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I^eTttT,^ wet combing with malathion for treatme^ of headlice in the UK: a pragmatic randomised controlled trial

R J Roberts, D Casey, D A Morgan. M Petrovic

Summary

Background Concern about the effectiveness and toxicity of
insecticide lotions has led to promotion of mechanical
methods to remove head lice. We compared the
effectiveness of "bug-busting" (wet combing with a fine-
toothed comb) and malathion lotion.

Methods We screened 4037 schoolchildren in two counties
in Wales, UK (intermediate resistance to malathion) Of 167found to have head lice, 81 (aged 3-14 years) were eligibleto participate in a randomised controlled trial that compared
mechanical removal of lice by a commercial kit every 3-4days for 2 weeks with two applications of 0.5% malathion
lotion 7 days apart; parents carried out both treatments Theoutcome measure was the presence of live lice 7 days after
the end of treatment. Analyses were by intention to treat.
Findings 74 children completed the study and 72 were
included in the analysis. The cure rate was 38% (12 of 32)
for bug-busting and 78% (31 of 40) for malathion. Children
assigned bug-busting were 2-8 (95% Cl 1.5-5.2) times more
likely than those assigned malathion to have lice at the endof treatment (p==0.0006).

Interpretation Malathion lotion was twice as effective as bug-
busting, even in an area with intermediate resistance
Policies advocating bug-busting as first-line treatment for
head lice in the general population are inappropriateAssessment of the outcome of treatment 1-2 weeks after
completion is essential for successful management Only
about 50% of participants complied fully with treatment sofuture trials should be pragmatic in design, avoid false
incentives, and study representative samples of children.
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Introduction
Mechanical removal ofhead lice by combing to control oreradicate infestation is not new, but during the past fewyears in the UK the "bug-busting" (Community Hygiene
Concern London, UK) wet-combing method has beenpromoted as a treatment for head lice in response toconcerns about the effectiveness and potential toxicity ofinsecticide lotions.’ Bug-busting involves combing of wetS, I3 fine-toothed comb^ 3-4 days for 2 weeks(slightly longer than the maximum incubation period of1’ce eggs) to remove all lice as they hatch, ensuring thatnone reach maturity and lay the next generation of eggsPublic concern over the use of insecticides on children, an
increase in resistance to the popular pyrethroid
preparations, and a large rise in prescribing costs areadditional pressures that contribute towards the increaseduse of mechanical methods of treatment2-7 The UKDepartment of Health has supported the use of themethod, publishing a leaflet to demonstrate its use
respite this support and the availability of a bug-buster
kit there have been no published trials of the method .9
A recent Cochrane review ofinterventions for treatmentof head lice called for trials of the bug-busting methodThe reviewer also requested that trials of insecticidelotions be done in western populations infected with licethat may not be fully susceptible to the relevant insecticideso that the effectiveness of existing products can beaccurately assessed. The only studies that met the

rigorous inclusion criteria for that review had been carriedout in populations in which insecticide lotions had never
previously been used.10-’2
We undertook a pragmatic trial, analysed by intentionto treat, comparing the effectiveness of a commercial bug-busting kit with that of commercial 0.5% malathion lotion

in a representative sample of children from an area withestablished intermediate resistance to malathion Thisdesign provides an estimate of the effectiveness of eachmethod in normal use by the general public."

Methods
Participants

7^^^ random sample of 24 P"""^ ^hools(children aged 5-11 years) from the counties of Flintshireand Denbighshire in North Wales, where previous localstudies of head lice. by standard laboratory methods, had
tl led lntermeciiate resistance to malathion (lethal

time 50% [LT50] by the method of Burgess 160 min) <-
Small rural schools (fewer than 40 pupils) in remote areaswere excluded for logistical reasons. School nursesfollowing a standard protocol and using detection combs’
screened all pupils present in the schools and identified
children with live moving lice.
Each child was given a letter to take home, and amember of the research team visited the home on thesame day. The letter asked parents, if the team wereunable to contact them that evening, to treat the child forhead lice. A member of the research team or a nurse
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carried out home visits following a standard protocol.
Families contacted were invited to take part in the study.

Inclusion criteria were: live (moving) lice present, no

treatment with insecticide lotion in the previous 2 weeks,

and no broken skin on the scalp. All other children in the

household were examined for lice. If head lice were found
and the child was aged 3-14 years, he or she was invited

to enter the study and was individually assigned

randomised treatment. All children with lice were offered
treatment in any case. Adults in the household were

offered examination and treatment, a comb to allow

examination by a partner, or lotion for treatment without

examination, if inspection was refused. Treatment
without evidence of infestation was not encouraged, so

that unnecessary exposure to insecticide lotion was kept to

a minimum.5 We did not offer any payment for

participation.
Ethical approval was granted by the Central North

Wales and North East Wales Local Research Ethics

Committees of the North Wales Health Authority.

Design
At the initial visit, we recorded baseline data on age, sex,

the presence of asthma, scalp disorders, and presence of

head lice. Data were collected on all household members

(including adults who accepted examination) on the

observed presence of lice, and which treatment was

allocated. The participants were examined for the

presence of lice on day 7 and then 7 days after the end of

treatment (day 15 for most individuals in the malathion

group, variable for bug-busting because the parent

determined the duration of treatment) by use of detection

combs and direct observation on dry hair. Outcome
assessments were carried out without knowledge of

treatment allocation. Parents kept a treatment diary for

each child; they recorded when treatments were given and

how much time was spent combing or how much lotion

was used. Parents were asked to stick any live lice found

on bug-busting or normal combing (malathion) on an

adhesive strip on the diary. After publication of the

Cochrane review, we carried out a retrospective
questionnaire survey of participants to ascertain

concurrent use of antibiotics and pediculocides during the

4 weeks before trial entry.

A series of study numbers were assigned to bug-busting
or malathion by random numbers. An envelope was

marked with the study number, and the name of the

allocated treatment was placed inside. Each researcher

was allocated a supply of envelopes. Once the parent had

given written informed consent for the study, eligibility

had been confirmed, and baseline data collected, the

participating child was asked to choose an envelope, and

his or her name was written on it before the treatment was

revealed by opening the envelope.
At the first visit, parents received a standard oral

explanation of how to use the treatment, closely based on

the manufacturers’ instructions. Instructions were

repeated until the parent was satisfied that he or she

understood the method. The study diary did not indicate

when the treatments should be applied.
Participants in the bug-busting group were given an

individually boxed bug-buster kit containing instructions,

two nit (fine-toothed) combs, one normal comb, a plastic

cape, and stickers. Parents were instructed to follow the

instructions in the box: to wash the hair, apply lots of

conditioner, comb the hair straight, then use the detector

comb to comb out the lice until none were found. They
were asked to repeat this treatment every 3-4 days for 2

weeks, but if an adult louse was found after the first

session, to extend the course of treatment by three further
sessions.

Participants in the malathion group were given one or

more (depending on amount required according to the
thickness and length of the hair) individual boxes
containing a 50 mL bottle of Suleo M (SSL International
pic, Oldham, UK) and instructions, or if asthmatic

(alcoholic lotion contraindicated) a similar presentation of

Derbac M (SSL International). Parents were instructed to

keep wet hair away from flames and lighted objects and

not to use a hair-dryer, and to follow the instructions on

the box: to use lotion to wet hair thoroughly down to the

roots, and allow to dry, to leave the lotion on the hair for

8-10 h, and not to use a nit comb. They were asked to

repeat the application 7 days later.
Other household members with head lice were given

malathion lotion for simultaneous treatment. Other pupils
in the same school found to have lice were either treated
simultaneously as part of the study or were advised about

treatment. The findings of the inspection on day 7, and

any other inspections, were not disclosed to the parents

until the end of the study. Children who still had lice at

the end of the study were prescribed appropriate
treatment and followed up until clear.

Statistical analysis

The study was designed as a pragmatic randomised

controlled trial." We calculated that a sample size of 70

would be sufficient for a significant difference between the

treatments to be detected with confidence of 5% and

power of 80%, on the assumption of 80% effectiveness in

one group and 45% effectiveness in the other.

Analysis was carried out by intention to treat with

Epi Info (version 6). All participants who provided
outcome data were included in the analysis, except two

who had used both treatment methods simultaneously.
Cure rates in the two treatment groups were calculated
and compared by use of the \2 test or Fisher’s exact test

when expected cell values were less than five. The relative

risk of treatment failure was calculated, with 95% CI.
Participants were included in the analysis whether or not

they complied with the allocated treatment. Participants
who withdrew from the study and did not provide

outcome data were excluded. We used extreme case

analysis to estimate the effect of missing responses on

outcome."

Results
4037 children were screened in schools and 167 were

referred (crude prevalence 4-1%). 134 were visited in the

time available. 112 agreed to take pan in the study

(response rate 83-6%, figure). 36 children did not meet

the inclusion criteria. Five siblings were included. 81

children started the study and were randomly assigned

bug-busting (37) or malathion lotion (44).
74 children (91%) completed the study and received

outcome visits. Six withdrew from the study (four from

bug-busting and two from malathion. Fisher’s exact test

p=0-40) and one was lost to follow-up (bug-busting).
Reasons for withdrawal were given by three participants
assigned bug-busting (two had a house fire and one

wanted to use lotion) and one participant assigned
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4037 children screened

3870 no lice found

167 referred from screening

33 not visited

134 visited after screening

22 refused to
participate

112 agreed to participate

36 excluded:
18 insecticide
within previous

2 weeks
17 no live lice
1 eczema

81 randomised

4v
1
fo

32 completed trial

37 assigned bug-busting 11 44 assigned malathion

withdrew
lost to
llow-up

42 completed trial

2 withdrew

Trial profile

malathion (wanted to use bug-busting). Two children
assigned malathion were excluded from analysis
(treatment was successful in both cases) because the
parent had simultaneously carried out bug-busting, being
used by a sibling, leaving 72 children for outcome
analysis.
Of the 72 children in the analyses, 32 (44%) used bug-

busting and 40 (56%) malathion, of whom 27 used Suleo
M and 13 Derbac M. The mean age was 7-7 years (range
3-14), with no significant difference by treatment group
(7-5 vs S-0 years, p=0-39). There were 51 (71%) girls and
21 (29%) boys, with the sexes distributed equally between
the two treatment groups (male 28% vs 30%, p=0-86). 36
(50%) recorded good compliance with treatment on the
diary, with no significant difference by treatment group
(good compliance 47% vs 53%, p=0-64). Most of the
children who did not comply fully (31 of 36 [86%])
deviated in minor ways, such as extending or shortening
recommended treatment intervals by or 2 days. No
participant was taking antibiotics. The parent of one child
assigned Suleo M complained of the strong smell, so the
assignment was changed to Derbac M for the second
application. No other participant reported adverse

Analysis

All participants*

Exclusions
Four malathion group who used

nit comb
Four with outcome assessment
delayed >7 days
Eight who used nit comb had
delayed outcome assessment

All participants with outcome data

*Except two who used both methods simultaneously.
Main findings and subgroup analyses

Bug-1

Total

32

32

30

30

32

Misting

Cured

12 (38%)

12 (38%)

10 (33%)

10 (33%)

12 (38%)

Mala

Total

40

36

38

34

42

rthion

Cured

31 (78%)

27 (75%)

30 (79%)

26 (77%)

33 (79%)

P

0-0006

0-0019

0-0002

0-0006

0-0004

uuiuig wiui a neaiui proiessional.
Outcome data were collected without knowledge ol
treatment assignment to control researcher-related bias.
Although intention-to-treat analysis can only be applied
fully when complete outcome data are available for all
randomised individuals, we had outcome data on 91% ol
our participants. Because this was a pragmatic trial,
participants were included in the analysis whether or not
they complied with treatment. Various imputation
methods can be used to estimate the effect of missing
responses, but even extreme case analysis did not change
our finding that malathion lotion was significantly more
effective than bug-busting."

effects. Among the bug-busting group, the duration of
treatment was 7-13 days in five cases, 14-20 days in
14 cases, 21-27 days in ten cases, longer than 27 days in
two cases, and not known in one case (mean
duration 17-7 days, n=31).
The overall cure rate was 38% (12 of 32) for bug-

busting and 78% (31 of 40) for malathion lotion (table).
The bug-busting group were 2-8 times (95% CI 1-5-5-2)
more likely to have lice at the end of treatment than those
who used malathion lotion (p=0-0006). Extreme case
analysis of the effect of missing outcome data (on the
assumption that all five missing individuals assigned bug-
busting were cured and all four missing or excluded
individuals assigned malathion were not cured) did not
change the finding that malathion was significantly more
effective than bug-busting (bug-busting 46% [17/37],
malathion 71% [31/44], p=0-026).
42 participants retrospectively reported that they had

not used pediculocides in the 4 weeks before trial entry
(19 assigned bug-busting and 23 malathion). The cure
rate was 58% (11 of 19) for bug-busting and 78% (18 of
23) for malathion lotion. Participants assigned bug-
busting were 1-9 times (0-8-5-0) more likely to have lice
at the end of treatment than those assigned malathion
lotion. In this subgroup, the difference in the effectiveness
of treatments did not reach significance (p=0-16).

Discussion
We found that malathion was twice as effective as bug-
busting in eradication ofhead lice.

This study was pragmatic and designed to give an
estimate of the effect of different treatment policies rather
than of potential benefit in children who received
treatment exactly as planned. The participants were a
random sample of the local population of children at
primary schools and their siblings who were found to have
head lice. The random sample recruitment and the high
response rate suggest that our study sample closely
represented the general population of children infected
with head lice. Unlike some other studies, we did not pay
participants and therefore avoided any false incentive to
comply with treatment." Reinfestation was kept to a
minimum by simultaneous screening and treatment of all
household members and all other pupils in the same
school.
More girls than boys took part in the study, reflecting

the higher prevalence of head lice in girls." There were no
significant differences between the treatment groups in
mean age, sex distribution, or compliance with treatment,
indicating successful randomisation. Participants were
given oral instructions on the use of the product and
advised to follow the manufacturer’s written instructions,
reflecting the type and amount of advice that they would
receive during clinical contact with a health professional.
Outcome data were collected without knowledge of
treatment assignment to control researcher-related bias.
Although intention-to-treat analysis can only be applied
fully when complete outcome data are available for all
randomised individuals, we had outcome data on 91% of
our participants. Because this was a pragmatic trial,
participants were included in the analysis whether or not
they complied with treatment. Various imputation
methods can be used to estimate the effect of missing
responses, but even extreme case analysis did not change
our finding that malathion lotion was significantly more
effective than bug-busting.’"
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There are four sources of bias that may have caused us

to overestimate the effectiveness of the treatments under
study: if the children who withdrew from the study still
had head lice; if visits by researchers and completion of
the treatment diary encouraged parents to comply with
treatment; if there was a significant residual effect from
pediculocide used more than 2 weeks previously; and
because our outcome assessment was done after 7 days,
when some ofthe lice present would have been small stage
one and two instar nymphs, we may have missed some
infestations. However, one trial included in the Cochrane
review also assessed final outcome at 7 days, and in
another only seven of 52 participants were available for
outcome assessment after week.""2 Although the design
limited the opportunity for reinfestation, if this occurred it
would have caused us to underestimate the effectiveness
of treatment. All these factors would have affected both
treatment groups equally and would therefore not

influence the comparison of the two methods.
The three trials judged sufficiently robust to be

included in the Cochrane review and eight other reviewed
trials that used the presence of live lice to indicate
infestation, were all trials of efficacy. ">-12.17-2’1 In all those
studies, a researcher applied the pediculocide, following
the manufacturers’ instructions exactly. Ours was a

pragmatic trial. The parents applied the treatment

themselves, following instructions similar to those that
would be received during a normal clinical encounter.

The three trials included in the Cochrane review were
carried out in developing countries in populations who
had never previously used pediculocides, and therefore
the lice treated were fully susceptible.10"12 Application of
their findings directly to the UK may therefore be
misleading. Our participants came from areas where field
studies in primary schools, by standard methods, had
shown intermediate resistance to malathion (and
complete resistance to pyrethroids). Because resistance to

malathion is already common in the UK, and resistance to

pyrethroids is even more widespread, our randomly
selected study population is similar to the wider UK
population in this respect.9’2’ We did not have sufficiently
detailed data on resistance by locality to allow us to

compare the outcome of treatment with malathion in
areas with different rates of resistance.
Other trials have recruited participants from clinics,

schools, or localities without aiming to obtain

representative samples of the population with head lice.
The participants in our study were a representative sample
of children with head lice locally. This feature is especially
important in assessing effectiveness of a treatment in the
hands of an average parent who may not follow the
manufacturers’ instructions.
Our study complies with two of the three inclusion

criteria for the Cochrane review and ten of 11
methodological quality criteria used within it.’ The
Cochrane inclusion criteria were: diagnosis based on the
presence of live lice, no pediculocide used in the previous
month, and no adjunctive use of nit combs with lotion.
Most of the Cochrane criteria were unequivocal
improvements in methodological rigor, which do not

potentially introduce selection bias into a pragmatic study
of resistant lice or the bug-busting method. However, we
excluded children who had used pediculocide in the

previous 2 weeks, not 4 weeks as required by the
Cochrane reviewer. The reviewer did not refer to any
experimental evidence to support the choice of 4 weeks,

and any residual effect would affect both treatment groups
equally. We argue that 2 weeks after treatment any
residual pediculocidal effect, or priming of louse
detoxification systems, is clinically insignificant, and the
use of a 4-week cut-off could introduce bias into
recruitment in studies of the bug-busting method, which
could compromise the generalisability of the findings.
This suggestion is supported by the finding that exclusion
of children who had used pediculocide in the 4 weeks
before trial entry did not significantly change the cure rate

in the malathion group. However, cure rate in the bug-
busting group increased when children who had used
pediculocide in the month before entry were excluded. A
plausible explanation for this finding is that the children in
this subgroup were less likely to report recurrent

treatment failure and less socially disadvantaged, and
therefore more able to use bug-busting successfully; this
treatment requires a significant investment of time and
effort for it to work. For malathion lotion, which is easier
to use, such differences would be less important.

Until now, experts have held unassailable but conflicting
opinions on the effectiveness of bug-busting and the
usefulness of pediculocides in a partly resistant UK
population.’’5 This trial of the bug-busting method
suggests that policies advocating bug-busting as a
first-line treatment for head lice infestation are

inappropriate for the general population. Malathion
was twice as effective as bug-busting, even in a population
of children in whom intermediate resistance to malathion
has been shown. However, treatment failure with
malathion was frequent enough to make the assessment

of the outcome of treatment 1-2 weeks after completion
an important part of management. Half of our
participants did not comply fully with treatment, therefore
future trials should be pragmatic in design, avoid false
incentives, and study representative samples of infested
children.
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