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Objective: To compare the acaricidal activity of Mela-
leuca alternifolia (tea tree) oil (TTO) and some of its in-
dividual active components on the itch mite Sarcoptes
scabiei var hominis.

Design: In vitro acaricide sensitivity assessment.

Setting: The Menzies School of Health Research labo-
ratory, located near the Infectious Diseases Ward of the
Royal Darwin Hospital, Australia, where patients are ad-
mitted and treated for crusted scabies.

Participants: Scabies mites (S scabiei var hominis)
were collected from a 20-year-old Aboriginal woman
admitted to the Royal Darwin Hospital with crusted
scabies.

Interventions: Within 3 hours of collection, scabies
mites were placed in continuous direct contact with the
TTO products and control acaricides and were ob-
served at regular intervals.

Main Outcome Measures: Percentage of mites dead
at regular observation intervals between 5 minutes and

24 hours during continuous exposure to the TTO prod-
ucts and acaricides.

Results: The 5% TTO and active component terpinen-
4-ol were highly effective in reducing mite survival times.
Statistically significant differences in mite survival curves
were observed for 5% TTO, 2.1% terpinen-4-ol, 5% per-
methrin, and ivermectin (100 µg/g of Emulsifying Oint-
ment British Pharmacopoeia 88). In vivo effectiveness was
also observed.

Conclusions: Documentation of resistance against an-
tiectoparasitic compounds is increasing. Reported S sca-
biei treatment failures with lindane, crotamiton, and ben-
zyl benzoate, as well as likely emerging resistance to 5%
permethrin and oral ivermectin, are of concern and ad-
vocate for the identification and development of novel
acaricidal drugs. Tea tree oil is a membrane-active bio-
cide extracted from the tree M alternifolia. It is a princi-
pal antimicrobial in a wide range of pharmaceuticals sold
in Australia, with the main active component being oxy-
genated terpenoids. The results suggest that TTO has a
potential role as a new topical acaricide and confirm ter-
pinen-4-ol as the primary active component.
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S CABIES IS A WORLDWIDE ECTO-
parasitic disease of skin caused
by the itch mite Sarcoptes sca-
biei.1 It is a major problem in
many developing countries,

related primarily to poverty and overcrowd-
ing.2 Despite the availability of topical acari-
cides, individuals often transmit the dis-
ease to others before receiving therapy.
Current treatment for ordinary scabies con-
sists primarily of various topical therapies,
although oral ivermectin has been used and
recently approved for treatment of ordi-
nary scabies in France.3 Prevalences of up
to 50% in children have been described in
some remote Aboriginal communities in
Australia, with most children having re-
peated scabies infestations.4 Preventing sca-

bies has become a priority in many of these
communities, as the intensely itching le-
sions engender significant morbidity, of-
ten becoming secondarily infected with
group A streptococcus.5 Prevention of the
spread of scabies in these at-risk popula-
tions is based on mass community treat-
ment. Mass treatment of people with acari-
cides in these endemic communities creates
an environment for emerging drug toler-
ance or resistance. Recently published find-
ings of in vitro acaricide efficacy in north-
ern Australia indicate that S scabiei mites are
becoming increasingly tolerant to 5% per-
methrin.6 Other evidence documents treat-
ment failures with lindane, crotamiton, and
benzyl benzoate, as well as likely emerging
resistance to 5% permethrin.6-10 Manage-

STUDY

From the Menzies School of
Health Research (Drs Walton
and Currie, Mss McKinnon,
Pizzutto, Dougall, and
Williams), and Northern
Territory Clinical School,
Flinders University
(Dr Currie), Darwin, Australia.
The authors have no relevant
financial interest in this article.

(REPRINTED) ARCH DERMATOL / VOL 140, MAY 2004 WWW.ARCHDERMATOL.COM
563

©2004 American Medical Association. All rights reserved.
Downloaded From: https://jamanetwork.com/ on 05/22/2023



mentofdrugresistance isdifficult, anddevelopmentofnovel
therapies to protect against the emergence of acaricide re-
sistance would be advantageous to the individual, to the
Aboriginal community, and to society at large.

A rare, more serious infestation can also occur,
known as crusted scabies, in which large populations of
mites are found beneath scabs and exfoliative crusts on
many parts of the body. Because of the enormous bur-
den of mites, crusted scabies is considerably more con-
tagious than ordinary scabies. Crusted scabies has been
linked with immune deficiency but has been observed
in otherwise immunocompetent individuals. For crusted
scabies, treatment is usually based on a combination of
multiple doses of ivermectin and topical acaricides.11,12

Investigations on the efficacy of ivermectin treatment of
crusted scabies indicate early recrudescence of disease
following a single dose, whereas 3 doses usually result
in cure.13 In 1998, a 5-dose regimen (each at 200 µg/kg
of body weight) was, however, introduced at the Royal
Darwin Hospital for treatment of crusted scabies be-
cause of relapses in up to half of patients.14 Subse-
quently, treatment failure with combination therapy of
oral ivermectin and topical 5% permethrin has occurred
in some patients with severe crusted scabies (S.F.W. and
B.J.C, unpublished data, 2000).

The essential oil of the tea tree is an Australian Ab-
original traditional medicine for bruises, insect bites, and
skin infections.15 Studies16,17 have demonstrated its an-
timicrobial activity against gram-positive (eg, Staphylo-
coccus aureus), gram-negative (eg, Escherichia coli), yeast
(eg, Candida albicans), and viral (eg, herpes simplex vi-
ruses) organisms, but there is little information on its an-
tiectoparasitic activity. The chemical composition of tea
tree oil (TTO) is well defined, and the primary active com-
ponents are the oxygenated terpenoids.18 A large varia-
tion in oil composition occurs naturally, but 2 identi-
fied significant components include terpinen-4-ol and
1,8-cineole. Terpinen-4-ol can constitute up to approxi-
mately 40% of some TTOs.18 This study was undertaken
to investigate the in vitro activity of TTO and some of
its components against S scabiei var hominis.

METHODS

Detection of in vitro acaricide sensitivity was based on a simple
laboratory assay previously described.5 In vivo effectiveness of
scabies treatment was also recorded.

A 20-year-old Aboriginal woman, repeatedly admitted to
the Royal Darwin Hospital with crusted scabies for 3 to 4 years,

re-presented in August 2001 with crusted scabies. Informed and
written consent to collect skin scrapings was obtained from the
patient, and 103 larvae, nymphal instars, and adult mites were
collected and tested within 3 hours against selected acari-
cides. Ethics approval was obtained from the Human Re-
search Ethics Committee of the Menzies School of Health Re-
search and Royal Darwin Hospital.

The various acaricides and the concentrations of the ac-
tive constituents used in the in vitro assay are given in Table 1.
All products were within their expiration dates and were stored
at 4°C or room temperature in the dark when not in use. The
TTO components terpinen-4-ol, �-terpineol, and 1,8-cineole
were tested in vitro at concentrations equivalent to those found
in 5% TTO: terpinen-4-ol comprises 42% of TTO and was there-
fore tested at a concentration of 2.1%, �-terpineol comprises
3% of TTO and was tested at a concentration of 0.15%, and 1,8-
cineole comprises 2% of TTO and was tested at a concentra-
tion of 0.1%. In addition, mites were exposed to all 3 compo-
nents in a combination mix and to 5% TTO. An ivermectin
solution of 100 µg/g of Emulsifying Ointment British Pharma-
copoeia 88 (BP88) was chosen, adapted from previous in vitro
acaricidal experiments.6,19 Concentrations of ivermectin
(Equimec Paste; Merial Australia Pty Ltd, Parramatta, New South
Wales) and individual and combination TTO components were
prepared by dilution in Emulsifying Ointment BP88 (Sigma Phar-
maceuticals Pty Ltd, Clayton, Victoria, Australia) (comprising
emulsifying wax [3 parts], white soft paraffin [5 parts], and liq-
uid paraffin [2 parts]). The Emulsifying Ointment BP88 was
also used as the control compound.

Results were analyzed as interval survival data using Graph-
Pad Prism version 3.02 (GraphPad Software, San Diego, Calif),
using the log-rank test to examine the null hypothesis that the
survival curves are identical.

RESULTS

The 5% TTO and active component terpinen-4-ol were ef-
fective in reducing mite survival times (Figure). Statisti-
cally significant differences in mite survival curves were
observed for 5% TTO, terpinen-4-ol, permethrin, and iver-
mectin compared with the control Emulsifying Oint-
ment BP88 (Table 2). However, there was variability in
survival times among individual components of TTO.
Eighty-five percent of mites were dead at 1 hour when ex-
posed to 2.1% terpinen-4-ol. In contrast, approximately
40% and 60% of mites were still viable after 16 hours of
exposure to 0.15% �-terpineol and 0.1% 1,8-cineole, re-
spectively. Interestingly, 90% and 60% of mites were dead
after 1 hour of exposure to the combination mix and 5%
TTO, respectively. In contrast, after 1 hour of exposure,
only 10% of mites tested against 5% permethrin and iver-

Table 1. Products Used in the In Vitro Assay of Sarcoptes scabiei

Retail Name Active Constituent Concentration Source in Australia

Lyclear Permethrin 5% Warner Lambert, Caringbah, NSW
Equimec Paste, 18.7 g/kg Ivermectin 100 µg/g Merial Australia Pty Ltd, Parramatta, NSW
Thursday Plantation 100% Pure Tea Tree Oil Melaleuca oil 5% Thursday Plantation Laboratories, Ballina, NSW
NA Terpinen-4-ol 2.1% P. Hart*
NA �-Terpineol 0.15% P. Hart
NA 1,8-Cineole 0.1% P. Hart
Emulsifying Ointment British Pharmacopoeia 88 NA Sigma Pharmaceuticals Pty Ltd, Clayton, Victoria

Abbreviations: NA, not applicable; NSW, New South Wales.
*P. Hart, PhD, Department of Microbiology and Infectious Diseases, School of Medicine, Flinders University, Bedford Park, South Australia.
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mectin were dead and 100% of mites tested against the
Emulsifying Ointment BP88 were still viable.

The patient was successfully treated with topical 25%
benzyl benzoate containing 5% TTO in combination with
oral ivermectin, both in multiple doses.

COMMENT

Ectoparasitic infestations are primarily controlled by topi-
cal drugs. In scabies-endemic overcrowded populations in
northernAustralia,community-basedinterventionprograms
are often required that are labor-intensive and costly, and
they frequently fail to sustain long-term reduction in dis-
ease prevalence. In addition, the increasing regular use of
acaricides in endemic communities could create an envi-
ronment conducive for drug resistance. This is of particu-
lar concern for the widespread use of 5% permethrin for
scabies. Resistance in head lice to 1% permethrin is well
recognizedand isextensive.20-22 Incontrast,5%permethrin
has been a standard treatment for scabies for more than
20 years, with no apparent evidence of clinical resistance
(D.Taplin,AIMLT,oralcommunication,2000).Permethrin
was introducedforscabies therapy inAustralia in1994,and
the slow in vitro killing time and clinical failure now ob-

served in crusted scabies may herald emerging permethrin
resistance in S scabiei. Once resistance is established in a
populationofparasites, itbecomesdifficult tomanage.Vac-
cinesmay ideallyprovideamoreeffectiveandpreventative
control in suchsituations,but they requireconsiderableef-
fort and prohibitive costs to develop and often cannot be
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Kaplan-Meier survival curves of Sarcoptes scabiei var hominis, collected in northern
Australia, and after exposure in vitro to various products. Curves compare test
acaricide with control treatment (Emulsifying Ointment British Pharmacopoeia 88
[BP88], n=20 throughout). A, Mites treated with 5% permethrin (n=9). B, Mites
treated with ivermectin (100 µg/g of Emulsifying Ointment BP88) (n=10). C, Mites
treated with 0.1% 1,8-cineole (n=14). D, Mites treated with 0.15% �-terpineol
(n=15). E, Mites treated with 2.1% terpinen-4-ol (n=15). F, Mites treated with
combination components (n=10). G, Mites treated with 5% tea tree oil (n=10).

Table 2. Sarcoptes scabiei var hominis Log-Rank Test
Pairwise Survival Time Comparisons Between
Different Products and the Control Product Emulsifying
Ointment British Pharmacopoeia 88 (BP88)

No. of Mites
Tested

Product Tested
(Concentration)

Median
Survival

Time, min P Value

10 Ivermectin (100 µg/g) 150 �.001
9 Permethrin (5%) 120 �.001

10 Tea tree oil (5%) 60 �.001
15 Terpinen-4-ol (2.1%) 35 �.001
15 �-Terpineol (0.15%) 690 .09
14 1,8-Cineole (0.1%) 1020 .72
10 Combination components 20 �.001
20 BP88* 1260

*Control product.
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afforded by those needing them the most. With an effec-
tivevaccine for scabiesnotyet insightandthedevelopment
of new drugs limited, the emergence of drug resistance in
scabies is a serious public health problem. Monitoring sca-
biesmitedrugsensitivitiescanassist in(1)developing tools
to recognize resistance early in infection and prevent use-
less or toxic levels of chemotherapy, (2) allowing a more
rational use of available drugs and drug combinations to
minimize the development of resistance, and (3) provid-
ing a tool for the assessment of novel compounds.

The data presented herein reveal that TTO may be an
effective novel agent for the treatment of scabies, as dem-
onstrated by the fast in vitro killing time observed in this
study and in previous studies6 and its in vivo effectiveness
when combined with benzyl benzoate. These results are
encouraging when considered with those of other studies
on microorganisms demonstrating that TTO at similar con-
centrations is efficacious against acne and fungal infec-
tions in vitro and in vivo,23-25 as well as against methicillin-
resistant S aureus and recurrent herpes labialis in vivo.26,27

Limited data are available from controlled clinical trials, but
the use of TTO is generally well tolerated, although devel-
opment of occasional skin allergy and dermatitis may re-
sult in some individuals with use.28 Evidence of probable
anti-inflammatory properties of TTO (specifically terpinen-
4-ol) has also been demonstrated, with the ability of TTO
to suppress the production of tumor necrosis factor �,
interleukin (IL) 1�, IL-8, IL-10, and prostaglandin E2 by
lipopolysaccharide-activated human peripheral blood
monocytes.29 Further investigations also suggest selective
down-regulation of superoxide production by monocytes
in the presence of terpinen-4-ol and �-terpineol.30 Anec-
dotally, our patients tolerate the burning sensation of 25%
benzyl benzoate better when it is combined with 5% TTO.

Terpinen-4-ol alone had an effect on the viability of
the scabies mites similar to that when combined with �-ter-
pineol and 1,8-cineole. On their own, �-terpineol and 1,8-
cineole were relatively inactive against the scabies mite. This
suggests that terpinen-4-ol is the active component, as dem-
onstrated in studies18 with other microorganisms. Nota-
bly, the presence of the other terpenes neither inhibited nor
enhanced this activity. Interestingly, 5% TTO gave the best
result, with all scabies mites dead by 3 hours, compared
with terpinin-4-ol alone, which required 11.5 hours for
100% mortality. Other investigations have indicated that
the mixing of different terpenoid components of TTO can
reduce or increase antimicrobial efficacy, depending on their
relative concentrations and the overall susceptibility of the
target organism.18 Given that �-terpinene constitutes ap-
proximately 17.8% of the total content of TTO, this or an-
other component may contribute to the overall activity of
TTO against the scabies mite.

In summary, TTO has excellent in vitro activity against
S scabiei var hominis and is likely to become a useful topi-
cal therapy for scabies alone (eg, 5% TTO) or in combi-
nation therapy (eg, 25% benzyl benzoate with 5% TTO).
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