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Summary

L
A rising prevalence of head lice among school children and rising sales of insccticides with ancedotai s

cvidence of their treatment [ailure, led us to examine whether head lice in Bristol and Bath were
resistant to the insecticides available for treating head lice. Ten schools in Bristol and Bath :

were visited Lo collect field samples of head lice. A comparison was made of the survival rates of f
fully sensitive laboratory reared body lice and field samples of head lice on insccticide exposure. To |
confirm the in vitre relevance of these tests we performed supervised (reatments of affected subjects
with malathion or permethrin. There were significant differences (< 107° Fishers cxact test)
between head and body lice survival for malathion and permethrin exposure, but not for carbaryl, -
There was an 87% lailure rate for permethrin and a 64% failure rate for malathion with the ;
Ltopical treatment of a sclected number of infested school children. We conclude that there is a high °
resistance to permethrin and malathion, but head lice remain fully sensitive to carbaryl. This is the 3
first report of doubly resistant head lice. As permethrin, phenothrin (a4 very similar synthetic -

pyrethroid) or malathion are the active ingredients in all the over-the-counter-head lice treatinents
in the U.K., then it is likely that head lice prevalence will continue to increase. The resistance against

permethrin employed by the head louse is probably the kdr (knockdown resistance) mechanisim, and

an cnzymc-mcdi{llcd malathion-specilic esterase is the likely mechanism against malathion.
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Sales of insccticides for the treatment of head lice in
the UK have risen over the last 10 years, which may
reflect both an increased prevalence of head lice and
the poor cllicacy of available treatments. The removal
of ‘nit nurses’ and a change to group learning, which
encourages head-to-head contact, may have contribu-
ted to an increase in infection rates, and with more
lice being treated there is a greater risk of resistance
developing.

dvidence is gathering that head lice resistance i

occurring, certainly against synthetic pyrethroids' =3
and possibly against organophosphates.* All previous
in vitro studics have cxposed samples of head lice to
dilferent concentrations of insecticide for between 16
and 24 h, or exposed the head lice to a single concen-
tration of insccticide and measured the time until cither
50% or 100% of the sample of insccts arc dead. The
natural mortality of 10% a day, makes the significance
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of some of these tests diflicult to interpret.®> [t is also
hard to draw meaningful conclusions where in vitro
studics can only examine the LDsg (drug dose achicv-
ing 50% mortality) compared with the LD g. > With
some in vivo trials, there has been a failure o compen-
sate for re-infection of the study patients, as the cause
for apparcnl treatment failure.® We cevaluated the
possibility of head lice insccticide resistance in Bristol
and Bath, with in vitro and in vivo experiments using

LDygo studies and inspection of treated children belore -

re-inlection was likely.

Subjects and methods

Insccticide impregnated filter papers were made by
dipping standard Whatman type I filter papers into a
range of insecticide concentrates as shown in table 1.
Body lice were used as a test model for head lice, as both
types of lice are Pediculus humanus subspecics.” There
arc no known laboratory or lield strains of susccptible
head lice. Fully inscclicide sensitive laboratory bred
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body lice” were used to establish an LD, for perme-
thrin, malathion and carbaryl and an LD for DDT, at
2 h exposure on the impregnated filter papers at 30°C
and 70% relative humidity (r.h.)—the optimum survi-
val conditions for human lice’—based on a World
Health Organization method for determining suscept-
ibility to insccticides.® Death was taken as the absence of
all movements or irreversible intoxication (paralysis or
continuous tonic-clonic spasm}). Control body lice were
placed on untreated lilter papers. Both freshly made and
3-month-old impregnated lilter papers (stored in the
dark at 4 °C) were compared lor the insccticides perme-
thrin, malathion, carbaryl and DDT.

Ten schools in Bristol and Bath were visited (total
number of pupils = 3 300) following permission granted
by the South & West Research Ethics Committee.
Schools were randomly chosen following consent from
the individual head teachers. Consent for examining
and treating children was obtained from parents, and
the local school nurse was present during all examina-
tions. Head lice were collected from school children
{aged 5—11) using a line-toothed lice comb. Live adult
head lice were pooled to provide suflicient test num-
bers, randomized and cexposed to impregnated filter
papers at three concentrations ol insecticides above
and below LDy for permethrin, carbaryl and mala-
thion and cqual to LD;5 for DT, The filter papers had
been prewsarmed and remained in an airtight 32-L
lemperiture controlled  portable  incubator  set  at
WO s 70 rhe using a beaker containing 34 g

ol polassinen hydroxide  in 100mlL of  distilled
water.” Control head lice were placed on untreated

= Two ol the over-the-counter products for head lice
. were lested by the primary author (AMRD) on a group

s schools, all of whom had an infestation with live adult
g bead lice. One per cent aqueous malathion (Derbac-M®,
i Seton-Scholl Healtheare ple, Tubiton House, Oldham,
3 5 LK) or sgueous permethrin (1% Lyclear®. creme rinse,
g Warner Lambert UK Lid, Lambert Court, Eastleigh,
g L) was applied to the dry hair, massaged into the

- salp, commbied Through and washed out 20 h later with
J'; a normil shimpoo. Permethrin and malathion were
i lell on the same length of time to standardize the
;'_. profocal. The children’s hair was re-examined 48 or
L 72N aller initial insecticide application, using a fine-

i dl live comb 1o identily live adult head lice. A
£ hiead lice inlestation was delined as the presence of one
it or more live adalt lice. I is recognized that pediculi-

= cldes are not 100% ovicidal?'® and for this reason

the presence of nymphs was not taken as cvidence of
treatment failure.

Results

There was no difference in potency between 3-month-
old and freshly prepared (ilter papers, establishing the
long-term stability of these insecticides on filter paper
at low concentrations when stored in the dark at 4 °C.
Consistent percentage mortality resulls were obtained
from the body lice and cat lleas (Ctenocephalides felis) on
impregnated liller paper exposure (results not shown),
which validates the reproducibility of this method of
preparing lilter papers. Ninety-five per cent of the school
population was examined. Table 1 shows the combined
head lice mortality lor Bristol and Bath. There is a signi-
ficant difference (P< 107" Fishers exact test) between
head and body lice survival for malathion, permethrin
and DDT, but not for carbaryl.

For the treatment of Bristol school children with
permethrin, 100 children were examined from three
classrooms. Sixteen children were infested: 38% (six of
16) were heavily infested (= 10 adult lice) and 62% (10
of 16) had a lighter infestation (< 10 adult lice). Follow-
ing treatment, 13% (two of 15) had no head lice {both
had had light inscct loads), and of the remaining 87%
(13 of 15), 20% (three of 13) had a partial decrease
in insect load, and 62% (10 of 13) remained unaltered.
For the treatment of Bath school children with mala-
thion, 65 children were examined from three class-
rooms. Fourteen children were infested; all with a light
insect load. Following treatment, 36% (live of 14) had
no head lice, and 64% (nine of 14) remained unaliered.

Discussion

The high survival rate of head lice on treated indi-
viduals suggests resistance to the local treatments
used (permethrin in Bristol and malathion in Bath).
The high survival rates on impregnated lilter papers to
both insecticides infers doubly resistant head lice in
both areas. We suspect that this is not just a regional
phenomenon. National Health Service prescriptions
for England and Wales betwcen 1990 and 1995 for
all products with a licence lor use against head lice have
riscn 3:7-fold, from just over 400000 prescriptions
to 1500000.'"" National sales data from head lice
product manufacturers show a similar trend over the
last 10 years and presumably reflect a rising head lice
popula_tion.' "The excessive chronic application of head
lice treatments increases the chances of developing
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Total no. of
Bristol head
lice tested

Nov. ol body
lice tested

Dead Alive Dead Alive
Malathion
0-1g/100ml,
isopropanol 56 4 3* 75*
0-2 70 0 17* 53*
04 60 0 40* 32
Permethrin
0-025g/100ml.
isopropanol 57 3 4* 69*
()-05 70 (1] 7* SR*
0-1 H0 ()] 12* 52*
Carbaryl
(-8 g/100mlk,
isopropanol 62 8 6l 3
16 70 0 70
32 70 0 77 3
bor
2¢/100ml,
isopropanol 30 10 o* 32°*

i o S

Table 1. Total number of dead dinl alive lice 138
for susceptible body lice, combinsd Tl :
schools head lice and combined il liwls 28
head lice at three insecticide caneeniriliuns
2 LD, Tor susceptible body fice 1perimedliria,
malathion, carbaryl) and at LD lor [T

Fotal no. of
Bath head
lice tested

Dead Ali !
e e All control lice (not showa) renstied alis
9* 120*
17* 106*
36* 92*
14* 130*
12* 128*
22 103*
129 6
140 2
140 2

* P< 107" (Fisher's exact test): other differences not signilicant,

resistance (o these products. Both malathion and per-
methrin are available over-the-counter as well as on
prescription, so there are no saleguards Lo prevent
unrestrained and indiscriminate usce of cither product.
Carbaryl, in the UK., is a prescription only medication.
Its limited use may be o reason why we have not seen
any resistance develop to this product.

Electrophysiological studics on the housclly show
that synthetic pyrethroids have two clfects on inscct
nervous tissue.'? Type | elfects cause hyperexcitability
and uncoordinated movements, and arc not related to
mortality. Type 11 effects cause convulsions and para-
lysis, and are related to mortality. Qur in vitro and in vivo
studies conlirm this obscrvation in hcad lice. Perme-
thrin exhibits type 1 clfects, but at higher concentra-
tions it exhibits type 11 effects.'® 1t has been shown
in mosquitoes,'™ and housellies'® that DDT has the
same mode of action as synthetic pyrethroids, and that
DDT resistance and pyrethroid resistance are due to an
altered insccticide binding site within insect nerves (the
so-called kdr resistance). As we have shown that the
head lice are resistant to both permethrin and DDT,
this suggests that the resistant mechanism in head lice
is duc to kdr resistance. We were unable Lo obtain an
LD o0 for DT, This may have been due to DDT binding
strongly to the lilter paper and only a small amount
entering the head lousc.
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Further studics on houscllies'® have shown that
pyrcthroid toxicity is inverscly relaled Lo tenmperature,
The portable incubator allowed the filter pirjers il
head lice to remain at a constant temperatiine,

Both malathion (an organophosphate) ad carbiryl
{a carbamate) irreversibly bind to acetylcholinesicrise
al the same binding site, preventing its function and
causing spastic paralysis and death.'® As head lice
remain fully sensitive to carbaryl, it suggests il the
malathion resistance is not due to an altered acelyl-
cholinesterase binding site. It is likely thal i specilic
malathion resistance mechanism is in operition. This
probably means that head lice are not resistittl Lo atlicr
organophosphates. Some authoritics sugges! it 5% is
more appropriale for resistance testing for milathion, but
we used up to 0:4% becausc it corresponditl Lo it con-
centration that was beyond the LDy for the susceptible
body lice and a clear dilference was observet!

. Only 7-8-ycar-old pupils were assessed 101 lopicil
trcatment as they were lound o be the st heavily
infested age group. Permethrin was uscd to [reat Liristol
pupils and malathion was uscd for Bath pupils in ordes
to adhere to the local prescribing advice [0 prdiculi-
cides. The study was therefore only single bl Ouly
20% of infested school children had pareittil conseil
for treatment. Siblings and other family members were
not treated so the potential for re-infestation was high.
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However. following the conventional application of a
topical insecticide. there is insecticide impregnation
of the scalp and hair shalts. This allows a lethal dose
of insecticide to be delivered to any newly hatched
nymphs or refugee lice from another person for many
days il not weeks.'”'® The adult head lice that we found
48 and 72h later on the scalp of the permethrin or
malathion treated children must be resistant to these
products. Given that lice can be difficult to find in hair
with low levels of infection, then it is very likely that
our resulls are an underestimate of the problem.

This study confirms the suspicion that head lice are
resistant to the over-the-counter treatments available
in the UK. which contain malathion or permethrin
and is in keeping with the types of resistance which
have developed in other insect species' due to chronic
pesticide use.

The Department of Health in the UK. acknowledges
that carbaryl has a mutagenic potential,®” and should
continue to have restricted use only. Novel insecticides,
such as lipronil*! and imidacloprid?? which are effective
flea pesticides, require a rapid evaluation for intro-
duction into the market to provide new safe products
for the chemical control of head lice.
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