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INTRODUCTION

Chigger mites belonging to the families Leeuwenhoekiidae 
and Trombiculidae (suborder Actinetidida, order Trombidi-
formes, subclass Acari, and class Arachnida) are ectoparasitic 
mites, which can lead to skin disorders, e.g., trombidiosis 
(trombiculiasis). Moreover, chigger mites are commonly re-
garded as vectors of scrub typhus, a disease caused by the in-
tracellular pathogen Orientia tsutsugamushi [1-5]. Worldwide, a 
total of 3,000 chigger mite species that parasitize mammals 
(especially rodents), birds, reptiles, amphibians, invertebrates, 
and other arthropods have been recorded, with > 420 species 
reported in China [6-8]. 

O. tsutsugamushi, a gram-negative bacterium, is transmitted 
transovarially to larval chigger mites that infest and transmit 
the bacterium to various hosts, including humans [9,10]. 
Scrub typhus has been reported in southern China (south of 

the Yangtze River) for decades, with the main epidemic season 
occurring during the summer months. Scrub typhus was not 
previously reported in northern China (north of the Yangtze 
River), including Shandong Province, until 1986, but is now 
considered to be an emerging infectious disease in this area, 
with seasonal epidemics occuring during the autumn and 
winter seasons [11,12]. The annual incidence of scrub typhus 
increased from 0.23 to 0.64 per 100,000 people from 2006 to 
2012 in Shandong Province, China [13]. Thus, studies of ro-
dent populations and their associated ectoparasites provide 
information on the seasonal and geographic distributions of 
chigger mites. This study reports on the species composition, 
species diversity, and seasonal distributions of chigger mites in 
Shandong Province, China.

MATERIALS AND METHODS

Ectoparasite collection and identification
Rodents were collected from 6 districts (Binzhou, Liao-

cheng, Heze, Jining, Linyi, and Qingdao) in Shandong Prov-
ince, north China (114-112°E, 34-38°N) from January to De-
cember 2011 (Fig. 1). Rodent live capture traps (7.5× 9× 23 
cm; HC Hareware Products Co., Ltd, Tianjin, China) were set 
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at 17:00-18:30 hr and retrieved early the following morning 
(07:30-08:30 hr), and were set in both indoor (every 15 m2 at 
rodent haunts) and outdoor habitats bordering rivers, canals, 
roads, bridges, burial sites, and residential areas. Traps with ro-
dents were placed in white cloth bags labelled with the time, 
date and location, and then placed in a styrofoam cooler and 
transported to our laboratory where they were euthanized in 
accordance with an approved animal use protocol and then 
identified to species based on their general external morpho-
logical features [14,15]. 

Chigger mites were collected from rodent hosts using cu-
rettes and lancets, and then placed in individually labelled vi-
als containing 70% ethanol [16]. All mites were rinsed with 
distilled water to remove the ethanol and then mounted on 
glass slides with Hoyer’s medium, and later identified at 400×  
microscope (Olympus CX41, Hamburg, Germany) [15,17]. 
Voucher chigger mites and representative rodents were depos-
ited at the Medical Entomology Department, Shandong Insti-
tute of Parasitic Diseases, China.

 

General statistical analysis of chigger mites
The proportion (P) of each chigger mite species, the chigger 

mite infestation rate (Ir), and the mean number of chigger 
mites per rodent host (MA) were calculated [18,19], where 
P =   × 100%; Ir =   × 100%; and MA=   × 100% (Ni = the 
number of each specific mite species, N= the total number 
chiggers from all mite species, HP = the number of infested ro-
dents, HT = the total number of rodents, and M= the mean 
number of each species of mites. The above indices were calcu-
lated using SPSS, version 16.0 (SPSS, Chicago, Illinois, USA).  

RESULTS

Chigger mite species 
A total of 225/286 (78.7%) rodents collected from the 6 

survey locations were infested with chigger mites. A total of 
451 chigger mites were identified as belonging to the 5 most 
commonly collected species and 3 genera 1 family. Leptotrom-

bidium scutellare and Leptotrombidium intermedia were the 2 

Fig. 1. Six small mammal and chigger mite collection sites in 
Shandong Province, northern China.

Table 1. No. of rodents collected, no. (%) infested with the 5 most commonly collected chigger mites, and the mean no. of chigger 
mites per rodent host

Rodent 
 Species

No. 
Rodent 

collected

No. (%) 
Rodent 
infested

L. scutellare L. palpalis L.linhuaikonense W. pacifica L. intermedia

Total
Chigger 

mite 
indexaNo. (%) 

collected

Chigger 
mite 

indexa

No. (%) 
collected

Chigger 
mite 

indexa

No. (%) 
collected

Chigger 
mite 

indexa

No. (%) 
collected

Chigger 
mite 

indexa

No. (%) 
collected

Chigger 
mite 

indexa

A. agrarius 167 136 (81.4) 190 (66.2) 1.40 53 (18.5) 0.39 14 (4.9) 0.10 10 (3.5) 0.07 20 (7.0) 0.15 287 2.11

R. norvegicus 36 22 (61.1) 11 (36.7) 0.50 9 (30.0) 0.41 0 (0.0) 0.00 0 (0.0) 0.00 10 (33.3) 0.45 30 1.36

C. triton 15 12 (80.0) 0 (0.0) 0.00 0 (0.0) 0.00 0 (0.0) 0.00 5 (38.5) 0.42 8 (61.5) 0.67 13 1.08

M. musculus 7 7 (100.0) 7 (36.8) 1.00 0 (0.0) 0.00 0 (0.0) 0.00 0 (0.0) 0.00 12 (63.2) 1.71 19 2.71

M. fortis 61 48 (78.7) 50 (49.0) 1.04 21 (20.6) 0.44 4 (3.9) 0.08 0 (0.0) 0.00 27 (26.5) 0.56 102 2.13

Total 286 225 (78.7) 258 (57.2) 1.15 83 (18.4) 0.37 18 (0.0) 0.08 15 (0.0) 0.07 77 (17.1) 0.34 451 2.00

aChigger mite index=Mean no. of the 5 most commonly chigger mites collected by species per rodent.

Fig. 2. Seasonal variations of the infestation rate (Ir) in Shandong 
Province, northern China.
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most commonly collected chigger mite species. 
L. scutellare (66.2%, 36.7%, and 49.0%) was the most fre-

quently collected chigger mite from Apodemus agrarius, Rattus 

norvegicus, and Microtus fortis, respectively, while L. intermedia 
(61.5% and 63.2%) was the most frequently collected from 
Cricetulus triton and Mus musculus, respectively (Table 1) .

Infestation rate of chigger mites (Ir) 
L. palpalis was collected from January to April and from Oc-

tober to December 2011 (Fig. 2). The percent of rodents infest-
ed decreased from high in December (68.8%) to low in May-
September and then increased from October (7.4%) to highs 
in December (68.8%) and January (68.4%) the following year. 
Leptotrombidium linhuaienense was collected from May to Sep-
tember, with the highest infestation indices occurring from 
July to September (10.0-26.3%). Walchia pacifica was collected 
from June to October with infestation indices increasing slow-
ly and peaking in August (10.5%). L. scutellare was collected 
from August to December with infestation indices of 89.7%, 
85.2%, and 69.6% for September, October, and November, re-
spectively, and was the most frequently collected mite species 
during the autumn season. L. intermedia mites were collected 
from May to November with infestation indices ranging from 
26.3% to 66.7%, and were more frequently collected from 
July to September.

Mean no. of chigger mites per rodent host (MA) 
L. scutellare was the most commonly collected chigger mite 

with mean numbers increasing from July (0.32), reaching 
1.76, 3.00, and 5.74 in September, October, and November, 
respectively (Fig. 3A). The reported cases of scrub typhus in 
September, October, and November were 13, 357, and 70, re-

Fig. 3. (A) Seasonal variations of the mean number of Leptotrombidium scutellare per rodent host (MA) in Shandong Province, northern 
China. (B) Seasonal variations of the mean number of Leptotrombidium palpalis, Leptotrombidium linhuaienense, Walchia pacifica, and 
Leptotrombidium intermedia per rodent host (MA) in Shandong Province, northern China.
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Fig. 4. Seasonal distribution of scrub typhus cases in Shandong 
Province, China.
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spectively (Fig. 4). Thus, the seasonal distribution of scrub ty-
phus corresponded with the seasonal fluctuations in the prev-
alence of L. scutellare. The MA for L. palpalis decreased gradual-
ly from January (0.89) to April (0.38) and increased again 
from October (0.11) to December (1.00) (Fig. 3B). The MA for 
L. linhuaienense increased from May (0.05) to August (0.32), 
while the MA for W. pacifica increased gradually from June 
(0.07) to August (0.21), and then decreased in September 
(0.10) and October (0.04). The MA for L. intermedia increased 
gradually from May (0.14) to July (0.77), and then decreased 
gradually from October (0.30) to November (0.09).

DISCUSSION

Scrub typhus, transmitted by larval chigger mites, is endemic 
in the Asia-Pacific region [20-23]. A total of 10,860 chigger 
mites collected from small mammals in South Korea were 
identified as only 8 species belonging to 4 genera [4], and a 
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survey in Japan identified a total of 16,369 individual chigger 
mites belonging to only 10 species and 3 genera [3]. In con-
trast, the species diversity of chigger mites in China is much 
higher than the diversity cited in reports on chigger mites in 
other Asian countries, with > 400 chigger mite species that 
vary among the different provinces. For example, 18, 12, 15, 
and 41 chigger mite species were collected from small mam-
mals (A. agrarius, R. norvegicus, M. musculus, C.triton, Rattus fla-

vipectus, and Apodemus speciosus) from Liaoning, Jilin, Hei-
longjiang, and Hubei Provinces, respectively [24]. To date, at 
least 17 chigger mite species, belonging to 6 genera and 3 fam-
ilies have been identified from Shandong Province [25,26]. 
The present investigation resulted in the identification of the 5 
most commonly collected chigger mite species belonging to 3 
genera in 1 family. L. scutellare was the predominant chigger 
mite species collected, and A. agrarius was the primary host for 
all the chigger species, a finding consistent with previous stud-
ies [24-26]. Our study showed a low species dominance, 
which may imply low thresholds for specific host preferences, 
and may increase their probability of encountering humans, 
as well as their transmission of scrub typhus among various 
hosts [27,28]. Chigger mite species composition has a com-
paratively high species richness and diversity, which may be 
attributed to the ecological situation in Shandong Province 
[29-31], which has a temperate and monsoonal climate suit-
able for various rodent hosts and chigger mite survival.

 Seasonal differences in the relative abundance of chigger 
mites showed that L. palpalis infestations occurred mainly dur-
ing autumn and winter, and that it was the dominant species 
collected during the winter. L. linhuaienense, W. pacifica, and L. 

intermedia were collected more frequently during the summer 
and were the dominant species collected during that period. L. 
scutellare appeared in the autumn and early winter and was the 
dominant species collected from September to November and 
corresponded to higher numbers of scrub typhus in humans, 
with the majority of patients reporting to health clinics begin-
ning in late August, numbers peaking in October, and then 
declining to low numbers in December. Shandong Province is 
an economically developed province in China, with new rural 
reconstruction and urbanization, and invasion of rodent habi-
tats, there is increased opportunity for mites to come into con-
tact with the humans.

This study has provided key scientific data that identifies po-
tential disease risks for the development of preventive and po-
tential control measures against scrub typhus in Shandong 

Province. However, future studies should aim to increase the 
rodent host sample size and diversity and investigate in greater 
detail the overall geographical distribution of chigger mites in 
Shandong Province.
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