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Abstract It is difficult to stop lice propagation just by
treating infested heads, since reinfections are possible just a
few hours after a successful elimination of all lice from a
child’s head by application of an active anti-louse product.
Therefore, several products have been developed that claim
to have a louse repellent activity; however, definite proofs
are scarce. The present study involving two louse repellents
(Linicin® Preventive Spray, Picksan® NoLice) and three
substances (at 10% dilution) known for their general
repellency activity shows that there are much more
difficulties to repel lice when compared to other insects or
even ticks. Thus, it must be feared that several repellents on
the market might have used a problematical test system and
thus might not be as effective as they claim.

Introduction

Bloodsucking insects, mites, and ticks are nasty
contemporaries, which not only introduce pain due to the
severe itching at the biting sites, but they also may transmit
many agents of often severe diseases in humans and

animals (Mehlhorn 2008; Löscher and Burchard 2010;
Semmler et al. 2010; Mumcuoglu and Rufli 1983; Aspöck
2010). Therefore, methods for protection had been devel-
oped yielding on humans and pet animals, respectively, as
well as farm animals. While in animals, a long-lasting
protection period is needed reaching at least 4–6 weeks,
true insecticides (often pyrethroids) are used which induce a
so-called “hot-foot effect” at the tarsal tips of blood suckers.
This phenomenon describes the fact that an insect or tick is
hit and paralyzed at its open nerve ends of the feet, if this
aggressor gets into contact with the pyrethroid in the hair of
the animals (Schmahl et al. 2008, 2009a, b; Mehlhorn et al.
2008a, b). This short contact, however, is already sufficient
to kill the insect or tick (final knockdown). This type of
long-lasting exposure to insecticides is, however, not
feasible in humans due to potential health problems.
Furthermore, the daily use of shower shampoos or soap
would dilute the product and thus prohibit its function.

Therefore, several types of repellents have been devel-
oped for human use:

1. Chemical products such as diethyltoluamide (DEET),
icaridin (Saltidin), IR 3535 etc.

2. Plant-derived products such as plant essential oils
3. Combinations of both

These repellents differ in their selective activity against
mites, ticks, and insects and also may differ considerably in
the duration of their activity. Essential oils especially offer
mostly rather short periods of protection (Mehlhorn 2008).
The reactions of the different attacking bloodsuckers on the
presence of repellents are mostly the same; they do not
recognize the sprayed humans as hosts, since the different
repellents cover the special odor of the sweating skin.

The head lice pose a special problem, since they do not
attack the hairless (naked) skin, but they enter a new host
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by switching from the hair of the first host to those of the
second. For this purpose, head lice have developed during
the millions of years of evolution holdfast systems (acting
like curtain hooks) at each end of their six legs (Fig. 1).
These special tarsal equipments allow certainly only a poor
walking on the floor, but a perfect one on hair, since each
leg may be attached to another single hair. This peculiar
fastening guarantees that the lice, which need a blood meal
every 3–4 h and which love the warmth of the scalp, do not
drop to the ground where they become desiccated mostly
within 6–14 h. Therefore, a head louse does not drop
willingly from a host as do for example ticks, when they
smell the evaporation of a repellent. This special behavior
of head lice, which wander from one host to the other only
by hair-to-hair contact, makes it difficult to test the true
efficacy of possible repellents, since their evolutionary need
to stay on a host might overwhelm their recognition of bad
smells. Thus, in the present study, test systems were
compared when using two ready-to-use products and three
compounds at a dilution of 10%.

Materials and methods

Lice

Lice (larvae and adults) were combed down from the heads
of children in a village in the Nile Valley (Egypt) and
collected in humid and aerated plastic vessels, the floors of
which were covered with white filter paper. The room
temperature was around 30°C, thus not far from the scalp
temperature.

Materials

Two ready-to-use lice repellent products were used besides
three substances. The first product (Linicin® Preventive

Spray, formerly named Licatack®; Semmler et al. 2010)
contained besides paramenthandiol (PMD) an extract of the
plant Vitex agnus castus, while the second (Picksan®
NoLice) contained a neem seed extract and the pure
paramenthandiol, which is an important ingredient in the
(syn. Corymbia) tree. The three single substances tested
were the well-known repellents DEET, IR 3535, and
icaridin (Saltidin, Picaridin). All were diluted at 10% in
the same aqueous solution containing cremophor and
ethanol besides water.

Test procedures

Just at the beginning of the experiments, tapered sticks of
filter paper were formed, and untreated hair were cut off
from the heads of children and/or of the researchers. The
cut-off hair were twisted to form short rolls of a diameter of
about 3–4 mm. Then, both the tapered filter paper sticks
and the rolls of twisted hair were dipped into the bottles
containing the three substances, respectively, and the two
products until they were wet. Then, they were placed into
plastic petri dishes and closed by a plastic cover. Some
paper sticks and some hair rolls were not dipped into any of
the liquid test substances and were finally used as controls.
One hour after the dipping of the papers and of the hair
rolls, the tests were started. The treated hair and paper
sticks were taken out of their storage petri dishes with the
help of a pincer. Then, the tip either of the paper sticks or of
the hair rolls was held in front of a running louse. The lice
had been placed before in the central region of the petri
dish, from where they tried to crawl to the rims of the
plastic vessel. Then, it was noted whether the louse stopped
in front of the paper and/or before the treated hair and
whether it takes another way, tries even to get on the filter
paper, or penetrate into the twisted hair roll. This procedure
was repeated with 20 lice at intervals of 1 h until 10 h after
the beginning.

Results

At the beginning of the procedures to test the repellency of
the two products and the three diluted compounds, paper
sticks and hair rolls were dipped for 1 min into the solution
until they were wet. Then, they were stored inside closed
plastic petri dishes until use. Start of the experiments was
1 h after impregnation of the paper sticks respectively after
impregnation of the twisted hair rolls. Non-impregnated
paper sticks and hair rolls were used as controls. If both
were held in the way of forward-running lice, the insects
crawled onto these obstacles and ran upwards. Their
purpose to move upwards was significant in all of the 20
tested lice.

Fig. 1 Scanning electron micrograph of the lateral side of a head
louse, the feet claws of which are attached to hair. This picture makes
clear why lice are so hardly fixed at their host’s hair. Upper left insight
to an empty nit with some remnants of the hatched larva

Parasitol Res



The results of the experiments when using repellent-
impregnated paper sticks and/or twisted hair rolls were
summarized in Table 1. It was seen in the case of a positive
repellency that the lice stopped about 3–4 mm in front of
the impregnated obstacle, made a 90° turn to the left or to
the right, and walked straight on. An effective repellency
was noted if all 20 tested lice reacted as described above.
As soon as at least one louse entered the impregnated paper
stick and/or the impregnated hair roll, further testing was
stopped with this product/compound, since it is known that
lice have a peculiar behavior (= positive phototaxis).
Martini (1946) described that females having finished their
blood meal at the scalp crawl to the end of the hair and stay
there for a while until they feel that their body cools down.
This sitting at the tips of hair is the period of changing
hosts, if there is hair-to-hair contact. Larvae and males,
however, stay mostly close to the surface of the head and
thus in general do not wander onto other heads. Therefore,
the transfer of one single fertilized female can be the
starting point of an infestation, since this wife may produce
up to 100 eggs—enough to become the ancestor of many
generations.

The results obtained in our recent tests show that the
ready-to-use products which contain two repellents and a
material that fixes the repellent compound at the hair
protects longer than the single compounds (Table 1). The
results with DEET, IR 3535, and Saltidin show that the
paper keeps better the active compound of the repellent
than hair, so that the latter are entered much earlier (Table 1).

Discussion

Although head lice transmit only occasionally agents of
diseases, they are still of high importance in social life.
Besides that they may introduce restlessness, severe skin
inflammations, and immense pruritus, their prevalence on

heads of children may lead to severe social conflicts (e.g.,
mobbing of children and families) and immense high costs
to control these nasty bloodsuckers of humans (Richter et
al. 2005; Bonilla et al. 2009; Gur and Schneeweiss 2009;
Toloza et al. 2008; Bauer et al. 2009; Mehlhorn and
Mehlhorn 2010; Lebwohl et al. 2007). Although a big
bunch of anti-lice products is available to control lice
infestations, the daily praxis still allows numerous trans-
missions, since a lot of available products do not work or have
a restricted efficacy (Mumcuoglu 1999; Abdel-Ghaffar et al.
2010a, b; Mehlhorn 2011; Gur and Schneeweiss 2009;
Lebwohl et al. 2007; Mumcuoglu et al. 1995, 2009). Due to
these facts, the fight against pediculosis remains difficult, and
the wish for an effective anti-louse repellent increases daily.

Repellents against free-living ectoparasites such as
insects, mites, and ticks in general hide a potential host
from an approaching or lurking bloodsucker by blocking or
changing the typical evaporation of the skin. Then, these
temporary ectoparasites do not approach at all, have just a
short touchdown (e.g., ticks, mites), or fly away (e.g.,
mosquitoes). Lice, however, are permanent ectoparasites,
which live constantly in the hair/fur of humans and/or their
special hosts (which are very specific—human head lice
live only on humans, dog lice parasitize dogs, etc.). Human
lice have proceeded since at least 15 million years in a co-
evolution with humans and their progenitors (Dryna 2006;
Leo and Barker 2005; Aspöck and Walochnik 2007). Thus,
they depend on humans and try not to drop down by
occasion. Therefore, they have developed typical curtain-
ring-like claws at each leg during millions of years of
evolution (Fig. 1). As a consequence, they are not able to
stay for a longer period without a host: i.e., most head lice
survive mostly only 8–14 h on the ground, while body lice
may survive at cool temperatures for up to 10 days (Martini
1946). This “evolutional fear” to lose a host and to die from
starvation and exsiccation on the ground keeps them on
even badly smelling hair as was shown in our unpublished
experiments. In these experiments, we placed lice on

Table 1 Results of the exposure of lice to known repellents respectively to two products and resulting repellency of adult head lice

Test substance 1 h 2 h 3 h 4 h 5 h 7 h 9 h

P H P H P H P H P H P H P H

Picksan® NoLice (PMD/neem) + + + + + + + + + + + + + −
Linicin® Preventive Spray (Vitex/PMD) + + + + + + + + + + + + + −
Icaridin (Saltidin) 10% + + + − + − + − − − − − − −
DEET 10% + + + − + − + − − − − − − −
IR 3535 10% + + + − + − + − − − − − − −
Control − − − − − − − − − − − − − −

DEET diethyltoluamide, H hair roll, P paper stick, + none of the tested lice crawled onto treated test material (hair, paper), − at least one louse
crawled onto repellent-impregnated material (hair, paper)
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horizontal hair being impregnated with an insecticide and/
or high dosages of several repellents. Then, these hair were
hung up vertically so that the lice would have a chance to
let themselves drop down onto the soil. However, they
decided to stay and crawl upwards apparently “hoping” to
reach “better smelling” regions of the hair. This behavior of
the lice makes testing of repellency difficult and surely will
produce often rather unreliable results.

However, in the present test, substances inside or
separated from products had been tested which were known
for their repellent efficacy against various bloodsucking
arthropods, and some of them did not show the same
repellent activity as against other groups of bloodsuckers.
DEET, which acts excellently against mosquitoes, repelled
in the present tests lice only for only 4 h when applied on
paper and only 2 h when applied on hair (Table 1). The
same was true for icaridin and IR 3535. On the other hand,
the two products that contained combinations either of
neem seed extracts and paramenthandiol or consisted of an
extract of the seeds of the plant V. agnus castus and PMD
showed a clearly prolonged activity as well when being
present on hair or on a rod of filter paper. This protection
time would cover, e.g., a school day reaching protection
periods as against other arthropods (Mehlhorn et al. 2005,
2006; Schmahl et al. 2010; Semmler et al. 2009).
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