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Background

Head-lice infestation is prevalent worldwide, especially in children 3 to 11 years old. 
Topical insecticides (i.e., pyrethroids and malathion) used as a lotion, applied twice 
at an interval of 7 to 11 days, are typically used for treatment. Resistance of lice to 
insecticides, particularly pyrethroids, results in treatment failure. The efficacy of 
alternative agents is controversial.

Methods

We conducted a multicenter, cluster-randomized, double-blind, double-dummy, con-
trolled trial comparing oral ivermectin (at a dose of 400 μg per kilogram of body 
weight) with 0.5% malathion lotion, each given on days 1 and 8, for patients with 
live lice not eradicated by topical insecticide used 2 to 6 weeks before enrollment. 
The cluster was defined as the household. Infestation was confirmed and moni-
tored by means of fine-toothed combing. Patients were at least 2 years of age and 
weighed at least 15 kg; all were treated at the study sites. The primary end point was 
the absence of head lice on day 15.

Results

A total of 812 patients from 376 households were randomly assigned to receive either 
ivermectin or malathion. In the intention-to-treat population, 95.2% of patients 
receiving ivermectin were lice-free on day 15, as compared with 85.0% of those re-
ceiving malathion (absolute difference, 10.2 percentage points; 95% confidence 
interval [CI], 4.6 to 15.7; P<0.001). In the per-protocol population, 97.1% of patients 
in the ivermectin group were lice-free on day 15, as compared with 89.8% of those 
in the malathion group (absolute difference, 7.3 percentage points; 95% CI, 2.8 to 
11.8; P = 0.002). There were no significant differences in the frequencies of adverse 
events between the two treatment groups.

Conclusions

For difficult-to-treat head-lice infestation, oral ivermectin, given twice at a 7-day 
interval, had superior efficacy as compared with topical 0.5% malathion lotion, a 
finding that suggests that it could be an alternative treatment. (ClinicalTrials.gov 
number, NCT00819520.)
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Head lice are universal human par-
asites, affecting over 100 million people 
worldwide each year. In the developed 

world, children 3 to 11 years of age are most like-
ly to be affected.1 Since the withdrawal in 2007 
of the Cochrane review of head-lice treatments,2 
the only review available is a systematic review3 
published in 1995; it concluded that sufficient evi-
dence of efficacy existed only for the pyrethroid 
insecticide permethrin (1% formulation), which 
had a cure rate with a lower 95% confidence limit 
of more than 90%. However, because of emerg-
ing pyrethroid resistance, malathion (0.5% formu-
lation), an organophosphate insecticide, is now 
widely considered an effective alternative and was 
reintroduced into the U.S. market in 1999.4 Re-
gardless of which topical insecticide is used, man-
agement of head lice should include the use of a 
lotion that delivers a high insecticide concentra-
tion in one application, with a sufficient quantity 
of the lotion applied to ensure thorough cover-
age, a second application no fewer than 7 and no 
more than 11 days after the first in order to kill 
lice that may have hatched from eggs surviving 
the first treatment, and concomitant treatment 
of all infested family members.5 Strict adherence 
to these recommendations controls head-lice in-
festation, at least in the absence of insecticide 
resistance.

Clinical and parasitologic resistance to pyre-
throids was first suspected in the early 1990s in 
France6 and was subsequently confirmed else-
where (e.g., in the United Kingdom,7 Israel,8 
United States,9,10 Australia,11 and Argentina12). 
The resistance results from the amino acid mu-
tations Thr929Ile and Leu932Phe, involving the 
sodium-channel pathway that alters the sensitivity 
of the head-louse nervous system to pyrethroids.13 
Malathion resistance also seems to be increas-
ing,14 and nonpesticide alternatives, such as di-
methicone lotion (4% or 92% formulations) and 
physical removal of the lice (“bug-busting”), are 
controversial or not sufficiently effective.15-19 Con-
sequently, infestations of head lice with insecti-
cide resistance are considered difficult to treat.

Ivermectin, a semisynthetic derivative of the 
avermectin family of macrocyclic lactones, inter-
rupts γ-aminobutyric acid–induced neurotrans-
mission in invertebrates and has been used to 
treat onchocerciasis, lymphatic filariasis, helmin-

thiases, and ectoparasite infestations, mainly sca-
bies.20,21 Head lice must feed on blood two to six 
times a day, and body lice must do so at least 
once daily. Ivermectin works systemically,22 but a 
single, standard dose of oral ivermectin — 200 μg 
per kilogram of body weight — eradicated head-
lice infestation in only 6 of 26 subjects (23%) in 
a noncontrolled study.23 This trial was designed 
to assess the efficacy and safety of oral ivermec-
tin at a dose of 400 μg per kilogram, as com-
pared with malathion (0.5%) lotion in patients 
with difficult-to-treat head-lice infestation.

Me thods

Study Design

The trial was a cluster-randomized, double-blind, 
double-dummy, controlled trial. Clusters were 
defined as households. Once an eligible patient 
was identified and recruited as an index patient, 
we randomly assigned the households, rather than 
the patients, to a treatment group to prevent con-
tamination between the two groups within a 
household.

The trial was planned as a two-stage study: at 
the end of the primary stage (day 15), any patients 
who still had an infestation entered an extension 
stage, during which they were switched to the 
alternative treatment regimen in a double-blind, 
crossover fashion. The investigators who recruited 
patients for the study are listed in the Supple-
mentary Appendix (available with the full text of 
this article at NEJM.org).

The trial was conducted in accordance with 
the Good Clinical Practice Guidelines of the In-
ternational Conference on Harmonisation, the 
Declaration of Helsinki, and local laws and regu-
lations, and the protocol was reviewed and ap-
proved by the ethics committees of participating 
centers. Participants who were at or over the legal 
age for consent provided written informed con-
sent before any study procedure was performed 
and before randomization. Simplified, age-appro-
priate information sheets were used to explain 
the study to children and adolescents who were 
under the legal age of consent. Their assent was 
recorded, and written informed consent was giv-
en on their behalf by parents or guardians.

The trial was funded by Johnson & Johnson–
Merck Sharp & Dohme–Chibret, which provided 
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the study medications. Two academic authors and 
the sponsor designed the study; a contract re-
search organization collected the data on behalf 
of the sponsor. The academic authors had full ac-
cess to the data and made the decision to submit 
the manuscript for publication. Two academic au-
thors and one industry author wrote the manu-
script. All the authors vouch for the completeness 
and accuracy of the data, analyses, and reported 
findings.

Study Sites

The study was conducted from March 9 through 
September 14, 2004, at seven study centers: four 
in the United Kingdom and one each in Ireland, 
France, and Israel. The U.K. and Irish centers are 
small, dedicated clinical-research sites; the cen-
ters in France and Israel are local hospital de-
partments.

Study Patients

Patients were recruited from the community by 
means of advertising or outreach by nurses. Ini-
tial contact with a prospective household consist-
ed of a telephone response to an advertisement or 
contact by outreach nurses during home visits. 
Initial contact was followed by a baseline visit 
(day 1) at the study site in all cases. All household 
members suspected to be infested were encour-
aged to attend the appointment; if all household 
members at the appointment met the inclusion 
criteria, randomization proceeded.

The inclusion criteria were an age of at least 
2 years, weight of at least 15 kg, and head-lice 
infestation (defined as the presence of live lice) 
confirmed by study staff by combing the dry hair 
with a dedicated fine-toothed comb, as previously 
described.24 Live lice seen during this examina-
tion were counted, to provide baseline data. The 
other inclusion criterion was previously failed 
treatment in either the index patient or a house-
hold member, defined as persistence of head-lice 
infestation, despite topical application of a pyre-
throid-based or malathion insecticide 2 to 6 weeks 
before the day 1 visit, as reported by the patient 
(or parent or guardian) at the day 1 visit. Exclu-
sion criteria are listed in the Supplementary Ap-
pendix.

Within a household, all infested members who 
met the inclusion criteria on day 1 were eligible. 
To be enrolled in the study, all the infested mem-

bers had to be present at the day 1 visit. A house-
hold could not comprise more than six infested 
members.

Study Treatments and Blinding

On days 1 and 8, either oral ivermectin (at a dose 
of 400 μg per kilogram, in 3-mg tablets; Stromec-
tol, Merck) or 0.5% alcoholic malathion lotion 
(Prioderm, Viatris) was administered by staff on 
site. To ensure that treatment remained blinded, 
a double-dummy technique was used. All patients 
received tablets, either ivermectin or a visually 
identical placebo tablet (of identical composition 
except for the ivermectin, which was replaced by 
cellulose), and lotion, either 0.5% malathion or a 
placebo lotion containing 100% isopropanol. Be-
fore the trial, isopropanol was found to exert no 
relevant pediculicidal activity in vitro against 
body lice (for details, see the Supplementary Ap-
pendix).

All patients were weighed on day 1 to calcu-
late the number of ivermectin tablets required to 
achieve the dose of 400 μg per kilogram. Patients 
who were unable to swallow whole tablets were 
given ivermectin or placebo tablets crushed and 
mixed with applesauce.

On days 1 and 8, according to the manufac-
turer’s instructions, an investigator applied lotion 
to each patient’s dry hair until all the hair and 
scalp were thoroughly moistened. The hair was 
allowed to dry naturally (without the aid of a hair 
dryer or other artificial heat) in a well-ventilated 
room. When the hair was dry, the patient was 
allowed to leave the center, with instructions to 
leave the lotion in place for 10 to 12 hours and 
then to wash the hair with the mild shampoo 
provided by the investigation team in a treatment 
kit and to rinse as usual.

Patients who still had a head-lice infestation 
on day 15 (i.e., those in whom the primary end 
point of absence of head lice at day 15 had not 
been achieved) entered the extension stage, in 
which the randomized treatment was switched 
to the alternative treatment, administered at the 
same dose used in the primary stage.

No other pediculicidal treatments (including 
nit combing and trimethoprim–sulfamethoxa-
zole) were permitted throughout the study. Pa-
tients were advised not to share items that were 
ordinarily in contact with the head (e.g., hats, 
combs, and hair accessories) and to avoid head-
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to-head contact with others. Patients were asked 
not treat their hair (e.g., with dyes or bleach) or 
cut it very short or otherwise style it in a way that 
would prevent effective fine-toothed combing 
during the 2-week study period (see the Supple-
mentary Appendix for details).

Outcomes and Adverse Events

The primary end point was the absence of live 
head lice on day 15, determined with the use of a 
standardized combing procedure (as on day 1): 
combing was performed until a live head louse 
was discovered or the entire scalp had been ex-
amined and was determined to be free of live 
lice. Secondary outcomes were the absence of 
live head lice on days 2 and 8, as well as on days 
22 and 29 for patients who entered the exten-
sion stage. Each patient’s treatment preference, 
an oral tablet or lotion, was also recorded.

All patients who received at least one applica-
tion or dose of the study drug were evaluated for 
efficacy and safety (the intention-to-treat popula-
tion). Patients (or, for children and adolescents, 
a parent or guardian) were questioned about ad-
verse events at each study visit. All patients with 
serious adverse events were followed for the out-
come, regardless of the determined cause of the 
event.

Sample Size

We planned a two-step trial, using the approach 
of Morikawa and Yoshida,25 with the first objec-
tive of establishing noninferiority and the second 
objective of establishing superiority. At each step, 
the hypothesis was subjected to a one-sided test 
at a 2.5% level. A priori true rates of efficacy were 
assumed to be 85% for malathion lotion and 95% 
for ivermectin. A 1.4 inflation factor was applied 
to adjust for the cluster design. For a total of 700 
patients, we calculated that the study would have 
a statistical power of more than 99% for the non-
inferiority step (with a noninferiority margin of 
5 percentage points) and a power of more than 
96% for the superiority step. Sensitivity analyses 
were conducted to explore different efficacy rates 
for ivermectin and malathion lotion.

Randomization

The randomized units were households (clusters), 
and randomization was stratified according to the 
number of persons with infestation within the 

household (three or fewer or four or more). Using 
permuted blocks of four, we randomly assigned 
households (not patients) to receive ivermectin or 
malathion (in a 1:1 ratio). The randomization 
schedule was generated by the Merck Research 
Laboratories statistical group and was delivered 
to the contractor who provided the treatment kits. 
Eligible households were assigned the next avail-
able treatment kit. The schedule was not revealed 
to investigators until after the database was fi-
nalized.

Statistical Analysis

The primary objective of establishing noninferi-
ority required data to be analyzed according to 
both the intention-to-treat and per-protocol prin-
ciples. For the intention-to-treat analysis, missing 
data were handled by means of the last-observa-
tion-carried-forward approach, which is gener-
ally applied to dropouts from longitudinal trials. 
Estimation of the two-sided 95% confidence in-
terval for the difference between the rates of free-
dom from lice in the two treatment groups was 
performed with the use of a normal approxima-
tion. A ratio-estimator approach (based on a sim-
ple adjustment of the standard Pearson chi-square 
statistic) was applied to account for clustering.26 
The lower limit of the 95% confidence interval 
was compared with a noninferiority margin of 
−5 percentage points (the noninferiority objec-
tive), and we also determined whether it was 
greater than 0% (the superiority objective). More-
over, superiority was assessed with the use of 
z-tests and cluster- adjusted standard errors. Fi-
nally, intraclass correlation coefficients (to as-
sess the clustering effect) were estimated for 
each of the two treatment groups.27

R esult s

Study Participants and Treatment

A total of 376 households, comprising 812 pa-
tients, were enrolled in the study (Fig. 1). The 
ivermectin group consisted of 398 patients in 185 
households; the malathion group consisted of 
414 patients in 191 households. On day 15 (the 
time at which the primary end point was as-
sessed), 35 of the 812 patients (4.3%) had been 
lost to follow-up, and 53 of the 812 patients 
(6.5%) did not complete the study.

At baseline, the two treatment groups were 
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similar with regard to characteristics of house-
holds and patients (Table 1) (for details, see Table 
1 in the Supplementary Appendix). Approximately 
15% of randomized households had more than 
three family members with an infestation. The 
two treatment groups had nearly equivalent dis-
tributions of households according to the sever-

ity of infestation at the time of enrollment (mild 
[<12 live lice] or moderate or severe [≥12 live 
lice]) in the member with the most severe infes-
tation. The study population was predominantly 
female (86.9%), with a median age of 10 years 
(interquartile range, 7 to 14) and a mean (±SD) 
weight of 40±22 kg.

6 col
33p9

812 Patients in 376 households (clusters)
underwent randomization

1209 Patients were assessed for eligibility

397 Were excluded
329 Did not meet inclusion criteria
48 Had infestation with another organism
6 Did not attend the day 1 visit
4 Withdrew consent
4 Declined treatment
6 Had other reasons for exclusion

398 Patients in 185 households
were randomly assigned to

receive ivermectin

 414 Patients in 191 households
were randomly assigned to

receive malathion

6 Were found not to meet
inclusion criteria

5 Were found not to meet
inclusion criteria

19 Were lost to follow-up
24 Did not complete the

study
5 Withdrew consent
7 Had an adverse event
2 Did not adhere to 

study regimen
1 Did not receive any

treatment
8 Did not receive treat-

ment on day 8
1 Did not attend day 15

visit

16 Were lost to follow-up
29 Did not complete the

study
7 Withdrew consent
5 Had an adverse event
5 Did not adhere to 

study regimen
6 Did not receive treat-

ment on day 8
3 Did not attend day 15

visit
3 Had other reasons for

noncompletion 

397 Patients in 184 households
made up the intention-to-
treat population

349 Patients in 166 households
made up the per-protocol
population

414 Patients in 191 households
made up the intention-to-
treat population

364 Patients in 171 households
made up the per-protocol
population
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Figure 1. Enrollment, Randomization, and Follow-up of the Study Patients.

Recruitment of patients, provision of consent, and randomization took place at the study sites. The median number 
of members with a head-lice infestation per household in each of the two treatment groups was two (range, one to 
six). The one patient (the sole participant in that household) in the ivermectin group who did not receive any treat-
ment was also not seen on day 15; the patient and the household were excluded from follow-up, and no data were 
included in the intention-to-treat analysis.
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One patient in the ivermectin group did not 
receive any treatment. The mean volumes of 
malathion lotion used in patients with thin, aver-
age, and thick hair density were 28.5±15.9 ml, 
41.1±25.0 ml, and 59.4±32.6 ml, respectively, for 
each of the two applications.

Outcomes

Analysis of the primary end point in the intention-
to-treat population, according to the last-obser-
vation-carried-forward approach, showed that on 
day 15, 378 of the 397 patients (95.2%) in the 
ivermectin group were free of head lice, as com-
pared with 352 of the 414 patients (85.0%) in the 
malathion group (absolute difference, 10.2 per-
centage points; 95% confidence interval [CI], 4.6 
to 15.7; P<0.001) (Table 2). In the per-protocol 
population, the estimated absolute difference be-
tween the two treatment groups was 7.3 percent-
age points (95% CI, 2.8 to 11.8; P = 0.002). At the 
clusters level, 171 of the 185 households (92.4%) 
in the ivermectin group were free of head lice, as 
compared with 151 of the 191 households (79.1%) 
in the malathion group (absolute difference, 13.4 
percentage points; 95% CI, 6.4 to 20.4). On days 
2 and 8, ivermectin was also superior to mala-
thion, with absolute differences between the two 
groups of 10.1 percentage points and 29.8 per-
centage points, respectively, and with efficacy 
sustained through days 22 and 29 (Table 2). (See 
Fig. 2 in the Supplementary Appendix for the re-
sults of detailed exploratory subgroup analyses.)

On day 15, 39 patients (8 in the ivermectin 
group and 31 in the malathion group) had per-
sistent infestation and therefore entered the exten-
sion phase, with a switch to the other treatment. 
At day 29, 8 of the 8 patients (100%) receiving 
malathion and 30 of the 31 patients (96.8%) re-
ceiving ivermectin no longer had head lice.

Regarding treatment preference, 78.3% of the 
patients preferred tablets, 13.0% preferred lotion, 
and 8.7% had no preference.

Adverse events

Two serious clinical adverse events were reported 
(Table 3; see also Table 3 in the Supplementary 
Appendix for detailed information about adverse 
events). A total of 7 of the 398 patients (1.8%) in 
the ivermectin group and 5 of the 414 patients 
(1.2%) in the malathion group discontinued treat-
ment because of an adverse event; only three 
events were judged to be severe. The frequencies 

Table 1. Baseline Characteristics of the Study Patients, According to 
Treatment Group.*

Characteristic
Ivermectin 

Group
Malathion 

Group

Study households N = 185 N = 185

No. of members per household — median 
(interquartile range)

5 (4–6) 5 (4–6)

No. of members with infestation — median  
(interquartile range)

2 (1–3) 2 (1–3)

Household size — no. (%)†

Small 157 (84.9) 159 (83.2)

Large 28 (15.1) 32 (16.8)

Severity of household infestation — no. (%)‡

Mild or moderate 85 (45.9) 90 (47.1)

Severe 100 (54.1) 101 (52.9)

Study patients N = 398 N = 414

Age — yr

Median 10 10

Interquartile range 7–14 7–14

Sex — no. (%)

Male 53 (13.3) 53 (12.8)

Female 345 (86.7) 361 (87.2)

Weight — kg 40±22 40±20

Race group — no. (%)§

Asian 69 (17.3) 48 (11.6)

Black 1 (0.3) 0

White 323 (81.2) 361 (87.2)

Other 5 (1.3) 5 (1.2)

Hair density — no. (%)

Thin 59 (14.8) 50 (12.1)

Average 164 (41.2) 156 (37.7)

Thick 175 (44.0) 208 (50.2)

Hair length — no. (%)

Well above earlobe 65 (16.3) 57 (13.8)

Between earlobe and shoulder 70 (17.6) 69 (16.7)

Below shoulder 263 (66.1) 288 (69.6)

No. of live lice on visual inspection — no. (%)

<12 265 (66.6) 268 (64.7)

≥12 133 (33.4) 146 (35.3)

* Plus–minus values are means ±SD.
† A small household was one with three or fewer members with infestation;  

a large household was one with four or more members with infestation.
‡ The severity of household infestation was assessed in the member of each 

household with the most severe infestation. Mild or moderate was defined as 
fewer than 12 live lice per infestation; severe was defined as 12 or more live 
lice per infestation.

§ Race group was reported by either the investigator or the patient or, if the pa-
tient was a child, by the child’s parent or guardian.
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of adverse events were generally similar among 
the age groups of 2 to 5 years, 6 to 12 years, and 
more than 12 years, but in absolute terms, the 
youngest group had the fewest events.

Discussion

The results of this multicenter, cluster-random-
ized, double-blind, double-dummy, controlled trial 
showed the noninferiority and superiority of oral 
ivermectin (at a dose of 400 μg per kilogram) to 
0.5% malathion lotion, each given on days 1 and 
8, for eradicating head-lice infestation. Given the 
rising prevalence of head-lice infestation, the tar-
get population of persons with difficult-to-treat 
infestation, defined by a previous failure of topi-
cal insecticides, represents an emerging medical 
need. Moreover, failure to clear the infestation 
leads to frequent misuse of various products or 
devices, such as repeated use of insecticidal 
shampoos, which is suspected of increasing re-
sistance to insecticides5; there is preliminary epi-
demiologic evidence linking exposure to insecti-
cidal shampoos to acute leukemia in children.28

More households were lice-free after receipt of 
oral ivermectin than after receipt of malathion 
lotion, showing that ivermectin effectively con-
trols infestations in close contacts and suggest-

ing that it would be useful at the classroom level 
as well. The real-life effect size is likely to be 
even greater, because adherence to topical-insec-
ticide regimens is poor.17

The superiority of ivermectin was seen at both 
day 2 and day 8 (since day 2 was included to 
measure the true effect of the study drug, ad-
ministered on day 1, on live lice present at the 
time of enrollment, not those that hatched 
thereafter). The efficacy of ivermectin was also 
confirmed during the double-blind, extended 
phase (when patients in whom malathion failed 
to eradicate the infestation received ivermectin). 
Ivermectin has a long plasma half-life (12 to 16 
hours), as does its active metabolite, which is a 
potential explanation for why the rate of free-
dom from live lice with ivermectin remained 
stable through day 29 and why the rate associ-
ated with ivermectin was 8.3 percentage points 
higher than the rate associated with malathion 
at day 29, in spite of the potential residual local 
effect of malathion.

The primary end point — the absence of live 
head lice — was scheduled to be assessed on day 
15, because the study drugs (and all those avail-
able for lice infestation) generally have poor ovi-
cidal activity, and nits can continue to hatch until 
11 days after the first administration. A standard-

Table 2. Rates of Freedom from Live Lice at Various Time Points, According to Treatment Group.

Day of Study
Ivermectin Group 

(N = 397)
Malathion Group 

(N = 414) Absolute Difference P Value*

No. Needed to Treat 
with Ivermectin 

(95% CI)†

no. (% [95% CI])
percentage points 

(95% CI)

Day 15 (primary end point)

Intention-to-treat analysis 
with LOCF‡

378 (95.2 [92.3–98.1]) 352 (85.0 [80.3–89.8]) 10.2 (4.6–15.7) <0.001 9.8 (6.4–21.7)

Per-protocol analysis§ 339 (97.1 [95.1–99.2]) 327 (89.8 [85.8–93.9]) 7.3 (2.8–11.8) 0.002 13.9 (8.5–35.7)

Day 2¶ 367 (92.4 [88.8–96.1]) 341 (82.4 [78.0–86.8]) 10.1 (4.3–15.8) <0.001 9.9 (6.3–23.3)

Day 8¶ 332 (83.6 [78.7–88.6]) 223 (53.9 [48.2–59.5]) 29.8 (22.4–37.3) <0.001 3.4 (2.7–4.5)

Day 22¶ 380 (95.7 [93.0–98.4]) 365 (88.2 [83.6–92.7]) 7.6 (2.3–12.8) 0.003 13.2 (7.8–43.5)

Day 29¶ 382 (96.2 [93.6–98.8]) 364 (87.9 [83.4–92.5]) 8.3 (3.1–13.5) <0.001 12.0 (7.4–32.3)

* P values were calculated with the use of tests of superiority.
† The number needed to treat with ivermectin, which was derived from the intention-to-treat analysis, is the number of patients who would 

need to be treated with oral ivermectin to prevent a recurrence of head-lice infestation in one patient.
‡ The intention-to-treat analysis included data from patients who received at least one dose or application of the study drug. The last-observa-

tion-carried-forward (LOCF) method was used to handle missing data. The estimated intraclass correlation coefficients for the ivermectin 
and malathion groups were 0.62 (95% CI, 0.27 to 0.83) and 0.44 (95% CI, 0.24 to 0.62), respectively.

§ The per-protocol analysis was based on 349 patients in the ivermectin group and 364 patients in the malathion group.
¶ The intention-to-treat analysis included this day.
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ized procedure for fine-toothed combing was 
used to assess both trial eligibility and study end 
points, and the combing was performed by trained 
study staff on dry hair. To accurately measure 
the effect of treatment on head-lice infestation, 
we controlled for confounding factors: cluster 
randomization was used to avert reinfestation 
of the index patient by an untreated household 
member; both study treatments were adminis-
tered twice on site, on days 1 and 8; and suf-
ficient amounts of malathion lotion were ap-
plied.

Ivermectin may be a good alternative to mala-
thion when topical insecticide resistance is sus-
pected. The patients included in our large trial 
were recruited from the community in four coun-
tries, as a realistic sample of the general popula-
tion, in which the degree of resistance and the 
type of resistance (i.e., resistance to a pyrethroid, 
malathion, or both) may vary from one place to 
another.

The main limitations of our study were that 
the previous failure of an insecticide to eradicate 
a head-lice infestation was reported by patients 
only; parasitologic tests and genotyping were 
not performed. However, in real life, the persis-

tence of live lice 1 day after insecticide applica-
tion strongly suggests resistance. Pyrethroid re-
sistance is the type of resistance that has been 
studied most extensively, and a phenotype–geno-
type correlation has been documented.29 In an 
in vitro assay, a topical ivermectin lotion has 
been found to kill permethrin-resistant head lice 
that infest humans.30

The fact that fewer adverse events were re-
ported in children 2 to 5 years of age than in 
other age groups in our study could reflect varia-
tion due to the relatively small size of this group 
or perhaps its lower propensity for self-reporting 
(by a parent or guardian). An increased risk of 
death has been reported among elderly patients 
with scabies infestation who were treated with 
ivermectin,31,32 but this has not been confirmed 
in long-term studies of resident populations and 
thus is not considered a risk for patients with 
head-lice infestation. The mechanism of action 
of ivermectin is quite species-specific. Among 
mammals, sudden death has been reported only 
in collies with a multidrug resistance protein 1 
gene (MDR1)–deficient genotype, rendering them 
hypersensitive to the P-glycoprotein substrate.33 
Encephalopathy associated with infestation has 

Table 3. Clinical Adverse Events, According to Age Group and Primary-Stage Treatment Group.

Adverse Event Total 2–5 Yr 6–12 Yr >12 Yr

Ivermectin 
(N = 398)

Malathion 
(N = 414) P Value*

Ivermectin 
(N = 54)

Malathion 
(N = 58)

Ivermectin 
(N = 228)

Malathion 
(N = 226)

Ivermectin 
(N = 116)

Malathion 
(N = 130)

no. of patients (%) no. of patients (%)

Serious adverse event† 1 (0.3) 1 (0.2) 1.00 0 0 1 (0.4) 1 (0.4) 0 0

Adverse event the primary 
reason for discontinua-
tion‡

7 (1.8) 5 (1.2) 0.57 0 0 6 (2.6) 4 (1.8) 1 (0.9) 1 (0.8)

Any adverse event 91 (22.9) 100 (24.2) 0.68 17 (31.5) 10 (17.2) 45 (19.7) 56 (24.8) 29 (25.0) 34 (26.2)

Treatment-related adverse 
event§

30 (7.5) 45 (10.9) 0.12 2 (3.7) 1 (1.7) 20 (8.8) 27 (11.9) 8 (6.9) 17 (13.1)

Severe adverse event¶ 1 (0.3) 2 (0.5) 1.00 0 0 1 (0.4) 1 (0.4) 0 1 (0.8)

* P values were calculated with the use of Fisher’s exact test.
† Adverse events were classified as serious according to prespecified criteria (see the Supplementary Appendix, available with the full text of 

this article at NEJM.org). A 7-year-old girl in the ivermectin group had a seizure 6 days after the first dose of ivermectin and was hospital-
ized; a right rolandic (centrotemporal) focus was found. She recovered and was discharged with a prescription for oxcarbazepine. An 11-year-
old girl in the malathion group had a severe headache 6 days after the first application of malathion lotion and was hospitalized overnight 
as a precautionary measure; she recovered fully.

‡ The following specific adverse events led to discontinuation: in the ivermectin group, impetigo (in two patients), nausea or vomiting (in one), 
gastroenteritis (in three), and convulsions (in one), and in the malathion group, rash or urticaria (in three patients) and gastroenteritis (in two).

§ Treatment-related adverse events were those classified as possibly, probably, or definitely related to the study drug by the investigator.
¶ Severe adverse events were adverse events classified by the investigator as being severe, using a scale of mild, moderate, or severe (see the 

Supplementary Appendix). These included the convulsions in one patient in the ivermectin group and headache in two patients in the mala-
thion group.
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been observed only in patients heavily infected 
with Loa loa microfilariae and is therefore not 
expected to occur in patients with head-lice in-
festation.34 The seizure that occurred in one of 
our patients took place 6 days after the first dose 
of ivermectin and was attributed to a rolandic 
(centrotemporal) focus. Finally, in the general 
population, approximately 45 million people in 
more than 30 countries have received 150 mil-
lion doses of ivermectin35 with no reported severe 
adverse events, although the dose was lower than 
that used to eradicate head lice in this study.

Ivermectin has been used extensively to treat 
onchocerciasis since 1987. It is worrisome that it 
was recently shown to drive the genetic selection 
of resistant Onchocerca volvulus.36 Mass treatment 
with ivermectin has been used for ectoparasitic 
diseases (e.g., scabies and pediculosis), but to 
date, resistance has been documented in only 
two patients who were given more than 30 doses 
of ivermectin each.37-40 However, a recent longi-
tudinal study showed increasing scabies-mite tol-
erance to ivermectin, as measured in vitro, in 
communities in regions where scabies is endem-
ic.41 Restricting the use of ivermectin for head-

lice infestation to the target population in our 
study (i.e., patients with infestation in whom a 
topical insecticide failed) should limit the risk of 
the emergence of resistance, but long-term sur-
veillance will be mandatory.
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