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ABSTRACT As part of the 65th Medical Brigade tick-borne disease surveillance program to deter-
mine the abundance, geographical and seasonal distributions, and tick-borne pathogens present in the
Republic of Korea, dragging and sweeping methods were compared to determine their efficiency for
collecting ticks in grass and deciduous, conifer, and mixed forest habitats at military training sites and
privately owned lands in northern Gyeonggi Province near the demilitarized zone from April-
October, 2004-2005. Three species of Ixodid ticks, Heemaphysalis longicornis, Haemaphysalis flava, and
Ixodes nipponensis, were collected. Overall, H. longicornis adults and nymphs were most frequently
collected from grass and deciduous forest habitats, accounting for 98.2 and 66.2%, respectively, of all
ticks collected. H. flava adults and nymphs were most frequently collected from conifer and mixed
forests, accounting for 81.6, and 77.8%, respectively, of all ticks collected. I. nipponensis adults and
nymphs accounted for 9.3% of all ticks collected from mixed forests, were less commonly collected
from deciduous (4.1%) and conifer (4.1%) forests, and infrequently collected from grass habitats
(0.9%). Overall, there were no significant differences between dragging and sweeping methods
for the three species when the areas sampled were similar (sweeping = 2 X the area over the same
transect). Adults and nymphs of H. longicornis were most commonly collected from April-August,
while those of H. flava and I. nipponensis were most commonly collected during April-July and
again during October. Larvae of all three species were most frequently observed from July-

September.

KEY WORDS tick, sweeping, dragging, habitats, seasonal prevalence

Tick-borne disease surveillance must include effective
and efficient methods for collecting ticks to estimate
abundance and geographical distributions and the
prevalence of tick-borne zoonoses of medical and vet-
erinary importance (Takada et al. 1993, Mahara 1997,
Murphy et al. 1998, Chiba et al. 1999, Alekseev et al.
2001, Fournier et al. 2002, Ishikura et al. 2002). Tick-
borne pathogens affecting human and animal health in
the Republic of Korea (ROK), include members of the
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spotted fever group (SFG) rickettsiae (Lee et al. 2003,
Jang et al. 2004), Ehrlichia and Anaplasma spp. (Chae
et al. 2003), Bartonella spp. (Kim et al. 2005), Borrelia
burgdorferi (Park et al. 1992, Kee et al. 1994), and
tick-borne encephalitis virus (western subtype) (Kim
et al. 2008, 2009b; Ko et al. 2010). Ticks collected from
birds (bird banding surveys) and small-large animals
(surveys of feral and domestic animals) serve to as-
sociate host, pathogen, and tick relationships (Kim et
al. 2009a, Sames et al. 2010, Kim et al. 2011). Previous
studies have shown disparities among tick sampling
techniques for collecting ticks, as some species are
more frequently collected from animal hosts, while
few are collected when dragging or sweeping for ticks
(Falco and Fish 1992, Carroll and Schmidtmann 1992,
Terassini et al. 2010). Alternatively, some ixodid spe-
cies may be efficiently collected from vegetation using
dragging or sweeping techniques. The direct collec-
tion of ticks from animal and bird hosts is often im-
practical and less efficient as they require their live
capture (Falco and Fish 1992). Therefore, other meth-
ods, that is, dragging and sweeping for ticks should be
considered to determine their geographical and hab-
itat distributions, relative population densities, and
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Fig. 1. Geographical location of tick collection sites at U.S. installations and U.S./ROK operated training sites conducted

near the demilitarized zone, Gyeonggi Province, April-October 2004-2005 (North Carolina Range [37° 53" 04.29" N, 126° 43’
20.22" E |, Camp Bonifas [37°55' 51.64" N, 126° 43’ 13.90" E |, Warrior Base [37° 55’ 15.02" N, 126° 44’ 45.04” E|, Monkey Range
7 [37°53" 44.30" N, 126° 48’ 08.61” E|, Story Range [37° 57" 14.85" N, 126° 48’ 17.12" E|, Dagmar North [37° 58’ 02.32" N, 126°
50" 27.00" E|, Local Training Area 130 [LTA 130] [38°01’ 06.0.98" N, 126° 59’ 22.15" E|, Firing Point-10 [FP-10] [38°04’ 41.70"
N, 127° 04’ 37.00" E], Firing Point-60 [FP-60] [38° 02’ 55.34" N, 127° 06’ 18.18"” E|, Chaparral Training Area |[38° 02’ 40.05"
N, 126° 58' 55.03" E], Rodriguez Range [MPRC] [38° 01’ 28.36" N, 127° 13’ 10.12" E]).

presence and distribution of tick-borne pathogens. In
addition, assays of unfed questing larval ticks can be
used to determine the transovarial transmission po-
tential. These data form the background for the de-
velopment of vector-borne threat assessments and
mitigation strategies to reduce risks associated with
tick bites and transmission of tick-borne pathogens, in
addition to medical awareness for rapid diagnosis and
treatment of patients to reduce morbidity and mor-
tality.

The primary purpose of the current study was to
compare two widely used sampling methods, dragging
and sweeping, for the collection of ticks and to inte-
grate these methods as part of a comprehensive 65th
Medical Brigade tick-borne disease surveillance pro-
gram in the ROK. These data provide: 1) a measure of
potential human exposure to ticks for selected habi-
tats,2) identify tick borne pathogens and prevalence
of infections, 3) identify tick-borne medical threats
for military and civilian populations training or per-
forming recreational activities in unmanaged habi-
tats infested with ticks (reported elsewhere), and 4)
the potential impact (i.e., economic losses) of tick-
borne diseases among wildlife and domestic ani-
mals.

Materials and Methods

Habitats. As part of the 65th Medical Brigade tick-
borne disease surveillance program, tick collections
were conducted at U.S. military training sites and

privately owned properties located near the demili-
tarized zone (DMZ) that separates North and South
Korea, northern Gyeonggi Province, from April-Oc-
tober, 2004-2005 (O’Guinn et al. 2008; Kim et al.
2010a,b, 2011; Klein et al. 2012a, b) (Fig. 1). Environ-
mental habitats were selected that included: 1) grasses
and other herbaceous vegetation (i.e., Humulus ja-
ponicas and Artemisia spp.) <0.5 m and 2) deciduous,
3) conifer, and 4) mixed forests where U.S. military
personnel conducted field exercises and were exposed
to ticks and at nearby privately owned properties
(O’Guinn et al. 2008, Kim et al. 2009a, Sames et al.
2009). Forested areas often consisted of pure stands of
planted groves of pine, fir, larch, chestnut, and oak
trees or mixed forests planted as part of a national tree
planting policy in the 1960s (Ko et al. 2010). Forest
ground cover consisted of dead leaves and needles,
with limited understory with various types of
grasses, herbaceous vegetation, and shrubs. Only
grasses <0.5 m in height were surveyed because
previous surveys of taller grasses yielded few ticks.
While some sites were routinely surveyed at
monthly intervals, others were surveyed less fre-
quently because of limited or restricted access at the
time of the survey.

Dragging and Sweeping Methods. Sampling was
conducted monthly from April through October when
ticks were most active. Tick drags consisted of a 1.5 m
long X 1.0 m wide flannel cloth with the leading edge
attached to a wooden dowel (1.1 m long, 2.0 cm di-
ameter) and a small diameter 4-m long nylon rope
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attached to each end of the wooden dowel, as previ-
ously described by Daniels et al. (1998) and Scoles et
al. (2001). Sweeping vegetation for ticks was con-
ducted as described by Carroll and Schmidtmann
(1992), except that the 1.5 m (length) X 1 m (wide)
flannel cloth was attached to an aluminum pole bent
ata45° angle 1-m from the end where the leading edge
of the flannel cloth was attached. The flannel cloth was
dragged behind the collector walking at a slow pace
over vegetation or ground litter, or was swept from
side to side parallel to the ground over vegetation in
front of the collector as the collector slowly walked
forward (Falco and Fish 1992, Carroll and Schmidt-
mann 1992, Terassini et al. 2010). Questing ticks on the
vegetation and ground litter attached to the cloth and
were periodically removed (5 m intervals) by the
collector by laying the cloth, bottom side up, on the
ground, removing attached ticks using a fine forceps,
and then alternately examining the top side for ticks
before continuing. Up to 20 nymphs and adults were
placed in 2-ml cryovials, numbered, and then secured
in a Styrofoam cooler. Because of the large numbers
of larvae, a portion of each newly hatched cluster was
collected and up to 100 placed in 2-ml cryovials con-
taining 100% ethanol. This was repeated until each
collector traveled a distance of ~100 m.

Generally four 100 m long linear transects were
surveyed concurrently. Each transect (replicate) was
spaced at least 10 m from the habitat edge to reduce
border effect. Paired transects were separated by at
least 10 m, alternating sweeping and dragging, while
the collectors maintained a similar pace and line-of-
site to ensure that the 10 m distance separating tran-
sect lanes was maintained. Collectors were alternated
between dragging and sweeping to reduce collector
bias. Where habitats were limited, only two tran-
sects, paired dragging and sweeping, were con-
ducted. The area surveyed by dragging consisted of
a 1-m wide cloth X 100-m long transect (100 m?),
while the sweeping techniques covered an esti-
mated area of 200 m? (2-m side to side motion X
100-m long transect).

After each collection period, ticks were transported
to the fifth Medical Detachment, Yongsan U.S. Army
Garrison, Seoul, Korea, where they were identified to
species and developmental stage under a dissecting
microscope using standard keys and current nomen-
clature (Yamaguti et al. 1971, Robbins and Keirans
1992) and maintained at —70°C to be later assayed for
rickettsial and other tick-borne pathogens (Kim et al.
2005, 2006; Lee et al. 2005; Park et al. 2005).

Data Analysis. An electronic data sheet (Microsoft
Excel) was prepared for each collection site and later
updated to include species and stage of development
for data management. All adults and nymphs were
collected, but only a sample of larvae were collected
(up to 50/ cluster/5 mintervals) because of large num-
bers often encountered in heavily infested areas and
thus were excluded from analysis to reduce bias. Area
surveyed per transect by dragging was estimated at 100
m? (1-m wide flannel cloth/100 m distance). The area
surveyed by sweeping the flannel cloth from side-to-

CHONG ET AL.: COMPARISON OF TICK DRAGS AND SWEEPING

613

side was estimated at 200 m* (2-m wide sweeping
motion/100 m distance). Comparative analysis be-
tween mean numbers of nymphs and adults collected
for each species and habitat surveyed was conducted
using Tukey pairwise comparison, one way analysis
of variance (ANOVA). The paired t-test was used
for direct comparisons between dragging and
sweeping methods for each of the habitats and tick
species. Similarly, the paired t-test was used for
comparisons between the numbers of ticks col-
lected for the area of each transect sampled using
[dragging, [number of ticks/100m? sweeping,
(number of ticks/200m?)/2]].

Results

Dragging and Sweeping. In total, 136 paired repli-
cate 100 m transects (grand total 272 transects), using
both dragging and sweeping methods, were surveyed
for ticks. Habitats that were surveyed were charac-
terized as: 1) grasses and herbaceous vegetation <0.5
m (49 paired replicates) and 2) deciduous (34 paired
replicates), 3) conifer (27 paired replicates), and 4)
mixed (26 paired replicates) forests (Tables 1 and 2).
In total, 1,033 adults and 6,394 nymphs belonging to
two genera and three species, H. longicornis (865
adults; 5,282 nymphs), H. flava (133 adults; 993
nymphs), and I nipponensis (35 adults; 119 nymphs)
were collected (Table 1). An additional 12,394 larvae
were collected belonging to H. longicornis (8,873), H.
flava (2,763), and L. nipponensis (758), but were ex-
cluded from analysis. Overall, H. longicornis adults and
nymphs accounted for 82.8% (6,147) of the three spe-
cies collected from all habitats, followed by H. flava
15.1% (1,126) and L. nipponensis 2.1% (154) (Table 1).
H. longicornis adults and nymphs accounted for 98.2%
(5,427/5,524) and 66.2% (580/876) from grass and
deciduous forest habitats, respectively, while H. flava
accounted for only 0.9 and 29.7%, respectively, and L
nipponensis accounted for only 0.9 and 4.1%, respec-
tively. H. flava adults and nymphs were more fre-
quently collected from conifer forests (81.6%, 433/
531) and mixed forests (77.8%, 386/496) than H.
longicornis (14.3 and 4.1%, respectively) or I. nippon-
ensis (4.1 and 9.3%, respectively).

Significantly more H. longicornis adults and nymphs
were collected for both dragging and sweeping tech-
niques combined (ANOVA; F = 10.88; df = 3; P <
0.001) (mean number 55.4) from grass habitats, while
there was no significant difference in the mean num-
bers collected from deciduous (8.5), mixed (1.4), and
conifer (1.2) forest habitats (Table 2). Alternatively,
significantly more H. flava adults and nymphs were
collected from conifer (8.0) and mixed (7.4) forest
habitats (F = 15.98; df = 3; P < 0.001), while lower
mean numbers were collected from deciduous forest
(3.8) and grass (0.5) habitats (Table 2). I nipponensis
only accounted for 2.1% of the total number of ticks
collected by both dragging and sweeping (Table 1).
While significantly more I nipponensis nymphs were
collected from mixed forests (mean 0.8) (F = 2.799;
df = 3; P = 0.04), there were no significant differences
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Table 1.

JOURNAL OF MEDICAL ENTOMOLOGY

Vol. 50, no. 3

Number (mean) of adult and nymph ixodid ticks and percent collected, by species and habitat, while dragging and sweeping

vegetation at United States and Korean operated military training sites and private lands located near the DMZ from April through Oect.

2004-2005, Gyeonggi Province, Republic of Korea

Habitat Drag number (mean)” Sweep number (mean)” Total (mean)®  Percent,
(no. replicates)” Species no. nymphs by
0. rephicates Nymph Adult Nymph Adult and adults habitat?
Grass (n = 49) H. flava 15 (0.3) (0.1) 24 (0.5) 3(0.1) 47 (10) 0.9%
H. longicornis 2041 (4L7) 261 (5.3) 2,747 (572) 378 (77) 5427 (110.8) 98.2%
L nipponensis 13 (0.3) 12 (0.1) 14 (0.3) 11 (0.2) 50 (1.0) 0.9%
Deciduous Forest (n = 34)  H. flava 83 (2.4) 10 (0.3) 149 (4.4) 18 (0.5) 260 (7.6 29.7%
H. longicornis 193 (5.7) 82 (2.4) 197 (5.8) 108 (3.2) 580 (17.1) 66.2%
L nipponensis 7(0.2) 2 (0.1) 25 (0.7) 2 (0.1) 36 (1.1) 41%
Conifer Forest (n = 27) H. flava 115 (4.3) 18 (0.7) 268 (9.9) 32 (1.2) 433 (16.0) 81.6%
H. longicornis 17 (0.6) (0.2) 42 (1.6) 11 (0.4) 76 (2.8) 14.3%
L nipponensis 2 (0.1) 2(0.1) 16 (0.6) 2 (0.1) 22 (0.8) 41%
Mixed Forest (n = 26) H. flava 157 (6.0) 19 (0.7) 182 (7.0) 28 (1.1) 386 (14.8) 77.8%
H. longicornis 18 (0.7) (0.3) 27 (1.0) 11 (04) 64 (2.5) 12.9%
L nipponensis 15 (0.6) (0.2) 27 (1.0) 0 (0) 46 (1.7) 9.3%
Subtotal (n = 136) H. flava 370 (2.7) 52 (0.4) 623 (4.6) 81 (0.6) 1,126 (8.3) 15.1%
H. longicornis 2269 (167) 357 (26) 3013 (22.2) 508 (37) 6147 (452) 82.8%
L nipponensis 37 (0.3) 20 (0.1) 82 (0.6) 15 (0.1) 154 (1.1) 2.1%
Total 2,676 429 3,718 604 7427

“ No. of paired replicates (dragging and sweeping) for each habitat.

» No. of adults and nymphs collected/Number of replicates.

¢ No. of adults and nymphs collected by dragging and sweeping/ Total no. of replicates.
¢ No. Percent of both adults and nymphs collected, by species, for each of the habitats surveyed.

for adults and nymphs combined from all habitats
(grasses, 0.5; deciduous forests, 0.5; conifer forests, 0.4;
and mixed forests, 0.9) sampled (F = 1.44;df = 3; P =
0.23) (Table 2).

The overall mean number of H. longicornis collected
by dragging (19.31) was not significantly different
when compared with sweeping over 200 m*> (25.89)
(P = 0.200) or 100 m> (12.94) (P = 0.140) (Table 3).
The overall mean numbers of H. flava adults and
nymphs collected from grass and forest habitats by
sweeping (200 m?;5.18) were significantly higher than
for dragging (100 m?; 3.10) over each transect (P <
0.001) (Table 3). When equivalent areas (number of
ticks collected by sweeping/2) sampled for each
method were considered, the mean number of ticks
collected by sweeping (2.59), while less than for drag-
ging (3.10) for the paired transects, was not signifi-
cantly different (P = 0.111) (Table 3). While signif-
icantly more I nipponensis were collected by
sweeping (0.71) than dragging (0.42) over all habitats
(P = 0.016), there were no significant differences

Table 2.

when equal areas were sampled by dragging (0.42) or
sweeping (0.36) (P = 0.429) (Table 3). Similarly,
overall both H. flava and I nipponensis adults and
nymphs were collected more frequently by sweeping
in deciduous and conifer forests, but when the same
area sampled was considered, there were no signifi-
cant differences (Table 3).

Seasonal Distribution. The seasonal distributions
for adults, nymphs, and larvae of H. longicornis, H.
flava, and I nipponensis collected by both dragging
and sweeping are shown in Fig. 2. In general, for all
habitats, H. longicornis adults were collected more
frequently from June-August (Fig. 2A). Nymphs were
most prevalent from April-June, while larvae were
collected mostly during August-September (Fig.
2A,D). H. flava adult populations peaked in May, with
lower numbers collected during for the remaining
months (Fig. 2B). H. flava nymph populations were
bimodal, with increased numbers collected during
May and October and lower numbers collected during
the remaining months surveyed. The increased num-

Total no. of ticks collected by both methods (dragging and sweeping) and comparison of the mean numbers of adults and

nymphs, by species and habitats, at US and Korean operated military training sites and private lands located near the demilitarized zone

(DMZ) from April through Oct. 2004-2005, Gyeonggi Province, Republic of Korea

N Haemaphysalis longicornis Haemaphysalis flava Ixodes nipponensis

Habitat replic(;tes‘L No. nymphs No. adults  Total no.  No. nymphs No. adults Total no. No. nymphs No. adults Total no.
(mean)”*  (mean)”*  (mean)”© (mean)”  (mean)”*  (mean)”¢  (mean)®*  (mean)”* (mean)’©
Grass 98 4,788 (48.9)* 639 (6.5)* 5427 (55.4) 39 (0.4)“ 8(0.1) 47 (0.5)* 27 (0.3)¢  23(0.2)* 50 (0.5)*
Deciduous 68 390 (5.7)” 190 (2.8)" 580 (8.5)” 232 (3.4)" 28 (0.4)” 260 (3.8)" 32 (05)*"  4(0.1)° 36 (0.5)"
Conifer 54 59 (1.1)" 17 (03) 76 (L4)> 383 (71)° 50 (09)° 433 (8.0)° 18(0.3)°  4(01)¢ 22 (0.4)
Mixed 52 45(0.9)” 19 (04)" 64 (12)” 339 (6.5)° 47 (0.9)¢ 386 (7.4)° 42 (0.8)" 4(01)* 46 (0.9)°

Total 279 5282 (19.4) 865 (32) 6147 (22.6) 993 (3.7) 133 (0.5) 1126 (41) 119 (04)  35(0.1) 154 (0.6)

“ Total no. of 100 m transects surveyed by dragging and sweeping for ticks.
P Mean no. of ticks collected/100 m transect for both dragging and sweeping methods.
¢ Like letters indicate that the mean no. of ticks collected, by stage of development and species for each of the habitats, are not significantly

different (ANOVA using Tukey pairwise comparison, P < 0.05).
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Table 3. Total and mean no. of adult and nymph and ticks by dragging and sweeping vegetation over an approximate distance of 100 m
for four habitats at military training sites and private lands located near the DMZ, Gyeonggi Province, Republic of Korea, from April-Oect.
2004-2005

Collection method

Habitat replIi\Ic(:tes“ Species Drag Sweep

colﬁ(;%e d hﬁgg“n?fb'/ colﬁiie g Meanno./200 m?¢ Mean no./100 m <

Grass 149 H. flava 20 0.41 27 055 (P=0322) 028 (P=0271)
H. longicornis 2,302 46.98 3,125 63.78 (P=0.239) 31.89 (P =0.206)

L nipponensis 25 0.51 25 051  (P=1.000) 0.26 (P=10.091)

Deciduous Forest 34 H. flava 93 2.74 167 491 (P =0.008)“ 2.46 (P =0.550)
H. longicornis 275 8.09 305 8.97 (P = 0.668) 4.49 (P =0.081)

L nipponensis 9 0.26 27 079  (P=0.007)° 0.40 (P=10.141)

Conifer Forest 27 H. flava 133 493 300 1L11 (P=0005)° 556 (P=0422)
H. longicornis 23 0.85 53 1.96 (P=0.524) 0.98 (P =0.509)

L nipponensis 4 0.15 18 0.67 (P=0.017)° 0.33 (P =0.096)

Mixed Forest 26 H. flava 176 6.77 210 8.08 (P =0.355) 4.04 (P =0.039)
H. longicornis 26 1.00 38 1.46 (P =0.130) 0.73 (P=0.261)

L nipponensis 19 0.73 27 1.04 (P=0.465) 0.52 (P =0.402)

Total 136 H. flava 422 310 704 518 (p <0.001)° 259 (P=0.111)
H. longicornis 2,626 19.31 3521 25.89 (P =0.200) 12.94 (P =0.140)

L nipponensis 57 0.42 97 0.71 (P=0.016)° 0.36 (P = 0.429)

“ No. of paired replicates by dragging and sweeping for ticks.

? Mean no. of adults and nymphs collected by dragging vegetation/100 m® using a I m wide X 1.5 m long flannel cloth attached to a wooden
pole behind the collectors as the collectors walked forward. Ticks were collected from the underside, then the topside of the flannel cloth at
~5 m intervals. Approximate area sampled by each collector was 100 m (length X 1 m (width) = 100 m?

¢ Mean no. of adults and nymphs collected by sweeping vegetation/200 m? using a 1 m X 1 m flannel cloth attached to an aluminum pole
that was swept from side to side as the collectors walked forward. Ticks were collected from the underside, then the topside of the flannel
cloth at ~5 m intervals. Approximate area sampled was estimated at 100 m (length) X 2 m (sweeping width) = 200 m?>

¢ Mean no. of adults and nymphs collected over each transect by sweeping vegetation. (The area surveyed is based on a 2-m swath as the
collector walked forward for 100 m distance with the mean no. ticks/100 m?> = [mean no. of ticks collected/ (2 m X 100 m)]/2).

¢ Mean no. of adults and nymphs collected by sweeping vegetation was significantly higher than sweeping vegetation over the same area
(P < 0.05), but not significantly different that mean no. of ticks per 100 m? by paired t-test.

ber of nymphs observed during October followed high  highest mean numbers of adults and nymphs were
numbers of larvae collected during August (Fig. collected during May-June, with few collected during
2B,D). I nipponensis was less frequently collected the remaining months. Larvae were collected more
than either H. longicornis or H. flava (Fig. 2C). The frequently during July-September (Fig. 2D).
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Fig. 2. Seasonal distribution of three tick species collected at United States and ROK operated military training sites and
private lands located near the DMZ from April-October, northern Gyeonggi Province, Republic of Korea, 2004-2005.

202 Iudy Gz uo 1senb Aq 99/068/1 L 9/€/0G/I01ME/AWI W00 dNO" oIS PEDE//:SARY WO PAPEOIUMOQ



616

Discussion

Tick-borne diseases pose serious health threats to
U.S. military forces and civilian populations through-
out the world, including the ROK (Merchant and
Taboada 1991, Steen et al. 2004, Anna et al. 2012,
Anonymous 2012). Over the past several years, there
have been >5,000 cases of scrub typhus reported
among Korean populations (Korean Centers for Dis-
eases Control and Prevention [K-CDC] 2012), but
few cases of tick-borne rickettsial infections, most
likely because they are not reportable diseases and
empirically (presence of an eschar) may be confused
with scrub typhus. To support this, a recent retro-
spective serosurvey of ~10,000 U.S. military personnel
deployed to the ROK in the 1990s showed that 2.0% of
the soldiers seroconverted to SFG Rickettsia, while
only 0.2% seroconverted to scrub typhus (Richards
2009). These results were unexpected, because there
have been no confirmed U.S. servicemen admitted to
medical facilities in the ROK over the last several
decades related to tick-borne pathogens. However,
more recently in October 2012 and perhaps because of
increased awareness, there was one confirmed (army
soldier) and one empirical diagnosis (based on the
presence of an eschar; military dependent) of scrub
typhus reported, while there have yet to be confirmed
cases of rickettsial disease. These results indicate dis-
ease risks associated with military training or recre-
ational activities where there are unmanaged lands,
including tall grasses and other herbaceous vegetation
and cultivated/volunteer forests.

Since the Korean War (1950-1953), the ecology of
the ROK has changed considerably from treeless hills
and mountains that provided limited habitat and pro-
tection for medium to large mammals and forest dwell-
ing bird populations. A national tree planting policy
instituted in the 1960s resulted in a changed landscape,
including military training areas, of planted groves of
conifer and deciduous trees forested hillsides and
mountains followed by forests of volunteer trees. The
enrichment of flora provides for increased harborage,
habitats, and diversity of small-large mammal popu-
lations (i.e., rodents, voles, squirrels, shrews, feral cats,
dogs, raccoon dogs, deer, and wild pigs), and indige-
nous and migratory birds, in addition to the diversity
and increased prevalence of associated ectoparasites
and zoonotic pathogens.

Host associations are principal to the habitat distri-
bution of ticks. H. longicornis was collected primarily
in habitats consisting of grasses and other herbaceous
vegetation and are associated with the large wild and
domestic mammals that use these habitats. H. flava
hosts range from small to medium-sized mammals and
migratory and indigenous birds (Yamaguti et al. 1971;
Kim et al. 2009a, 2010a). Hosts of I. nipponensis larvae
and nymphs range from small to medium-sized mam-
mals, while nymphs and adults blood feed on medium
to large-sized mammals. Neither sweeping nor drag-
ging methods were effective at collecting large num-
bers of I nipponensis (unpublished data). However,
for small mammal collections made in tall grasses and

JOURNAL OF MEDICAL ENTOMOLOGY

Vol. 50, no. 3

herbaceous vegetation in northern Gyeonggi Prov-
ince, >98% of all ticks collected were I. nipponensis
(3,771 larvae, 753 nymphs, 0 adults), while only one H.
flava nymph was collected (Kim et al. 2010a). L. nip-
ponensis adults and nymphs were more frequently
collected in forest habitats, indicating their association
with hosts that use forest habitats for refuge but per-
haps feed or seek prey in open grass areas. Dragging
and sweeping methods, while used extensively for the
collection of ticks from vegetation, are much less use-
ful in collecting nest species. In a separate report, L.
pomerantzevi has been only reported from small mam-
mals, while none were collected by dragging or sweep-
ing even though attempts were made to collect them
from areas where there were infested small mammals
(Kim et al. 2010a).

The collection of ticks by various methods provides
information that can be used for developing exposure
and disease risk assessments based on population den-
sity estimates of questing ticks, risks of being bitten,
and the prevalence and transmission of associated
zoonotic pathogens. To accomplish this, a compre-
hensive tick-borne disease program that encompassed
the collection of questing ticks from vegetation
(sweeping, dragging, or CO, baited traps) and from
small-large mammals and birds was established with
the support of the Armed Forces Health Surveillance
Center-Global Emerging Infections Surveillance and
Response Systems (AFHSC-GEIS) and collaboration
with local universities, ROK government agencies and
AFHSC-GEIS partners. These data identify geospatial
distribution of tick-borne disease threats and provide
for the development of disease risk reduction strate-
gies that impact on the medical readiness of U.S. per-
sonnel deployed to the ROK.

To evaluate the effectiveness of dragging and
sweeping techniques, comparisons were made for the
mean number of questing ticks collected to provide
population abundance estimates, in addition to asso-
ciated tick-borne pathogens (reported separately).
Carroll and Schmidtmann (1992) showed that results
for sampling nymph populations of the deer tick or
blacklegged tick (Ixodes dammini, currently I scapu-
laris) in various habitats by sweeping and dragging
techniques were similar. In simultaneous 100 m tran-
sects, sweeping was as effective as dragging for col-
lecting I. dammini nymphs where understory vegeta-
tion was sparse. However, for habitats with dense
vegetation, sweeping was twice as effective as drag-
ging. Similarly, sweeping was significantly more effec-
tive for collecting H. flava and I. nipponensis nymphs
and adults over a 100 m transect for deciduous and
conifer forests, perhaps as a result of sweeping over
scrub vegetation. However, when compared with the
total area surveyed over the 100 m transect, there were
no significant differences between dragging and
sweeping. While sweeping may be more effective for
collecting larger numbers of ticks under some condi-
tions, it is physically more demanding, and especially
in dense forest understory, movement is degraded and
the aluminum poles occasionally break from stress.
Therefore, dragging for ticks is the preferred method
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for efficiently collecting ticks from vegetation in the
ROK.
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