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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Topical Ivermectin — A Step toward Making Head Lice  
Dead Lice?

Olivier Chosidow, M.D., Ph.D., and Bruno Giraudeau, Ph.D.

Head-louse infestation stigmatizes hundreds of 
millions of people worldwide, predominantly chil-
dren 3 to 11 years of age of all socioeconomic 
levels. It is commonly perceived as a sign of poor 
hygiene, which often engenders excessive man-
agement responses (e.g., repeated hair shaving 
and improper pediculicide use). Medical conse-
quences of infestation can include itching and 
scratching, which may lead to cutaneous bacte-
rial superinfection (i.e., pyoderma and impetigo) 
and possible transmission of Bartonella quintana, 
the trench-fever pathogen that is usually trans-
mitted by body lice and that has been isolated 
from head lice.1 The estimated annual direct and 
indirect cost of head-louse infestation in the Unit-
ed States is $1 billion.

Only a live louse on the head should define 
infestation, with detection enhanced by fine-
toothed combing of hair (avoiding underdiagno-
sis by simple visual inspection or overdiagnosis 
by the use of nits as a criterion). The head louse, 
Pediculus humanus var. capitis, is an obligate, blood-
sucking ectoparasite that feeds three to six times 
daily. The female lives 1 month and lays up to 
300 eggs, whose hatching releases nymphs that 
become adults 7 to 10 days later. Thus, the rele-
vant primary end point of studies is the louse-free 
rate of the infested population, ideally at the end 
of the louse’s life cycle, because not all drugs are 
active against all developmental stages (e.g., eggs). 
Direct head-to-head contact is the most common 
transmission mode, and simultaneous treatment 
of all infested contacts (e.g., household members 
and classmates) should prevent reinfestation, a 
frequent cause of treatment failure. Indirect 
transmission through fomites such as linens is 
rare and easily preventable: the female dies 
within hours after being separated from her 

host, and machine laundering at a temperature of 
at least 50°C (122°F) kills all lice and nits.

In the mid-1980s, pyrethrin and pyrethroid in-
secticides, with claimed efficacy (of up to 95%), 
safety, convenience, cost-effectiveness, and a sup-
posedly favorable environmental-safety profile, 
were marketed for head lice and progressively re-
placed other insecticides (e.g., dichlorodiphen-
yltrichloroethane [DDT], lindane, carbaryl, and 
malathion, a cholinesterase inhibitor twice with-
drawn from the U.S. market). Available formula-
tions include 1% permethrin and pyrethrins 
plus piperonyl butoxide. In the early 1990s, a 
randomized, controlled trial involving French 
schoolchildren showed that 24 hours after ap-
plication, 0.5% malathion lotion, an infrequent-
ly used insecticide at that time, achieved a better 
louse-free rate (92%) than 0.3% d-phenothrin 
(40%). Ex vivo parasitologic testing of freshly 
sampled lice gave the same results, raising the 
possibility that lice might have acquired a pyre-
throid-resistant phenotype.2

Pyrethroids are neurotoxins that modify louse 
voltage-gated sodium channels (VGSC), causing 
spastic paralysis and death. These agents have a 
rapid immobilizing effect, called knockdown, 
that often precedes lethality. DNA sequencing 
showed that “knockdown resistance” (kdr) to 
permethrin was linked to a three-point muta-
tion (M815I–T917I–L920F) in the louse VGSC 
α-subunit gene, conferring nerve insensitivity.3 
The frequency of resistant kdr-like louse alleles 
varies according to geographic area, with values 
ranging from 0% in Thailand to 33 to 100% in 
California, Florida, and Texas, 97% in Canada, 
and 98.7% in Paris.4,5 However, genetic resis-
tance might not be predictive of clinical or para-
sitologic failure.
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Resistance of head lice to insecticides led re-
searchers to look for alternatives. Malathion 
was reintroduced to the U.S. market in 1999; 
formulations differ in the United States and 
Europe, and resistance has been reported in 
Europe. Other potential topical agents are de-
tailed in the table in the Supplementary Ap-
pendix, available with the full text of this article 
at NEJM.org. Ivermectin is an antiparasitic drug 
used for onchocerciasis and lymphatic filariasis. 
It induces arthropod and nematode paralysis 
and death by interrupting neurotransmission, 
acting on glutamate-gated or γ-aminobutyric 
acid–gated chloride channels. A recent cluster-
randomized, controlled trial showed that a single 
oral dose (400 μg per kilogram of body weight) 
repeated within 7 days achieved higher louse-
free rates on day 15 than 0.5% malathion among 
patients with head lice refractory to insecti-
cides (95.2% vs. 85.0%) and their household 
members (92.4% vs. 79.1%).6

In this issue of the Journal, Pariser et al. de-
scribe two randomized, controlled trials compar-
ing a single application of 0.5% ivermectin lotion 
with vehicle control in patients 6 months of age 
or older.7 The louse-free rate at day 15 was 73.8% 
among index patients (vs. 17.6% among vehicle-
control recipients), and, remarkably, patients were 
deloused rapidly (94.9% on day 2). The infested 
household members were treated as well, but 
cluster analysis is not mentioned. Only local ad-
verse events were reported (similar in both 
groups). A topical drug formulation is indeed 
welcome and is expected to have less risk of sys-
temic adverse events. The Food and Drug Ad-
ministration approved topical ivermectin lotion 
in February 2012.

Although oral ivermectin (at a dose of 400 μg 
per kilogram) is used off-label, its safety for pa-
tients with head-louse infestation remains un-
known. However, more than 45 million people 
have taken oral ivermectin at a dose of 200 μg 
per kilogram for other infections. The lotion is 
convenient (i.e., applied to dry hair, left for 10 min-
utes, then rinsed with water), which should in-
crease compliance. Notably, in a randomized, 
controlled trial in which malathion lotion was 
applied for 8 to 10 hours on parent and child 
volunteers, compliance reached only 50%. In an 
in vitro experiment, topical ivermectin acted as 
a posteclosion nymphicide by reducing head-louse 
blood-feeding, a finding that explains the single-
application protocol of the current studies. How-

ever, the louse-free rate on day 15 was lower 
than on day 2, suggesting less in vivo activity.

The two randomized, controlled trials report-
ed raise the question of the placebo-controlled 
design, because head lice is an infectious condi-
tion, albeit relatively benign, with still-infested 
children at risk of transmission in the commu-
nity. Moreover, the use of an active comparator 
group would have been more relevant with re-
gard to global head-louse management. Finally, 
strong ivermectin selection pressure in a popu-
lation requires prudence, because it will eventu-
ally select resistant lice. Indeed, phenotypic and 
genotypic studies have shown emerging ivermec-
tin resistance in Onchocerca volvulus in countries 
(e.g., Ghana and Cameroon) where ivermectin is 
widely used to control onchocerciasis.8 In Aus-
tralia, increasing in vitro scabies-mite tolerance 
of ivermectin in scabies-endemic communities 
has also been reported.9

How should head-louse infestation be man-
aged? With good comparative-effectiveness re-
search still lacking, indirect comparisons (see 
the table in the Supplementary Appendix) sup-
port the 2010 American Academy of Pediatrics 
recommendations to use 1% permethrin or pyre-
thrin insecticide as first-line therapy.10 If resis-
tance in the community has been proven or live 
lice are present 1 day after the completion of 
treatment, a switch to malathion may be neces-
sary. Other options include wet combing or treat-
ment with dimethicone or other topical agents, 
depending on the availability of the agents in 
the country. Nit removal is useful. Ivermectin 
should be the last choice, whether topical (for 
still-infested persons) or oral (especially for mass 
treatment). Management should also include 
more frequent checking for head-louse infesta-
tion in families and schools.
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