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Household-wide ivermectin treatment for head lice in an
impoverished community: randomized observer-blinded
controlled trial

Daniel Pilger,2 Jorg Heukelbach,” Adak Khakban,? Fabiola Araujo Oliveira,® Gernot Fengler® & Hermann Feldmeier®

Objective To generate evidence on the effectiveness of household-wide treatment for preventing the transmission of pediculosis
capitis (head lice) in resource-poor communities.

Methods We studied 132 children without head lice who lived in a slum in north-eastern Brazil. We randomized the households of
the study participants into an intervention and a control group and prospectively calculated the incidence of infestation with head
lice among the children in each group. In the intervention group, all of the children’s family members who lived in the household
were treated with ivermectin; in the control group, no family member was treated. We used the 2 test with continuity correction or
Fisher’s exact test to compare proportions. We performed survival analysis using Kaplan—Meier estimates with log rank testing and
the Mann—Whitney U test to analyse the length of lice-free periods among sentinel children, and we used Cox regression to analyse
survival data on a multivariate level. We also carried out a subgroup analysis based on gender.

Findings Children in the intervention group remained free from infestation with head lice significantly longer than children in the control
group. The median infestation-free period in the intervention group was 24 days (interquartile range, IQR: 11-45), as compared to
14 days (IQR: 11-25) in the control group (P = 0.01). Household-wide treatment with ivermectin proved significantly more effective
among boys than among girls (P = 0.005). After treatment with ivermectin, the estimated number of annual episodes of head lice
infestation was reduced from 19 to 14 in girls and from 15 to 5 in boys. Female sex and extreme poverty were independent risk
factors associated with a shortened disease-free period.

Conclusion In an impoverished community, girls and the poorest of the poor are the population groups that are most vulnerable for
head lice infestation. To decrease the number of head lice episodes per unit of time, control measures should include the treatment
of all household contacts. Mass treatment with ivermectin may reduce the incidence of head lice infestation and associated morbidity
in resource-poor communities.
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the usefulness of this approach for the control of this parasitic
skin infestation are presented in this paper.

Introduction

Pediculosis capitis (head lice infestation) is probably the most
common parasitic condition among children worldwide. It is
particularly common in resource-poor communities in the de-
veloping world, where it affects individuals of all age groups,
and prevalence in the general population can be as high as
40%." Children aged < 12 years show the highest prevalence
and bear the highest burden of disease.”™

Methods

Study area and participants

The study was conducted during February and March 2007
in a typical favela (slum) in Fortaleza, the capital of Ceard
state in north-eastern Brazil. Of the favelas population, 60%

Despite the public health relevance of the condition,
strategies to effectively control it are not evidence-based, and
recurrent head lice infestations are a common problem.>¢
This is of particular concern in resource-poor communities,
where this parasitic skin disease prevails and is associated with
considerable morbidity."*”

We assessed household-wide treatment with ivermectin
as a means of controlling the transmission of head lice in a
resource-poor setting based on the premise that in such set-
tings, as opposed to more affluent ones,*® within-household
transmission of head lice plays a crucial role in transmission
dynamics. The lessons learned on head lice transmission and

has a monthly family income of less than two minimum
wages (I minimum wage = 200 United States dollars, US$).
The unemployment rate is high, violence and drug abuse are
common and adult illiteracy is about 30%.% Health care is
provided by the national primary health care system (Programa
de Satide da Familia) through a primary health-care centre in
the area.

Children and teenagers from 5 to 15 years of age who
were free from head lice were eligible for the study. All chil-
dren were participants of a clinical trial comparing two head
lice treatments that had taken place immediately before this
field study was initiated.” For the clinical trial, children with
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head lice living in an urban slum were
recruited and sent to a holiday resort
where the trial took place. While still
in the holiday resort but immediately
before this study, children received oral
ivermectin to assure that they were free
of head lice by the time the field study
started. In addition, baseline head lice
status was assessed by vigorous wet
combing, the most sensitive method
for detecting head lice.'® Children
were not admitted into the field study
if they were (i) unwilling to participate
in the trial, (ii) presumed absent from
the study area for more than a week,
or (iii) found to have active head lice
infestation during the baseline wet
combing. Patients and their parents or
legal guardians gave informed written
consent. In total, 132 children free
from head lice (sentinel children) from
78 families were included. All partici-
pants were recruited in a single day.

Study design

We randomized the households of
participating children into two groups.
In the intervention group, we gave all
household members 200 ug/kg of iver-
mectin orally. Ten days later, the same
dose was given to all household mem-
bers except for the sentinel children
who were free of head lice. Household
members of the control group remained
untreated. One day after the household-
wide treatment with ivermectin, sen-
tinel children returned home from the
holiday resort. They were subsequently
examined for the presence of head lice
by wet combing every 3 to 4 days dur-
ing a period of 60 days.

Using structured questionnaires,
we collected socioeconomic informa-
tion on participating households. Be-
cause most people living in slums are
not regularly employed and have no
steady income, to measure poverty we
used an index that was independent of
household income but that assessed the
physical characteristics of the dwelling
and household consumption. To do so,
housing quality (i.e. improvised dwell-
ing, dwelling constructed of wood or
adobe) was rated on a scale of 1 to 3.
For electricity, access to piped water and
connection to public sewage disposal, a
rating of 0 was given for each if present
and of 1 if not present. We summed up
the ratings to obtain an overall value
for each family. We stratified families
into four categories, with the poorest
families belonging to the highest cat-

egory. To rate the degree of crowding
we counted the number of people per

household and divided it by the number

of rooms per house.

Randomization

We randomized households using a
permuted block design (block size six,
allocation ratio 1:1) and a computer-
generated list of random numbers.

Blinding

The study was observer-blinded. For
household-wide treatment, all house-
holds allocated to the intervention
group were visited by two investigators
not involved in the follow-up visits
(GF and FAO). The follow-up visits
were performed by a different pair of
investigators (DP and AK), who were
blinded as to the group status of the

households.

Objectives

We hypothesized that head-lice-free
children belonging to families that had
been treated with ivermectin would
remain free of head lice infestation
longer than children from households
where treatment had not been admin-
istered. The trial was designed to assess
the effect of household-wide treatment
for head lice on transmission dynamics
and its usefulness for disease control
in a hyperendemic area, as well as to
detect factors associated with rapid
infestation.

Outcomes

The primary endpoint was the infesta-
tion-free period, defined as the number
of days between the baseline examina-
tion and the first follow-up examina-
tion that was positive for head lice.
A positive head lice examination was
defined as one in which at least one vi-
able head louse or nymph was detected
by diagnostic wet combing — the most
sensitive method for diagnosing head
lice infestation.'™"? We performed ad-
ditional analyses on individual charac-
teristics (sex, length and type of hair)
and household characteristics (poverty
level, crowding) to look for their po-
tential association with the length of
the infestation-free period.

Sample size

Since the sentinel children were those
who had participated in a therapeu-
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tic trial in January 2007, our sample
size depended on the number of par-
ticipants who completed that trial.
However, we estimated that if only 5%
of the children in the control group
and 15% of those in the intervention
group remained free of head lice dur-
ing the observation period, we would
need approximately 40 participants
per group to detect a significant differ-
ence between both groups (power: 0.8;
significance level: P < 0.05). The actual
number of participants in the control
and intervention group was 68 and 64,
respectively.

Statistical analysis

For the statistical analysis we used Epi
Info, version 6.04d (Centers for Disease
Control and Prevention, Atlanta, GA,
United States of America) and SPSS
statistical software, version 11.0.4
(SPSS Inc., Chicago, IL, USA). To
compare proportions we used the x?
test with continuity correction or the
Fisher exact test when appropriate. We
used Kaplan—Meier estimates with log
rank testing and the Mann—Whitney
U test for survival analysis of head-lice-
free periods among sentinel children.
We employed a Cox regression model
to analyse survival data on a multi-
variate level. As head lice infestation is
much more frequent in girls than in
boys,>*1314 we also carried out a sub-
group analysis for gender.

We estimated the incidence of
head lice infestation by logarithmic
extrapolation of the Kaplan—Meier
curve. To measure the daily number
of episodes of head lice infestation, we
used the attack rate, defined as follows:

number of new head lice infestations +
(total person - days of observation)

The resulting rate was multiplied by
365 to estimate the number of head
lice episodes per child per year.

Ethical aspects

The study was conducted in accordance
with the revised declaration of Helsinki
(2000). Both the participants and their
respective legal guardians gave writ-
ten informed consent. At the end of
the study all participants (including
all household members) were offered
treatment with ivermectin to eliminate
head lice infestation and reduce intes-
tinal helminths.
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The study protocol was approved
by the Ethical Review Board of the
Federal University of Ceard (Fortaleza,
CE, Brazil). The trial was registered
under number ISRCTN 42288908.

Results
We assessed 145 children for eligibility;

10 children did not meet the inclusion
criteria because they had active head
lice infestation or intended to move out
of the study area during the follow-up
period. Three children refused to par-
ticipate. The resulting 132 participants
enrolled into the trial belonged to 78
households (Fig. 1).

Randomization of the households
resulted in two groups that were similar
in size and in demographic and socio-
economic characteristics (Table 1). In
67% of the cases, two or more sentinel
children belonged to the same fam-
ily. The flow of participants through
the trial was similar at all stages; two
and four participants were lost during
follow-up in the control and interven-
tion groups, respectively (Fig. 1).

The primary analysis by Kaplan—
Meier estimates and Cox-regression was
based on intention-to-treat. It involved
all participants who were randomly
assigned. For all other analyses the six
participants who had moved out of
the study area were treated as lost dur-
ing follow-up; thus, 126 participants
remained for inclusion in the analyses.

Daniel Pilger et al.

Fig. 1. Flow of participants through stages of a randomized controlled trial of
ivermectin treatment for head lice, Fortaleza, CE, Brazil, 2007

| Assessed for eligibility (7= 145) |

Excluded (n=13)

 not meeting inclusion

Household criteria = 10
randomization e refused to participate = 3
Allocation to control group (7 = 68) | | Allocation J | Allocation to intervention group (n = 64)

v

Lost to follow-up (1= 2)

(families had moved away
or were temporarily absent
for > 1 week)

e survival analysis = 68
e other analysis = 66

Analyzed

Adverse events

No adverse events were reported.

Impact

Sentinel children living in families
whose members had received iver-
mectin remained free of head lice
significantly longer than children in

Table 1. Demographic and socioeconomic characteristics of the study population and
infestation status after 60 days of follow-up, Fortaleza, CE, Brazil, 2007

Characteristic Intervention Control group  P-value®
group

No. of households/no. of sentinel children 38/64 40/68 0.66

Median no. of individuals per household 6 (3-10) 5@2-11) 0.27
(range)

No. of females (%) 49 (77) 47 (69) 0.33

No. of males (%) 15 (23) 21 (31) '

Median monthly household income in R$" 350 (60-800) 350 (60-945) 0.32
(range)

No. of households with = 2 sentinel 13 (34) 19 (46) 0.2
children (%)

Mean age in years (SD) 9.6 (2.5) 9.5 (2.6) 0.77

No. free of head lice after 60 days (%) 10 (16) 34 0.03

No. lost to follow-up (%) 4 (6) 2 (3) 0.44

R$, Brazilian real; SD, standard deviation.

2 Intervention group versus control group. In the intervention group, all family members of sentinel children
who lived in the same household as the children were treated with ivermectin; in the control group, no

family member was treated.
® 1 R$ ~ 0.50 US$.
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(families had moved away
or were temporarily absent
for > 1 week)
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e survival analysis = 64
e other analysis = 60
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the control group. The median length
of the infestation-free period was 24
days (interquartile range, IQR: 11-45)
in the intervention group and 14 days
(IQR: 11-25) in the control group
(P=0.01; Fig. 2). At the end point, 10
(16%) sentinel children in the interven-
tion group and 3 (4%) in the control
group remained uninfested (P = 0.03).
According to the extrapolation of
the gender—stratified Kaplan—Meier
curve, all girls would have become
infested by day 73 and all boys by day
85. This was equivalent to 19 head lice
infestation episodes per year in girls and
15 in boys. In the intervention group,
the number of annual episodes was
reduced to 14 for gitls and 5 for boys.
Boys remained uninfested for a
longer period of time than girls, irre-
spective of household allocation. The
median infestation-free periods were
25 days (IQR: 11-46) for boys and
14 days (IQR: 7-27) for girls (P =
0.007; Fig. 2). Among girls, the median
infestation-free period was 14 days in
both the intervention group (IQR:
7-38 days) and the control group (IQR:
11-21 days; P = 0.18). In boys, the
infestation-free period was significantly
longer: 39 days (IQR: 24-47 days) in

the intervention group and 18 days
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(IQR: 7-34 days) in the control group
(P = 0.005 Fig, 2).

The Cox regression yielded female
sex and extreme poverty as the most
important independent risk factors for
rapid infestation (Table 2). As indicated
by a hazard ratio of 1.41, an increase
of one score in the poverty index was
accompanied by a 41% increase in the
risk of head lice infestation. Crowding
per se did not contribute to increased
transmission of head lice (Table 2).
Length and type of hair, as well as age,
showed no association with the length
of the infestation-free period (all P>
0.10).

Discussion

Finding effective ways to reduce head
lice transmission is crucial for the
control of head lice infestation in im-
poverished communities. The results
of this trial suggest that household-
wide treatment with ivermectin is
effective in delaying the infestation
of household members who are free
of head lice. Therefore, treatment for
head lice should be administered to the
entire household rather than to a single
patient.

When considering household-
wide treatment, gender-related differ-
ences have to be taken into account.
Across countries and cultures, gitls are
more susceptible to head lice infesta-
tion,>*>! primarily due to gender-
related differences in social behaviour.®
In this study girls benefited less than
boys from housechold-wide treat-
ment. This highlights the importance
of community transmission and of
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Ivermectin treatment for head lice in Brazil

Fig. 2. Kaplan—-Meier estimates of length of infestation-free periods in randomized
controlled trial of ivermectin treatment for head lice, Fortaleza, GE, Brazil, 2007>"
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gender-related differences in head lice
transmission. Although we cannot
know for certain whether the sentinel
children became infested within the
community or in the household, the
fact that household-wide treatment
had a lesser effect on the infestation-
free period in girls suggests that com-
munity transmission is particularly
important among females. Boys, on
the other hand, became infested in the
household once the protective effect of
ivermectin treatment had disappeared
and in parallel with an increase in the
number of infested household mem-
bers. Nevertheless, household-wide
treatment benefited both boys and
girls by reducing the number of yearly
episodes of head lice infestation.

In addition to female gender, pov-
erty appears to play an important role
in head lice transmission. In fact, in
children from extremely poor house-
holds, the risk of early re-infestation

Table 2. Factors associated with the length of the infestation-free period in
randomized controlled trial of ivermectin treatment for head lice, Fortaleza,

CE, Brazil, 2007

Factor Hazard ratio® 95% CI P-value
Group” 1.47 1.01-2.17 0.048
Sex¢ 1.95 1.21-3.11 0.005
Poverty index 1.41° 1.03-1.93 0.031
Crowding 1.06° 0.90-1.24 0.477
No. of sentinel children per household 1.11° 0.90-1.37 0.311

Cl, confidence interval.
 Result of Cox regression.

® Control group versus intervention group. In the intervention group, all family members of sentinel children
who lived in the same household as the children were treated with ivermectin; in the control group, no

family member was treated.
¢ Females versus males.

¢ The hazard ratio indicates the effect of a whole unit increase in the unit of measurement.
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with head lice was twice as high as
in other children. This confirms the
results of previous studies to the effect
that the poorer the household, the
greater the odds of frequent head lice
infestation among household mem-
bers, and that the poorest of the poor
are the most vulnerable population
group.*'>!¢ Therefore, a targeted in-
tervention focusing on extremely poor
households or impoverished communi-
ties is recommended.

Interventions for the control of
head lice infestation could be based on
ivermectin treatment. Ivermectin is ef-
fective against various parasitic skin dis-
eases, including scabies and hookworm-
related cutaneous larva migrans.'” Its
effectiveness against head lice has been
documented repeatedly.''® Mass treat-
ment with ivermectin in resource-poor
communities has already been shown
to significantly reduce the prevalence
of intestinal helminths and of cutane-
ous infestation'® For soil-transmitted
helminths, repeated ivermectin mass
treatments have been shown to reduce
transmission as well.? With this scudy
we have demonstrated that an inter-
vention consisting of household-wide
treatment with ivermectin effectively
reduces within-household transmission
of head lice. These findings suggest that
mass treatment with ivermectin not
only reduces the prevalence of head lice
infestation in treated individuals, but
also benefits untreated members of the
community by reducing transmission.

Transmission could be further re-
duced by repeated mass administration
of ivermectin. Repeated mass treat-
ments can potentially halt the transmis-
sion of onchocerciasis,”’ and the same
may be true for head lice transmission.
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In this study, a one-time, household-
wide administration of ivermectin
considerably reduced the estimated
annual number of head lice episodes
in children. Repeated administration
could reduce the number of head lice
episodes even further, to the extent that
children could eventually be rid of head
lice, at least for prolonged periods dur-
ing the year. This would in turn reduce
morbidity associated with head lice
infestation. In Brazil mass treatments
with ivermectin could be implemented
through the Brazilian Unified Health
System (Sistema Unico de Satide) with its
network of primary health care centres.

The study design used has two
major drawbacks. The sample size was
limited to the number of children
who had participated in the previous
randomized clinical trial — i.e. children
with an active head lice infestation.
Although the households included are

felt to represent the social and eco-

nomic diversity within a shanty town,
they were not randomly selected. The
incidence of head lice infestation is
therefore likely to be overestimated, as
our sample included mainly children
at high risk of acquiring head lice. One
cannot conclude that the difference
in the outcome measure between the
intervention and control group would
be identical in a future study based on
randomly-selected households.

In this study, 67% of sentinel
children lived in a family with other
sentinel children. Even though this was
considered in the multivariate analysis,
potential bias cannot be ruled out. A
split-within-household randomization
strategy, whereby two participants in
the same household are randomly split
into the intervention and the control
group, can improve the sensitivity of the
study design.?? Obviously, this approach
is not feasible for interventions that must

be performed at the household level.

Daniel Pilger et al.

Studies with only one sentinel child per
household should be conducted to fur-
ther investigate the effect of household-
wide treatment on the transmission of

head lice. W
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Résumeé

Traitement par I'ivermectine contre les poux de téte de ’ensemble des membres des foyers dans une
communauté appauvrie : essai contrdlé randomisé en simple aveugle

Objectif Prouver I'efficacité du traitement de I'ensemble des
membres des foyers pour prévenir la transmission des poux de téte
(pediculosis capitis) dans les communautés pauvres.

Méthodes Nous avons étudié 132 enfants dépourvus de poux
et vivant dans un bidonville du Nord-est du Brésil. Nous avons
réparti aléatoirement les foyers des participants a I'étude entre un
groupe d’intervention et un groupe témoin et nous avons calculé
de maniére prospective I'incidence de I'infestation par des poux
de téte chez les enfants de chacun des groupes. Dans le groupe
d’intervention, tous les membres de la famille des enfants vivant
dans le foyer ont été traités par I'ivermectine ; dans le groupe
témoin, aucun des autres membres de la famille n’a été traité.
Nous avons Utilisé le test du %2 avec correction de continuité ou
le test de Fischer exact pour comparer les proportions d’enfants
infestés. Nous avons utilisé des estimations de Kaplan-Meier avec
un test de rang logarithmique pour réaliser une analyse de survie, le
test de Mann-Whitney pour étudier la durée des périodes exemptes
de poux chez les enfants sentinelles et la régression de Cox pour
effectuer une analyse multivariée des données de survie. Nous
avons également procédé a une analyse en sous-groupes en
fonction du sexe.

Résultats Les enfants appartenant au groupe d’intervention sont
restés exempts de poux de téte significativement plus longtemps
que les enfants du groupe témoin. La durée médiane sans
infestation dans le groupe d'intervention était de 24 jours (intervalle
interquartile, 11Q : 11-45), contre 14 jours (I1Q = 11-25) dans le
groupe témoin (p = 0,01). Le traitement par I'ivermectine de
I'ensemble des membres des foyers s’est révélé significativement
plus efficace chez les gargons que chez les filles (p = 0,005). Apres
un traitement par I'ivermectine, le nombre annuel estimé d’épisodes
d’infestation par des poux de téte avait diminué pour passer de 19
a 14 chez les filles et de 15 a 5 chez les gargons. Le sexe féminin
et I'extréme pauvreté étaient des facteurs de risque indépendants
associés a la brieveté des périodes sans infestation.

Conclusion Dans une communauté pauvre, les filles et les plus
pauvres parmi les pauvres sont les groupes de population les plus
vulnérables a I'infestation par des poux de téte. Pour réduire le
nombre d’épisodes d'infestation par des poux de téte par unité de
temps, les mesures de lutte contre ces parasites doivent inclure
le traitement de tous les contacts domestiques. Un traitement de
masse par I'ivermectine peut faire diminuer I'incidence de cette
infestation et la morbidité associée dans les communautés pauvres.

Resumen

Tratamiento de la pediculosis capitis en una comunidad pobre mediante la administracion de ivermectina a
todos los miembros del domicilio: ensayo clinico aleatorizado y enmascarado para el observador

Objetivo Demostrar la eficacia del tratamiento de todos los
miembros del domicilio para prevenir la transmision de la
pediculosis capitis en comunidades pobres.

94

Métodos Estudiamos 132 nifios sin pediculosis capitis que vivian
en barrios de chabolas en el nordeste del Brasil. Aleatoriamente,
asignamos los domicilios de los participantes en el estudio a
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un grupo de intervencion o a un grupo de control y calculamos
prospectivamente la incidencia de pediculosis capitis en los nifios
de uno y otro grupo. En el grupo de intervencion se trataron con
ivermectina todos los miembros de la familia que vivian en el
mismo hogar que el nifo; en el grupo de control no se tratd ningun
miembro de la familia. Para comparar las proporciones utilizamos la
prueba de la 2 con correccion de continuidad o la prueba exacta
de Fisher. Se utilizaron las estimaciones de Kaplan—Meier con
prueba de rango logaritmico para analizar la supervivencia; la U
de Mann—Whitney para analizar la duracion de los periodos libres
de pediculosis entre los nifios centinela, y la regresion de Cox para
efectuar un analisis multivariado de los datos sobre la supervivencia.
Asimismo, realizamos un analisis de subgrupos en funcion del sexo.
Resultados Los nifios del grupo de intervencion se mantuvieron
sin pediculosis capitis durante mas tiempo que los del grupo de
control. La duraciéon mediana del periodo libre de infestacion
fue de 24 dias (intervalo intercuartilico, IIC: 11-45) en el grupo
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de intervencion, y 14 dias (lIC: 11-25) en el grupo de control
(P=0,01). El tratamiento de todos los miembros del domicilio con
ivermectina fue significativamente mas eficaz en los nifios que en
las nifas (P= 0,005). Después del tratamiento con ivermectina,
el nimero estimado de episodios anuales de pediculosis capitis
se redujo de 19 a 14 en las nifias, y de 15 a 5 en los nifos. El
sexo femenino y la pobreza extrema fueron factores de riesgo
independientes asociados a un acortamiento del periodo libre de
infestacion.

Conclusion En una comunidad pobre, las nifias y los mas pobres
son los grupos de poblacion mas vulnerables a la infestacion por
piojos. Para reducir el nimero de episodios de pediculosis capitis
por unidad de tiempo, las medidas de control deben incluir el
tratamiento de todos los contactos domésticos. El tratamiento
masivo con ivermectina puede reducir la incidencia de la
infestacion por piojos de la cabeza y de la morbilidad asociada en
comunidades con escasos recursos.
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