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Abstract

Pediculosis capitis occurs worldwide. Children in the age group of 5—13 years are the ordinary victims. Population-based studies
show that the prevalence of pediculosis is 1.6—13.4% in various regions of Iran. In this observer-blinded trial, we conducted a
study to evaluate the comparative efficacy and safety of permethrin 1% and lindane 1% shampoos and dimeticone 4% lotion to
cure head lice infestation in children aged 7—13 years in female primary schools in Ahvaz City, Iran. Children with head lice were
randomized to receive each treatment. Two applications of permethrin 1% or dimeticone 4% were done, 1 week apart. However,
lindane 1% was used just once for treatment cases. Data analysis was done using SPSS software. Recovery differences between
the groups were tested using the chi-squared test. Four hundred forty-four louse-infested schoolgirls were randomly treated with
them. Permethrin, lindane, dimeticone, and placebo produced the recovery rates 56.8, 31.5, 51.4, and 10.8% on day 2 post-
treatment, respectively. Cure rates were in the permethrin group on days 8 and 15, respectively, 69.4 and 90.1%. The success
rates were in the lindane group on days 8 and 15, respectively, 73 and 86.5%. The success rates were in the dimeticone group on
days 8 and 15, respectively, 60.4 and 94.6%. It is recommended dimeticone lotion (4%) as a very effective and safe pediculicide
for pediculosis control. With proper application, dimethicone can rapidly cure head lice infestation with minimal reinfestation.

Keywords Pediculosis - Children - Primary schools - Lindane - Permethrin - Dimeticone - Head lice - Iran

Introduction

Head lice are external and obligatory parasites of humans and
nymphs and adults feed on the blood of both sexes. Infestation
with the head louse is a significant public health challenge
involving children aged between 5 and 13 years old
(Moosazadeh et al. 2015; Pilger et al. 2010). It is caused by
Pediculus capitis De Geer, 1767 (Phthiraptera: Pediculidae),
found out on the scalp and hair, and is commonly transmitted
via direct contact, or through indirect contact (devices such as
comb, towels, and infested clothing) (Kassiri and Esteghali
2016; Burkhart and Burkhart 2006). The main risk factors
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for the spread of head lice are the following: use of shared
clothing and bedding, hair washing habits, number of children
in the family, local habits, social contacts, lack of health care
services in schools, socio-economic status. Pediculosis capitis
is widespread all over the globe but is more prevalent in de-
veloping countries. Unfortunately, in some parts of Iran, dif-
ferent factors, including excessive population growth, urban-
ization, marginality, and establishment of satellite towns with
minimum health and welfare facilities, have contributed to the
emergence and prevalence of head lice infestation (Kassiri
et al. 2015). Every day, a head louse can lay up to 10 nits,
provides a lifetime potential of till 300 nits in its life span, i.e.,
30-40 days. A new generation of human head louse is pro-
duced in 18-24 days (Mac-Mary et al. 2012). The female head
louse pastes the nits to the hair (nearly 1-3 cm from the scalp),
with priority on behind the ears or the neck, using powerful
water-proof glue (Kassiri et al. 2020).

Head louse prevalence rates of 5.8-35% have been report-
ed from different areas in the world (Amirkhani et al. 2011).
Notwithstanding spending a lot of annual budget (Salimi et al.
2020), head lice infestation is as yet common in multitude
regions of Iran (Firoozfar et al. 2019; Nejati et al. 2018;
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Adham et al. 2020). In Iran, its prevalence was reported be-
tween 1.6 and 13.4% from certain regions with various socio-
economic and demographic situations (Amirkhani et al.
2011).

The head louse infestation can cause secondary microbial
infections (like impetigo), discomfort, pruritus, lymphadenop-
athy on the back of the neck and ears, sleep loss, and irritation
(Kassiri et al. 2020). By the way, it can occasionally cause
mental disturbances (emotional distress, anxiety, and feelings
of being ashamed), because children imagine that they are the
result of being filthy. By the way, pediculosis capitis can cause
social stigma, psychological distress, and absence from school
and work for both schoolchildren and their parents (Kassiri
and Esteghali 2016; Oh et al. 2010; Roux and Raoult 1999 ).
Head lice have been reported to carry Rickettsia prowazekii in
Asia, South America, and Africa. In addition, evidences have
been indicated from Ethiopia that Bartonella quintana and
Borrelia recurrentis were present in 7% and in 23% of head
lice, respectively (Veracx and Raoult 2012; Angelakis et al.
2011; Boutellis et al. 2013).

In fight with pediculosis capitis, physical techniques such
as combing, removing the lice from hair, personal hygiene,
health education, shaving, separation of infected patients,
availability to sufficient healthy water resources, collaboration
of teachers and parents, and quick detection and treatment of
cases have an important role (Shahraki et al. 2013).

Multitude researches have been done on the assessment of
various formulations of chemical pediculicides in the treat-
ment of head louse infestation in various parts of the globe
(Karami Jooshin et al. 2019). The results obtained from dif-
ferent studies display that pediculicides accessible in the types
of formulations have different rates of efficacy in different
regions of the world, whereas the findings acquired in a par-
ticular region or country have no worthiness for another re-
gion or country (Shahraki et al. 2013; Zahirnia et al. 2001).
Selecting an appropriate pediculicide formulation depends on
efficacy, priority of the infected patients, expense, and access
to a particular production. Shampoo for treatment of head lice
is well embraced among infected people, easy to utilize and
shows greater killing nits efficacy than lotion formulations
(Shahraki et al. 2013).

In the first-line head louse infestation therapies, permethrin
(1%, an organophosphate, toxicity at LD50 =2000 mg/kg),
there is increasing resistance (Canyon and Speare 2007).
The short-generation stage of P. capitis, the contact of whole
life-cycle steps, and any used pediculosis capitis treatment are
providing factors to resistance development. The main medi-
cine is commonly permethrin, which has been found to have
the greatest efficacy and the greatest of safety , but the general
abundance of local irritating symptoms observed with per-
methrin ranges from 2.1 to 5.9%. The second-line
pediculicides, lindane (1% gamma benzene hexachloride, an
organochloride, dermal toxicity at LD50 = 900-1000 mg/kg ),

possess worries and limitations regarding unpleasant odor,
flammability, and safety. A second-line medication means it
may just be prescribed when the rest of first-line medications
cannot be applied or have closed out. In Europe since 2007,
medicines comprising lindane have been removed from the
pharmacies (Mac-Mary et al. 2012; Pariser et al. 2012).
Resistance to lindane has been reported (Brandenburg et al.
1986).

Dimeticones (linear polydimethylsiloxanes of differing
chain length) are silicone oils with a little surface tension
and characteristic creeping and diffusing features
(Heukelbach et al. 2008). They are a new class of
pediculicides with a physical mode of action. Dimeticone
shampoo is a new medicine, with no normal insecticide func-
tion. It possesses 4% long-chain linear silicone in a fugacious
silicone base (cyclomethicone). Both compounds are utilized
broadly in toiletries and cosmetics, and a shorter chain
dimeticone is applied as an anti-flatulent for infant stomach
ache. Dimeticon is an odorless, clear liquid substance which is
used in the same way as other shampoos for pediculosis
capitis, by wearing scalp and the full length of the hair. The
compound becomes dry by evaporation of the cyclomethicone
solvent (Burgess et al. 2005). The dimeticone pediculicide is
safe and very effective. Because of its physical mode of action
(discontinuity of the louse’s oxygen supply of the central ner-
vous system), the development of resistance is improbable
(Heukelbach et al. 2008). Lately, the use of herbal shampoos
has been proposed due to increased resistance of the head lice
to chemical shampoos (Watcharawit and Soonwera 2013).
Treatment with any shampoo needs reusing application after
7 days to destroy eggs (Brandenburg et al. 1986).

The efficacy of anti-head lice compounds varies largely in
field status. Shahraki et al. 2013 found that shampoo treatment
on 1242 head louse—infested girls in primary schools at Yasuj,
Iran, resulted in only 52.9% overall recovery. With lindane, it
was 50.96% and with permethrin 54.29% (Shahraki et al.
2013). Two applications of dimeticone or 1% permethrin
was applied, 1 week apart, on 145 children aged 515 years
with pediculosis capitis in Brazil. Overall cure rates were as
follows: day 2 — dimeticone 94.5% and permethrin 66.7%;
day 7 — dimeticone 64.4% and permethrin 59.7%; day 9 —
dimeticone 97.2% and permethrin 67.6% (Heukelbach et al.
2008). Tashakori et al. (2018) aimed to compare two pedicu-
losis capitis control methods, vinegar wet combing and
dimethicone lotion (4 %) with permethrin shampoo (1%) on
schoolchildren infested with head lice in Mashhad City, Iran,
during 2015 and 2016. Application times of permethrin,
dimethicone, and vinegar were 8—10 min, 8 h, and 20-
30 min, respectively. The dimethicone treated group showed
the largest control levels (86% and 74%). The therapeutic
rates at first endpoint were 86, 64.2, and 60.8%, and at the
second endpoint were 74, 45.3, and 45.1% for dimethicone,
permethrin, and vinegar, respectively (Tashakori et al. 2018).
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In a study in governmental primary schools in Kerman, south-
ern Iran, the 721 children with head lice infestation were treat-
ed with lindane shampoo (1%). At 2 weeks after the primary
therapy, the cure rates were 49% (Tashakori et al. 2018).

To the best of our knowledge, no comprehensive study has
so far focused on the treatment of head lice infestation in
Ahvaz County, Khuzestan Province, southwestern Iran. Due
to the importance of fighting the spread of infestation to pre-
vent its harmful health, economic, and social outcomes, this
study was done. This study was carried out to compare the
effect of 1% permethrin (in a 60-mL tube, manufactured by
Gilaranco, Rasht, Iran), 1% lindane (in a 60-mL tube,
manufactured by Gilaranco, Rasht, Iran), and 4% dimeticone,
a lotion with no conventional insecticide activity (in a 60-mL
tube, manufactured by Reyhan, Tehran, Iran) on pediculosis
capitis of 7-13-year-old students (median age: 7 years ) in
girls’ primary schools in Ahvaz City.

Materials and methods

This research was carried out in Ahvaz (31° 192 133 N 48°
402 093 E) as a part of the central coordination Khuzestan
(31.3273° N 48.6940° E), capital of Khuzestan, a southwest-
ern province of Iran. Given its hot and humid climate and high
population density, Khuzestan Province (Iran) is considered a
favorable environment for lice population growth. Ahvaz is a
county with a hot and arid climate located at the center of
Khuzestan Province. Ahvaz area is estimated to be 528 km.
Its elevation is 17 m above sea level. In 2016, its population
was 1,302,000. Ahvaz had the world’s worst air pollution
according to a survey by the World Health Organization in
2011. It is a subtropical area and the environmental tempera-
tures reach its maximum during March to September.

This randomized, double-blinded clinical trial was con-
ducted during autumn 2015-2016. At the start, a training pro-
gram was distributed among all individuals discussing
methods of prevention and control and so directions for use
of shampoos. The training program was done by using
methods of lecture with asking and answering during the
two sessions and each session of 20 min and distribution of
pamphlets. Several data (including demography data) were
recorded in a questionnaire that was made by researchers
using interviews. We included students in the study who had
not taken any medication in the previous 3 weeks. We also
had to make sure that these students would not take any med-
ication during treatment. Exclusion criteria were subjects af-
fected by scalp disorders (such as eczema, impetigo, dermati-
tis, and psoriasis), treatment with a lousicide within 2 weeks
prior to the trial, history of irritation to hair care products or
lousicides, use permanent wave, hair dyes, bleaches, or
relaxing solutions within the research or during the previous
2-3 weeks, and whose parents assured not to apply any other

@ Springer

head louse infestation treatment during the study. The recog-
nition of pediculosis capitis was confirmed by visual clinical
trial of hair and scalp (with a x 10 magnifying lens), using a
head lice detection comb, for the presence of each of the adult,
nymph, or nit stages of the head louse, under the supervision
of the health specialists and the investigators (Kassiri et al.
2020). Because adult and nymph lice are very small and move
fast and avoid light, they may be difficult to find. They are flat,
wingless, and gray insects about 2-4 mm in length. Nits are
tiny and translucent. Applying a fine-toothed comb may facil-
itate the diagnosis of live head lice.

The method of infestation detection was that each person’s
hair was exposed to natural light for 7 min. The emphasis was
on the hair behind the ears and neck. All individuals that met
inclusion criteria received treatment. Cure was defined as the
absence of live adult lice/viable nymphs/hatching nymphs/nits
(one or more) on 2, 8, and 15 days after the first post-applica-
tion, and signs are usually associated with head lice infesta-
tion. The outcome measure was the cure rate, defined as the
percentage of patients cured after application of the first
treatment.

The sample size was calculated as per the following
formula:

o (1964 1.64)70.89(1-0.89) + (1-0.83) 301
(0.89-0.83)*

Considering loss to follow-up (14%) during the study pe-
riod, a study size of about 444 participants was considered to
be sufficient. Therefore, the population included 444 cases
with head lice infestation that were confirmed through inter-
view and clinical inspections. They in 31 girls’ primary
schools were randomly treated with the shampoos (111 stu-
dents with lindane 1%, 111 students with permethrin 1%, and
111 students with dimeticone 4%). Meanwhile, one hundred
eleven infested schoolgirls were treated with placebo sham-
poo. According to the protocol (Tashakori et al. 2018), 1%
permethrin was applied to the clean-washed wet hair and scalp
for 10 min, followed by thorough rinsing with water and re-
peated fine tooth combing. On the other hand, 4% dimeticone
was applied to dry hair and scalp and kept for 8 h (overnight)
to dry naturally, followed by steps of rinsing and fine tooth
combing. Meanwhile, 1% lindane was applied to wet hair, left
for 4 min, and thereafter washed out in the same method as
dimeticone and permethrin. Treatment with permethrin sham-
poo and dimeticone lotion was repeated after 1 week. But,
treatment with lindane was performed only once. All com-
pounds were applied onto the hair from the hair shafts to the
tips, and an ordinary comb was used to spread them uniform-
ly. At first, the head was washed with ordinary shampoo and
dried. Then, the hair again was washed and massaged using a
formulation containing anti-lice. All personal items, such as
scarves, caps, combs, clothing, bedding, and brushes, had to
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be deloused as well (by washing items on a hot cycle or by
deep-freezing). Moreover, parents were warned not to remove
head lice by combing after the therapy. Clinical pathology
included the presence of inflammation, irritation, or itching
of scalp and ocular irritation. The severity of itching was eval-
uated in mild, moderate, and severe.

Standard statistical method (chi-squared test) was applied
in order to analyze the information. Statistical analysis of find-
ings was done using SPSS software version 20.0. Differences
between groups were noticed to be statistically significant
when P values were less than 0.05.

Ethics statement

The study was approved by the Committee of Ethics in
Research, Ahvaz Jundishapur University of Medical
Sciences and registered as R. AJUMS.REC.1394.558.

This trial was registered with Iranian Registry of Clinical
Trials (Registration ID in IRCT: IRCT2016013026266N1).
This project was done in accordance with the ethical princi-
ples and the national norms and standard for conducting med-
ical research in Iran.

No photographs or names of cases are found in the paper.
The confidentiality of the records of patients was assured.
Participation was fully voluntary and written signed informed
consent (after getting the data and after a verbal description of
the objectives and the method of the research) was gotten from
all the parents of eligible children under study. There was no
consequence for non-participation. The college research re-
view committee revised the paper according to the rule and
regulation. Ahvaz Health Services Center administrative au-
thorities were informed about the study and their consent was
obtained with the letter. The students in the control group were
all treated with medication (4% dimeticone or 1% permethrin)
at the end of the study.

Results

We randomly assigned 444 people aged 7 to 13 years in 8
girls’ primary schools to receive pediculicide and placebo
shampoo. Of the 441 patients, 14.6, 8.6, 22.5, 28.6, 13.1,
10.4, and 2.2% were included at the ages of 7, 8, 9, 10, 11,
12, and 13 years old, respectively. According to the educa-
tional grades, 15.3, 10.1, 22.5, 27.7, 14.9, and 9.5% were in
grades 1, 2, 3, 4, 5, and 6, respectively. The mean age in
permethrin, lindane, dimeticone, and control groups was
9.75,9.82,9.58, and 9.14, respectively. The study participants
were in different educational levels, i.e., grades 1 (15.3%), 2
(10.1%), 3 (22.5%), 4 (27.7%), 5 (14.9%), and 6 (9.5%).
Based on the mothers’ educational level, 13.3% were illiterate,
59.9% with primary/elementary education, 22.7% with diplo-
ma, and 4.1% with university education. Also, 7, 55.6, 27.5,

and 9.9% of the fathers of infested children were illiterate or
had primary/elementary education, diploma, or academic lit-
eracy, respectively. In terms of the occupation of the fathers of
the children, 4.1, 54.5, 16.2, 10.8, 1.1, 9.7, and 3.6% were
unemployed, self-employment, government employee, diver,
military, worker, and etc., respectively.

The findings showed significant differences among the
treated groups of cases on days 2 (x*=75, P<0.001), 8
(x*=80, P<0.001), and 15 (x*=219.5, P<0.001) post-ap-
plication. On the other hand, permethrin outcome was not
significantly different from that of dimeticone on day 2 after
post-application (x*=0.63, P =0.42), which means the simi-
lar success of these two pediculicides. The results showed a
significant P value (x* =8.98, P =0.003) for dimeticone treat-
ment compared with application of lindane on day 2 post-
application. The result of chi-squared test at primary endpoint
indicated significant P value which prove meaningful differ-
ence between permethrin and lindane (x> = 14.3, P<0.001).
The statistical analyses showed no meaningful difference be-
tween permethrin and lindane (x2 =0.35, P=0.55), also per-
methrin and dimeticone (x> =1.97, P=0.16), as well as lin-
dane and dimeticone (x*=3.97, P=0.43) on day 8 post-treat-
ment. Furthermore, the statistical analysis indicated no signif-
icant difference between permethrin and lindane (x2 =0.7,
P=0.4), also permethrin and dimeticone (x2: 1.59, P=
0.21), as well as lindane and dimeticone (x2 =4.26, P=0.39)
at the third endpoint on day 15 post-treatment (Table 1).

Permethrin, lindane, and dimethicone groups recorded the
best recovery rate of 90.1, 86.5, and 94.6% on day 15 post-
application, respectively. Lindane shampoo recorded the min-
imum success rate of approximately 31.5% on day 2 post-
treatment. Permethrin, lindane, and dimeticone groups record-
ed the best cure rates of 56.8, 73, and 94.6% at the first,
second, and third endpoints of days 2, 8, and 15 post-applica-
tion, respectively (Table 1 and Fig. 1).

The highest level of recovery rates was observed among
primary school girls in grades 2 (100%), 3 (100%), and 2/4
(100%) for permethrin, lindane, and dimeticone on day 15
post-application, respectively. Table 2 shows recovery rates
in relation to class/grade. Moreover, the highest percentage of
efficacy rates was observed in grades 1, 2, and 6 children
(Table 3).

Treatment-related events included itching in the scalp (15
in permethrin group, 10 in lindane group, and 13 in
dimeticone group), inflammation/irritation in the eyes (1 in
permethrin group, 11 in lindane group, and O in dimeticone
group), and inflammation/irritation in the scalp (2 in permeth-
rin group, 10 in lindane group, and 1 in dimeticone group)
(Table 4).

Degree of itching (on an ordinal scale severe, moderate,
and mild) was reduced in both treatment groups lindane and
dimeticone during the study period. Bacterial infection and
cervical lymphadenopathy were not observed during the
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Table 1
City, southwestern Iran

Frequency distribution of recovery pediculosis patients among female primary school students on days 2, 8, and 15 post-treatment in Ahvaz

Shampoo type Number of

Treatment outcome after application of treatments

infested children

On day 2

On day 8

On day 15

Recovery N (%) No recovery N (%)

Recovery N (%) No recovery N (%)

Recovery N (%) No recovery N (%)

Permethrin 1% 111 63 (56.8) 48 (43.2)
Lindane 1% 111 35(31.5) 76 (68.5)
Dimeticone 4% 111 67 (51.4) 44 (48.6)
Placebo 111 12 (10.8) 99 (89.2)

77 (69.4) 34 (30.6) 100 (90.1) 10 (9.9)
81 (73.0) 30 (27.0) 96 (86.5) 15 (13.5)
67 (60.4) 44 (39.6) 105 (94.6) 6(5.4)
20 (18.0) 91(82.0) 20 (18.0) 91 (82.0)

study. The symptoms associated with pediculosis like itch,
flakiness, and scalp dryness/irritation were largely and quickly
reduced by the therapy.

Discussion

Notwithstanding the application of various chemical agents
for the treatment of pediculosis, the prevalence of head lice
infestation remains great due to the lack of efficacy of applied
lousicides in many countries all over the world (Kassiri et al.
2020; Tashakori et al. 2018). There are various aspects we
must figure out when investigating a treatment, like safety,
ease of use, price, application guidance, toxicity, mechanism,
and prevalence of resistance. The reduced property of
pediculicides can be attributed to lice resistance, undesirable
use, and inefficient dose-applied formulation (Tashakori et al.
2018; AL-Megrin 2015; Zhu et al. 2016 ). However in the
1980s, pyrethrins were almost 100% effective, but recent re-
searches propose that their efficacy evaluation has reduced
until 50%. Similarly, clinical failure measures of more than
50% have been obtained with permethrin in the world
(Karami Jooshin et al. 2019; Mac-Mary et al. 2012;
Heukelbach and Feldmeier 2004; Maunder 1971).

Fig. 1 Results of recovery in 100
children with head lice infestation 90
after applying four treatments on
days 2, 8, and 15 post-treatment in
girls’ primary schools in Ahvaz 70
City, southwestern Iran

80

60
50
40
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Mumcuoglu et al. (1995) observed a 4-fold decrease in sus-
ceptibility to permethrin between 1989 and 1994 (Mac-Mary
et al. 2012; Mumcuoglu et al. 1995). Moreover, cross-
resistance between several pediculicides like DDT and
bioallethrin or permethrin has developed. On the whole, resis-
tance has been reported to insecticides such as malathion,
DDT, pyrethroids (permethrin and pyrethrins), sevin, and lin-
dane (Mac-Mary et al. 2012; Mumcuoglu 1999). Resistance to
dimeticone (silicone compound) is improbable due to its phys-
ical mode of action (Verma and Namdeo 2015). At the same
time, reinfestation is frequent even with therapies that demon-
strate successful if relatives of the cured individual are not
cured simultaneously. This issue is especially common in
small societies, where persons are in close contact for long
term. Actually, reinfestation remains an important risk factor
of heal lice infestation as determined by investigators (Ferrara
et al. 2013; Saghafipour et al. 2017; Moradiasl et al. 2018).
In this study, we purposed to compare recovery of three
pediculicides to control pediculosis among 333 primary
school girls in Ahvaz City. A control group of 111 girls from
primary levels was treated with placebo shampoo. Our find-
ings show a 86.5-94.6% decline in pediculosis patients fol-
lowing the application of pediculicides. Overall cure rates
were 46.6% on day 2, 67.6% on day 8, and 90.4% on day

m Permethrin 1%
M Lindane 1%
B Dimeticone 4%

M Placebo

Day fifteen

Day eight

Number of days after treatment
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Table 2 Recovery rates of

pediculosis cases with regard to Grade  Recovery rate (%)

type of treatments used and grade

level of children with head lice on Permethrin 1% Lindane 1% Dimeticone 4% Placebo

days 2, 8, and 15 post-treatment in

girls’ primary schools in Ahvaz Day  Day Day Day Day Day Day Day Day Day Day Day

Clty’ southwestern Iran 2 8 15 2 8 15 2 8 15 2 8 15
1 640 860 84.6 500 86.0 84.0 570 77.0 940 0.0 0.0 0.0
2 420 59.0 100 28.0 940 84.0 51.0 450 100 0.0 0.0 0.0
3 640 750  89.7 50.0 96.0 100 66.0 83.0 94.0 120 170 170
4 850 98.0 100 275 828  78.0 540 81.0 100 10.0 250 25.0
5 77.0  83.0 750 10.5 600 87.0 450 620 820 105 120 12.
6 8.8 155 938 23.0 190 86.0 350 145 98.0 0.0 0.0 0.0
Total 568 694  90.1 315 73.0 865 514 604 946 10.8  18.0 18.0

15 post-treatment. Permethrin shampoo produced a 90.1%
recovery, lindane shampoo a 86.5% recovery, and dimeticone
lotion a 94.6 recovery on day 15 post-treatment. In contrast to
the high cure rates on day 15, cure rates on day 8 post-
application in the permethrin, lindane, and dimeticone groups
were 69.4%, 73%, and 60.4%, respectively. These findings
are in the range of researches done by Shahraki et al. (2013)
(54.21% and 50.96% using permethrin and lindane shampoos,
respectively), Brandenburg et al. (1986) (43% using lindane
shampoo), Fan et al. (1991) (71% using gamma benzene
shampoo), Khazaie (1998) (72.62% using gamma benzene
hexachloride shampoo), Stoug et al. (2009) (44.9% using per-
methrin 1% with combing), Ha et al. (2000) (93.5% using
lindane shampoo), Budak et al. (1996) (67.5% with lindane
shampoo), and Motovali-Emmami et al. (2008) (49% using
lindane shampoo). In a research by Tashakori et al. in
Mashhad City, the dimethicone cured group showed the larg-
est control levels (86 and 74%). The success rates at day 7
post-application were 86, 64.2, and 60.8%, and at day 30 post-
application were 74, 45.3, and 45.1% for dimethicone lotion,
permethrin shampoo 1%, and vinegary shampoo, respective-
ly. Dimethicone was 4.3 times more potent than either of
vinegar or permethrin (Tashakori et al. 2018). In a study in

Rome (Italy) between April 2008 and June 2008, Ferrara et al.
reported, after 7 days of treatment with dimeticone shampoo
4%, 7/23 (30.4%) positive children still had head lice infesta-
tion, with a recovery rate of 69.6% (16/23). At 30 days, 26/
131 children (19.9%) were infested with head lice (Ferrara
et al. 2013). Heukelbach et al. (2008) in their research in
Brazil reported that overall cure rates were as follows: day 2
— dimeticone 94.5% and permethrin 66.7%; day 7 —
dimeticone 64.4% and permethrin 59.7%; day 9 — dimeticone
97.2% and permethrin 67.6%.

Cases treated with dimeticone lotion stated a less incidence
of irritant detrimental effects. Its high cure rate, lack of odor,
safety, and relative simplicity of applying make this product
an appropriate alternative to conventional therapies. These
days, the American Academy of Pediatrics advises permethrin
1% as first-line treatment for head lice infestation (Ferrara
etal. 2013). Lindane (gamma benzene hexachloride 1% sham-
poo) is greatly applied as lousicide in Iran (as the second-line
treatment). However, it has limited ovicidal activity. That is
why it is important to repeat treatment with lindane. Due to the
potentially increasing side effects of lindane, including bone
marrow suppression and neurotoxicity, resistance to lindane is
common in populations all over the world (Motovali-

Table 3 Efficacy rates of

pediculosis cases with regard to Grade  Efficacy rate (%)

type of pediculicides used and

grade level of children with head Permethrin 1% Lindane 1% Dimeticone 4%

lice on days 2, 8, and 15 post-

treatment in girls’ pnmary Day 2 Day 8 Day 15 Day 2 Day 8 Day 15 Day 2 Day 8 Day 15

schools in Ahvaz City, south-

western Iran 1 100 100 100 100 100 100 100 100 100
2 100 100 100 100 100 100 100 100 100
3 81.25 713 81.0 76.0 823 83.0 81.8 79.5 82.0
4 88.2 74.5 75.0 63.6 69.8 68.0 81.5 69.1 75.0
5 86.4 85.5 84.0 0.0 80.0 86.2 76.7 80.6 853
6 100 100 100 100 100 100 100 100 100
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Table 4  Frequency distribution of children with head lice in association with treatment complications based on treatment types in girls’ primary

schools in Ahvaz City, southwestern Iran

Complications of treatment Treatments

Permethrin 1% N (%) Lindane 1% N (%) Dimeticone 4% N (%) Placebo N (%)
Itching in the scalp 15(83.3) 10 (32.3) 13 (93.0) 0 (0.0)
Inflammation and irritation in the eyes 1(5.6) 11 (35.4) 0 (0.0) 0(0.0)
Inflammation and irritation in the scalp 2(11.1) 10 (32.3) 1(7.0) 0 (0.0)
Total 18 (100) 31 (100) 14 (100) 0(0.0)
Emmanmi et al. 2008). It is important that government officials ~ Conclusions

support and cooperate with school authorities and health ser-
vices centers for successful and effective control pediculosis
in primary and elementary schools. There is an immediate
necessity to find novel, safe pediculicides for effective control.
Doing training programs by teachers, health services centers,
and physicians is useful for pediculosis control.

The limitations of this study were as follows: (I) The sam-
ple size was limited to primary school students. (II) Although
the families included are felt to represent the social-economic
diversity within a county, they were not randomly selected.
(IIT) The role of other factors such as active support by the
family members is equally significant and should be ad-
dressed in future studies. (IV) One more limitation of our
study is the lack of clear guideline for comparative efficacy
of pediculicides. (V) The last clear limitation is the relatively
high number of excluded cases.

The strengths of this study were as follows: (I) To our
knowledge, this study is one of the first studies to describe
comparative efficacy of three pediculicides for the treatment
of head louse infestation in southwestern Iran. (II) All the
parents and evaluators of children instructed to apply the
pediculicides accurately, following suitable instructions of
use. (III) All evaluators were trained before the study in the
technique for head lice assessment (which included combing
and detecting head lice in infested cases). (IV) The control
group improved the sensitivity of the study design. (V) Their
family members were treated with a pediculicide to reduce the
occurrence of reinfestation.

The highlights of this study were as follows: (I) Permethrin,
lindane, and dimethicone groups recorded the best recovery
rate of 90.1, 86.5, and 94.6% on day 15 post-application,
respectively. (II) The highest level of recovery rates was ob-
served among primary school girls in grades 2 (100%), 3
(100%), and 2/4 (100%) or permethrin, lindane, and
dimeticone on day 15 post-application, respectively. (III)
Given the better effects of dimethicone, it is recommended
as the drug of choice for head lice infestation control. (IV)
The symptoms associated with pediculosis like itch, flakiness,
and scalp dryness/irritation were largely and quickly reduced
by the therapy.

@ Springer

Based on the results of this study, treatment with pediculicides
could be effective in controlling head lice infestation. But given
the better effects of dimethicone lotion, it is recommended as
the drug of choice for head lice infestation control. Owing to its
physical mode of action, the development of resistance is im-
plausible. Educating students about caring for healthy hair and
preventing head lice infestation as well as its treatment is abso-
lutely essential. Because infestation spreads so quickly in stu-
dents and can infest their family, it is recommended that the
parents be examined and trained to prevent and treat it.
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