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Abstract

Head lice infection is recognized as a major public health 
problem worldwide. Lice have shown resistance to 
insecticides, and as a result, these insecticides have lost their 
effectiveness.  The main objective is to find the status of 
insecticide resistance to different insecticides in the world.  
An intensive search of scientific literature was reviewed 
using the search term in the following databases: “PubMed”, 
“Web of Knowledge”, “Scopus”, “Google Scholar”, “SID”, 
etc. The WHO guideline was considered for insecticide 
resistant level. There is now strong evidence of insecticide 
resistance in many countries to the point that some of 
these chemicals are obsolete. The lack of a local monitoring 
system for resistance patterns has made head lice treatment 
difficult. Clear treatment guidelines developed by health care 
professionals for cypress lice should follow local/national 
resistance patterns.The results is generalizable to real-world 
populations.These guidelines should combine chemical and 
non-chemical approaches to treatment and be reviewed 
by local public health departments in a coordinated and 
regular manner. Effective pharmaceutical companies must 
be present to deliver the up-to-date effects of their products.

Keywords: Insecticide; Resistant, Pediculus humans capitis; 
world 

mailto:vatando@tums.ac.ir


Volume 2 Issue 1

Ann Public Health Preservative Med

SCIENTIFIC EMINENCE GROUP | www. scientificeminencegroup.com

Page 2

Introduction

Human head lice are blood-sucking insects that cause infections 
in humans called Pediculosis capitis. The P. capitis is a hemato-
poietic ectoparasite that is the most common parasitic infection 
in humans [1]. This infection is more common in the school-age 
population [2]. Itching of the scalp is a common symptom that 
causes itching and sleeps disturbance (Figure 1). These condi-
tions can turn into a social fingertip that can lead to a loss of 
self-esteem [3]. Although P. humanus capitis is not a vector of 
human disease and poses no risk to human health, head lice in-
fection can cause social distress, upset, parental anxiety, embar-
rassment for the child, and unnecessary absenteeism from school 
and work (Figure 2) [4]. The use of insecticides is the most effec-
tive method in the treatment of pediculosis. Pediculicides such 
as natural Pyrethrin (Pyrethrum),synthetic Pyrethroids (Perme-
thrin, Phenothrin), Organochlorine (Indole), Organophospho-
rus (Malathion), and Carbamate (Carbaryl) are commonly used 
to treat lice. Chemical control of head lice is based on common 
insecticide species such as DDT and Lindane in the 1940s-1950s, 
Carbaryl and Malathion in the 1960s-1970s, and Pyrethroids in 
the 1980s. Frequent use of compounds in all these classes has 
caused resistance in the country [5]. Extensive use of insecticides 
and lack of proper replacement causes resistance to pediculosis. 
Resistance to topical fungicides is one of the emerging concerns 
in most parts of the world. One of the mechanisms of resistance 
to Pyrethrins or Pyrethroids is the insensitivity of the target area 
to impact resistance (kdr), a hereditary trait. Three-point muta-

tions (M815I, T917I, and L920F) were found in the membrane 
segment, and this haplotype was present in the Permethrin -re-
sistant head lice population [6]. With increasing treatment fail-
ure, issues such as misdiagnosis, non-adherence, inadequate 
treatment, re-infection, lack of ovarian or fungal remnant prop-
erties, and/or lice resistance to Pediculicides should be consid-
ered. The problem is directly related to the frequency used in the 
genotype and shows that head lice are resistant to similar DDT, 
Pyrethrin, and Pyrethroids [7]. Due to environmental concerns 
and fears of increasing lice resistance to Pediculicides, another 
factor was created to change the country's insects. Mutual re-
sistance too many Pediculicides may contribute to a new wave 
of head lice infestation [8]. Mapping and understanding resis-
tance mechanisms are essential for developing more effective 
treatments as well as extending the life of existing pedicures [9]. 
This inefficiency is mainly due to various reasons such as sales 
of ineffective products, misuse of Pediculicides, and the fact that 
lice in several countries develop resistance to insecticides such 
as DDT, Lindane, Malathion, Carbaryl, Permethrin, and δ-Phe-
nothrin [10]. Resistance to head lice products has been demon-
strated in several countries, including Canada, the United King-
dom, Korea, Japan, the United States, and Israel [11]. The high 
selection pressure caused by neuronal insecticides has led to the 
emergence and development of resistance to organochlorines, 
Pyrethroids, and organophosphorus compounds in many parts 
of the world. Indeed, clinical, parasitic, and molecular data have 
shown that conventional topical toxins worldwide have suffered 
significant loss of activity [12].

Figure 1: The life cycle of head lice (Pediculosis capitis) and disease symptoms in humans
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Methods

All published articles by search terms “resistance” and “pediculus 
humans capitis”, “Pyrethroid”, “Organochlorines”, “Organophos-
phate”, “Carbamate“, IGR”, and “kdr”, “P450”, “Monooxygenase”, 
“Glutathione”, or “Esterase” were conducted . Data were extract-
ed from all articles. An intensive search of scientific literature 
was reviewed using the search term in the following databases: 
“PubMed”, “Web of Knowledge”, “Scopus”, “Google Scholar”, 
“SID”, etc. The WHO guideline was considered for insecticide 
resistant level. 

Results and discussion

Resistant status of Pediculus humans capitis to Organo-
chlorines insecticides

Resistance of the human head lice, P. capitis (Phthiraptera: Pe-
diculidae), to Organochlorine insecticides such as DDT and 
Lindane has been recorded worldwide including Israel, Canada, 
Denmark, and Malaysia [9].

In America

The DDT resistance was demonstrated in the 1960s. Lindane re-
sistance has been reported among head lice in the United States, 
United Kingdom, Netherlands, and Panama. Changes in amino 

acids located in the neural sheath sodium channel receptor have 
been described as the most important state of resistance and may 
cause cross-resistance to DDT, Lindane, and Pyrethroids (the 
oldest and most Permethrin)(8). In Panama, where the initial 
resistance to natural elders is minimal, the effect of treatment 
varies only from 30 (for R&C) to 52 (for RID) [8].

In Asia

DDT was the mainstay of lice control in Israel until the early 
1980s when DDT resistance developed in local cap lice [13,14]. 
In Israel, the head lice, resisted DDT through the use of this 
insect until the 1980s [15]. Identification of the mechanism of 
DDT resistance based on glutathione S-transferase (GST) in Is-
raeli head lice. This GST mechanism occurred before 1989, while 
Permethrin resistance was established in P. capitis after 1994, in-
dicating that the main mechanism of GST selection using DDT 
does not provide any Pyrethroids cross-resistance [15].

Resistant status of P. humans capitis to Pyrethroids

Pyrethroids become excellent insecticides due to their low mam-
malian toxicity and relatively harmless environmental residues. 
However, resistance to this type of insect has been well docu-
mented in the human head lice population of the country, in-
cluding the United Kingdom, France, Japan, Israel, the United 
States, Argentina and Denmark, Mexico, Russia and Chile (Fig-
ure 3) [16,17]. Recently, resistance to Permethrin has been widely 

Figure 2: Map of geographical distribution of pediculosis capitis worldwide(35)
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reported in several countries, including France (1993), the Czech 
Republic (1995), the Middle East, Israel (1995), the United King-
dom (1995, 1999), and South America (Argentina). (1998, 2000), 
and North America (USA, 1999). In Europe (UK and Denmark), 

Asia (Japan) and Australia .There are several mechanisms of Per-
methrin resistance, the most important of which is through the 
kdr gene [8].

In Asia

In Israel, significant changes in Permethrin susceptibility were 
observed in head lice collected in 1989 and 1994 [14]. Pyre-
throids resistance has developed rapidly among head lice since 
the introduction of Permethrin as a pedicure in 1991 [13]. There-
fore, it seems probable that Pyrethroids resistance in Israeli is due 
to a combination of neurosensitivity (shock resistance or "kdr") 
and monooxygenase resistance mechanisms [15]. The rapid de-
velopment of Permethrin is due to cross-resistance of DDT due 
to impact resistance (kdr) [13]. Mechanism examination of lice 
from a large number of infected people in a large city such as Je-
rusalem shows that resistance to Permethrin is very widespread 
in Israel, not only due to the high mutation rate and high per-
centage of resistant lice but also, none of the resistant lice were 
resistant to only one allele  [14]. The Pyrethroids resistance of in 
Israel extends to Phenytoin [15]. The first study to detect Perme-
thrin resistance among human head lice from Thailand showed 
that the nucleotide and amino acid sequences of RS and RR show 
the T917I and L920F point mutations. The data from this study 
raise awareness of the increasing kdr mutation in head lice in 

Thailand. The head lice kdr mutation in Thailand showed three 
different genotypes [3]. The first large-scale Pyrethroids-resistant 
head lice in Japan showed that colony-resistant genes were col-
lected from 11 of 22 provinces and it was speculated that power 
lice are currently being developed specifically in Japan [11]. High 
resistance to Phenothrin was recorded for Japan. In Okinawa 
Prefecture, 96% of head lice are resistant to Pyrethroids [18]. The 
results of a study screened for Permethrin resistance in the Turk-
ish head lice population showed the frequency of high-strength 
alleles among the samples [19]. 

In America

Pyrethroids resistance leads to disruption of treatment and the 
development of chronic infections, which cost approximately $ 
1 billion a year in the United States alone [20]. Permethrin was 
first used in Argentina in 1990, and resistance to Permethrin was 
first diagnosed in 1997 in various populations in Buenos Aires 
[21]. In a 2003 study in different parts of Buenos Aires, where 
the paper exposure method had previously recorded high levels 
of Permethrin resistance [20]. An extensive survey on resistance 

Figure 3: The resistance of Pediculus humans capitis against organochlorine and Pyrethroids insecticides in different regions 
of world
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in Buenos Aires found that there was a high level of head lice 
in children in 24 of 26 schools (92.3%) [21]. All lice resistant to 
Permethrin (resistance ratio 52.8 to 0.88.7) were also resistant to 
d- Phenothrin (resistance ratio 40.86 to 0.48.39) and Deltame-
thrin (resistance ratio 16.24 to 38.06). Otherwise, all colonies 
resistant to low to high levels showed resistance to b-cyperme-
thrin. This Pyrethroids has never been used as a Pediculicides 
in Argentina [5]. However, the high level of resistance in these 
Permethrin-resistant colonies (resistance ratio 9.74 to 50.9). The 
high resistance of Pyrethroids in Buenos Aires can be due to the 
extreme selection of Permethrin. In addition, because b-cyper-
methrin has never been used as a Pediculicides in Argentina, 
high levels of resistance in Permethrin-resistant colonies indi-
cate that there is pyrethyroid resistance [22] with 30 years of use 
of Pyrethroids-based Pediculicides. In Argentina, kdr resistance 
has evolved rapidly among these lice population [16]. In differ-
ent parts of Buenos Aires, lice colonies with Permethrin resis-
tance showed resistance to Deltamethrin 1998. This is the first 
evidence that head lice in Chile have mutations that are com-
monly associated with Pyrethroids resistance [22]. Insect-resis-
tant populations were obtained from Florida (FL-HL) and Mas-
sachusetts (MAHL) in the United States and Bristol (BR-HL) in 
the United Kingdom [23]. The presence of T929I and L932F in 
Permethrin-resistant South Florida lice was confirmed by DNA 
sequencing. The loss of performance of the Nix formula (Prestige 
Brand, Tarrytown, NY) from 1998 to 2013 was associated with 
an increase in kdr-type mutations. These data provide a plausible 
reason for the reduced effect of Permethrin in the Nix formula, 
which is a parallel increase in kdr-type mutations in lice over 
time [24]. In Uruguay and Brazil, Pyrethroids resistance in kdr, 
and in 2017, in Mexico showed Pyrethroids resistance due to  kdr 
[9]. The presence of a C / T mutation responsible for the T917I 
kdr allele associated with Pyrethroid resistance in P. capitis from 
Honduras(17). Biomarker of kdr- Permethrin resistance was de-
tected for T917I mutation by RFLP and PCR in 99.9% of head 
lice tested from Georgia(25). The prevalence of resistant allele 
(R) in head lice from Canada could indicate failure of treatment 
with pyrethrin and Pyrethroids. [26] The representative demo-
graphic sample was tested using biochemical and molecular 
methods and it was shown that in Wales, treatments containing 
Pyrethroids were less effective in controlling head lice infection 
than those containing organophosphate [27].

In Africa

In Egypt in 2010, Clark's studies showed Pyrethroids resistance 
in the region [9].

In Europe

The presence of Pyrethroid-resistant head lice for more than 20 
years has been reported mainly in Europe [18]. In the UK, a 1998 
local survey of 10 schools in Bristol and Bath showed resistance 
to treatment with Malathion and Permethrin in head lice col-
lected from infected school children [21]. A similar situation 
has been reported by Burgess and Brown (1999) from several 
regions in the United Kingdom. The cap from the Brighton area, 
on the south east coast of England, showed 400-fold resistance 
to Malathion, and resistance to Permethrin occurred at a lower 
level than Malathion. A similar pattern of Malathion and Per-
methrin appeared in other parts of the United Kingdom [21]. In 
2000 the study in the United Kingdom found that there was high 
resistance to Permethrin, Phenothrin, and Malathion with 87% 
Permethrin failure rate and 64% Malathion failure rate with top-
ical treatment [4,17]. Permethrin resistance in Czechoslovakia 
head lice was associated with cross-resistance to D-Phenothrin 
and Bioallethrin, and French lice were also resistant to D-Phe-
nothrin. In 1998, one study reported that all desert lice that were 
resistant to Permethrin also became resistant to D-Phenothrin 
and Deltamethrin. Therefore, most Permethrin-resistant lice 
were resistant to other Pyrethroids insecticides. High levels of re-
sistance to D-Phenothrin, Deltamethrin, and b-Permethrin were 
observed [22]. Resistance to several Pyrethroids has been report-
ed by Rups (1995). In the head lice population of the Czech Re-
public. The authors reported that P. capitis is resistant to Perme-
thrin and that Pyrethroids cross-resistance includes Bioallethrin 
and Diphenothrin(22). In Australia and Denmark, Clark showed 
Pyrethroids resistance in kdr, as well as in Ecuador, NA resis-
tance(9). The prevalence of Permethrin and Malathion resistant 
head lice is high in the Danish head lice population(28). The as-
sociation between Permethrin resistance and kdr-like mutations 
is confirmed by our findings. The frequency of T929I-L932 F 
dual mutations in the voltage-sensitive sodium channel gene was 
associated with 0.95 Permethrin resistance in the Danish head 
lice population [28]. The presence of Pyrethroids-resistant genes 
in the head lice population of students in an urban area in France 
was studied [1].

In Australia and Oceania

While head lice are resistant to several Pyrethroids (including 
natural pyrethrum and synthetic Permethrin), Malathion and 
its associated compounds have been confirmed abroad and have 
been suspected in Australia, 5 treatments in Australia are still 
due to misdiagnosis poor use of pediculicides or re-accumula-
tion [29] (Figure 3).
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Resistant status of Pediculus humans capitis to Organo-
phosphates insecticides

In Europe:In the UK, a local survey of 10 schools in Bristol and 
Bath in 1998 found resistance to Malathion treatment for head 
lice collected from school children. In addition, high resistance 
to Malathion was measured for head lice from the UK(30). Also 
Malathion resistance was reported in the UK in 1999 [31].

Resistant status of Pediculus humans capitis to Carba-
mates insecticides

The effect of Carbaryl Shampoo on head lice has decreased due 
to its worldwide resistance. Carbaryl shampoo resistance of head 

lice has been reported in several countries such as Australia, the 
United Kingdom, and the United States [32].

In America

Because there is resistance to head lice in different parts of the 
UK against all over-the-counter products containing synthetic 
insecticides, and resistance to Carbaryl appears to be emerging, 
the adult head lice found on Leeds children after treatment, was 
probably resistant to Carbaryl [30,33] (Figure 4). 

Mechanisms of insecticide resistance in Pediculus 
humans capitis 

Most of the resistance mechanisms studied is through 
Knockdown resistance mutations (kdr) with biomarkers 
M815I, T917I and L920F, which are mostly reported in lice. 
Other mechanisms such as cytochrome P450 inhibition, 
acetylcholinesterase binding, and GluCl mutations have been 
reported(9). The results presented in the case of cross-resistance 
and synergistic proliferation by enzyme inhibitors in Permethrin-
resistant head lice showed that increased metabolism is involved 
in Pyrethroids resistance. However, the significant amount of 
resistance that remained after synergy indicated the existence of 

another resistance mechanism. Pyrethroids cross-resistance and 
Carbaryl carbamate sensitivity suggested a common mechanism 
of action [22]. Allelic mutations associated with Pyrethroid 
resistance vary in regions and countries, indicating the need 
to monitor resistance through region-specific genetic markers. 
In well-developed geographical areas, the lice population is 
predominantly homozygous. In areas where heterozygosity is 
still present, selective pressure using chemical bases increases 
resistance [31].

Figure 4: The resistance of Pediculus humans capitis against Organophosphates and Carbamates insecticides in different regions of 
world
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Conclusions

Currently, the recommended therapies include Pyrethroids, 
which are known as the first line of treatment. But resistance to 
these neurotransmitters has become increasingly common. Al-
ternative therapies such as newer neuroleptics or Pediculicides 
with physical mechanisms of action (e.g., dimethicone-based 
products) should be considered, especially in areas with high 
resistance. Continuous resistance monitoring is required to 
monitor the frequency of resistance alleles, which is expected to 
increase to a fixed state as the lice population increases. Final-
ly, Head lice training, proper use of treatment, and coordinated 
diagnosis are essential for effective management of this prob-
lem. More research needs to be done on new therapies with a 
mechanism of physical activity. World Health Organization(34) 
recommended the following insecticide for lice control Carba-
ryl, Propoxur, Lindane, Malathion, Temephos, Bioallethrin, Per-
methrin, Diphenothrin. Monitoring of resistance of head lice to 
these insecticides is an important factor for decision-makers. 
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