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Abstract.  Four commercial repellents were evaluated in the laboratory against
Leptotrombidium deliense chiggers. Both in vitro and in vivo methods were used to
determine repellency of the compounds.  The repellents were Kellis® (containing
citronella oil, jojoba oil and tea tree oil), Kaps® (containing citronella oil), BioZ®

(containing citronella oil, geranium oil and lemon grass oil) and Off® (containing
DEET).  The combination of three active ingredients: citronella oil, geranium oil,
lemon grass oil gave the highest repellency (87%) followed by DEET (84%). In
vitro repellencies ranged from 73% to 87%. There was no significant difference
between the four products. All the repellents had 100% in vivo repellency com-
pared to 41-57% for the controls.
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INTRODUCTION

Scrub typhus is a zoonotic disease re-
sulting from an infection with the gram-
negative intracellular bacterium Orientia
(formerly Rickettsia) tsutsugamushi (Seong
et al, 2001).  Scrub typhus is transmitted
by several species of larval trombiculid
mites, also referred to as chiggers (Tanskul
et al, 1998).  All known vectors of this dis-
ease belong to the genus and subgenus
Leptotrombidium.

Repellents provide an effective
method for protecting individuals from
biting arthropods (Gupta and Rutledge,

1994).  Diethyltolumide (DEET) is a com-
mon, effective topical insect repellent used
since 1957 (Gilbert et al, 1957).  In recent
years, several essential plant oils had been
found to have repellent properties. Such
plants included citronella, cedar, verbena,
pennyroyal, geranium, lavender, pine, cin-
namon, rosemary, basil, thyme, allspice,
garlic and peppermint (Mohinder, 2001;
Rim and Jee, 2006). Eamsobhana et al
(2009) tested aromatic essential oils from
13 plants species and found four of them
to be effective as repellents against
Leptotrombidium imphalum chiggers. Be-
sides repellents containing DEET, many
repellents with plant oils as active ingre-
dients are now commercially available.
These commercial products target various
insects, especially mosquitoes.  None have
been recommended by their manufactur-
ers for protection against chigger bites. The
manufacturers may have no information
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regarding the effectiveness of these repel-
lents against chiggers.

The purpose of this study was to evalu-
ate the efficacy of four commercial insect
repellents against larval Leptotrombidium
deliense.

MATERIALS AND METHODS

Chiggers
Unfed, uninfected 20-30 day old

Leptotrombidium deliense larvae used for
this study were obtained from laboratory
colonies maintained at the Acarology Unit,
Institute for Medical Research, Kuala
Lumpur, Malaysia. These colonies are
maintained at room temperature and have
not been previously exposed to pesticides
or repellents prior to this study.

Repellents
Four commercial repellents were

evaluated:  Kellis® natural insect repellent
cream (Bodibasixs Manufacturing, Malay-
sia), Kaps® natural insects repellent stick
(Bodibasixs Manufacturing, Malaysia),
BioZ® natural insects repellent stick
(Bodibasixs Manufacturing, Malaysia) and
Off® lotion cream repellent [S.C. Johnson
& Son (M), Malaysia Selangor]. The active
ingredients of the repellents are shown in
Table 1.

In vitro bioassay
The in vitro procedure used to evalu-

ate repellency was based on the behavior
of unfed chiggers in nature to climb up-
wards to wait for a passing host (Oaks et
al, 1983), and was a modification of the
technique developed by Kriangkrai et al
(2003).  Commercial cotton buds with plas-
tic shafts were used to hold the test repel-
lent.  The shafts of the cotton buds were
cut 2.5 cm from the base. Approximately
0.02 g of test repellent was placed on a
glass slide.  The cotton bud was used to

absorb as much repellent as possible.
Untreated cotton buds were used as con-
trols. Each shaft was then embedded 0.5
cm into a round piece of plasticine placed
in the middle of a 9 cm diameter Petri dish.
The dish was filled with water to the base
of the plastic shaft just covering the
plasticine. This was to prevent the chig-
gers from escaping. A single chigger was
placed at the bottom of the plastic shaft
just above the water level and observed
for 5 minutes.  A chigger that climbed to
the top of the cotton bud was considered
as not repelled by the test repellent, but a
chigger that did not climb the base of the
cotton bud was considered repelled.  A
total of 30 chiggers were tested for each
type of repellent.

In vivo bioassay
Five week old ICR strain laboratory

white mice were used as subjects. Each
mouse was anesthetized with an injection
of 0.02 ml of Zolatile® (25% w/v Tiletamine,
25% w/v Zolazepam) and the inside of one
earlobe was smeared with 0.02 g of test
repellent. The actual weight of repellent
absorbed was determined by the weight
of each treated cotton bud before and af-
ter application on the mouse, as shown in

Product Active ingredients

Kellis® 2.0% w/w Citronella oil,
1.5% w/w Jojoba oil,
0.2% w/w Tea tree oil

Kaps® 1.5% w/w Citronella oil
BioZ® 3.5% w/w Citronella oil,

0.5% w/w Lemon grass oil,
0.5% w/w Geranium oil

Off® 7.5% w/w DEET

Table 1
Active ingredients of commercial

repellents.
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Table 2.  Every test had a control.  Un-
treated mice were used as controls. A total
of 30 chiggers were placed inside the
treated ear lobe. The mice with attached
chiggers were placed individually in cages
and observed after 24 hours.  The mice
were then anesthetized a second time to
check for attached chiggers. The number
of chiggers remaining inside the earlobe
was counted.  Repellency was defined as
the percentage of chiggers not remaining
in the earlobe. By the end each repellent
was tested 3 times with 90 chiggers total.

Analysis of data
The results were analyzed by chi-

square and non-parametric (Kruskal-
Wallis) test using SPSS version 13.0 (SPSS,
Chicago, USA).

RESULTS

In vitro repellency
The larvae of Leptotrombidium deliense

Table 2
Amount of repellent deposited on the
ear lobes of each mouse for the in vivo

bioassay.

Product Set Weight (g) p-value

Kellis 1 0.0022
Kellis 2 0.0024 0.368
Kellis 3 0.0023

Kaps 1 0.0054
Kaps 2 0.0032 0.368
Kaps 3 0.0069

BioZ 1 0.0079
BioZ 2 0.0031 0.368
BioZ 3 0.0043

Off 1 0.0057
Off 2 0.0020 0.368
Off 3 0.0042

Product Total no. of No. of Percent
chiggers chiggers repelled
applied repelled

Kellis 30 24 80
Kaps 30 22 73.3
BioZ 30 26 86.7
Off 30 25 83.3
Control 30 0 0

Table 3
In vitro bioassay repellency rates of 4

commercial repellents against
Leptotrombidium deliense larvae.

Product Total No. (%) of No. (%)
 no. of  chiggers repelled

chiggers repelled by control

Kellis 90 90 (100) 40 (44.4%)
Kaps 90 90 (100) 37 (41%)
BioZ 90 90 (100) 51 (56.6%)
Off 90 90 (100) 40 (44.4%)

Table 4
In vivo bioassay repellency rates of 4

commercial repellents against
Leptotrombidium deliense larvae.

exhibited different sensitivities to the re-
pellents. The repellency rates are shown
in Table 3. The repellencies ranged from
73 to 87%. BioZ had the highest repellency
rate compared to the other products, but
there was no significant difference in
repellencies among the products evaluated
(p>0.05).  The herbal products were as ef-
fective as the product containing DEET.

In vivo repellency
There was a wide range in the weight

of repellent deposited on the ears of the
mice (Table 2) for the in vivo bioassay but
the difference was not significant (p>0.05).
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The results of the in vivo bioassay are
shown in Table 4. The test products had
100% repellency compared to their respec-
tive controls which had repellency rates of
41.1-56%.

DISCUSSION

The in vitro test procedure used in this
study was based on the behavior of unfed
chiggers to climb upwards on the sur-
rounding vegetation to await a passing
host. It was inexpensive and easy to per-
form. Many chiggers could be tested per
day.  The time required per test was less
than 5 minutes from the time of soaking a
repellent on the cotton bud to the time of
recording whether a chigger was repelled.
Some skill was needed to place the chig-
ger at the bottom of the shaft just above
the water level. After a few attempts, this
could be done quite easily with the aid of
a magnifying glass.  In the controls, all the
chiggers reached the top of the cotton buds
during the 5 minute test period.

The in vitro bioassay results clearly
demonstrated that repellents containing
essential plant oils are just as effective as
those containing DEET against chiggers.
The commercial repellents tested in this
study were formulated for protection
against mosquitoes. Various formulations
of essential plant oils have been tested
against mosquitoes. A study investigating
a mosquito repellent containing jojoba oil,
application  of 1.2 g of the product offered
complete protection for three to four hours
post-application (Govere et al, 2000). A
cream containing a combination of 2.5%
citronella oil, 5% galingale oil and 0.5%
vanillin was reported to prevent biting by
Anopheles minimus mosquitoes for at least
six hours (Tawatsin et al, 2001). One per-
cent lemon grass oil (Cymbopogon nardus)
and 0.05% geranium oil (Pelargonium

graveolens) gave 19 minutes complete pro-
tection against the bites of Aedes aegypti
mosquitoes (Fradin and Day 2002).
Wasuwat et al (1990) demonstrated under
laboratory conditions a cream containing
14% citronella oil (Cymbopogon nardus) re-
pelled Ae. aegypti for about two hours.
Melaleuca oil is a parasiticide and has been
used by many as a flea, head louse and in-
sect repellent (http://www.pharmainfo.net).
Suzann et al (2009) demonstrated that 5%
essential oil of Melaleuca alternifolia pro-
vided at least some protection, less than
110 minutes, against Ae. aegypti, Culex
quinquefasciatus and Cx. annulirostris. Labo-
ratory tests have been carried out against
the chigger L. imphalum using the essen-
tial oils, of 13 different plant species, 4 of
them were effective as a repellent.
Syzygium aromaticum (clove) exhibited
100% repellency at a 5% concentration,
Melaleuca alternifolia (tea tree) oil exhibited
100% repellency at a 40% concentration
and the undiluted oils of Zingiber
cassumunar (plai) and Eucalyptus globules
(blue gum) exhibited 100% repellency
(Eamsobhana et al, 2009). The findings of
this study demonstrate essential plant oils
may be as effective against chiggers as
against mosquitoes.

A human finger bioassay was used to
evaluate the ability of DEET to repel Ix-
odes scapularis and Amblyomma americanum
nymphal ticks (Schreck et al, 1998; Carroll
et al, 2004).  Human bioassays are the most
useful as they allow arthropods to display
normal host-seeking behavior and allow
evaluation of the level of protection in
humans.  However, there are ethical con-
cerns with the use of human subjects.  In
this study, a laboratory white mouse
model was used. It is a routine practice as
part of the colonization procedure in our
laboratory to attach unfed chiggers to the
earlobes of such mice for feeding. The
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mouse model was thus based on this feed-
ing procedure.  Application of repellent in
the earlobe of a mouse with essential plant
oils or DEET gave 100% repellency.  None
of the tested chiggers attached to the
mouse earlobe treated with repellent,
compared to 41.1 - 56.6% in controls. Some
of the chiggers not attached were found
in the water trap beneath the mouse.  No
further attempts were made to locate the
other unattached chiggers. There was
large, although not significant, variation
in the amount of repellent applied to the
mouse. However, the results indicate 100%
repellency in spite of the different amounts
of repellent applied. The in vivo results
support the in vitro findings that all com-
mercial repellents were effective in repel-
ling chiggers.  The repellents containing
essential plant oils were as good as those
containing DEET.
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