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 (tsutsugamushi disease) 

 (scrub typhus) 

 (Orientia tsutsugamushi ) 

 (chigger mite) 

 (Abram, 1990; 

Barrie, 1990)

1998~2003

230∼ 

330  (Anonymous, 2004)  

 (1) 9

12

 

(eschar) (2) (3) 

39 40.5 14 (4) 

4~5

9~10 (5) 

 (Abram, 1990; Barrie, 1990)

1∼60% 

310 6∼8

310

10∼11

1∼2

 (Yu and Wu, 1995)

1997~2003

4

5∼8 2

 (Anonymous, 2004)  

 (Arach- 

nida)  (Acari)  (Acari- 

formes)  (Prostigmata)

 (Trombidioidea)  (Trombicu- 

lidae) 0.2∼0.3 mm

3000  

(Li et al., 1997)

Leptotrombidium Leptotrombi- 

dium

 (Leptotrombi- 

dium akamushi)  (L. scutellare) 

 (L. pallidum) 

 (L. 

deliense)  (L. rubellum)

 (L. kaohuensis)  (L. insu- 

larae)  (L. jishoum) 

 (Yu and Wu, 1995)

 (L. fletcheri)

 (L. arenicola)

 (L. umbricola) (Traub and 

Wisseman, 1974)  

--  (O. 

tsutsugamushi)

 (indirect immuno- 

fluorescence assay, IFA)

 (type-specific antigen, TSA) 

Ohashi et al. (1990) Stover et al. 

(1990) Gilliam, Karp, Kato, Shimo- 

koshi, Kawasaki Kuroki 56 
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kDa  (TSA) 苷

Furuya (1991, 1993) 

酶  (two-step 

polymerase chain reaction  nested-PCR) 

酶  (rstriction fragment 

length polymorphism, RFLP) 

 

 (Cooper et al., 1964; Lien et al., 

1967)  (Olson et al., 

1978)  (Olson 

et al., 1982) Gale et al. (1974) 

Lien et al. (1974) 

Hasegawa et al. (1990) 

90% 

 Leptotrombidium, Garliepia, 

Schoengastia, Doloisia Walchiella

11

nested-PCR RFLP

56 kDa TSA
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100 20 80
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598 2390
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Carros, France) 
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 (percentage of hosts 

infected with chiggers) /

 (mean number of 
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3~4 30 min

Gater’s  ( 35 ml 35 g

 (gum Arabic, Sigma) 20 g

 (chloral hydrate, Merck) 10 ml  

(glycerin, Merck) Olympus BX50

 Nad- 

chatram and Dohany (1974), Vercammen- 

Grandjean and Langston (1976), Wang 

and Yu (1992) Li et al. (1997)  

 

nested PCR-RFLP
 

 (HYBAID

) PCR

Kawamori et al. (1993) 
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50

1.5 ml 0.1 ml 

SPG buffer (3.0 mM KH2PO4 (Merck), 7.2 

mM K2HPO4 (Merck), 40 mM L-glutamic 

acid (Sigma) 218 mM sucrose (Sigma), 

pH 7.0) 0.5 ml  

11,600 xg 5 min

0.1 mg proteinase K (Sigma), 0.5% Noni- 

det P-40 (Meck), 0.5% Tween 20 (Merck) 

50 µl 10 mM Tris-HCl buffer (Merck), 

pH 8.3 56

95 10 

min PCR

TSA gene

PCR

0.5 ml 35.5 µl

5 µl  10X PCR buffer (Pro- 

mega) 2 µl 5 mM dNTPs (Promega) 

( 200 µM)  3 µl 25 mM MgCl2 
(Promega) ( 1.5 mM) 1 µl 5 

1999 8 2000 6  (Sheaugugang, Kincheng town)
(Howhwu, Kinning town)  (Chungkung, Kinhu town)  (Shinchyanduen, Kinsha town)

 (Chingchyi, Liehyu town) 
Fig. 1. Collecting localities of chigger mites in Kinmen County from August 1999 to June 2000. 
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µM primer A: 5′-AGAATCTGCTCGCTTG 

GATCCA-3′ (Karp TSA 144 

bp∼165 bp) ( Mission Biotech) 

primer C: 5′-ACCCTATAGTCAATACCAG 

CACAA-3′ (Karp TSA 552∼ 

575 bp) ( 100 nM) 3 µl 

DNA 0.5 µl Taq (Promega) (5 

U/µl) ( 2.5 U) PCR

PCR 94 3 min

94  (45 s)/ 50  (45 s)/ 72  

(45 s) 40 72

7 min PCR

1 µl 20 µM primer a: 5′- 

GAGCAGAGATAGGTGTTATGTA-3′ (Karp

TSA 260∼281 bp)  primer b: 

5′-TATTCATTATAGTAGGCTGA-3′ (Karp

TSA 408∼427 bp) (

400 nM) PCR

94  

(45 s)/ 50  (45 s)/ 72  (45 s)

25 15 µl PCR

2 酶 (HhaI  

SfaNI, Biolabs)  (digestion 

buffer) 37 3 h 10 µl

3% NuSieve 1% agarose gel (BMA, USA) 

1X TBE buffer (Sigma) 

agarose  

(ethidium bromide, aMRESCO) 

 

(Gilliam, Karp, Kato, Shimokoshi, Kawa- 

saki Kuroki) 

PCR

DNA NCBI  

(http://www.ncbi.nlm.nih.gov) DNA

BLAST

 (minimum infection rate, MIR) 

MIR  ( /

) 1000 MIR  

 

 

3 

ml 2 h 3000 rpm 10 

min

 (IFA) 

 (phosphate-buffered 

saline, PBS, pH 7.2) 40

Karp, Gilliam, Kato

37 30 

min PBS 5 min

 

(fluorescein isothiocyanate, FITC) 

IgG+A+M  (FITC-goat anti- 

mouse IgG+A+M (H+L), Zymed Labor- 

tories, USA) 37

30 min PBS

PBS/
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 (Rattus flavipectus)  (R. 

rattus)  (R. norvegicus)  (Mus 

caroli) 1  (Suncus 

murinus) 28.11% 

(840/2988)

34.65% (828/2390) 2.01% (12/598)

91.67% (770/840)

3.57% (30/840)



 262  

92.87% (769/828)

3.02% (25/828)

41.67% (5/12)

25.00% (3/12)

17.67%

27.33∼33.50%  (t = 4.01, p 

< 0.01) 1999 8

37.4% 5 24.8~ 

27.2%  (t = 2.99, p < 

0.01) ( ) 2000

 

 

 

 

(R. flavipectus) 

89% 24%

2000 4 55%

82~98%  (t = 5.45, p 

< 0.01) 2000 6  (98%)

2000 4 32%

83% 

 

236  (M. 

caroli) 3 ( )

 (linear regression) 

 (r = 0.97, p = 
 
 

1999 8 2000 6  
Table 1. Murine-like animals captured in Kinmen County from August 1999 to June 2000 

No. of animals 
Female Male 

Capture 
percentage 

Percentage of 
total animals 

Mammal 
species 

Field House Field House 
Total 

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 ( ), R. rattus ( ), R. norvegicus ( ), Mus caroli ( ), and Suncus 
murinus ( ). 
 
 

1999 8 2000 6 (%) 
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. 37.4 ± 8.91 27.2 ± 13.35 26.2 ± 7.63 26.6 ± 3.91 24.8 ± 5.50 25.8 ± 7.09  
Kincheng ( ), Kinhu ( ), Kinning ( ), Kinsha ( ), and Liehyu ( ). 
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0.005)

 

(1999 8 2000 6 )

8

 (Liehyu) 8

10 12

 ( )

 (r = 0.73, p = 0.102)

 ( )

70

 (r = 0.48, p = 0.33)  

 

 

96.0% 7.1%

 (r = 

0.85, p = 0.071)  (r = 0.71, p 

= 0.18) 2000

4 82.3% 

90%  ( )

93% 

 (t = 4.6, p < 

0.01) ( )  

1999 8 2000 6  (%) 
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). 
 
 

1999 8 2000 6  
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 June 2000 Mean 

Rattus flavipectus 
412 

(70,100/170)* 
288 

(35,480/123) 
192 

(24,636/128) 
101 

(12,378/122) 
6 

(678/106) 
318 

(38,168/120) 
236 

(181,433/769) 

Rattus rattus 
427 

(1,280/3) 
262 

(523/2) 
0 

(0/1) 
222 

(222/1) - 
134 

(1,075/8) 
207 

(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 

(71,413/182) 
280 

(36,622/131) 
189 

(24,725/131) 
99 

(13,116/132) 
6 

(689/123) 
305 

(39,361/129) 
225 

(185,926/828) 
* Mean no. of chiggers per animal (total number of chiggers/total animals examined). 
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1999 8 2000 6  
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. 

 
Fig. 3. Relationships among the mean number of chiggers per murine-like animal, monthly average temperature, 

and cases of scrub typhus in Kinmen County. 
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1999 8 2000 6

21,127 5 8

7 1

 (L. 

deliense) 53.40%  (L. scutellare)

33.43%  (Walchia 

chinensis) 12.06%  (L. yui)

0.70%  (Odontacarus majes- 

ticus) 0.28%  (Ascoschoen- 

gastia indica) 0.08%  

(Helenicula sp.) 0.04%  (L. 

imphalum) 0.01%

4 8

12

11 2

1999 8 2000 6  
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 

(159/167) * 
98.4 

(122/124) 
97.4 

(114/117) 
94.3 

(115/122) 
93.3 

(99/106) 
97.5 

(113/120) 
96.0 

(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 

(165/183) 
95.6 

(130/136) 
96.6 

(114/118) 
90.2 

(119/132) 
82.3 

(102/124) 
95.3 

(123/129) 
 

* Antibody positive rate (positive animals/total animals examined). 
 
 

1999 8 2000 6  
Table 6. Chigger mites collected in Kinmen County from August 1999 to June 2000 

Date L. 
deliense 

L. 
scutellare 

Walchia 
chinensis 

L. 
yui 

Odontacarus 
majesticus 

Ascoschoengastia 
indica 

Helenicula 
sp. 

L. 
imphalum 

Total 

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. 
2000 

0  3,275  204  3 12  0  0  0  3,494 

Apr. 
2000 

45  161  240  137 37  0  0  0  620 

June 
2000 

3,229  0  587  0 10  5  0  0  3,831 

Total 11,282  
(53.40)* 

7,062  
(33.43) 

2,548  
(12.06) 

148 
(0.7) 

59  
(0.28)  

16  
(0.08)  

9  
(0.04)  

3  
(0.01) 

21,127 

* Individuals (percentage). 
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nested PCR

(mini- 

mum infection rate, MIR) 

1999 8 11 12

2000 6

90% 

2000

4  

135 95

Karp, 

Gilliam Kato 58 15 2

20

NCBI 15

LA-1 2

Sxh951 1  Kuroki, 

Boryong Saitama 105

30

Karp, Gilliam Kato 18 8

3 1 Boryong

43 17

Karp, Kato Gilliam

14 2 1

Karp

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

County 

L. deliense L. scutellare W. chinensis 
Date 

MIR# Serotype MIR Serotype MIR Serotype 
Aug. 
1999 

4 4 Karp, 2 Gilliam, 3 LA-1 -* - 8 4 Karp 

Nov. 
1999 

19 
32 Karp, 8 LA-1, 5 Gilliam, 

Kuroki, Kato, Sxh951 
- - 9 4 Karp 

Dec. 
1999 

- - 6 
9 Karp, 7 Gilliam, 
2 Kato, Boryong 

11 Karp, Gilliam 

Feb. 
2000 

- - 3 7 Karp, Gilliam - - 

Apr. 
2000 

29 - 17 2 Karp, Kato 12 2 Karp, Kato 

June 
2000 

14 
22 Karp, 8 Gilliam, 4 LA-1, 

Boryong, Saitama, Kato, 
Sxh951 

- - 8 3 Karp, Kato 

Total 12 
58 Karp, 15 Gilliam, 15 LA-1, 

2 Kato, 2 Sxh951, Kuroki, 
Boryong, Saitama 

5 
18 Karp, 8 Gilliam, 
3 Kato, Boryong 

8 
14 Karp, 2 

Kato, Gilliam 

# MIR = (no. of positive pools/ no. of chiggers examined)  1000. 
* No mites collected at that time. 
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Gilliam LA-1

 ( )  

 

 
 

25~33%

50

Yu et 

al. (2000) 17 67

14 31

5 8

 (Helenicula) 

Li et al. (1997) 

 (Helenicula kohlsi) 

3

3  (

) 2  

( )

5  

(  

(W. parapacifica)  (W. 

pacifica) ) (Huang et al., 

1998; Wu et al., 2000; Wang et al., 

2000)

 

96.0%

 (64.3%)

81.9%

43.6 (Wu et al., 2000)

1 km2  (95.28%)

91.04% 

99.03 68.1% 

(Wang et al., 2000; Huang et al., 2001)

 (5∼11 ) 

 

(Yu et al., 2000; Wu et al., 2000)  

 (MIR = 12)  (7) 

 (8)  

(5) ( 1 

3 ) (Yan et al., 1999)
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MIR

12 4

 

Gilliam, Karp, TA686, TA716, TA763

TH1817  (Shirai et al., 1982; Chen et 

al., 1995) Tamura et al. (1997) 1986

1990

10

PCR-RFLP 9 Karp

5

1 Gilliam

71 nested-PCR/RFLP

34 Kuroki 7 Karp

2 Gilliam 28

 (Chen et 

al., 1999)  95

Karp Gilliam  (Chen 

et al., 1995) Chen et al. (1999) 

TAIWAN-F

DNA

LA-1 30

Karp, Gilliam, 

Kato Boryong 17

39.53% Karp, Kato

Gilliam

 (Ohashi 

et al., 1996; Enatsu et al., 1999; Tamura 

et al., 2001; Qiang et al., 2003)
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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 HhaI 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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