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The demilitarized zone (DMZ) is a 4-km wide boundary on 
the Korean Peninsula that serves as a buffer zone between 
South Korea (Republic of Korea; ROK) and North Korea [1]. 
The DMZ consists of unmanaged lands, except for 1 village 
(Daeseong-dong), and is an ecologically unique and highly 
conserved region [2]. As a result, there have been few reports 
of intestinal parasites present in wild animals near the DMZ. 

In addition, US/ROK-operated military training sites consist of 
small to large expanses of unmanaged lands similar to parts of 
the DMZ where wild small to large animals are often abun-
dant. 

A rodent-borne disease surveillance program, including in-
testinal parasite surveys, was conducted at US/ROK-operated 
training sites near the DMZ, Gyeonggi Province, ROK, where 
trematode infections were previously reported [3-5]. In previ-
ous studies, the striped field mouse, Apodemus agrarius, and the 
Ussuri white-toothed shrew, Crocidura lasiura, were identified 
as natural definitive hosts for Plagiorchis muris [3], in addition 
to several species of echinostome flukes [4]. Moreover, A. 

agrarius was identified as a natural definitive host for a human-
infecting trematode, Neodiplostomum seoulense [5]. The present 
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Abstract: A total of 1,708 small mammals (1,617 rodents and 91 soricomorphs), including Apodemus agrarius (n =  
1,400), Microtus fortis (167), Crocidura lasiura (91), Mus musculus (32), Myodes (=  Eothenomys) regulus (9), Micromys 
minutus (6), and Tscherskia (=  Cricetulus) triton (3), were live-trapped at US/Republic of Korea (ROK) military training sites 
near the demilitarized zone (DMZ) of Paju, Pocheon, and Yeoncheon, Gyeonggi Province from December 2004 to De-
cember 2009. Small mammals were examined for their intestinal nematodes by necropsy. A total of 1,617 rodents (100%) 
and 91 (100%) soricomorphs were infected with at least 1 nematode species, including Nippostrongylus brasiliensis, He-
ligmosomoides polygyrus, Syphacia obvelata, Heterakis spumosa, Protospirura muris, Capillaria spp., Trichuris muris, 
Rictularia affinis, and an unidentified species. N. brasiliensis was the most common species infecting small mammals 
(1,060; 62.1%) followed by H. polygyrus (617; 36.1%), S. obvelata (370; 21.7%), H. spumosa (314; 18.4%), P. muris (123; 
7.2%), and Capillaria spp. (59; 3.5%). Low infection rates (0.1-0.8%) were observed for T. muris, R. affinis, and an uniden-
tified species. The number of recovered worms was highest for N. brasiliensis (21,623 worms; mean 20.4 worms/infected 
specimen) followed by S. obvelata (9,235; 25.0 worms), H. polygyrus (4,122; 6.7 worms), and H. spumosa (1,160; 3.7 
worms). A. agrarius demonstrated the highest prevalence for N. brasiliensis (70.9%), followed by M. minutus (50.0%), T. 
triton (33.3%), M. fortis (28.1%), M. musculus (15.6%), C. lasiura (13.2%), and M. regulus (0%). This is the first report of 
nematode infections in small mammals captured near the DMZ in ROK. 
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report focuses on intestinal nematode infections among 6 spe-
cies of rodents (A. agrarius, Tscherskia triton, Myodes regulus, Mi-
crotus fortis, Micromys minutus, and Mus musculus) and 1 species 
of soricomorphs (C. lasiura) live-captured near the DMZ from 
December 2004 to March in 2009.

A total of 1,617 rodents (6 species) and 91 soricomorphs (1 
species) were live-captured, using the collapsible Sherman® 
traps (3”×3.5”×9” folding traps, H.B. Sherman, Tallahassee, 
Florida, USA), from 3 US/ROK military training sites in 
Gyeonggi Province (Paju-si, Pocheon-si, and Yeoncheon-gun) 
located within 3-10 km from the DMZ. The captured mam-
mals included A. agrarius (n=1,400), M. fortis (167), C. lasiura 
(91), M. musculus (32), M. regulus (9), M. minutus (6), and T. 
triton (3). Trapping was conducted quarterly from December 
2004 to September 2005 and from March to December 2009. 
Captured specimens were euthanized in accordance with a 
Korea University Institutional Animal Care and User Commit-
tee (IACUC) protocol under biosafety level 2 (BSL-2) labora-
tory conditions. The stomach, small intestine, and large intes-
tine to the end of the rectum, were removed and placed in 50-
ml glass screw-top vials in 70% alcohol until examination. The 
gastrointestinal content was removed and examined for intes-
tinal helminths under a stereomicroscope [3-5]. Nematodes 
were isolated and fixed with 70% alcohol. Selected specimens 
were cleared in lactophenol and placed on a microscope slide 
with coverslip and identified using a research microscope [6].

Of a total of 1,617 rodents and 91 soricomorphs examined, 
1,048 (64.8%) and 12 (13.2%), respectively, were infected 
with Nippostrongylus brasiliensis (Table 1, Fig.1). In addition, ro-

dents and soricomorphs were infected with Heligmosomoides 

polygyrus (608, 37.6% and 9, 9.9%, respectively), Syphacia obve-
lata (365, 22.6% and 5, 5.5%, respectively), Heterakis spumosa 
(313, 19.4% and 1, 1.1%, respectively), Protospirura muris (120, 
7.4% and 3, 3.3%, respectively), Capillaria spp. (15, 0.9% and 
44, 48.4%, respectively) (Fig. 1). and an unidentified nema-
tode species (46, 2.8% and 13, 14.3%, respectively). Only ro-
dents were found infected with Rictularia affinis (13, 0.8%) 
and Trichuris muris (2, 0.1%) (Fig. 1).

A. agrarius demonstrated high nematode infection rates with 
992 (70.9%) harboring N. brasiliensis nematodes, followed by 
H. polygyrus (592, 42.3%), S. obvelata (351, 25.1%), H. spumosa 
(310, 25.1%), and Protospirura muris (120, 8.6%) (Table 1). M. 
fortis was infected with N. brasiliensis (47, 28.1%); however, in-
fection rates for other nematodes were relatively low (0-2.4%). 
C. lasiura demonstrated the highest infection rate for Capillaria 
spp. (44, 48.4%), followed by N. brasiliensis (12, 13.2%) and 
H. polygyrus (9, 9.9%). M. musculus demonstrated the highest 
infection rate for H. polygyrus (10, 31.3%), followed by S. obve-

lata (8, 25.0%), and N. brasiliensis (5, 15.6%).
N. brasiliensis was observed more frequently in A. agrarius 

(70.9%), followed by M. minutus (50.0%), T. triton (33.3%), M. 

fortis (28.1%), M. musculus (15.6%), and C. lasiura (13.2%). H. 
polygyrus was found more frequently in A. agrarius (42.3%), 
followed by T. triton (33.3%), and M. musculus (31.3%). The 
highest prevalence of S. obvelata was observed in M. minutus 

(50.0%), followed by A. agrarius (25.1%), M. musculus 

(25.0%), and M. regulus (22.2%). The highest prevalence of H. 
spumosa was observed in A. agrarius mice (22.1%). Capillaria 

Table 1. Nematode infections in small rodents and soricomorphs captured near the DMZ of Gyeonggi Province, Korea

Nematodes

No. rodents 
examined

Nippostrongylus
brasiliensis

Heligmosomoides
polygyrus

Syphacia 
obvelata

Heterakis 
spumosa

Protospirura 
 muris

Capillaria 
sp.

Rictularia 
affinis

Trichuris 
muris 

Others

Apodemus 
  agrarius

No. mice infected (%)
No. worms (av. no.)a

1,400 992
20,830

(70.9)
(21.0)

592
3,954

(42.3)
(6.7)

351 
9,013 

(25.1)
(25.7)

310
1,146

(22.1)
(0.5)

120
469

(8.6)
(3.9)

10
14

(0.7)
(1.4)

13
23

(0.9)
(1.8)

1
1

(0.1)
(1.0)

17
23

(1.2)
(1.4)

Microtus 
   fortis

No. mice infected (%)
No. worms (av. no.)a

167 47
698

(28.1)
(14.9)

4
21

(2.4)
(5.3)

1
1

(0.6)
(1.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

5
9

(3.0)
(1.8)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

29
211

(17.4)
(7.3)

Crocidura 
   lasiura

No. mice infected (%)
No. worms (av. no.)a

91 12
77

(13.2)
(6.4)

9
86

(9.9)
(9.6)

5
11

(5.5)
(2.2)

1
2

(1.1)
(2.0)

3
3

(3.3)
(1.0)

44
308

(48.4)
(7.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

13
21

(14.3)
(1.6)

Mus 
   musculus

No. mice infected (%)
No. worms (av. no.)a

32 5
9

(15.6)
(1.8)

10
59

(31.3)
(5.9)

8 
131

(25.0)
(16.4)

2
3

(6.3)
(1.5)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

1
3

(3.1)
(3.0)

0
0

(0.0)
(0.0)

Myodes 
   regulus

No. mice infected (%)
No. worms (av. no.)a

9 0
0

(0.0w)
(0.0)

1
1

(11.1)
(1.0)

2
32

(22.2)
(16.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

Micromys 
   minutus

No. mice infected (%)
No. worms (av. no.)a

6 3
8

(50.0)
(2.7)

0
0

(0.0)
(0.0)

3
47

(50.0)
(15.7)

1
9

(16.7)
(9.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

Tscherskia 
   triton

No. mice infected (%)
No. worms (av. no.)a

3 1
1

(33.3)
(1.0)

1
1

(33.3)
(1.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

0
0

(0.0)
(0.0)

Total No. mice infected (%)
No. worms (av. no.)a

1,708 1,060
21,623

(62.1)
(20.4)

617
4,122

(36.1)
(6.7)

370
9,235

(21.7)
(25.0)

314
1,160

(18.4)
(3.7)

123
472

(7.2)
(3.8)

59
331

(3.5)
(5.6)

13
23

(0.8)
(1.8)

2
4

(0.1)
(2.0)

59
255

(3.5)
(4.3)

aMean no. per infected animal.
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spp. were observed more frequently in C. lasiura (48.4%). The 
highest worm burdens were observed for N. brasiliensis (total 
21,623 worms; mean 20.4 worms/infected rodent), followed 
by S. obvelata (9,235; mean 25.0), H. polygyrus (4,122; mean 
6.7), Protospirura muris (472; mean 3.8), and H. spumosa 
(1,160; mean 3.7) (Table 1). 

In the previous study, Chai et al. [4] reported the infection 
status of echinostomes from A. agrarius captured near the 
DMZ, ROK. They [3,5] also reported Plagiorchis muris and N. 

seoulense infections in A. agrarius. However, studies of intestinal 
nematode infections in rodents and soricomorphs have been 
limited. Thus, nematode studies are needed to better under-
stand parasite faunas in natural hosts for conserved areas, like 
the DMZ, and their impact on veterinary and medical health. 

The results of the present study have shown that N. brasilien-
sis was the most highly prevalent nematode species with the 
highest infection intensity among those detected in the study. 
N. brasiliensis is a common and well-known intestinal nema-
tode among rodents [7-9]. Its prevalence in 5 district localities 

was 66.7%, 80.3%, 16.2%, 71.6%, and 14.2%, respectively, for 
Carey Island (Klang, Malaysia), Kuala Lumpur (Malaysia), Bel-
grade area (Serbia), Baltimore (Maryland, USA), and Caribbe-
an Island (Jamaica) [8-12]. In our study, the prevalence of N. 

brasiliensis ranged from 0% (M. regulus) to 70.9% (A. agrarius) 
(overall mean, 62.1%), depending on the species of rodent or 
soricomorph. This figure is quite different from previous stud-
ies performed in Korea [13-15]. Seo et al. [13] and Yong et al. 
[14] detected high prevalences of Nippostrongylus muris but not 
N. brasiliensis among rodents from northern and northern/
western parts of Korea, respectively. On the other hand, Sohn 
et al. [15] detected neither N. muris nor N. brasiliensis in A. 

agrarius mice from a southern area of Korea. The reason for 
this discrepancy remains to be investigated.

H. polygyrus demonstrated a high prevalence among rodents 
captured from various localities of the world, including Portu-
gal, UK, and ROK (this study) and is known to enhance their 
susceptibility to other intestinal helminth infections [16]. The 
prevalence of H. polygyrus in our study (42.3%) was lower than 

A B C D E F G H

NMKJI L

Fig. 1. Nematodes collected from wild rodents in Korea. The most popular species was Nippostrongylus brasiliensis (A, male; B, female) 
followed by Heligmosomoides polygyrus (C, male; D, female), Syphacia obvelata (E, male, F, female), Heterakis spumosa (G, male; H, 
female), Protospirura muris (I, male; J, female), Capillaria sp. (K, female), Trichuris muris (L, male; M, female), and Rictularia affinis (N, 
male). 
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that in Portugal [16]. Heligmosomum sp., Heligmosomoides sp., 
and heligmosomid nematodes were reported from rodents in 
ROK [13,15]. Their prevalence was extremely high in rodents 
of southern parts of ROK (Hapcheon-gun and Gurye-gun), 
over 97% [15]; however, it was comparatively lower in rodents 
of northern parts (Gyeonggi and Gangwon Province), 28-30% 
[13]. 

The mean prevalence of S. obvelata, a murine pinworm spe-
cies, was 25.1% among 7 species of small mammals examined 
in this study. It was lower than the one in a previous study in 
ROK, 36.4% and 41.4%, in R. norvegicus and A. agrarius, re-
spectively [13]; however, it was higher than the other reported 
recently in southern regions in ROK, 5.1% [15]. In Brazil, Rat-
tus rattus revealed the prevalence of 22.3%, a similar figure to 
our study [17].

H. spumosa was originally reported from the cecum of a rat 
from Berlin, Germany, by Schneider in 1866 [13]. In a previ-
ous study in Korea, the infection rate of R. norvegicus, A. agrari-

us, and R. rattus (=R. alexandrinus) with H. spumosa was 
24.2%, 6.4%, and 37.5%, respectively [13]. In our study, its 
prevalence in A. agrarius was 22.1%, much higher than the fig-
ure in a previous study [13]. The prevalence of H. spumosa in 
Serbia and Norway was 36.7% [10] and 24.1% [11], respec-
tively, similar to our study.

P. muris was reported previously in the stomach of a rat 
from Korea in 1968 [13]. Its overall prevalence in this study 
was 7.2% for all 7 small mammals examined, whereas it was 
8.5% from bush rats, Rattus fuscipes, in Australia [18] and 5% 
among cotton rats, Sigmodon hispidus, in the US [19]. C. hepati-
ca is common worldwide and is found in the livers of a wide 
variety of mammals, including humans [20]. A previous paper 
from Malaysia reported the prevalence of C. hepatica as 13.9% 
[9]. In our study, we did not examine the liver but examined 
only the intestinal tract of the mammals. The Capillaria spp. 
detected in our study may be the same species as reported 
from other small mammals in Korea [13]; however, further 
studies are required to elucidate the species of Capillaria. The 
rodent whipworm, T. muris, is a common parasite of the ce-
cum of house mice and rats [21]. In R. norvegicus, the preva-
lence of T. muris was reported to be 6.0% and 14.8% in Bel-
grade area (Serbia) and Baltimore, Maryland (the US), respec-
tively [10,11]. However, in our study, its prevalence was very 
low (0.1%).

The present study is significant because S. obvelata is poten-
tially zoonotic to cause human infections. Actually 2 S. obvela-

ta adult specimens (females) were collected from the feces of a 
Bohemian child living in the Philippines [22]. Another reason 
for the significance of this study is that several species of the 
nematodes identified in this study are used as invaluable mod-
els for human intestinal nematode infections. N. brasiliensis is 
used as a model for human hookworm infections [23], H. 

polygyrus is used as a model for human ascariasis [24], and T. 
muris is used as a model for human Trichuris trichiura infection 
[25]. 

In conclusion, 7 species of nematodes were identified, in 
addition to members of the genus Capillaria and an unidenti-
fied species, from the gut contents and intestinal tract of 7 spe-
cies of small mammals (6 rodents and 1 soricomorph) cap-
tured near the DMZ of Gyeonggi Province, ROK. This is the 
first report of nematode infections among rodents and sorico-
morphs captured near the DMZ, ROK.
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