE344E
A RERERRA LI AZRF AN BEPIBREASTENME - PEETEIWE
FRTHRBA U ERERSG - PIRZ ERBRREY AR AEE (minimum
infection rate, MIR) &% » ¥ 2 £ B M L8569 MIR 57 & 12 & 5> sb &R 4
THELIWETRAIFIERAE  IMERELFTARBIME S RAE : b
FRAEWTRA ZHRE » MIR & 8 L8 ReTeg A » 127 642 4y M A% 4875 R A
HFTEM U RA85:34 RJE (nested-PCR) Z 4 AR %85 Hhal % SfaNI 47
> BRALPIH I E AR I LREA F AR Karp & Gilliam & £ » 545,
HHF S RELHIERA
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EER (tsutsugamushi disease) 71L&
HAAIPEZ(5GE (scrub typhus) E#EHT &
RN RE (Orientia tsutsugamushi ) 2
&l (chigger mite) &k ITT IS YL Sk
B o B%IR S n i B i v v st - SR
HAARM A ~ 537 ~ RPN E 0 » 78
FEEL LRI ~ Bl vt - R I SRR [ 2R 22 S
BRALAR By KPR PE S A7) (Abram, 1990;
Barrie, 1990) &/ VE S/ & am i TR
L o SRR E T RfET > 1998~2003 15
e <z F 3 [ 7 95 Tt € R B R AR 280~
330 f| (Anonymous, 2004) o

Eai B E EERARERE (D £ 9
F 12 RAERIHAR » Babfin 7 s KL
1A B2 5 i T Rl 2 K0 5 T A
(eschar) ; (2) JRjERIKELRRE RIE K 5 (3) =ikt
% 39°CE 40.5°C » {JuHeE 14 K 5 (4) R
% 4~5 K » JRit S HHBRLE » MM 20 K
VUi » % 9~10 HiREZXMiHR 5 (5) 5E ~
Bk~ RET ~ #IETM > RILOFE ~ (R
wWEEAR (Abram, 1990; Barrie, 1990) o f#
TRRICTARLE 1~60% 2 - Blz2f ~ HgEa
HVIRRAGR o FRE R R dd ok A P AR 2= ]
Ty FEZA ~ AR ZA > 5 ZAE AR
TRATHEEITEIAE 31° LUp » BT LARE » LL 6~8
H 5 rEleg - BRI 5 FAEALEER - I
TTHEEEAEARE 31° LUb > BREVLER ~ 1R ~ R
FRCR =" LL10~11 H F i » B PR BB
B8 s 2 AT AR A - DL 1~2 H
Rl » BRARRBURES (Yu and Wu, 1995) -
BIRE SR 1997~2003 F 4G > Bk
& S EaR R 2 H B E 4 HBG
5~8 FIZFEIE » Mk MR —ELEP T 2
H B EZAl (Anonymous, 2004) -

258 HiRaS - FUBS =

(R & ab i < &b (R B IR ZAH (Arach-
nida) > {HIHEE A (Acari) » EIfFH (Acari-
formes) s B fLAEE (Prostigmata) » #ifa
£l (Trombidioidea) °» E &R} (Trombicu-
lidae) - Z&H4NET/ ] > KK 0.2~0.3 mm >
WIRETE AR - WEBZFENE » AHIRE
I AR 2 73 3T 56 2 (R IB Sk 2 TERE - H
A T A Rl Ek 2 SRS AR 3000 % fd
(Li et al., 1997) > {HRE{ERE NFHESIRITE
55 » UL Leptotrombidium &2 Leptotrombi-
dium RRJBEREEE o M6 ~ R/
B AR A 72 5 > 253 SR I G i
[F] o H A& mddin R sl & il (Leptotrombi-
dium akamushi) » /|\WGE (L. scutellare)
FAREER (L. pallidum) P8k ; {FE5EH
FHE GG T (4% 5 AR £ 0 B G (L.
deliense) ~ S &M (L. rubellum) ~ SiHE
i (L. kaohuensis) ~ 8 B EW (L. insu-
larae) ~ FHEEW (L. jishoum) FI/IMEl
Fi{Ei#% (Yu and Wu, 1995); 7E 5 RS B
el s Bt R AR AR - JEE I HE R
b GEIE (L. fletcheri) s ZR[E F 3l BL &g ~ {4
W& (L. arenicola) ~ /|M{GEN 5 T 2K P
an FI St B ~ o PGS ~ /MRS ~ 1
&N ~ HEIARER (L. umbricola) (Traub and
Wisseman, 1974) -

g1 & &R R AR - L R (0.
tsutsugamushi) > B—rEAEEHHIE A A 2 14
AW &R L 5 R A B 81 )T ik
eSS % (indirect immuno-
fluorescence assay, IFA) » FfA & HIRAG ES
RHAEH > Al E SR - Hiic Al
A —MEHIR (type-specific antigen, TSA)
@4 o Ohashi et al. (1990) k; Stover et al.
(1990) 2} Gilliam, Karp, Kato, Shimo-
koshi, Kawasaki f[] Kuroki Z,5%l 2 56



KDa MRS —PERUR (TSA) BF) M B2
B R B2 Y o RS R %] Furuya (1991, 1993)
FI AT B 0% & T 80 I E (two-step
polymerase chain reaction 5 nested-PCR)
i & BR 1 75 ) &) 35 (rstriction fragment
length polymorphism, RFLP) w] B ih 3
17 & mbyi a2 B B 8 b 37 5 e AL [ 5 o

18 e IS B S G iR Z AR AT -
12 LU 1] B i v BT £ o B ) i
BRI T — R YRR > IS S A R
K224 (Cooper et al., 1964; Lien et al.,
1967) » BUE k&R IR 152 (Olson et al.,
1978) » J &l 1 By 58 42 2 BRTR (Olson
et al., 1982) - fiith. 24t » Gale et al. (1974)
J& Lien et al. (1974) 43 AlliA 158 B 1 K il
AT SRR - TR RE A B
HhH 280 - Hasegawa et al. (1990) f£&54dt
GO~ BT ~ e ~ TR AR S A A A
fl S o FRHEE 90% & @ H i > FRIL.Z
Y i % IR Leptotrombidium, Garliepia,
Schoengastia, Doloisia [ Walchiella S8
11 FE o H AT RS B B S
TR ~ 3 RO R A TR A A o A
T SR A8 1 180 ot o 7 o 8 L AR o o2 < T
Fi{ER2Eh%3H7 > nested-PCR fig4 RFLP »
56 kDa TSA W& € R » i S ais N 5T
R AN - B o A Z M B b2 Al
SRECHL » S FARE S S 5 A + G e
N ve R AR 2 SEE

MFERTTE

—  BRRE

PREEHIAL 2SR KIR 1997~1998 F 5[]
WA TLARHRCE S R VB 2 Z AT BL - BT ek
BRI Vi~ BB AR ST ~ BT

TEFERTECEY ~ VD SEORTE TR AR Z BT -
ISz AT I ([ —) - B 1999 4 8 F % 2000 &
6 HIE > il A 12k » 4l 6 - ALLE
2B E 100 {5 5B - = A 20 =9} 80
{lél » DUH B LR B el i e
EAIREE - EEMEFER 2988 {H - WRE
A 598 fl&l » =9} 2390 {l - fMEE % - (KEE
K /INEL 0.1~0.3 ml Zoletil 50 (Virbac,
Carros, France) #E1TIEEE BN - FHEFE
AU A AR 2 I B R e I Ath R 4 A i 2 B
M~ WS ~ (bR B2 R BT T E S 40 ml HEIEHH
oo JGE 1 RERIIA 70% IWFEORTE © ST
AWIE I LAAE i 28 (percentage of hosts
infected with chiggers) : #%ZF 4= E B/ 2 &4
R B s K& Im$E# (mean number of
chiggers per animal) : &4 B REE 4= 504
JEFBER

- BRETHE

HHERERS T0% WG 2 Elis)a - B %
HEFoK 3~4 R > R 30 min o A& LA
Gater’s #J1ii% (& 35 ml L F7/Kk-35 g
fa[#7{Af8 (gum Arabic, Sigma) » 20 g &K
% lE (chloral hydrate, Merck)> 10 ml il
(glycerin, Merck) Z 5 o L Olympus BX50
s o Sahl T )TERIZ2 % Nad-
chatram and Dohany (1974), Vercammen-
Grandjean and Langston (1976), Wang
and Yu (1992) & Li et al. (1997) 2 o

=Ll nested PCR-RFLP E4A A EES
BE I BN E BB
AiBa DUR SRR EdI#s (HYBAID
A]) 1T PCR MIME [ ME » [OER 122 %
Kawamori et al. (1993) Z J5 % i l& hfE
O o PRIA]—PREEIF ] SR IR EE B 2 G > DA
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Fig. 1. Collecting localities of chigger mites in Kinmen County from August 1999 to June 2000.

50 HiEmh i — kA » DLRHEF KI5 WK
% > B 1.5 ml A CE S > A 0.1 ml
SPG buffer (3.0 mM KH,PO, (Merck), 7.2
mM K,HPO, (Merck), 40 mM L-glutamic
acid (Sigma) Jx 218 mM sucrose (Sigma),
pH 7.0) » L\ 0.5 ml fCmft CEE - B
11,600 xg > 5 min - HERJUEYIRZREH
0.1 mg proteinase K (Sigma), 0.5% Noni-
det P-40 (Meck), 0.5% Tween 20 (Merck)
Z 50 ul 10 mM Tris-HCI buffer (Merck),

260 HiERaS - FUBS =

pH 8.3 ZZZHUEH » * 56°C T » FEABZHE -
DEBREHEREEE ; AR5 95°C » i 10
min > DUCEEI % < EY) S PCR NE 2R
e 51 F5i3H] TSA gene fa{R~F I » DIT
W FL &% IV AU A SR | » 55— X PCR 5 — &
0.5 ml Y EHECERFIMAGH 35.5 ul &
K ~5 ul 2z 10X PCR buffer (Pro-
mega) ~ 2 ul 2 5 mM dNTPs (Promega)
(B 200 kM)~ 3 ul 2 25 mM MgCl,
(Promega) (FU2E R 1.5 mM)~1 ul Z 5




pM primer A: 5'-AGAATCTGCTCGCTTG
GATCCA-3" (Karp #f.z TSA F[A - ) 144
bp~165 bp) (% B Mission Biotech) J
primer C: 5-ACCCTATAGTCAATACCAG
CACAA-3' (Karp #.z TSA KX - £ 552~
575 bp) (5| FZ#UREF 100 nM) ~ 3 ul 2
DNA iz 2 0.5 pl i#3& Taq (Promega) (5
U/ul) &R 2.6 U) %2 PCR [ JEK -

PCR [JEFRAZRS  Jeft 94°C » HE4 3 min ;

FHEFFEIT 94°C (45 s)/ 50°C (45 s)/ 72°C
(45 s) ZPHER > —3 40 fEER &% P 72
C » 7 min H1 1k JE - 55 2% PCR [ &K
FlFwekE 1 pl 2 20 uM primer a: 5'-
GAGCAGAGATAGGTGTTATGTA-3' (Karp
¥k TSA H K> #7260~281 bp) K primer b:
5'-TATTCATTATAGTAGGCTGA-3' (Karp
th TSA KA » ) 408~427 bp) (5]
JE 5% 400 nM) » H R N ERAE % — K - PCR
H s FETR AR 2 TR R R ER R > B 94°C

(45 s)/ 50°C (45 s)/ 72°C (45 s) » —HIELT
25 53 5 HERAHIR] - B 15 ul % — % PCR
BRI EY) > A 2 BAIIRET (Hhal B
SfaNI, Biolabs) fAiE{LiEE WK (digestion
buffer) s 37°C{EA 3 h % » HHEL 10 ul 2
3% NuSieve Jx 1% agarose gel (BMA, USA)
2 1X TBE buffer (Sigma) fBF F#ETE
Uk oy K o i agarose HUHH - IR AL Z 5
(ethidium bromide, aMRESCO) #:tt » L)
SRON O IR B R I B > S IR B A A
(Gilliam, Karp, Kato, Shimokoshi, Kawa-
saki F[] Kuroki) . [&lz8 ¥ o EEHEL LRI
FEZ ARG K 2% PCR HREIYIZEY)
#17 DNA FIE > L0 NCBI ik
(http://www.ncbi.nlm.nih.gov) #{T DNA
Feal .z BLAST LUt o S8t s 16 1 LA/ ]y

L2 (minimum infection rate, MIR) 3

0 MIR £ (B0 ik A B/ 76 e S
84> 1000> MIR fiEf i { CER SR B 6 -

M~ £PHEE R TR XENER R

|

A 2 2 B > e O bR Im 3
ml » fAEEEEHE 2 h #2L) 3000 rpm .0 10
min > I M ARIER PR B ] EBa = - DA
wOCYiSE AFA) fBlIyTEe » JEar - f
IMYE AR AR B 75 (phosphate-buffered
saline, PBS, pH 7.2) fif 40 {547 » HOAE[
AEH Karp, Gilliam, Kato L& PELAURIY
HOCH T b B EEOKFE S 3T°CER] 30
min > L PBS Ji# % GRIMIE IR 5 min
FELAEFKIE ~ JalEZ - PSS e E
(fluorescein isothiocyanate, FITC) #|l|F
B IgG+A+M [ 7#E (FITC-goat anti-
mouse IgG+A+M (H+L), Zymed Labor-
tories, USA) 124 » Wi AR /KFE A 37
CEM 30 min » L\ PBS Z0kaez% - #% b
PBS/H I 2B &R > EUEWR
% PYEEOCRAMERE © - B AR E -

m &R

— &EFIREEEE HEXRREKES AL
& 6 KaiE > i RS 840 £ -

HE RN R — » i H ) 4 16 : Ei
Bl (Rattus flavipectus) ~ B 1 H (R.
rattus) ~ {5 (R. norvegicus) & AR (Mus
caroli) ME&HENY) 1 & : B (Suncus
murinus) » MEMERIEAP - SRR RS 28.11%
(840/2988) » H ] Bl 5% [ .2 Hfj 18 2 73 il £
34.65% (828/2390) Jz 2.01% (12/598) - j&HE
DU e B B R B 2 15 91.67% (770/840) » By
HRAE 3.57% (30/840) ; H R 2 ERH LA g
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BHEREZ(E 92.87% (769/828) » B H (5
3.02% (25/828) ; FRJ= Z Ikt 77 LRI LIUR
WERZAE 41.67% (5/12) » |2 TH 5 By Bl
Z&Ah 25.00% (3/12) o i & Mg FL £
IR ZAFE o A0SR AR Z 2Rk — - 4
IELAR 32 17.67% » 5 K 5 .2 PU4F R 7~ 35
27.33~33.50% [HIHMm#HE =5 ¢ = 4.01, p
< 0.01) o AR H HlEARLL 1999 4 8 A5
55 37.4% fxim  BLEER 5 KA FI97E 24.8~
27.2% MIEMBHEMZR (¢ = 299, p <
0.01) GR2) Br<eMEUELE 2000 A 1D
.

=/

~ - 2MIREREEZBIRE R SIRIER
<R FH P Sl B e 25 A 22 = > LA g Sl

(R. flavipectus) fxm ° RHEFGHEER
89% » BB A 24% - Fir A B sy »
) 2000 4 4 HRAKF 5 55% - HAth H 48
e 82~98% BATREHE AR (¢ = 5.45, p
< 0.01) » fH 2000 4 6 F Efm (98%)  [&
2000 4 4 H > 2540 8E BUEMRZE 57D 88 32%
TG 83% ZRIMK > BIRAEMIFGPES
4y St [ 20T <2 35k B e < 58 40 K 0 4 e 2R 1
O > ELERIREERER] » KU NE T Z SRS f 72
ﬁ o

< [ P P RSV o2 8 Wi 1 LA i B
i BRI EEEEE 236 0 HEL (M.
caroli) {5 » 58S 3 (FEIY) » LUK MR
434 (linear regression) FlRHZ FFiZR Bl %

i 45 WOH B IEAHBAYE (- = 097, p =

F— £FIFE 1999 F 8 BE 2000 & 6 AHEMRREREFHA DL

Table 1. Murine-like animals captured in Kinmen County from August 1999 to June 2000
No. of animals Capture Percentage of
Mammal .
. Female Male percentage total animals
species - - Total - -
Field House Field House Field  House Field House
Rattus flavipectus 379 0 390 1 770 32.18 0.17 92.87 8.33
Rattus rattus 6 0 9 3 18 0.63 0.50 1.81 25.00
Rattus norvegicus 5 2 8 1 16 0.54 0.50 1.57 25.00
Mus caroli 0 0 6 0 6 0.25 0.00 0.72 0.00
Suncus murinus 16 2 9 3 30 1.05 0.84 3.02 41.67
Total 406 4 422 8 840 34.65 2.01 100.00 100.00

Rattus flavipectus (EMIfR), R. rattus (BIHE), R. norvegicus (), Mus caroli (A ), and Suncus

murinus (R{0).

#R= £PIRRZEE 1999 & 8 BF 2000 & 6 A BIFMHER(%)

Table 2. Capture percentages of murine-like animals in different areas of Kinmen County from August 1999 to

June 2000

Locality Aug. 1999  Nov. 1999 Dec. 1999  Feb. 2000  Apr. 2000  June 2000 Mean + S.D.
Kincheng 45 27 28 26 24 25 29.17 £ 7.89
Kinhu 46 35 19 29 33 32 32.33 £ 8.76
Kinning 35 44 36 29 27 30 33.50 £ 6.22
Kinsha 37 21 30 29 19 28 27.33 £ 6.53
Liehyu 24 9 18 20 21 14 17.67 + 5.39

Mean + S.D. 374 +891 272+1335 262+763 26.6+391 248+550 258 +7.09
Kincheng (:4##%), Kinhu (i51#f), Kinning (£ %4f), Kinsha (57)#f), and Liehyu (FUELEE).

262 HEESS  FUBH =



F= @FIEE 1999 5 8 BZE 2000 F 6 AHMEEFIKE (%)

Table 3. Percentages of murine-like animals collected from the field infected with chiggers in Kinmen County

from August 1999 to June 2000

Species Aug. 1999  Nov. 1999 Dec. 1999  Feb. 2000 Apr. 2000  June 2000 Mean
Rattus flavipectus 92 (157/170)* 98 (120/123) 92 (118/128) 85 (104/122) 62 (66/106) 100 (120/120) 89 (685/769)
Rattus rattus 100 (3/3) 100 (2/2) 0 (0/1) 100 (1/1) - 75 (6/8) 80 (12/15)
Rattus norvegicus 100 (4/4) 100 (1/1) 13 (1/8) - 46 (6/13)
Mus caroli - - 33 (2/6) - - 33 (2/6)
Suncus murinus 11 (1/9) 50 (1/2) 100 (1/1) 33 (1/3) 11 (1/9) 100 (1/1) 24 (6/25)

Mean 89 (161/182) 97 (127/131) 92 (120/131) 82 (108/132) 55 (68/123) 98 (127/129) 86 (711/828)

* Percentage of animals infected with chiggers (mite-positive animals/total animals examined).

FIM £P98F 1999 F 8 HZ 2000 £ 6 B HM B EEMiEE

Table 4. Mean number of chiggers per murine-like animal collected from the field in Kinmen County from

August 1999 to June 2000

Species Aug. 1999  Nov. 1999  Dec. 1999  Feb. 2000 Apr. 2000 dJune 2000 Mean
Rattus flavipectus 412 288 101 6 318 236
(70,100/170)* (35,480/123) (24,636/128) (12,378/122) (678/106) (38,168/120) (181,433/769)
Rattus rattus 427 262 222 134 207
(1,280/3) (523/2) (222/1) - (1,075/8) (3,100/15)
Rattus norvegicus 155 (618/4) 17 (17/1) 1 (10/8) - 50 (645/13)
Mus caroli - - 3 (16/6) - - 3 (16/6)
Suncus murinus 4 (33/9) 1(1/2) 72 (72/1) 167 (500/3) 0 (1/9) 118 (118/1) 29 (725/25)
Mean 392 280 99 6 305 225

(71,413/182) (36,622/131) (24,725/131) (13,116/132) (689/123) (39,361/129) (185,926/828)

* Mean no. of chiggers per animal (total number of chiggers/total animals examined).
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Fig. 2. Mean number of chiggers per murine-like animal in the field collected at different localities in Kinmen County
from August 1999 to June 2000.
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Table 5. Antibody-positive rates of the antibody against Orientia tsutsugamushi in the sera of murine-like
animals collected in Kinmen County from August 1999 to June 2000

Species Aug. 1999 Nov. 1999  Dec. 1999  Feb. 2000 Apr. 2000  June 2000 Mean
Rattus flavipectus 95.2 98.4 974 94.3 93.3 97.5 96.0
P (159/167) *  (122/124) (114/117) (115/122)  (99/106) (113/120) (725/755)
Rattus rattus 80 (4/5) 66.7 (2/3) 0 (0/1) 100 (1/1) - 75 (6/8) 72.2 (13/18)
Rattus norvegicus 100 (2/2) 100 (5/5) - 25 (2/8) 60 (9/15)
Mus caroli - - 60 (3/5) - 60 (3/5)
Suncus murinus 0 (0/9) 25 (1/4) 0 (0/4) 10 (1/10) 0 (0/1) 7.1 (2/28)
Mean 90.2 95.6 96.6 90.2 82.3 95.3
(165/183) (130/136) (114/118) (119/132)  (102/124) (123/129)
* Antibody positive rate (positive animals/total animals examined).
xRN £FEE 1999 & 8 BE 2000 F 6 BIREEHELEREE
Table 6. Chigger mites collected in Kinmen County from August 1999 to June 2000
Date L. L. Walchia L. Odontacarus Ascoschoengastia Helenicula L. Total
deliense scutellare chinensis yui  majesticus indica sp. imphalum
Aug.
1999 4,216 0 813 1 0 0 0 2 5,032
Nov.
1999 3,792 6 518 6 0 11 9 1 4,343
Dec.
1999 0 3,620 186 1 0 0 0 0 3,807
Feb.
9000 0 3,275 204 3 12 0 0 0 3,494
Apr.
9000 45 161 240 137 37 0 0 0 620
June
9000 3,229 0 587 0 10 5 0 0 3831
Total 11,282 7,062 2,548 148 59 16 9 3 91197
(53.40)* (33.43)  (12.06) (0.7) (0.28) (0.08) (0.04) (0.01) ’

* Individuals (percentage).
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Table 7. Minimum infection rates (MIRs) and serotypes of Orientia tsutsugamushi in chigger mites from Kinmen

County
Date L. deliense L. scutellare W. chinensis
MIR? Serotype Serotype MIR Serotype
Aug. -
1999 4 4 Karp, 2 Gilliam, 3 LA-1 8 4 Karp
Nov. 32 Karp, 8 LA-1, 5 Gilliam,
1999 10 Kuroki, Kato, Sxh951 9 4 Karp
Dec. 9 Karp, 7 Gilliam, e
1999 2 Kato, Boryong 1 Karp, Gilliam
Feb. s
2000 7 Karp, Gilliam
Apr.
2000 29 2 Karp, Kato 12 2 Karp, Kato
June 22 Karp, 8 Gilliam, 4 LA-1,
92000 14 Boryong, Saitama, Kato, 8 3 Karp, Kato
Sxh951
58 Karp, 15 Gilliam, 15 LA-1, .
Total 12 2 Kato, 2 Sxh951, Kuroki, 18 Karp, 8 Gilliam, 14 Karp, 2

Boryong, Saitama

3 Kato, Boryong Kato, Gilliam

# MIR = (no. of positive pools/ no. of chiggers examined) X 1000.

* No mites collected at that time.
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Studies on the Vectors and Pathogens of Scrub Typhus on
Murine-like Animals in Kinmen County, Taiwan

Hsi-Chieh Wang, Chao-Lin Chung, Ting-Hsiang Lin  Center for Disease Control, Department of Health, Nankang,
Taipei 115, Taiwan

Chung-Hsiung Wang, Wen-Jer Wu* Department of Entomology, National Taiwan University, Taipei 106, Taiwan

ABSTRACT

Five species of murine-like animals were obtained in five towns of
Kinmen County, Taiwan from August 1999 to June 2000. Four species were
members of the Muridae of the Rodentia, Rattus flavipectus, R. rattus, R.
norvegicus and Mus caroli, and one species was of the Soricidae of the
Insectivora, Suncus murinus. The total capture rate of murine-like animals
was 28.11% Among these specimens, R. flavipectus was dominant,
representing 91.67% of the collected animals, followed by S. murinus (3.57%).
The percentage of animals infected with chiggers ranged from 55% to a peak
of 98%, while the mean number of chiggers per animal ranged from six to
382. Our study showed that the seasonal variation in the mean number of
chiggers per animal was slightly correlated with the seasonal incidence of
human infection. Except for April 2000, the seropositive rates of these
animals against Orientia tsutsugamushi exceeded 90% in each survey. Eight
species of chiggers were identified, including Leptotrombidium deliense
(563.40%), L. scutellare (33.43%), Walchia chinensis (12.06%), L. yui (0.70%),
Odontacarus majesticus (028%), Ascoschoengastia indica (0.08%), Helenicula
sp. (0.04%), and L. imphalum (0.01%). Our survey showed that L. deliense
appeared from April to November, with a peak occurring in August, whereas
L. scutellare appeared from November to April, with a peak occurring in
December. Walchia chinensis occurred throughout the year, but was more
abundant in summer. The state of O. tsutsugamushi infection was
demonstrated by the minimum infection rate (MIR). The MIRs of L. deliense
and L. scutellare were 12 and 5, respectively. These results indicate that L.
deliense may be the vector in summer, while L. scutellare may transmit
disease in winter. Walchia chinensis has not been reported to bite humans,
but it was found to harbor O. tsutsugamushi with an MIR of 8, and it may
transmit rickettsia among animal reservoirs. In this study, the nested
polymerase chain reaction (nested-PCR) was followed by digestion with the
restriction enzymes Hhal and SfaNI, to classify serotypes of O.
tsutsugamushi. We found that Karp and Gilliam were dominant, but that
other different local strains already exist.
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