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Abstract: A survey to determine the geographical distribution and relative abundance of potential vectors of scrub typhus
was conducted from October to November 2006 at 13 localities throughout the Republic of Korea. Apodemus agrarius
accounted for 97.6% (80/82) of all rodents, while only 2 Myodes regulus (2/82) were collected. A total of 10,860 chiggers
were collected from A. agrarius belonging to 4 genera and 8 species, while only Walchia fragilis (40) was collected from
Myodes regulus. Leptotrombidium palfidum (8,137; 74.9%), a vector of scrub typhus, was the predominant species col-
lected from A. agrarius followed by Leptotrombidium scutefiare (2,057, 18.9%, Leptotrombidium palpale (279; 2.7%),
Leptotrombidium orientale (232; 2.1%), and Leptotrombidium zetum (79; 0.7%), Neotrombicula tamiyai (58; 0.5%), Eus-
choengastica koreaensis (16; 0.1%), and Cheladonta ikacensis (2; < 0.1%). L. pallidum was the predominant chigger col-
lected at collection sites in Gangwon (100%), Gyeonggi (87.2%), Chungnam (100%), Chungbuk (100%), Jeonbuk (73.9%),
Jeonnam (77.0%), and Gyeongbuk {66.1%} provinces, whereas L. scuteffare was the predominant chigger collected in
Gyeongnam province (77.9%) and Jeju Island (62.3%). Data suggest a correlation between chigger population abundance

and human cases of scrub typhus in Korea.
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INTRODUCTION

Chigger mites are important veterinary and medical pests and
vectors of Orientia tsutsugamushi, the causative agent of scrub
typhus. O. tsutsugamushi is an obligate intracellular gram-nega-
tive bacterium that is responsible for large numbers of febrile
illness in Korea, Japan, China, Thailand, and other East Asian
countries [1,2]. Since 2005, the annual number of cases of scrub
typhus has increased to more than 4,000 in the Republic of Korea
(ROK) raising serious public health and military concerns, While
scrub typhus cases are reported throughout the year in Korea,
most occur from October through December [3-5].

In Korea, a total of 39 species of chigger mites have been re-
ported; 36, 2, and 1 species are parasitic on mammals, birds, or
both, respectively [6]. Leptotrombidium pallidum and Leptotrom-
bidium scutellare are the primary vectors {7-11}. L. pallidum bas
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the most widespread distribution, while L. scutellare is usually
confined to the southern part of the Korean peninsula and is-
lands {12,13). Ree et al. |14) identified O. tsutsugamushi from 3
other less commonly collected species, Leptotrombidium palpale,
Leptotrombidium orientale, and Leptotrombidium zetum, in addition
to the 2 previously confirmed vectors in Korea. The relative pop-
ulation density of chigger vectors corresponds with annual in-
creases in reported cases from October through December.

The objective of this study was to determine the relative abun-
dance of chiggers and their hosts and geographic distribution
to provide a more accurate assessment of human health risks
throughout the Korean peninsula during the season of greatest
disease incidence.

MATERIALS AND METHODS

Collection sites
A total of 13 study sites in 9 provinces {Gangwon, Gyeonggi,
Chungnam, Chungbuk, Jeonbuk, Jeonnam, Gyeongbuk, Gyeong-
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nam, and Jeju) were surveyed throughout the Korean Peninsula
where saub typhus is endemic (Fig. 1). Collections were con-
ducted from October through November 2006 when peak vec-

Fig. 1. Map of field rodents collection at 13 study sites during Octo-
ber-November, 2006. 1. Cheorwon-gun (Gangwon province, N38°
00" 47.67, E127° 15" 14.2"). 2. Yeoncheon-gun (Gyeonggi province,
N38° 02’ 55.34", E127° 06" 18.35”"). 3. Pochenon-gun (Gyeonggi
province, N38° 00" 47.6”, E127° 15’ 14.2"). 4. Paju-si (Gyeonggi
province, N 37° 53" 14.6”, E126° 55" 56.1”). 5. Cheongyang-gun
(Chungnam province, N36° 27° 10.7”, E126° 43’ 50.0). 6. Cheong-
won-gun (Chungbuk province, N 36° 36” 35.8”, E127° 20" 36.0").
7. Buan-gun (Jeonbuk province, N35° 36" 37.1”, E126° 29' 33.0").
8. Namwon-si {Jeonbuk province, N35° 24° 086", E127° 26° 05.2").
9. Gyeongju-si (Gyeongbuk province, N35° 47° 09.41”, E129° 20
15.5”). 10. Jangseong-gun (Jeonnam province, N35° 13’ 24.2”,
E126° 41" 27.47). 11. Jinju-si (Gyeongnam province, N35° 14" 436",
E128° 16" 43.8”). 12. Suncheon-si (Jeonnam province, N35°06"
115”7, E127 °30°12.8”). 13. Aaeweol (Jeju province, N33° 19" 39.8”,
E126°21720.17).

tor mite populations and numbers of saub typhus cases were
previously reported.

Rodent and chigger collections

Sylvatic rodents were collected by Sherman® live traps (7.6 X
8.9 x 22.9 cm; H.B. Sherman, Tallahassee, Florida, USA) baited
with peanut butter placed between 2 saltine crackers. The traps
were set out in the late afternoon and collected eatly the follow-
ing morning. Rodents were transported to the laboratory, where
they were euthanized, in accordance with an animal use proto-
col (Yonsei University), and identified to species.

The bodies of the euthanized rodents were hung individually
over a 1,000 ml beaker filled to a depth of 1 cm with tap water
for harvesting the larval mites. The mites which detached from
the host and fell into the water were removed-with a fine brush
and placed in 75% ethanol until mounted on slides with poly-
vinyl alcohol. Larval mites were identified under a microscope
at 400 X using morphological keys prepared by Ree [6]. A final
electronic data record for each small mammal and the number
of each mite species with locality and collection period was pre-
pared.

RESULTS

A total of 82 rodents were collected at the 13 study sites. The
striped field mouse, Apodemus agrarius (80; 97.6%) was the pre-
dominant species collected, while only 2 Korean red backed
voles, Myodes regulus (2; 2.4%), were collected. All rodents of
both species were infested with larval mites. The chigger index
(mean number of chiggers per infested rodent) for A. agrarius
was 135.7, being predominantly infested by L. pallidum (101.7)
and L. scutellare (25.7) (Table 1).

A total of 10,860 chiggers belonging to 4 genera and 8 species

Table 1. Rodent trap rates, chigger-infestation rates, and the mean number of chiggers collected per infested rodent captured from

October to November, 2006

No. _ Mean No. (%) of chiggers collected
Host captured  Infestation
Trap Rate)® rate (%)
( rr?fﬁggbe) (%) Lpall  Lscu Lpalp Lo Lzet Niam Ekor C.ika W fa Total
Apodemus agrarius  80(11.8) 100 101.7 25.7 35 29 1 0.7 0.2 0.03 0 135.7
(749)  (189) (270 (@1 (07 (©5 (01 (<01
Myodes regulus 2(0.3) 100 0 0 0 0 0 0 0 0 20(100) 20

*Number of rodents collected/number of trap nights; (% of all rodents captured); ®"Number of traps; “Percent of each species infested with chigger mites.
L. pall, Leptotrombidium pallidum; L. scu, L. scutellare; L. palp, L. paipale; L. ori, L. orientale; L. zet, L. zetum; N. tam, Neotrombicula tamiyai; E. Kor,
Euschoengastica koreaensis; C. ika, Cheladonta ikaoensis; W. fra, Walchia fragilis.
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were collected from A. agrarius. The most predominant species  tum (0.7%), Neotrombicula tamiyai (0.5%), Euschoengastica kore-
collected from A. agrarius was L. pallidum (74.9%), followed by  aensis (0.1%), and Cheladonta ikaoensis (< 0.1%). Walchia frag-
L. scutellare (18.9%), L. palpale (2.7%), L. orientale (2.1%), L. ze- ilis (40) was collected only from M. regulus and none were col-

Table 2. Provincial geographical distribution and the number of chiggers collected from field rodents captured from October to
November, 2006

No. of Mean No. (%) of chiggers collected
Rgsggites Province sites r’c:lc?ér?tfs ) % : Total
captured L. palf Lscu Lpap Lo Lzet Ntam Ekor Cika W fa
Apodemus  Gangwon 1 5 225 0 0 0 0 0 0 0 0 225
agrarius Gyeonggi 3 12 880 0 61 54 14 0 0 0 0 1,009
Chungnam 1 7 930 0 0 0 0 0 0 0 0 930
Chungbuk 1 7 893 0 0 0 0 0 0 0 0 893
Jeonbuk 2 18 2,172 624 0 144 0 0 0 0 0 2,940
Jeonnam 2 15 2,441 631 35 0 0 58 4 2 0 3,171
Gyeongbuk 1 6 483 65 183 0 0 0 0 0 0 731
Gyeongnam 1 7 113 689 0 25 50 0 7 0 0 884
Jeju 1 3 0 48 0 9 15 0 5 0 0 77
Total 13 80 8,137 2,057 279 232 79 58 16 2 0 10,860
%* 97.6 749 18.9 27 2.1 07 05 01 00 0.0
Myodes Gyeonggi 1 2 0 0 0 0 0 0 0 0 40 40
regulus Total 1 2 0 0 0 0 0 0 0 0 40 40
%? 24 0 0 0 0 0 0 0 0 0

*Percent of each chigger species captured by rodent species.

L. pall, Leptotrombidium pallidum; L. scu, L. scutellare; L. palp, L. palpale; L. ori, L. orientale; L. zet, L. zetum; N. tam, Neotrombicula tamiyai: E. kor,
Euschoengastica koreaensis; C. ika, Cheladonta ikaoensis; W. fra, Walchia fragilis.

Table 3. Geographical distribution, the mean number of chigger-infested Apodemus agrarius and Myodes regulus, and the percent-
age of each chigger species collected by province and rodent species from October to Novernber, 2006

No. of )
Species Povince  stes % [ pal  Lsw Lpap Loi Lzet Ntam Ekor Cika W.fa CN99
rodents index?
captured
Apodemus  Gangwon 1 5 450 0 0 0 0 0 0 0 0 450
agrarius (100.0)
Gyeonggi 3 12 733 0 5.1 45 1.2 0 0 0 0 84.1
(87.2) (6.1) (5.4) (1.4)
Chungnam 1 7 1329 0 0 0 0 0 0 0 0 1329
(100.0)
Chungbuk 1 7 1276 0 0 0 0 0 0 0 0 127.6
(100.0)
Jeonbuk 2 18 120.7 34.7 0 8.0 0 0 0 0 0 163.3
(739) (212 (4.9)
Jeonnam 2 15 162.7 421 23 0 0 39 03 0.1 0 2114
7700 (199  (1.1) (18) (01 (<01
Gyeongbuk 1 6 80.5 108 305 0 0 0 0 0 0 121.8
(66.1) 89 (25.0)
Gyeongnam 1 7 16.1 984 0 36 71 0 10 0 0 126.3
(127) (779 (29) (56 0.8)
Jeju 1 3 0 16.0 0 30 50 0 1.7 0 0 257
(62.3) (11.7)  (19.5) (6.6)
Myodes Gyeonggi 3 2 0 0 0 0 0 0 0 0 20.0 20.0
regulus (100.0)

*Chigger index = Mean number of chiggers collected per rodent.

L. pall, Leptotrombidium pallidum; L. scu, L. scutellare; L. palp, L. palpale; L. ori, L. orientale; L. zet, L. zetum, N. tam, Neotrombicula tamiyai: E. kor,
Euschoengastica koreaensis; C. ika, Cheladonta ikacensis; W. fra, Walchia fragilis.
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Table 4. Chigger indices for Leptotrombidium pallidum and Lep-
fotrombidium scutellare collected from Apodemus agrarius and
prevalence rate of scrub typhus for each province, 2006

. No. of Leptotrom-  Leptotrom-  Prevalence
Province i tés bidlium. bidium rate of scrub
pallidum scuteflale  typhus, 2006*
Gangwon 1 450 0 0.0352
Gyeonggi 3 733 0 0.0627
Chungnam 1 1329 0 0.3768
Chungbuk 1 127.6 0 0.2087
Jeonbuk 2 120.7 347 0.4934
Jeonnam 2 162.7 421 0.3381
Gyeongbuk 1 80.5 108 0.2242
Gyeongnam 1 16.1 98.4 0.1843
Jeju 1 0 16.0 0.0393
Total 13 7588 200.2 -
% : 790 210

*Prevalence rate (%) = number of cases per total population of area x
1,000 (Data from Korea Centers for Disease Control and Prevention, 2006).

lected from A. agrarius (Table 2).

Rodent infestation rates for L. pallidum were highest at Gang-
won (100%), Gyeonggi (87.2%), Chungnam (100%), Chung-
buk (100%), Jeonbuk (73.9%), Jeonnam {77.0%), and Gyeong-
buk (66.1%) provinces and was collected from all provinces
except Jeju Island (province). Rodent infestations for L. scutel-
lare were the highest at Gyeongnam province (77.9%) and Jeju
Island {62.3%), while none of the rodents were infested from
Gangwon, Gyeonggi, Chungnam, and Chungbuk provinces.
Rodent infestation rates for L. palpale were the highest at Gyeong-
buk province (25.0%), while few rodents (0-6.1%) were infest-
ed at the other provinces. Rodent infestation rates for L. orientale
and L. zetum were the highest at Jeju Island (11.7% and 19.5%,
respectively), while few were infested from those captured at
other provinces (Table 3).

The highest chigger index for L. pallidum was reported at Jeon-
nam province (162.7), while none were collected at Jeju Island.
Geographical distribution of L. scutellare varied by locality (chig-
ger indices ranging from 0-98.4) and was only collected in the
southern provinces (Jeonbuk, Jeonnam, Gyeongbuk, Gyeong-
nam, and Jeju). L. palpale demonstrated limited geographical
distributions and relatively low chigger indices ranging from 0-
30.5. L. orientale and L. zetum also demonstrated limited geo-
graphical distributions and low chigger indices, ranging from
0-8.0 and 0-7.1, respectively (Table 3).

The high prevalence rate of scrub typhus was correlated with
higher population densities based on chigger indices {r = 0.7674)
of the 2 primary vectors, L. pallidum and L. scutellare (Table 4;
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Fig. 2. Correlation between chigger indices of Leptoirombidium pal-
lidum and scrub typhus prevalence rates (Number of casesftotal
population of selected province x 1,000} of scrub in ROK, 2006.

Fig. 2). Chigger indices of the 2 primary vectors, L. pallidum and
L. scutellare, while highly variable, were highest for Jeonnam
(204.8), Chungnam (132.9), and Jeonbuk {155.4) provinces
where scrub typhus prevalence rates ranged from 0.3381-0.4934/
1,000, during 2006 (Table 4).

DISCUSSION

As vectors of scrub typhus, chiggers pose a serious health threat
among civilian and military populations throughout the Korean
peninsula. In Korea, scrub typhus is regarded as one of the most
prevalent zoonoses, with most cases reported from October to
December [3-5]. A prerequisite to a comprehensive scrub typhus
epidemiology program is knowledge of chigger bionomics, in-
cluding their species distribution, population density, and larval
habitats.

In the present descriptive study, L. pallidum was the predomi-
nant chigger collected in Gangwon, Gyeonggi, Chungnam, Chung-
buk, Jeonbuk, Jeonnam, and Gyeongbuk provinces, except Jeju
Island, whereas L. scutellare was the predominant chigger collect-
ed in Gyeongnam province and Jeju Island, while none of the
rodents were infested from Gangwon, Gyeonggi, Chungnam,
and Chungbuk provinces. L. palpale, L. orientale, and L. zetum
demonstrated limited geographical distributions and relatively
low chigger indices during the season of greatest disease indi-
dence (Table 3). L. pallidum is found throughout the Korean
peninsula, while L.scutellare is found only in the southem part
of the Korean peninsula where its distribution is limited to annu-
al temperatures > 10°C [14]. L. orientale is found highest dur-
ing the autumn-spring seasons, while L. palpale and L. zetum are



found highest in the late fall-winter and winter-spring seasons,
respectively, and may variously contribute to low levels of human
transmission of scrub typhus during periods of greatest abun-
dance [3,13,14].

The high incidence of scrub typhus in humans during October
through December is due to high populations of L. pallidum and
L. scutellare that peak from September through November, and
which sharply decline and remain low throughout December
through August. Population densities of L. palpale, L. orientale,
and L. zetum are relatively low and unevenly distributed and
their impact on human diseases is uncertain. Additionally, the
geographical distribution of chiggers and host indices is strong-
ly correlated by species, with various chigger species predominat-
ing spatially during the same season and is supported by other
studies [12-18].

As shown in Table 4, L. pallidum and L. scutellare, while highly
variable, were highest for Jeonbuk, Chungnam, and Jeonnam
provinces where scrub typhus is endemic. These findings sug-
gest that transmission of O. tsutsugamushi is maintained by
both vector species. The prevalence rate was the highest in Jeon-
buk followed by Chungnam, Jeonnam, Gyeongbuk, and Chung-
buk provinces (Table 4). The prevalence of scrub typhus cases
in Jeonbuk, Chungnam, and Jeonnam provinces were higher
than in any other provinces and were correlated with higher
mean chigger indices of L. pallidum and L. scutellare. These data
support seasonal and geographical risks of transmission of scrub
typhus to human populations, especially when harvesting of
crops and recreational activities increase exposure during the fall
period when vector populations are high.

In the present study, strong evidence was found that seasonal
and geographical distributions of chigger populations L. pallidum
and L. scutellare were correlated with the prevalence of human
cases. An increased density of chigger mite populations over
their distribution increases the probability of human bites by
mites and provides evidence for the high seasonal prevalence
rates. Further geographical, ecological, and environmental stud-
ies that identify chigger mite hosts, relative chigger indices (pop-
ulation densities), and infection rates will provide a better under-
standing of disease risks throughout the Korean peninsula.
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