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Summary A rising prevalence of head lice among school children and rising sales or insel~t il'iUl~1i with anccdotal,li
evidence of their treatment failure, led us to examine whether heau lice in I~ristol ,Inu l~aih were):
resistant to the insecticides available ror treating head lice. Tcn 1icllool1i ill I~ristol and Bath;
were visited to collect field samples of head lice. A comparison was Illude or tile survival rates of 1

fully sensitive laboratory reared body lice and field sal11J'les of heau lice on ill1icc.\.iciue exposure. To ~
c~nfirm the i~' vitro relevance .of t?~se tests we ~erf~:med s~~~crvi1ied Irl~atnle~~t1i I~~' aflec.\l~u subjects j
willI malallllon or permellum. I here were slgl11hcant dlllcrcncc1i (1' < I () " l-I1iIICr1i exact lest) 1
between head and body lice 1iurvival for malalllion alld pcrmcthrill l~Xpll1i\lrl~. hul 1IIItlilr carb,lryl. J
'l'llcrc was all S 7'X, l'ailurc rate I()r pcnnethrill and a 64'X. railurc rate lilr m,llatllioll with the]
u)picaltreatmcnt of a selected l1umber of inlcsted school childl-Cll. Wc CII11Cluuc 1IIat 1IIcrc i1i a high ~
resi1itance to permcthrin and m~Ilathion, butheau lice remail1 rlilly 1il~ll1iil.ivc \.(1 c;lro,lryl. '1'Ilis is Llle 1
first report of doubly resistant head lice. As permellmn, phenolllrill (a very silnilar synLllctic '1
pyrethroid) or malathion arc thc active ingrediellts in all the over-lIlc-cOlllltcr Ill~au lice treatments 'I
in 1IIe U.K., lIlen it is likely that head lice prevalence will colltilll1e to illCrCa1ie. Tllc rc1ii1itanl:e against :1
pcrmcthrin employed by the head louse is probably the kllr (kllol~kuowll rC1ii1it,lnl'c) Illcl~llalli1im, and J
an cnzymc-med!.llcd malathion-specific esterase is lIle likely mechanism agaill1it malalllion. ;
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of some of tIlcsC tClitS dillicult to illtcrprct. I. ~ lL is also

hard to draw mcuningful l~oncluliions where ;/1 vitro,

IiLudicli C,III oilly CXUlllillC !.IIC IJ)~(I (drllg d(l~c achicv- ;
ing SO'}{. mortality) compared WitIl tI1C I..I)I()(I.I.~ With j
some ill vivo Lriuls. tIlcrc huli bCCll u lililurc to compcn- i
sate for rc-infcction of tI1C study paticlltli. uS tllc cause j
for apparent trcutlncllL fuilurc.(, Wc cvuluuLcd Lhe 1
possibility of head lice insecticide rclii:;tilllcc ill llrislol ;1

i
und Bath. WitIl ill vitro und ill \'ivo cxpcrimcllts using 1

1"\)10(1 :;tudics ilnd inspection of trculcd l~hildrl~n before .~

rc-inlcction wus likely. ~

Sales of insecticides for tllC trcauncnt of head lice in
tllC UK have risen over the last 10 years. which may
reflect both till il1cretlscd prevalcl1cc of hctld lice tlild
tl1c poor cllictlcy of tlvailtlble trctlUncnts. The removal
of 'nit 11l1rSCS' tlnd a chtlngc to group lctlrning. which
cn(~Ollnlgcs hcad-\.()-hcad co/ltact. may have contribu-
tcd \.() an incrctlsc in infection nltcs. and witl1 more
li(~c being trcatcd there is a greater risk of resistance

developing.
I~vidcncc is gtlthcring that head lice resistance i8'

oc(~lIrring. ccrtaillly against SY/1t1lctic pyrctllroids 1- J

and possibly ag,linst orgal10phosphatcs.4 All previous
i" \'il.ro studies Ilavc exposed samples of head lice to
diffcrcllt concentrations of insecticide for between 16
and 24 h. or exposed the head lice to a single concen-
tration of insecticide ,Ind measured the time until either.1
5()'X. or .1 (}O'X. of the sample of insects arc dead. Thc
ntlturtl( l11orlillity of 10'X, a dtlY. makcs the significance

Subjects and methods 1

Insecticide impregnated IiIter papers were m«dc by :~

dipping ~tillldard Whatman type I filter p«pcrs into a j
range of insecticide conccntrcltcs as shown in t«ble 1. ~

Body lice --:vere used a.s a test modcll()r head l~ce, as both ~

types of lice arc Ped'(;II/II.'i lilli/Ill/IllS subspcclcs.7 There i

arc no known laboratory or field str«ilJs of susceptible
head lice. I'ully insect.icide scilsit.ive labor«u)ry bred'

('orrr~p(IIIJCllt'C: I)r A.M.I~.I)oWI1~. I>cpllrlmclll of I>crmulology.
Ilri~I.c)II~oYlllll1lirlllllry. Ilri~lolllS2 IIIIW. IJ.K. I'IIX: 0117921121145
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S()l)HEAD LICE RESISTANCE TO PERMETHRIN AND MAr.A'I'HTON

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

I{csults

There was no diflerence in potency bclween ~-mOllth-
old and freshly prepared lilter papers, establishing the
long-term stability of these inscctil~idcs on filter paper
at low concentrations when stored in lilc dark al 4 °C.
Consistent percentage mortality results were obtained
from the body lice and cat fleas (CU'IIIII'I'/lIIlllilh'.., .1;-li..,) on
impregmlled liller paper exposure (rl~sults rlol sllown),
which validates the reproducibility of tllis ml~tllod I)f
preparing liller papers. Nillcly-live pcr l'l~nt of tile sl'llool
population was examined. Table .1 shows lile combined
head lice mortality for Bristol and I~alh. Tllerc is a signi-
ficant difference (1'< .10-h 11ishers exact lest) between
head and body lice survival for m,llalhion, permelhrin
and I)IYI: bul nol I()r carbaryl.

For the treatment of Brislol school children with
pertllethrin, .1 00 children were examincli l'rOln three
classrooms. Sixteen children were inlesled: 3 X 'X, (six of
.16) were heavily infested (~ 1. 0 aduillicl~) and h2'X, (.1 ()
of] 6) had a lighter infesullion « .1 () aduillicc). I~ollow-
ing treatment. 1. 3'X, (t\\'o of .15) had no Ilc,ld lice (both
Ilad had ligllt insect ImldN). and of tile remaining X7'X.
(13 of 15), 20'X. (three of 13) had a partial decrease
in insect load. and 62'X, (] 0 of 13) remained unaltered.
For the treatment of Bath school children \\ith mala-
thion, fi5 children wecre examined from thrcl' claNN-
rooms. 11ourteen children were infested; all with a light
insect load. Following treatment. 3h'X, (live of .14) had
no head lice. and 64'X. (nine of 1.4) rem"ined unaltered.

body lice; were used to esulblish an I..D1oo for perme-
thrin, malathion alld carbaryl and an LD75 for 001', at
2 h exp<)sure on the impregnated filter papers at 30 °C
and 70'X. rl~IIItive humidity (r.h.)-thl~ optimum survi-
val conditiolls I()r human lice7 -based on II World
Health Organization metlJod I()r determining suscept-
ibility tI) insecticidl~s.H l)eath was ulken as the absence of
all movements or irreversible intoxication (paralysis or
continuous tonic-clonic spasm). Control body lice were
placed on ulJtreated Ii Iter papers. Both freshly made and
3-month-ohl impregnated (ilter papers (stored in tht:
dark at 4 O(~) were l;l)mparl~d I()r tIle insectjcidl~S perme-
thrin, malathion, carbaryl and 1)1)'1'.

Tell sclllll)ls ill Hrisllli alld Ilatll were visitl~d (tolal
number of pupils = 3 3t)(») 1()llowing permission granted

by tIle South & West ItesearclI t-:thics Committee.
SclJools were randOlnly chosen following consent from
the individual head teachers. Consent for examining
and treating childrl~n was obtained Irom parents, and
the local ~chOlllnur~e wa~ pre~ent ~luring a\1 examina-
tions. Ilead lice were cllliected from school children
(aged ')-1 I) usilJg a lille-too~hed lice comb. l..ive adult
head lice were pooled to provide sufficient test num-
bers, ralldomized alld exposed to impregnated filter
papers al Ihree COlICelJlrations of insecticides above
ami ol'lllW I.lJI11() 1(lr pl~rml~thrin, carbaryl and mala-
Ihioll and l'lJIIIl1 to 1.1>7'; !I)r IJIJ'I'. 'l'lle filler papl~rs had
been prewarmed and remained in an airtight 32-1..
temperaturl' cOIJlrolll'd porl;lole incubator set at
30.C alld ;"()':.. r./J. llsing a beaker conlaining 3-! g
of polassillill Ilydr(lxide ill I ()() ml, of distilled

:.'1 Control hl~;ld licl~ were placed on untreated

pilpers.
, Two 01' the over-the-cOllnter products I'or head lice

; tested oy Ihl~ primary alltllor (AMltIJ) on a group
or schooll~hildren (aged 7-9 years) r~)m two 01' the 1. ()
schools, all 01' whom had an infestation with live adult
head lice. One per cent alJueous malathion (Derbac-M@,
Seton-Scholl 11eall.llcarl~ pIc, 'l'uoiton House, Oldham,

. permelhrin (1 'X, l..yclear@, creme rinse,
I,amberl IlK IJd, (,llmbert Court, f~asl.leigh,

U.K.) was applil~d III I.IIl~ dry hair, massaged inti) the
scalp, com oed IIJrOllgl1 Iind washl~d out 20 hlater with
a normal slJampoo. I'ermethrin and malilthion were
left on Ihe saml~ lellglll III' time to standardize the
-' ' Thl~ cllildrl'll's hilir WilS re-examined 4H or
72h mler illiliill iIISl~lii,ide ilpplication, using a line-
tootheu licc cllnlo 1(1 ide'II ily live adult head lice. A

illieslatillJ1 WitS dclined as the presence 01' one
morl.~ livl~ adllil licl~. It is recognized that pediculi-

~ are not 1 ()()'X. Iwic.idall..I(' and for this reason

DiscU~fsion

The high survival rate of head lice ()11 treated indi-
viduals suggests resistance to the loc~II treatments
used (permethrin in Bristol and malathion in Bath).
The high survival rates on impregnated filter 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 I~ngland .Ind Wales between 199() and] 995 Ic)r
all products with a licence fc)r use against head lice have
risen .3' 7 -fold, from just over 4()() ()()() prescriptions
to ] SOt) O()(). II National sales data from head lice

product manufacturers show a similar trend over the
last 1. 0 years and presumably reflect a rising head lice
population. I I The excessive chronic application of head

lice treatments increases the chances of developing

ASSOl~luti()1l or I)crmutologlsts. Rrltl.~lllol/rlllll of Dermatolof/!/. 141. 5011-51]
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rc:;i:;I,llll'C 10 111C:;C product:;, !loth m,ll,llhiOll alld pcr-
mcillrill arc availahlc (IVcr-\.Ilc-l~oulllcr a:; well a:; Oil
prc:;criplioll, :;0 Illcrc arc 110 safeguard:; lo prevent
ullrc:;lraillcd alld illdi:;crimillalc u:;c of either product,
l'arharyl, ill Illl~ II,K,. i:; a prc:;l~ripli(III(lllly )nl~dical.ioll,
II:; limiled u:;e Illay hl~ ,I rca:;OII wilY ~c Ilavc 110l SCCll
allY rc:;i:;lallcc develop 10 Ihi:; product,

1~lcctroplly:;iolll~ical :;Iudic:; on Ihc hou:;clly show
that synillclic pyrcillroid:; have two cfl'ccls on in:;ccl
nervous tissue, 11. 'I'ypc 1 cfl'ccls l~UU:;C hypcrcxcilubilily

und uncoordinull'd movl~mcnl:;. und urc nol rclulcd lo
mortality, 'I'YPl' II l~fll~cl:; C,IU:;C cI)Jlvul:;ion:; und pura-
Iy:;i:;, ulld art' rclull~d 10 111I1I"Ialily, ()ur ;" 1';/"'1/ and ;" V;VI/
:;Iudics COlllirlll I hi:; obscrvulion in head lice, Pcrmc-
Illrin exhibit:; lyre I eflccl:;, but ul higher concenlru-
liOllS il exhibit:; type II cffecls, I I II has been shown
ill mo:;lJuilol~:;.I.1 alld h(lu:;ellic:; 10; \.Ilal 1)1). hus \.I1C

:;amc mode (If ucliOll a:; :;ynl/lclil~ pyrcl/lroids, und that
IJI)T rc:;isluncc und pyrclhroid rcsislimcc urc due lo an
ullcrcd ill:;cclil~ide binding :;ilc wil/lin in:;cclncrvcs (lhc
:;o-callcd ktl,. rc:;i:;luncl~). I\S wc have :;hown l/lal l/lC
hcud lice arc rc:;i:;lunl lo both pcrmclhrin and DOT.
Ihi:; :;uggl':;I:; \.Ilul Ihe rc:;i:;I.illll mcchunislll in hcud lice
i:; duc 10 ktl,. rc:;i:;lallce, We were unublc lo obtain an
1,I)IIIC,I!lr 1)1)'1: 'I'hi:; may Iluve been due lo oo'r billding
:;lrOllgly 10 Ihl' lilll~r paper alld OIlly u :;mull umounl
cilicrillg \.Ile head 1IIu:;c.

Purt.llcr sludics Oil IIOUscllic~ I I Ililve. ~11<'WII that

pyrct.ltroid loxicily is inversely rclillcd lo lcmpcrillurc.
Thc porlablc incubillor illlowcd t.ltc lillcr pilpcrs and
hcild lice UJ rcmilin ill iI c'(JI1~Ulnt Iclllpcriltllrl~.

KOt.ll Illilliltilioll (illl orgilIIOpll(J~pllillc) ilild l:ilrbaryl

(il c.lrb.lmalc) irreversibly bind lo ilcclylcilolincslcrasc
.Il lhc same binding site. prcvcnling its function and
C.1USing Sp.1StiC p.lralysis .Ind dcat.lt.1 h As head lice

remain fully scnsitivc lo cilrbaryl. il suggcsls t.lml lhc
malalhion resistance is nol due to iln .lllcrcd acclyl-
cholincslcrilsc binding site. II is likely tilill iI specific
m.llat.ltion rcsisl.mcc mcl~hani~m i~ ill opcriltioll. This
prob.lbly means lhal hc.ld lice tire 1101 rc~istililt lo olltcr
org.mophosphalcs. Some aut.ltorilics suggcsilital S'X. is
more appropriate for rcsisl.lllCC lcsting for m.llaLllion. but
w'e used up lo O'4'X. bCC.IUSC il corrc1ipondcd lo a con-
ccnlrationlhal W.1S beyond LIIC I,J)I()(, liJr tile 1ill1irl~ptiblc
body lice .md a clc.lr dil'fcrence was observed.

Only 7 -H-ycar-old pupils were ilssesscd for lopical
lrealmenl as they were round lo be lilc most Ilcavily
inlcslcd age group. Pcnnclhrin was used to lrcal Urislol
pupils and malalhion was used for llilLll pupils in order
lo .ldhcrc lo lhc local prc1icribing advice lor pcdiculi-
cidcs. The study was lhcrcforc only single blind. Only
20')-(. of inlcsled school children had parcnlal consent
liJr lrc.llmenl. Siblings and oLller 1~lmily members were
nollrcated so lhc potenti.tllor re-inlcsultion W.IS high.
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HI~AD LICE RI~SISTANCE TO PERMETHRIN AND MAIJATI110N 111

However, I()llo\..'ing thl' conventional application of a
topical insel'tilide, therl' is insl'l'ticide impregnation
of the scalp and hair shafts, 'rhis allows a lethal dose
of illsecticiue to hl~ ul'livl!rl'U to any newly hatched
nymplls or rel'ugec lice I'r(lm anotllcr person I'or many
d,IY1i il'll(lt Wl'l~ks,17,1 II 'rile aulllillcau lice tllat we 1(lunu

41{ illlU 7211 hller 011 tIle 1icalp of tile pcrillctilrin or
malatllion Ircatcu chiklrcn must he rc1iistant to these
products, (~ivcn that lice can be difficult to find in hair
willI low Il~Vcl1i of injection, then it is very likely that
our re1iulls arc an ullul~restimiltc of the problem,

This study C(lllfirm1i the 1iu1ipicion that head lice arc
resistant to tIle ovl'r-thc-countcr trcatment1i avaihlblc
in the I f,K, wllich c(lnlain mal,ltllion (Ir pcrmctllrin
mId is ill kl'l~ping wit II Ihl! tYPl~S of rc1iistancc which
have ul~vcklpl'O in other in1il'l'l species I 'J due to chronic

pesticide U1ie,
The I)eparlml'nt (II' Ileallll ill tile IJ,K, al~knowlcogcs

that l~arharylllil1i il nllltagl'llil' P(ltl'lllial,!.(1 ,Ino 1iIIOillo
continue to have rc1ilril'leo USl' (lilly, N(wl~1 insccticiol~s,

, " " 'I " ' I I ' I " I ' I f"" suc 1 as IprO111 - illl( Imll al' oprl( -- W IIC I arc elective

IIca pestil'iues, rl~<lllirc a rapid evaluation for intro-
duction into the market 1(1 pr(wioc new sale products
for the cllellli('ill coni rIll (II' lIead lice,
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