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Abstract Human pediculosis is produced by Pediculus
humanus humanus (Linnaeus 1758) and Pediculus
humanus capitis (De Geer 1767). Laboratory-reared body
lice, susceptible to insecticides, were used as reference in
toxicological studies on head lice. In this work, we
evaluated the survival of both subspecies at different
temperatures and relative humidities and we propose the
optimal conditions for comparative bioassays. Moreover,
we used these conditions to test the activity of three
monoterpenoids against both lice. The results showed
differential response to changes in temperature and
humidity between both organisms. The survival of body
lice ranged between 83% and 100% and was not affected
for the tested conditions. The survival of head lice
depended on temperature, humidity, and exposure time.
The optimal conditions for head lice were 18ºC and 97%
relative humidity at 18 h of exposition. The insecticidal
activity of three monoterpenoids (pulegone, linalool, and
1,8-cineole), evaluated according the selected conditions
by topical application, showed no significant differences
between males of body and head lice. To conclude, as
head lice required more special laboratory conditions than
body lice, the optimal head lice conditions should be used
in both organisms in comparative bioassays. Body louse
is an appropriate organism for testing products against of
head louse.

Introduction

Human pediculosis is a prevalent parasitic infestation
occurring in both developed and underdeveloped nations.
It is produced by Pediculus humanus humanus (Linnaeus
1758) and Pediculus humanus capitis (De Geer 1767), two
obligate ecto-parasites who affect the body or the head of
the host, respectively. Head lice or body lice are morpho-
logically alike although head lice are smaller than body
lice. P. humanus humanus poses an important hygiene
problem and is of significance as a main vector of zoonoses
such as epidemic typhus and relapsing fever caused by
Rickettsia prowazeki and Borrelia recurrentis, respectively
(Burgess 2004). Although only body lice is recognized as
disease's vector, head lice has great medical importance and
appear to be the greatest nuisance, particularly among
school children, where their presence cause itching,
different skin reactions, and secondary infections (Buxton
1946).

The insecticides used for the control of human lice in the
past two decades were the pyrethroids such as permethrin
and phenothrin. However, compromised efficacy with
pyrethroids due to resistance has been reported worldwide
(Burgess 2004). In this context, the study of the insecticide
resistance in head lice and the pediculicide activity of
alternative molecules results are imperative. Essential oils
of plant have been widely used in traditional medicine for
their insecticidal and repellent activity against many species
of insects, including body and head lice. They are a mixture
of different, mostly volatile, low molecular weight terpe-
noids. Individual compounds of essential oils have long
been known as insecticides, and as they can be identified
and standardized, they were proposed as single active
compounds in a product (Priestley et al. 2006; Toloza et al.
2006; González Audino et al. 2007). Therefore, the
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knowledge about of pediculicide properties of these com-
pounds will permit to improve the human lice control.

For toxicological studies in head lice, laboratory-reared
body lice, considered fully susceptible to all insecticides,
were used as reference colony in parallel to collected head
lice (Mumcuoglu et al. 1990; Downs et al. 2000; Kristensen
et al. 2006; Priestley et al. 2006; Mougabure Cueto et al.
2006a, 2008). A laboratory strain of the body lice was
adapted to a rabbit host in the 1940s and was maintained
without feeding on humans in laboratories from different
countries (Culpepper 1948). For valid comparison between
head and body louse toxicological bioassays, the environ-
mental conditions during the test should be the same for
both organisms. In this work, we evaluated the survival of
P. humanus humanus and P. humanus capitis at different
laboratory conditions, and we propose the optimal con-
ditions for comparative bioassays between both organisms.
Moreover, we used the selected conditions to test the
comparative activity of essential oil compounds against
head and body lice.

Materials and methods

Insects The body lice were obtained from the colony
maintained for 6 years at our laboratory. This colony was
originated from one reared in the Department of Parasitology,
University of Queensland, Brisbane, Australia. The colony
was maintained at 28±1°C, 55±1% relative humidity (RH),
and was fed on rabbits six times per week for 20–30 min.

The head lice were collected by means of a fine-toothed
comb, from heads of 2,500 infested children (6–12 year
olds) from elementary schools in several areas of Buenos
Aires, Argentina, according to a protocol approved by ad
hoc committee of the Research Centre of Pests and
Pesticides (Buenos Aires, Argentina). After collection,
insects were transported to our laboratory as previously
reported by Picollo et al. (1998, 2000). The period between
head louse collection and the start of the experiments was
no longer than 2 h. Collected insects were examined
carefully with stereoscopy microscopy, and any damaged
ones were discarded (WHO 1981).

Chemicals Isolated monoterpenoids (pulegone, linalool,
and 1,8-cineole) and potassium carbonate (K2CO3 99%)
were purchased from Sigma-Aldrich (St Louis, MO, USA).
Certified acetone used as a negative control was purchased
from Merck (Buenos Aires, Argentina).

Bioassays To compare the optimal laboratory conditions,
we tested separately females or males of body or head lice.
Groups of ten insects were placed on Whatman no. 1 filter
paper (55 mm in diameter, Whatman, Hills-boro, OR,

USA) inside an upturned lid of a plastic Petri dish (55 mm
diameter). To assess RH, lice were kept in closed plastic
containers where fresh water (high RH) or saturated
aqueous solution of potassium carbonate (low RH) was
added. The plastic containers were kept in environmental
chambers (Ambi-Hi-Low Lab-Line, Iowa, USA) set at a
temperature of 18, 24, or 28±0.5°C. The averages of daily
RH values measured in the plastic containers at each
temperature are shown in Table 1.

Survival of lice was recorded at 6, 18, and 24 h after
started the test. Each experiment was replicated three times.

To compare the susceptibility to essential oil constitu-
ents, we used the topical application methodology, and we
tested separately males of body or head lice. The mono-
terpenoids pulegone, linalool, and 1,8-cineole were used
because they were highly effective against insecticide-
resistant head lice by exposure of the insects to theirs
vapors (Toloza et al. 2006). Serial dilutions of the
monoterpenoids in acetone were prepared and applied to
individual lice with a 5-µl syringe provided with a
repeating dispenser. Each louse was treated with 0.1 µl of
the solution on the dorsal abdomen. Final dose ranged from
5 to 20 µg/insect for head lice and from 5 to 50 µg/insect
for body lice. Control lice were treated with acetone. All
treated insect were placed in the experimental units recently
described and housed in the environmental chamber at
18ºC, 97±2% RH.

Statistical analysis Mortality data were corrected using
Abbott's formula (Abbott 1925). Dose-mortality values
were subjected to probit regression analysis (Litchfield
and Wilcoxon 1949) by using POLO PC software (LeOra
Software 1987). Lethal dose 50% (LD50) values obtained
from probit regression are expressed as micrograms per
insect.

Results and discussion

Figures 1, 2, and 3 show the survival of females and males
of body and head lice stored at different measured temper-
atures (18ºC, 24ºC, and 28ºC) and humidities (low and high

Table 1 Relative humidity obtained in closed plastic containers at
each temperature

Containers with % RH±SD

18°C 24°C 28°C

K2CO3
a 48.33±1.53 54.33±4.93 59±15.7

H2O 97.33±1.53 97±2.82 98±1.41

a Saturated aqueous solution
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RH) and recorded at 6, 18, and 24 h. At 6 h, the survival of
body and head lice was high at all temperatures and
humidities. At longest times (18 and 24 h), the survival of
body lice was always above of 80% and higher than
survival of head lice, which ranged between 0% and 90%
according to sex, temperature, and relative humidity. Head
louse mortality increased as the humidity decreased or
temperature or exposure time increased. Generally, the
survival of females was higher than the corresponding
males.

Considering the longest times, the highest percentage of
survival of head lice was recorded at 18°C and 97% RH for
18 h (>78%; Fig. 1). Head lice kept at 24ºC and 28°C
showed lower survival than those kept at 18ºC, recording
percentages higher than 50% only for females at 97–98%
RH for 18 h (Figs. 2 and 3).

These results demonstrated that there was a differential
response to changes in temperature and humidity between
body and head lice. The viability of P. humanus humanus
was not affected for the tested experimental conditions of

temperature and humidity. The survival of females and
males of body lice ranged between 83% and 100% for all
combinations of temperature and humidity and any evalu-
ated exposure time.

The survival of body lice exposed to temperatures other
than those described in the literature was previously
reported by Mumcuoglu et al. (2006). In this study, insects
were introduced to a refrigerator (6ºC) or different
incubators set at a temperature of 24ºC or 31ºC, and the
mortality was monitored daily. No significant differences
were found in the survival of body lice kept at 6ºC, 24ºC,
and 31ºC for 1 or 2 days.

In contrast, we found that survival of P. humanus capitis
was clearly dependent on temperature, humidity, and
exposure time. Mortality of males and females increased
as the temperature increased or the humidity decreased. The
highest survival for head lice were recorded at any
temperature and humidity for 6 h of exposure and at 18ºC
and 97% RH (high RH) for 18 h of exposure.

The time for measurement of mortality in a bioassay
should consider the recovering of insects from early
knockdown after insecticide exposition. Standardized

P. humanus humanus, males 

P. humanus humanus, femalesP. humanus capitis, females 

P. humanus capitis, males 

Fig. 1 Survival of head lice and body lice kept at 18ºC during 6, 18,
and 24 h; a low RH, b high RH

P. humanus humanus, males 

P. humanus humanus, femalesP. humanus capitis, females 

P. humanus capitis, males 

Fig. 2 Survival of head lice and body lice kept at 24ºC during 6, 18,
and 24 h; a low RH, b high RH
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WHO resistance test for human lice recommends that
mortality record should be made after a further 24 h
(WHO 1981). Burkhart and Burkhart (2001) recommended
that monitoring of mortality should continue for 24 h. After
24 h, the lice mortality incremented notably due to
physiological damage. According to these recommenda-
tions, the selection of optimal conditions for a bioassay
with human lice should considerer long times of exposure.

In this context, as head lice required more special
conditions of temperature and humidity than body lice for
the survival of control insects, the optimal head louse
conditions for long times of exposure (18ºC and 97% RH at
18 h) should be selected as optimal conditions for
comparative bioassays between both human lice.

The higher tolerance of P. humanus humanus to different
environmental conditions can be based on its habitat and
behavior. Head lice are confined to scalp and are highly
dependent upon human body warmth and will die if
separated from their host for 24 h. Otherwise, body lice
are hardier since they live primarily on the clothing of
infested individuals and moves to adjacent body areas to
feed. They are mostly found in areas of clothing that
continuously come in contact with the body, such as
underwear, fork of trousers, armpits, waistline, and near
neck and shoulders.

The insecticidal activity of three monoterpenoids evalu-
ated by topical application against males of P. humanus
humanus and P. humanus capitis is summarized in Table 2.
The monoterpenoid activities were compared with those
previously reported for the insecticide spinosad (Mouga-
bure Cueto et al. 2006b).

On the basis of LD50 values, no significant differences
were observed in the contact toxicity of neither the
monoterpenoids nor the insecticide between head and body
lice. The overlapping of 95% CL indicates similar toxic
response to pediculicide topically applied in both louse
species. Head and body lice have been treated as separate
species, reciprocal subspecies, and conspecific organisms.
Different genetic studies suggested that both head and body
lice are conspecific (Leo et al. 2002; Yong et al. 2003) or
that both insects are separate species (Leo et al. 2005).
Nevertheless, many papers refer to them as subspecies
(Burgess 1995; Burkhart et al. 2001; Tomita et al. 2003;
Abdel-Ghaffar and Semmier 2007). Both insects are very
similar and interbreed in laboratory (Leo et al. 2002) but
they differ in some characters at the distinct levels of

Table 2 Lethal doses 50% (LD50) to monoterpenoids in body and head lice

Compound Pediculus humanus humanusa Pediculus humanus capitisa

n X2 Slope±SE LD50
b (95% CL) n X2 Slope±SE LD50

b (95% CL)

Pulegone 90 0.970 4.63±1.49 10.8 (5.68–14.78) 90 0.139 4.95±1.75 13.2 (9.08–19.5)

Linalool 100 0.527 5.76±0.87 8.6 (7.48–10.03) 90 0.043 1.41±0.79 9.56 (4.92–18.59)

1,8-Cineole 90 0.052 5.06±1.72 14.97 (10.69–20.59) 90 0.089 2.10±0.82 11.93 (7.29–30.18)

Spinosadc 90 15.4 1.57±0.09 0.001 (0.0007–0.0024) 210 36.3 1.46±0.06 0.001 (0.0009–0.0024)

a Group of ten males were treated by topical application with 0.1 μl of each compound in acetone and kept at 18ºC and 97% RH for 18 h
b LD50 expressed in μg/insect
c Data from Mougabure Cueto et al. (2006b)

P. humanus humanus, males 

P. humanus humanus, femalesP. humanus capitis, females 

P. humanus capitis, males 

Fig. 3 Survival of head lice and body lice kept at 28ºC during 6, 18,
and 24 h; a low RH, b high RH
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biological organization (genetic, ecology, and behavior;
Buxton 1946; Leo et al. 2005, this report). Our research
clearly shows that both human lice are similar in the
toxicological phenotype related with the intoxication with
essential oil compounds.

Of the three monoterpenoids, linalool was more active
than pulegone and 1,8-cineole for both subspecies. How-
ever, they had no significantly different levels of contact
activity neither in body lice nor head lice.

To conclude, a laboratory rearing of P. humanus
humanus is an appropriate test organism for testing
products for the control of its subspecies, the P. humanus
capitis. As head lice required more special laboratory
conditions than body lice, the optimal head lice conditions
(18ºC and 97% RH at 18 h) should be used for both
subspecies in comparative toxicological bioassays for
evaluating pediculicide activity.
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