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How are Insect 
Repellents Tested?
Insect repellents are often the main means of preventing bites from blood suck-

ing insects, but what research has to be done before such products appear on the 

market?
Amonrat Panthawong, Chutipong Sukkanon, Theeraphap Chareonviriyaphap & 
Stephen L. Doggett

In any health promotion program that 
aims to reduce the burden of vector-borne 
disease in the community, insect repellents 

are routinely recommended as one of the main 
personal protection strategies to prevent being 
bitten by public health pests such as ticks and 
mosquitoes. However, it is imperative that before 
any repellent is sold on the market they must be 
shown to work. In fact, registration authorities 
around the world require companies to produce 
efficacy data before the product can be approved 
for sale.

In the past, efficacy trials were quite simple. There 
would be a cohort of human volunteers who 
would wear the repellent as applied accordingly 
to label directions, and another cohort without 
any repellent; these are the ‘controls’. The two 
groups would be sent into the field and the 
number of ticks on the two groups compared, 
or the number of mosquito attempting to bite 
counted.

However, there is an obvious inherent danger 
in field studies of these type, namely that the 

control group can be bitten and become sick 
from a pathogen that the insect or vector may 
be carrying, and possibly even die. Plus in the 
case of ticks, they can cause paralysis, severe to 
life threatening allergic reactions, and even the 
development of a bizarre condition known as 
‘mammalian meat allergy’. Sufferers with the latter 
condition, if they eat meat from a mammalian 
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The Australian paralysis tick, Ixodes holocyclus.
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source (pigs, beef, sheep, goat, guinea pig, 
and whale), or even receive medicine from a 
mammalian source (gelatine, various medicines, 
etc.), can become extremely ill and thus they have 
to lead a more vegetarian lifestyle.

Naturally we do not wish anyone to become 
ill, plus human ethic departments in institutes 
such as universities often no longer allow field 
trials of repellents for fear of possible litigation in 
case their researchers become sick. Thus testing 
of repellents is now largely confined to the 
laboratory. But how is this now done?

In this overview, four types of experiments 
that involved the testing of various groups 
of repellents against ticks will be discussed 
to demonstrate how such chemicals are 
evaluated in this day and age. Actual testing 
from research projects conducted at Sydney’s 
Westmead Hospital over the last two years will be 
highlighted. 

Ticks used in all experiments were adult female 
Australian paralysis ticks, Ixodes holocyclus. 
They were collected via dragging material over 

vegetation, in a process called ‘flagging’, from 
bushland habitats of New South Wales (NSW), 
Australia or were also purchased from Australian 
Veterinary Serum Laboratories (AVSL) in Lismore, 
NSW. The purchased ticks were collected in the 
field by individuals on behalf of the company.

TOPICAL REPELLENTS

Topical repellents are currently the most widely 
used insect repellent and involve the application 
of sprays or creams to exposed skin, which act as a 
personal protective barrier against biting insects. 
For ticks, a specific laboratory test was used to test 
the repellency of products.

In 2003, a group of researchers published a very 
simple assay using only a plastic tube and a hand 
of a researcher as the attractant. They simply 
placed ticks into the tube, added a repellent-
treated cloth, and a hand was held close to the 
top of the tube, stimulating the ticks to search 
for a host (see figure above). The number of ticks 
was recorded at the end of five minutes testing, 
and ticks were considered ‘attracted’ if they clung 
to the fabric or ‘repelled’ if the ticks did not walk 

Testing topical repellents in the lab. The tubes contains repellent treated cloth and ticks. If the ticks 
are attracted to the hand of the researcher, they have walked over the cloth and not repelled.
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onto the cloth. This modest assay allowed us to 
easily and rapidly evaluate various commercially 
available insect repellents without exposing 
ourselves to the health risks caused by ticks.

In our study, we evaluated a range of insect 
repellent products containing different active 
ingredients. Actives included the most common 
available repellents including diethyltoluamide 
(DEET), picaridin, oil of lemon eucalyptus, and 
other botanical based oils. A small amount of 
repellent (100 µL) was applied to a piece of chiffon 
fabric and allowed to air-dry for 15 minutes, while 
the control fabric was treated with ethanol. Ticks 
were introduced into the tube and the open end 
covered with a piece of untreated fabric. The 
repellent-treated fabric was added to the tube 
and a hand held over the open end to attract the 
ticks. If the ticks walked onto the fabric, they were 
considered attracted, if not they were repelled. By 
comparing the number of ticks ‘attracted’ between 
the tests and the controls, the percentage of 
repellency could be calculated. This was repeated 
hourly for up to four hours after the fabrics were 
treated to examine the duration of repellency.

The testing found that repellent products 
containing DEET, picaridin, and oil of lemon 
eucalyptus provided more than 84% repellency 
for up to four hours. DEET even provided 100% 
protection for four hours after the fabrics were 
treated. Repellents containing these active 
ingredients would be the products of choice for 
consumers when entering tick-infested areas.

IMPREGNATED PERMETHRIN FABRICS

Permethrin is a pyrethroid insecticide that has 
been widely used for the impregnation of fabrics 
to prevent the bites of insects such as mosquitoes, 
as well as ticks. Typically military uniforms are 
treated with permethrin when soldiers are 
deployed in high-risk areas. 

Strictly speaking, permethrin does not repel 
insects, but works as a contact poison. A dead or 
dying insect does not bite! There are two types 
of permethrin impregnation; Do-It-Yourself 

packs and pre-impregnated fabrics. With the 
DIY products, they come with concentrated 
permethrin and you soak your clothing in diluted 
concentration of the chemical for a set period. 
The pre-impregnated materials are treated during 
the manufacturing of the clothing. Typically 
pre-impregnated fabrics provide a greater level 
of repellency and can be laundered many more 
times that the DIY products, without a loss of 
effect.

Both DIY products and pre-impregnated clothing 
have been on sale for many years in Australia, 
however to date no efficacy data is available 
regarding their effectiveness against I. holocyclus. 
The purpose of our study was to test and compare 
the contact toxicity of a DIY product versus pre-
impregnated clothing against I. holocyclus, and 
to test the fabrics after repeated laundering. Both 
knockdown and mortality to I. holocyclus ticks 
were recorded.

For the pre-impregnated fabrics, shirts were 
purchased online, while samples of pants 
that were pre-impregnated were sent from 
the manufacturer. For the DIY product, the 
impregnation method was used according to 
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The fabric was impregnated with permethrin. 
Ticks are placed on top to test the effectiveness 

of the product.
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manufacturers’ instructions. Twenty microliters 
of the included permethrin was mixed in 1.25 
litres of water within a bucket. Swatches of fabric 
were added and left immersed for two minutes. 
The fabrics were removed and allowed to dry. 
Untreated fabric was used as a control. All treated 
and untreated fabrics were cut to the size of 10x10 
cm for the tests.

To simulate household laundering, fabrics were 
soaked for five minutes in one litre of tap water 
with 3 mL of household detergent, and hand 
washed for two minutes. The fabrics were then 
rinsed twice and air dried.

For testing, the treated and untreated fabrics were 
tested before washing (0 washes), and after 10, 
30, and 50 washes. Five ticks were placed onto 
each fabric being tested and covered with a lid 
to prevent escape. The ticks were allowed to walk 
undisturbed on the fabric for two minutes (see 

image on previous page) and then transferred to 
a covered dish. Knockdown and mortality were 
recorded after 60 minutes and again at 24 hours. 

All of the unwashed treated fabrics were effective 
in causing 100% knockdown in the ticks. However, 
even after 10 washes the DIY product was less 
effective and only 15% of ticks were knocked 
down. In comparison, knockdown was 95% 
and 100% with the pre-impregnated shirt and 
pants respectively. After 30 washes, the level of 
knockdown was further decreased with only 70% 
and 20% knockdown with the pre-impregnated 
shirt and pants, respectively. By 50 washes, these 
had further declined to 45% and 20%. 

Our investigations demonstrated that the pre-
impregnated shirt was the most effective in 
repelling ticks. This contrasts with the claim from 
the manufacturer who states that the product 
remains active for 70 washes. Based on our study, 

Testing the Thermacell spatial repellent in the field (or more precisely, Stephen Doggett’s 
backyard!) Ticks were housed in small sections of tubing with the open ends covered in fabric 
to allow for air flow (inset). These were placed on top of the above white containers at various 
distances from the Thermacell which is depicted by the red arrow. Mortality of the ticks were 

monitored while operating the Thermacell for 30mins. No ticks died during the testing.
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we would recommend that pre-impregnated 
shirts are replaced after 10 washes and that 
for the DIY product, laundering would not be 
advisable.

SPATIAL REPELLENTS

Spatial repellents are devices that release a vapour 
of insecticides and have been found very effective 
at preventing mosquito bites. In some devices, the 
insecticide release is passive, while others use fans 
or heat to help disperse the vapour. Most of these 
devices use one of the more volatile pyrethroids 
as the chemical of choice, such as metofluthrin or 
allethrin. Up until our research, the only testing 
previously undertaken was done against ticks 
in a closed environment against Amblyomma 
americanum, a species that occurs throughout 
the US. This particular research found that spatial 
repellents successfully repelled this tick.

However, spatial repellents had not been tested 
outdoors nor had they been evaluated against I. 
holocyclus. To test these devices, ticks were placed 
into small cages located at various distances 
from a spatial repellent that was operating 
according to the manufacturer’s instructions (see 
image on previous page). The ticks were left for 
30 minutes and then removed from treatment 
area, and monitored for mortality over 24 hours. 
What was surprising is that none of the ticks 
died. We suspect that as the day was moderately 
warm (27oC), the insecticide emitted was carried 
upwards away from the ground via thermal 
currents. This is one of the reasons why operations 
such as thermal fogging against mosquitoes are 
not undertaken during the day, but during early 
morning. Thus we cannot routinely recommend 
the use of spatial repellents for protection 
against tick bites. However they may be effective 
on colder days, but further research is need to 
confirm this.

ULTRASONIC REPELLERS

Ultrasonic pest repellent devices are units that 
emit short wavelength, high frequency sound 

waves. The pitch of these are too high to be 
detected by the human ear. The manufacturers of 
such devices claim that they can repel pests such 
as ticks. Thus ultrasonic repellers are promoted 
as a non-chemical means of protecting people 
and pets from the bites of biting arthropods. 
Numerous scientific studies have found them to 
be totally ineffective, yet in spite of the data, many 
devices are still available and are widely marketed. 
Against ticks, few studies have been undertaken 
testing ultrasonic devices, although those that 
have been done also showed no repellency effect. 
As there was no published research in Australia, 
we decided to test the efficiency of nine ultrasonic 
pest repellent devices against I. holocyclus ticks.

In our study, two arenas were constructed, one 
was used as the treatment (with the ultrasonic 
device running) and another was used as a 
control (with no ultrasonic device). Each arena 
was constructed consisted of two chambers made 
from clear Perspex measuring 30 x 30 x 30cm (see 
image on following page). A cardboard corridor 
connected the two chambers and this could be 
closed with a gate. One chamber was used as a 
test chamber, which was where the ultrasonic 
device was placed, and the other acted as an 
escape chamber. By comparing the number of 
ticks between the test and escape chambers, the 
percentage of repellency could be calculated.  

The test was carried out by releasing 20 female 
I. holocyclus ticks into the test chamber with 
the corridor gate closed. The ticks were left to 
acclimate to the test conditions for 30 minutes. 
After this, the corridor gate was opened, and the 
ultrasonic device was suspended into the test 
chamber and turned on for 60 mins. After 60 mins, 
the corridor gate was closed and the number of 
ticks in each chamber counted. This was repeated 
10 times for each ultrasonic device, along with the 
controls. The results for each device was averaged 
to determine the percentage of ticks that had 
escaped.

Three of the devices did repel some of the ticks, 
however the highest percentage of ticks that 
escaped when the devices were active was only 
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19.5%. This figure is too low to offer adequate 
protection against tick bites. Furthermore, if used 
in the field, we could expect the repellency effect 
to be much lower, as the sound waves would not 
be contained in the small test chamber used in 
the study. Our investigation adds to the weight 
of previous published research that ultrasonic 
devices should not be used for the prevention of 
insect or tick bites.

SUMMARY

If we wish to provide the best possible advice to 
the community on how to avoid being bitten by 
blood sucking insects then we need independent 
scientific testing to back up any manufacturer’s 
claim. While some products require efficacy data 

to be legally sold, devices such as 
ultrasonic repellers do not. The 
use of these products may give 
the user a false sense of security, 
thereby increasing their risk 
of being bitten and becoming 
sick, and even dying, from a 
vector-borne disease. One has 
to wonder at the lack of morals 
of companies who sell ultrasonic 
devices! 

In some cases, products that 
have been tested efficacious 
in the laboratory may fail in 
the field. This could be due to 
conditions in the laboratory 
being so foreign to that which 
is normally experienced in the 
field. Our testing of the spatial 
repellents demonstrates this very 
point. 

All of the work undertaken in 
these studies will aid in providing 
the best possible advice on 
how the public can avoid being 
bitten by the Australian paralysis 
tick, I. holocyclus. Basically 
the advice would be to use 
topical repellents containing 
DEET, picaridin or oil of lemon 

eucalyptus, to wear pre-impregnated permethrin 
fabrics, and to avoid using spatial and ultrasonic 
repellers. 

Amonrat and Chutipong (both pictured in the 
title) are PhD students with Kasetsart University, 
who undertook tick repellent testing in Stephen 
Doggett’s laboratory. 

Theeraphap Chareonviriyaphap is Professor and 
the head of the Entomology Department, Faculty 
of Agriculture, Kasetsart University, and the 
advisor of both PhD students. 

Stephen Doggett is the Director of Medical 
Entomology at Westmead Hospital in Sydney, and 
Chief Editor of the FAOPMA Magazine. 

Testing the effectiveness of ultrasonic repellers. In the diagram 
above there were two chambers constructed connected via a 
tube. The ultrasonic device was hung in chamber ‘b’ as per the 

lower image and operated according to instructions. If the ticks 
were repelled, they would escape into the ‘a’ chamber.


