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A13STR A CT 
The report of physiologic resistance to DDT ill

Anopheles sacharovi Favre in 1951 was the first indica-
tion of resistance in a malaria vector. Todav more than 
35 species are resistant to DDT or dieldriI:. Fourteen 
species are resistant to both compounds. A loss of 
susceptibility to ioth insecticides is found iin several 
major vectors, such as A. sacharo;,i in Eurol)e, A. 
albiman us Wiedemann ill Central America, .1.. stephensi 
Liston in the Middle East, A. sundaicus (lRodtnwaldt)
ill Indonesia and A. ganiibiae (iiles ill Africa. Resistance 
to DDT and dieldrin relates to 2 independent genetic
factors. In some instances the resistance factor is domin-
ant; in others, the hybrid indi"-duals may also be as 

li 1951 Anophehs stchirovi -ayre was reprted 
to be resistant to DDT following 4 to 5 years' use of 
this insecticide inla nationwide cantmpaign to conlrol 
malaria in Greece (Livadas and Georgopoulos 1953).
This report marked the Ist contirmed instance of a 
nhalaria vector developing resistance to an iii.ectici de, 
a fact somewhat disheartening toi countries where 
the fight against malaria had not niet with the degree 
of success characteristic of the eradication effort ill 
Greece. Since that time there has been a steady in-
crease ill tlie number of vector spccies that have lie-
come resistant to )DT, dieldriin andior lindane I,Bis-
vine 1956; Brown 1958, 1960: ([ ua'terniatn and 

Schoof 1958; Schoof 1959.). Such resistance Ihtas Intow 

occurred to sone degree 
iii the major vectors of ma-

Liria of every global area. I certain instances, a 

species has hecoine resistant to one or miore of the 

insecticides used in 
 its control in onte endemic area,while remaining fully suscep tilIe to the Salte coti-
Ipound in) another locale. Thus, in Central America 
the vector .4. albimanns Viedendann is resistant to 
DDT in several countries, yet in many parts of these 
countries stusceptiblc populations prevail despite the 
widespread use for many years of this chemical n 
house spraying and agriculture. To (late no less than 
35 anoplheline species have shown resistance to one 
or more insecticides. Resistance to ilieldh'it and lil-
dane is present in 34 species, and I)1DT has induced 
this type of response in 14 species. 

Inasmuch as tile terio "resistance" is interpreted
variously, let me definc it at the onset of this discus-
sion. Although several definlitiolls have hCel pro-
l)osed for physiologic resistance, the term essentially
indicates that an insec popuilati on has developed tile 
ability to survive exposure to dosages of at insecti-
cide which previously had catsed the death of the 
greater majority of the specimens exposed to it. This 
definition excludes a population or species which never 
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susceptible -is thle tlseejti )tpa relit. The latter is wi.ire 
characteristic of )DT resistance, which fact partially
cxl)lains its slow de.ehiilltel t as Contrastcd to the ex*­
plosive natture of diclrin resistaice. Oil the whole,
physiologic resistance has hot bee a major handicap
to the overali inalaria eradication effirts cxlept ill rela­
tivcly restricted sitoatins such as ..[. vhiphiisi ill tlhe 
.Middle East. Resistance to I)DT ad dichh'i call be 
overcotme ty rsiirting to orgaiiopliNthrlus ct oniltids,
blt the latter course not only augll-tlls the Co.it f 
nialaria eradicatiii but ako inolvc, a higher level if 
technical coinctency atid adihliiistratim tian cllccs-

Ilcretfire.
 

had been suscetible to a giv en toxicant. Sonie 
authors iii;[%- consider such ppullations as iatnuralh' 
resistant or refractory to the iisecticide invlveil. 
I'h vsiologic resistance is distiniguished from ieha\'­
ioristic resistance 1by the fact that ill tile iiriier tile 
lopulation can survive cotact with and absorlptioi

of tie toxicant. whereas in tht latter the ieha' il
 
tile pollation is such that its cotact w itl tile t. xi­
cant is limited. W\'hetherIbehavir istic resitanice is 
a result of a respolnse chialige ctuiseh ly tj1i , r I\ 
11, insecticide r is a natural al:i teril oif til species
is a iioot (ItIestiolliriicilally l'iC;Llse itnethllls fin 
its detectiin and iletasureint ItavO lint lieei shll I­
ard izex. Fortu natelv, tile saile does nit apply to 
physiliogic resistance filii which sta lildize, lproce­
(lires aiid test kits have lit--i ilti,-vei, ilit olly fo-

Iiosqtuitoes Ibut for a host oif other artrilopods.
 

The significan ce of ph v. iologic resistaice ill vector 
Control led to 1 early search for' iiethods to deter­
linie its presence. The initial tecliique for resist­
alce deterntinations ill mosquitoes was 'liLt develhoped

115 Bisvine and Nash I 1953).. \ ,thelr Inlethd te­
visel by Fa et al. (1053) was stilsequc-th, revised
 
(Mathis et al. 1959). The conlnuts of these 
 tlil­
niilucs served as guidelinevs for tie st ai-rl I l'lt-­
(lure that was aolted 1yb \VII to MIastre resist­
ance ini adult mosquitoes (Au lnyiii s 196t0) "lik­
prine breakthrough with the \VIIh1 technique was 
the preparation of papers tilifir'ii vl illp-eglnate d with 
Risella oil solutions of ))T or d'ielhhin that remain 
usaile for 4 to 6 years. Coin'crreit with tile lpl)pear­
ance of I standard technique to determine resistance 
in niosqt ito adtults was a procedure to eval ua-te larval 
stsceptilbility. Such techniques have been instrt,­
nental in detecting and contirning resistance when­
ever this plhenomenon has developed in iel ioptila­
tions of miosquitoes. 
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The appearance of resistance in species apparently 
is governed by numerous factors including the type 
of insecticide, tilefrequency of exposure to the corn-
pound, the genetic and pilysiologic makeup of the 
species, the stage of insect exposed, and its biotic 
potential and behavior. The reiative significance of 
these eleiiieits i tibscu'e in mianv instances. llow-
ev'er, as t, ilii' relative tendlency of alnopheline popu-
latiotts to ,lcloip iesistanice to )1)T or to dieldrin, 
it is quite ;iiarn it that ntis at0ipheline populations 
I0s( their sccptibility to iehlri iiuch111ore rapidly 
tha] tiicy do to )II . Such a response call, inpart, 
bc attributed to irritaLncV of ))T to tileadult tnos-
,itlit, in to the genetic factors involve(l.anid part 
I)itihhinr"'sistatice appears to le otire oilsolute than 
that of )IT, which sometimes cail le thwarted by 
mor'e fre'lnt insecticidal treatments or blyincreased
diosages. 

I'xpcrincc has shoiwii genes for resistancethat tile 
may or illay not lie Iiresent illa givei piopulation, a 
fact tIhat has been ia source of confusioin, ce at-
tempts arc frequently made to ascrile the resistance 
l e)tlih'ma than p(opll ati(l 1Isi,.oti species rather 
Ati exanmpl this aspect .- /ambi' inotf is A. Giles 
Africa. In \West Africa this species has dev'eloped a 
high level of resist:,lce to diehh'i. iti sollie cases 
after olyIh Iliolths Iifits Ilse in ]loise siraying,
[Ihowcer, int East A frica (Tanzania ) such resistance 
has not ieel detected tlspite tile routine aPPl ic attill 
Of licld'ill to native huts over a 30(0- to 4000-ile 
area for a 3-.year p'rioil, during which ttile ('th.r 
pipi,'ts fit lla ts \Witlemann (Stnith 19 58a). and 
othcr arthroptids such as hedltgs ('ime.r hcotiplers 
IV. .Stith 19581 1, and lice I Atonymous 1959) be-
callt' resistant to tiehrinl. Rcccintly thiugh, distinct 
t,\ide ct of r iii .'1. (lam/it e has(ithh'iisistaice 
Iteen ftund in tile Sudan aind Madagascar I lnion. 
ipersonal ci)iniitutticatiiii )adll (Bt'ucc-Ol'att 
1970). 


In 1954 studies were undertaken at the Technical 
Development Laboratories, Savannah, Ga., to select 
A. quadrimaculalusfor resistance to 1)DT. Because 
the Tennessee Valley Authority had reported a loss 
of effectiveness in its )l)T larvicide (Kruse et al. 
1952), mosquitoes were obtained from TVA, colon­
ized, and exposed to various types of I)DT pressure 
as adults and/or larvae. l)espite selection at a W% 
level for 12 months, 110 loss of susceptibhility Could be 
lemionstrated that was not eliminated after I gen­

eration without selection. After 2 .years of negative 
results, tile project was abandoned on the asstnlp­
tiol that .A. qnidrimucula /ts might well be a species 
incalable of developing resistaice to DDT. 

In 1956 Mathis et al. reported a dieldriii-resistant 
population of A. q adrimacuhatis frt Bolivar 
Count\., Mliss., in areas where the principal exposure
of the mosquito to dieldrin pIresumably occurred front 

agricultural use of this and related pesticides. How­
cver, both D)DT and I)lT-chlordane house treat­
metts had been made in the area for manv \,ears. 
The adults of tile MIississippi populations sho\aed no 
mortality after 30- iiii exposure to 2 g of dieldr in/ 
in",hut their susceptibility to )l[T was the saie as 
that of a laho rat rnistraint. 

''he fallacy of the premise that .A. qoadrimaculatis 
ciild develo resistance to dielhhin but not to DDT 
was clearly dciionstrated 4 years later, when the 
Corps of l'ngineers, U. S... \tny, at Savannalh re­
ported that it was liaa'ing difficulty incontrolling .I. 
quduriiizCdlhIs with DDT larvicide application at 
tile Clark II ill Reservoir near Augusta. Ga. (Mathis 
ct al. 1960). \t a k c. inspection site adult counts of 
this sliecics, after ranging from 4 to 40/inspection 
during the pertil 1954-58, had risen to more than 
200'inspection iii1959 despite continued larvicidal 
treatnents of )1D)T. F ron 1952 to 195) the annual 
ailiication of )D)T was frioi 4,000 to 10.000 lb the 
atnltiunis for the years 1057, 1)58, and 1959 were 

.A s(Tclll example (f the discontinuous aspect off 9i600, 10.600, and ll,'.0 lb. respectively. Tests of 

resistance iii a spicies has occurred with ... iittdi'i-
mu'tulits Sav iii th Liitel States. )esliite the 

d" 2.-hl
inillioi itees1W tcT the srtihcastert UntiiteioStates fir 
millia hosed oer tilesoutheasternl'ale"I(IStat . r
itialt riicuadi'ttnever i. an I 1966il Iad " Of 
ithti'otilifhits tit'r disliavt'd aiiv loss tff snsce-~ 

lilility to DD)T. even though tilectctrint and 
greater lSt! f the SaliC chemical illagriculture placed
the species und r additional selective lressu e. Ilow-

ever. in1052, Kruse et al. reported that the species 
was less Susceptible than it had been previottsly to 
I)IT lar'itides used ili tle Tennessee Valle All-
thority tnilaria-contrl lrigrailn, a dosage of 0.1 ]b/ 
acre i\\ being requi'ed a's. that of (1.05 lbacre pre-
viouslyV. Subsequent work (Anonymous 1955) re-
veal,'d that the assumned resistance was due to other 
causes, atod Ilaavkins et al. ( 19581 relported that DDT 
remained the insecticide of choice in the Tennessee 
Valley Authority area after 13 years of repeated 
appli catIiois. 

tile D1)T used showet it to be fully toxic to labora­
tHr sttaiis of .. qtuoli uhots. However, paral­
leiexposure of larv'ae froiii the 'lark lill Reservoir 

a lahrat strain showed that 0.2 ppi
if 1)1)DT produced I(K)"kill of the laboratory strain,
whereas 2.5 1ppntkilled less than 50% of the (lark 
lIill strain. Eviilence of resistance to dieldrin was 
a 'parentalso frot the complete kill of the laboratory
strain at 0.004 ppit as comupiared with the 2.5 ppiil
req uied for 100 mortality of the C lrk lill strain. 

Exposure of the adults to 4% 1)DT papers revealed 
no kill of the Ulark llill 100% mortality ofstrain vs. 
the laboraturv strain. With papers containing 0.4, 
0.8. and 1.6% dieldrin. the kills of the Clark Ilill 
strain ranged from 28 to 36%, lwhereas 96% kill of 
the Savannah strain a'as lrolluced avith the 0.8% 
dieldrin paper. In the absence of atny dieldrin larvi­
cida!' applications, the only source of contact with 
this compound was from agricultural runoff. 

The failure of )I)T to control the larvae and the 
confirmed resistance to this chemical in both adults 
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anl larvac resulted ill tile rep lacemtent of )DT with 
a Inalathipn-ethane fornallat ion. SatisfaCtorr Colltlol 
has been obtained at the Clark IIill Reservoir with 
this treatment for the past 9 years. Another instance 
of I)DT and dieldrin resistance in Georgia was later 
reported at Hartwell Reservoir 25 miles north of the 
Clark IIill ittltlntti(lineit (AMathis et al. 1965). Of 
initerest are the tests itMde It thIat tiite at Clark Hill, 
which showed that after 2 years of exltisti'e to the 
malathion larvicides, field-collected adults had little 
resistance to I)1)'1", ilt the di eldin resistattce was 
tile same as that ill 1959 ( Talle I . thuls st relgtlie t-
ing the premise that agricultural rtinoff was the 
sotrce of resistance to this coitliotittd. 

Numnlet'ouis other eX attm)les of delatved develment 

(tf rcsistal:t aMoldhelitue lpomIttations or a disler'td 

pattern of their occurrence are found ill the literattre. 
, esist~tt ce to (Iiehh'ii t t tas ftrst detected in .- , alit -Resstaic todidrilfrs ll . lbi\.;s 	 deectd 

niatltls ill variolis parts of Central America itt 1058, 
ainld ill several cotlitlties pullatin s resistatnt to both 
I)I)T and dieldrin wvere found. lhiweveer, ill Costa 
Rica no I.)l)T-resist;tt pOtl1ttiLits of" .A. albitttaiintis 
have beeti detected to date, despite the allist coit-
tintious l)lTlt-hogase-slrait pl'itgt'tit that has beetu 
ill effect since 1950. .4. pscludopittictipciniis heilobal 
ill Mexico, .A. fltziatilis latties itl Itidia and Ceylon, 
;nd .A. nlinants jlavirostris Ltdlow, while "esista;t
to dielthit, still remain susceptilble to DIDT. This 
situlation prevailed also with A-I.yalfat it WVest 

Africa tintil recetlv w\het lamon et al. ( 11108) 
demonstrated ))T resistance in .A. qambia sl-Cies 
A itt the Upper Volta. it (;tGreece, Tui-key Leba-n. 
andl Ira, A4. sachiarovi has shown resistanee I1 I,)T 

Browni1Q60 yet itt Italy attd Roiania the sp cies 
remaited susceptible to this ciiilottlottd despite tore 
thai 10 years of its use (Zulueta 1959'). Table 2 ii ves 

tsuntliary of species resistant to dielditn lad ut 
1) DT. 

Thirteen species have displtyed resistance lo both 
DDT ;tid diehrin, the pritcipal examples of this 
Ihemimenon being A... pharoensis Tlteobald antl . 
shcplensi Liston i the Middle East, .-I, sacharovi 
ill Europe, .A. albimnatnts itt Central Atetrica, and 
.4. snndaictus (lRodeitwaldt) and .A. aconitits Diliitz 
ill Java. The douhle resistance lroblen with . 
sephensi itt the Middle East was wvell smmnarized lv 
Ztltmeta et al, (IQ1(8). The intitial stispicitin of DI)T 
resistance in this specius ii. Saudia Arabtia ill 1053 
was coihiritied il 1)55 ly )avidsott (1P58 ). The stilt-

Table I.-Percent mtrtalities of .-I. qutadrinaratihts 
adults collected at the Clark lill Reser-voir, Ga., 195)
aid 1962, and exposed to rDT/dielrin Risella oil iaet's. 

--......- - -----..... --.... ...... . 
Toxicant (%r) 1959 1062 

D .0DDT1 1.0 	 0 18 
2.0 	 1 39 
4.0 	 0 72 

Dield-in 	 0.4 28 20 
.8 31 26 

1.6 	 36 46 

M[ALAIA: 	 E'RADICATION 

Table 2.-Insecticide resistance in . Itclh's itsiuj­
toes. Species \ith.2ut an asterisk resistant to dield rin
with single asterisk (*) resistan to DDT and diehhin;with double asterisk (**) to DDT onh'. (arom Brown 
(1Q,6-8) witI latoilification s.) 

. -*------

imlttiS*albitarsisIvttlch.'\rrihAlz;ga: 
aindarisVti der \Vulp* 
iqltiiSitlis Curry 
bar,nistris Vatn (ler \Vulpcolltt.alli ILa\'tTall 

crtjci iis \Viedellmt 
cuilicifiwi.s* 
filipiiI'ManalangJlviatilislss Giles 

!iii abii* 
hbranhiac Failllr'tti 
1,; tu s Il "l'llitlatropautnlaliqdponnis "'leigenl 

miints flhiit ris 
lit. Iii',Se',,' la"letti 

-

i',,uwulipalpuSCo,nis*Curry 
1, toz'ari talblihhtnltt,'phar,tnsis*
philippin,1i.4s I.1alh4m 
psiuiopuntip'ntuis 
pthehlirrimus"lit.1d a!i 
qtijrimaitiults*rapl~la'li ( ;abll ~l, 'tv\;­

(;M1cia. & I.lpt z 
sucharo-, i* 
s,'rsq,'itii Thelaldsph'ndidus Koizuilstph,'nsi* 

str,,hi- Root 
Sill'piits ( r;tssi* 
.ia lait.t trimmnhulas ( Neiva & Pinlto) 
vzllqls I)i~niitz 

sequett sutread of ))T rcsistaicee in Iral and al
 
led to tile replacteent of D )I T \\ith diehlrit ill 1957.
 
llowe\'r, hv' lQS0, rcsistaitce to dildrit applleared ill
 
southeatst Ir l; anid soot) was Ci'ttitt1otl ill south Ir
 
""d Iraq. Subseqtient outbreaks if inalaria ill Iralq

ill 1063 resulted itt the tise of I)I)T againi. sinice tilte 
resistance 	to this comlund was ittieh less th;n that 

to dielrii. Successful results with ))T lillt.e 
spraying extended to its general alplicaitioi in Iraq, 
tld tie liictutre of resistailce 'eliited iclh;iinged 
for several Yeatrs. I Iii\we\ver. itt 1000. a sharp upswit g 
occuirred 	 itt the I)M)T-resistttice level w\hich ci ii­
cided With ;t tilarked iltetelse ill .A. sthcpnsi denisities 
altd att extetnsion ill tht ralige of the ,pvcies tiward 
the iirthi. 

Sitili" diic0Cneitat~til fil- .A. uicOWifti., :1iil .J.Sl1i­
dahcus is found ill tilt- repolts of Soel'OUti et al iI l0.Sa. 
WI. Resistatice to dielhhin fihst iicctred ini.1. aOtIttS 
ill 195) after 3 yeais of diehrii applicati i,; ill cell­
tral .J:it ' ,cht re"eisttce w~ts evident thl'miitghitt 

.lava by 	 10162. lin tit;itr;t of jogjakartat, cetittl 
.lava. whet're ))T hall replhced dielihit a fter 1i57. 

A..-I, iliitn/ts l oilptl:tiiniis s,,idietly ilisli vd a:elh 
lev'el of resistance to )1;I ill l1062 that was Citilih'i-d 
with dieldriti resistance. Sulseilclit stlireys ill Cell 
ti-al Ilav;1 revealed such (iuttle rcsistanCe ehaiacteiisel 
.,1. Mant'ts ii)l)tll;tiiOS whtslerev'er tliiey*Vel ct'c4edi 
I lIoevt., in the jogi j;kart:t area. t0, illc'ca.e ill I) H)T 
riesistantce occurred f'riiii l)2 ti 193. Tht ;i-itlli­
tion was that the tcudenev (f .A. iwoitilt 14) feied lit1 
cattle resulted ; 11itiol1eTr of 11i44titii.ill large 	 nit 

rc tacttill-Isaelld surfacetS, t-iv" teil Ile 
selectiii pr'esstur-e of the insecticide. Ill .A. sloldiitr.s 
the iliti;di 	 resistuiice Ih'tected wt, to )1 i wernlll 
.lava ill 	 1955. 1)icldril lprived highly effective 
atgai.t such l)l)T-resistanit Ijl;ttiiiiis ftr .3 years,
 
at which titte the progritin was tcnihilt-arilv halted.
 
TwO yearts later susceptiliilit\" te.,ts revealedIli i,ist­
mt-e " either ctiitlltit "
tot 	 iin the Seitli~raiig arlea .N ltle­

http:philippin,1i.4s
http:ANO()IIEI.NE
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tieless, stitsequtent stiviles disclosed 1)l)'-dieldri-
resistant strains ill central aw eastern Java, southr 
Sumatra, and North Ioirneo. The agricultural use of 
lielhrin and ))T played a role ill the dev'elolment 

Of sIlill Lesit;iIeC ill thesVe pt'ecies: ill I ilistanIce the 
re.,istance otf.1. aconilius to dieirin was solely a 
re(..nltof tilt mc of agricultural pesticiles. 

.\lthough the develelnt of sllitahle field tech-
niques for detectinlg resistance ill fiCIld IopIulIatiOnis 
Illade it poii.silhi if) detect tis iihel~lnlenol thiroulglh-

(lit tlhe wirl, thl Va11e of the til (ih1hgy lies illthe interpretatil il"i the data oItaihled; particulirly
in regard Ito the app~lica;tion O)f stwl l.l ings to tile 

troblmllt (f conltroli g the vectir. Some workers 
haUV tt'nded to L' tile' eriterlon ol whichth atat;as 
to) base the control approachi, without giving proper 
;Itlentioin 1l) the f;Ict that thelre 'e illoerollS factors 

' lh;It fl' 'llle " aV tllltile failIre ,* CoIltrOl Inlets res. 
Ifit)icultih.- it' arisenl ill dlevihdlg tile relative i/i­
]iltalIt'e of slightlll n.es ill rCsJ)oll.e, the elec t Of 
seaisoll o0l the susceptiiiilitv of a vector, the signifi­
callce 1 the I.e, 's. tile I.,- orl]I.... allnd the initer-I 

pretailll of a redllced reptlinse ,1 relation to tile 
neeI to chan-ge insecticiles. Lnortuniately, time lasE 
not provided all the ;iaiswers to these queries, low-
ever . we a iuch bitter understaning foll;\ have 
resistaInte lid its dt\'tlevlitin t. 

The gelleral concelt of tile devel~lllnent of resist­
ante is that ill all isl.et population a small Iluinhler 
of illli\idvlasI.ssess the genes th;t lrOdUce i)ihysio­
logic r(-ist;tlce. Ill los1t illstallces slucl ilidividUals 
wouldhl llt he alarent ill at populatioln, but the exlO-
,MlIre if iltv poul;tioln to tile selective actnll of all 
iiisectivide lhthlinlates or reduces the number Of s1s-
ejltihe inldividUls :ld resIlts ill ;inc esle;lsV ill the 

lll)('r- of -t'.1i.1t;tmt hlldi\'iduMlS lj'eMnt. Whether, 
;1i1d h(w\\l;llidlyN, llO(ijllitollistype (If i'eCilles tile 
dllilmlit ihlet.lllit I)f tile i)pllatolln depends oilthe 
illsecticidie, Ito\\ g(llerai the treatlent is, tile genletic 
lll;kv1, I (If tle 1lniItiOll. a1li1d1p(on1 

'hnll].i a setglnent (if tltedluilt illtlatioll 
1 ther flctors. 

is ex-
11 I thOlI ;tlld largely suscepl~tilble portionII(',1. M.,std 

-iiiaV dillite .ti1 leeli tile resistalce ievel Of tile i)Ol(u 
lttihiti is I whole ;it a Iiiw level. The colllpositiol of 
1 Illi~xed ipopula,tio.n Of reitat and susceptilble il-

d'ivilli is lreflecte~d ill tule shape of the uosage llr-
-talht\ regre's~ii linc. Slusceptib~le hinllgellols pcoflu 

iti(ils shtw a lillear resplollse, whlereas 1popllations 
colltainili l r ist;illt ditllelt show ; flattening or 
Illte1nl rit11t ,e. ThtC ievel Pt which this itlatean 
efeCt O(celrS5 e h'Cs theilropirtion (f resistant ill-
di'idvI s iresellt. I.ahi ora torvy studies of mixtures 
cultaining different percentages if susceptitl e and 
re.istalt individuals front vhih s pl(les were drawn 
at ranil aid exposed to 'a l'its dosages of dieldrin 
showed this effect ( . athis et al. 1959). When the 
resistallt individuals represented 2% of the caged 

popiulathns, tite (ltsage-Iliortality line shoved a 
plateau effect at the 80% iiortality level (Fig. 1).
With 40% of tile pophilation resistant. the llateaul 
occuirred at tile 60% mortality level. Thus tile ah-
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seIce of ;.i increase in kill with tie increase in do­
;lge is ilnlicative of a resistant elueent ill the l11l0­
latioll. The wholly susceptihle strilh had a typjical 
lillear reslonse, whereas the highliy resistant straili 
(Fg. 1, tle'ellnh) showved less tIllan 10% kill de-

Spite the 20-fol increase ill the percentage (If dieldrin. 

iTo" answer the qulestin of how imlportant a ehange 
", response is to tilecoitrol etftrt, (le Ililst lhok first 

t tile purpose and relialility of the technique il­
vlved. The method for determinng stisceltibilitv 
was doevised to give u1s a tool wherehy. Nve could 
determille if d(ilculties ill the control prograli were 
(Ile to the resistll: e (If the vector to tileillsLXticile 
illtlse. Esset'llly, the Control fi;liure is a s\llpto:li 

the susceltiibility test is ()le IlealIs Of eterlllillihg its 
cause. 

Oil ally prograll lperiodic suscelptibility deterlIlilia­
tions wvill eiial.e a close check On the response of the 
Illosquito population to the insecticide. Reduced kills 
at dosages that formerly were lethal to 90-100% of 
the olulation indicate the need for further testing 
to see whether the results are due to normal varia­
tions or to an actual change iin response. The season 
of the year, temperatture, nu1ier of test specimens, 
nutritional state, vigor, and other factors (Shalahy 
1968) may Ile responsible for the change in response 

that occurs. Where slight resistance to DDT is ap­
parent, discriinating dosages cani he used to deter­
niie if the proportion of susceptible vs. resistant 
individuals ill the population is changing. 
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Although tilesusceptibility test gives information tion. The reverse wta ld be true for dieldrin resist­
on one possible cause, obviously there are others, any mice. Field experience with these 2 compounds sill­
one of which could he equal to or greater in signif- ports this viewloint, dieldrin resistance being rela­
cance than resistance. Inadequate treatment, poor tively explosive in its appearance, whereas resistance 
suspensibility of the formulation, exceptionally high to )l)T is slow to develop to the point where control 
densities of the vector, breakdown of the insecticide failures occur. 
on the surface material treated, changes il mosquito Much has been written oilthe implact of resistance 
behavior, allrepresent other possible causes of con- oil the chemical Conitriol of arth'opiodIs, d withouti tl 
trol failures. Thus, the results of the susceptibility question there ;re numerous instances 'hcre this 
test mtst be weighed against the other possibilities factor has led to a rev amplitng of tile chcluical contrnI 
before any specific decision is made on the course of applroach. Ilh wcvcr, whci we look at thIeeffect of 
action. lit no case shodd a chtanyoc be made otnsuch resistance oiilatpa-cralicitiiii lirogramtis. it isip­
lest data per"se. parent that to date this lroblemi has bcnI of aIcritical 
To stress tile periodic assessnent of tie p1hyvsiilogic iuitu re il oinly ;t few iii statilce's. 

respionse of the anoplielile mlosquito and nlot give In niltin v ctIses tlie IInestio rcsil's it clf itito 
conisideration to other characteristics of the insect wiethe tle level of r'.-sistaice is such is seriously to 
wotil ibe both misleading ani erroneous. The gene- hamiler the control l'.'igailn. The illitiail rcsisttAtnce 
tic variability that brings about the &.llcl Cnt of of A. stephensi to )I)T illtilet Middle Fa.,t was as­
physiologic resistance imy also atffect other facets of sociat-d with the litscIICt of ailt, illSl)i'trvcid liui, s 
mtosquito biology so the selection pressure leads to atdill in crease illtalaria iitcidct'1tc. \Vhc iieldiin 
loulations that mllay diftlt illtheir liology from their replaced 1)1)T, tlt. vectrIpracticall y disapparc;tcd ill
forebeaiers. In .A. Pstiditopunc/ipennis ill Mexico tile treated areas. bowever, withii i 1 iilths after 
chlges that have occurred in a population are re- diehltii was substitted fi' ))T illtail, resistance 
ported to have caused an iincretase in the nuiucr of to it ASO V;IS;tl)li-Ctt ;1ti1 :it 1 h'VCl 1ilttictll iiire 
slpecimens entering a reated itt and in the tituiher critical tli that evidetit fo )l )I..\s Ircvimslv a 
of escapees (Zulueta It964). Such clianges. coulled re-ilt ))T was aga in i sed ti t-tilI a t ot I ru4ca i 

with a low level of ihysiologic resistance, might well Iraq ii963 (Zuluit;L Ct l. lit/iS). ;11id IlW pyhtig 
exert I dClete-ious etet ott the etticacy of ai eradi- nmarlkedl- reduced the dctisitics of .1.s,,1'h,eusi iin
cation I rogrmIi, whrieas the tin difiCd suscepitibility if-l. c 


xt toresponse in itself tiight lieunituportant. entciJiiiilth ,,itlthti 't ec cttral r-iti ifs thai 

Considerabdle progress has ieti made ott the gene- coutntry. Ilowver, ililate olitftilt- iutelitr of .-. 
tic background of resistance, since dieldrinaI-e istance stephetisi surVitVillg illtic;itcI lit-drViII iit'rc; sc 
inA. qanibiar was relpotted by l)avidson (1956) is atout 25 titics that oliservid the l\revim *vt-ar. This 
sit le Menidelian inhlier'ittntce. Studies oti sevei-;il ttgnttUttiOll c~iiCidcd With ;t (IccIcT;i illtit'sits­
species (-.- sitilaicits.albinants,gambiae, sltphnsi') celitibility vectl) t ini iof tile aiid aItrii c tilt- lari;i
have revealed that tile rcsist;tnce to ))T anid to diel- itcilittcc .-\tti mviiitUt, li0(7 I.
 
drin, tid related clotieicle cottlltids, relates to 2 hiCcntrail Amtierica. the f;tilurc to ;t'litt ctralica­
indelpcndcnt genctic factors. Il inost strains of .I tiotlapiparenitly is ittcf t Ciitbill;ttioll if factirs that
 
yainbiat, resist;trice to dieldin invol vtes incomlelte m1:1 or iiiav in it itclil i i rc.i taticv. siltti
 
dontinantee of the resistanice factor so)nffspritg froiti tl diseasc licrsists illt rj'll where tilt- 'cc­princilal 
a Cross of stsceltible aid resistant parents are inter- tiw A..I albinlant. is stIc-litihl ilt I))T. After tilt 
iiediate ill th-ir reshipinse to the iinsccticide. )aivid- suhstitutioll Of ditdrill ftr i)D stiilttcl :ar;iiil 
soil (1956) relportd that 0.335' and 4.0C dieldrin - ;nld widesliread ollset ilfdih'ill rcsistatct. ill 1958. 
iimpregnated ailrs could serve as discrimiatii g dos- I)l)T wIia rcilitciibicti. I)e-llitt its lst ;ille or .lp­
iges to selaate the suscepltilble, intermedite, and t-teihl drug thtrapy. high rates if malaria Coon­
resistatit grtups. While this type of sctidoiianc tii to occtil arcas. Sitce tilt- tol ilitt;tll failurc
" 

for dielhh'in resistanice is geceral, a strain of A. yam/it- cradictte mlat'ia illtie llr;is herelilt
aiimani1s ii
 
bite from the Ivory-Coast contains a diedhin-resistant the vector arises essciiti;tllv fiit tlt leli~i\ior ,I 
gene that is completcly domuiiant ()avidson and albiatits and it illits rusist;iiice to 1)1OT. i, 

Ilaiin 1962). With this strain. '?Iv cross of Str­
ceptible and Iiolozvgous-resistant iit lividtials results must look ittie latter as possibly :Iontributing, hil 

ii l t as a critical faictor illthe iersistenc i1f Iilairiaiii individtils that sit iv e )osur- to hot Ii ati ill those ciutitries. lIn such situatiml; til, (in titin4.0% dieldinii ~iters, arises also as to tilt feasibilitv of the rcsidul; ho se 

The single genes reslptnsible for 1))T resistance sprayinig techtlique aloie is t Ilicals lifdirllpting 
usually are recessive, aind consequently )1)T is lethal inalari transitissiotn illthis regiott . 
to heterozygotis individuals. Thus, resistance to 1)1) 1 In Iudonesia. Socrt(in ii et al.I P;Sa') repiortecd that 
presents less of a field Itroblem, lecause the stiscep- ) I resistance ill.. aconitlis (ill not Catuse ;ill\. ii.­
tible intdividuals foriti a laIr-ge segment of the popula- crease iu ialaria transissii i icii Ill Ilcausi f

the dehletion in tle parasite resrnciilr irotghtt litt 
'The sintidard 0.4 anid4.0% papers the te prordieldrin in theWortl eecti rait brthat ircii 

Heath (Organizatimi kit serve fir thispurpose. by the effective eradication program that pecuilcI 
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tie developmnent (f re"sist "Iince if] tire 'ectr.r popla-
tiolts, 

\.side f'ot tlhv.e ,xNlliiles. there are rrttlrretous 
other report., of resistance ill itrpol'tant v'ectors (e.g. 
1..acharo:'i a ntd.A. clticifacir's G~iles) wvhich ha n 
effe't (ii tht'' ~oiti'l lti did riotraterialv itnflueicethet 'oir'ss o tirthonlirl11i eriealIctit.n e flot. 

Whteii cillcrirle, 
ph. -ildohic 't-SiStice tlpoll 
'Ihiit. one the overall illiict Of 

tite pl'irgt'ess. of Inalur'ia 
eraIdietllit. tht' oh'it cotclsIIitll is tir;rtillitself
tesitallct' I p;ittieul:rlv that l;ssOciarted with 1)l)'l"'trea)treut is area ofexposed tir selection pressure. \\'here 

.irnirtfr;ihIa" lot ;r S'ttrrlring liock to niilhr'iaeradi.;'tit elftlrlt.. ThiS viewlpint drt's not dilffer 
gre;Itly%firn,th;t t'xiri.'p',Sd hy*N.M Ili e;id-Thoilsirn 
aild I:rct.-Cht;itt ( 1i9 I. Whi stated "Ill genera l 
tht'ilrca', ill lich hysioligit')IIJ thil * resistance has 
die'le l'o rr'ltIre.stlrt irtil"aI smal patt (iftile total 
gerigriadlrli .tiibiltill Oiteach ve'etnrrspecies. There 

aretseveatl4
, nirahtior \'tt'iitors (if mlairia whitih relrahil 
eolrlltely srtse'it'liilr' ti.I)T ilespite iill*"years'
exirisrirk tIl irisecticiidt' li-tsstre'.' The ribsic aSSitIrlll-iiesirable. It woul apllpear loigical that illsituations
til that reirl l;il tre;itrrmert, if ilri t'.s illrlr~iarirrlls 
•'relr 5 in In ilittrirltpt ttiirstirisSiItl las prov'ed valid 
with vat'ii llVt'trClir illdif'tretit COIttries hut. it the 
satirI tillit, queeirrU> raised Igaitistilurr'stitns hlve utell 
it ill i 'rIirtr' v t lt' h it' t f tilt' ev tOl'S anlldn,iii" 
of ti peole are snuth that inrnllse spra *vingexerts rIl]V
a slight effect or llr tiittrlllliSioll cycle''.Even ill 
(',(\lot) and Indi;a, whtre tile diseaise apprently ca-

Irituritri ti the \'t " eciitrr iifc. recett r
ge-ni'es if rl;11'ira h;ivt' eiiIIni;rSiZeni tIrat cilrstait 
%'igilalnc' is rr'ettl'ii til eri-licaite til' rdisearse. 

Nott'thtln,'s it rirlt elire miet't r'ed tha~rt illseveral 
instancet's, I K.stallt'ne has lrrved ti he a critical harrier 
to ti' slltvtvts (of 1 ]I' :aIrit.ilcIha Sitrlatirll flow 
Iort'vah il parts (if ti .\l iddle l'.ait wvhn're ))T I-
sistatice ill.. st'ph.'.si haS rea'lred such anlevel that 
tr :lariar tralltis,ii l has i rt'atsd d et'siitt god SprlyI 
n'\i't'rge :I. tdiliti cycle, and 2 cietiin ­;ir al slpr;iv 
thl';rfifr't'tir'irlilicatirr (.\irrurI
tios 10(07). t)f inter-

i tlireirifiret'r, that tit' 3rd riould if I)D)T treat-
n II' i';ii oitii tiiy f;I'Ored tlettillILI' if It; hl It' 
devl i twii'tlt if a highly * t .es p ol tiarn o f .t.iSttu t 
.,t,'ph'.ilrcre. illotir'r ;i;ts \\her'e iitV 2 spr\" 
cvclt.\tin' rt',iStallce levis renl
'efl.,tilt' 

, 
lined tht'eobvius solution is to switch to ilnother typne. AtSatlm.e
.I illtilt - irr'. yars. IHorrwev'r'. ts was present the 2 altertatives are pincipially ))T and 

poilcd lt illIlit trlr I .\nfon'rymoiis 190(7 I. factiirs dieldri rf benizene lexrchlh'ide. Other miaterialsotl' thell ''-i'tallc \\ in oled illtlhe Faio devel- that have het'llfunrl effective against 1)lT-diehrirloilimt'It. Th 2i t lrs of )DTwher heselt' igt 'esistant strainls are lthiir. felrthioll , fetritro-I tiisid'ld Ili liulirld \;tille is lavra. where .i. s ti-thi.ll, fill propxtilr (lHavg ",). 'nfiortirtehl'. each 
dilic." ill ... if fillis hiav'e resistatnce to of these comrpounds hlas Itshorter resilutll lifethande.'eloped 

;tand fildi-liri 
 illSeveral localities. If\\'te'et'. as tirecIhIuriniitei1hrwh'rrcar'-Iiin
toxicantrts, arrldeaclh is
.ri''Viousl' Itr'eitinitel. nt al. 11965a)i felt turuchrInureSie'Oii1 
 cistl*v. .Ialttlioun is consider'td 
to ire

!", -uch i'ti'stitt't'
hul inot seriolh" intltenced the Il'rOnising again;st 1)1)'l'-dield'il resistant .A. stl­

(if tihe irogr-inl pii tihme. The r -ti feit'llst ild .1. arollilrlos illjava : in Uganda ithasui tiht 
'Ii'rf ll tti t erifdication i'-grii Slfonsored h3 the 

..\gecv fif l-Irt'rnatinal I)ev'elrlrment in 1064 has 
forest;lled frrrlher' e'valuition Of tire hitluerice of this 
'esrstaillce. 

I o\\vevet'. tilt' fact thitat resistantrce has th'wa rted Cotl-

trol of several nlosjquito Species, itcludig tile
ano­
phelines previousl. mlentioned, mrakes this pienotue­

(ll tpotential and dlgerous threat to any progranm 
dependent for success on chemical control methods. 
Thus. one must seek w\LY's of preventing or retarding 
resistace developlent or of ov'ercoming it.To date,
oilk. a few suggestions appear validl. One is to re­
strict tite irse of isecticides to adult stages wherever
feasible, Since the application of laricides tends to 
ha;rsten tile develolment of resiLtarice. ilsliitcuh as a 
greater proportion of tile poplulation intite 

lar'icidhs Ilust I-,used. tnldilapr'ently this nIla"lietilecase illSoiie areas. tile cotljmpoutn used againist 
the larvae shhtii le of a tvpe diferent frotm that 
emloved argtinst the adult (i.e., orgnloihisiliorris 
vs. clilorilted hydrcarlron ).A redulced numbrliler of 
cycles Irav also ire of betnefit if tileSituatiot in h'iq 
with .. can Iheinterpreted ill that light.A. st'plinsi 
Cotsideration nihigt ire .,vei also to the use of I 
rather than 2 g oif I)l)Trn where multiple cycles are 

\\V'rt' tilehr'te'rOZVgOtes ;aeiISilllatitirt ie sIrscep­
tibles illrt'spllse to ))T. tie selecti"rn irressure 
shiul ire kept at a level that wriuhl ireveit tire reces­
sive ioz\giirts-resistatlt siecirlllells isstmrlilngfrlrtir 
d l illnicr' illtilepopulartionrr. 

ii tile pre'iously suggested applfroaches are based 
on tire lrermise if lowering tielre:;2re of the selec­
tive nrlers;rres, trely lessening the chrauces of resist­
arice rIccurti.tg 'of it reaching it critical i 'vel. lro'­
ever, itrirristrecognized that careful regolatior oflie 
tile regilne of anltlrielinre cintrol practices OIay notish tile 
argricultural use of insecticides. 

acc olrriin lrrevetin aniticilipfte d irecailse of the 
'I'lre ia.ence of ))T 

r'sistatnce ill(istt Rica ars cotr;sted t)iiler crorll­
tries in 'entral \merica is ascribed Iv some wourk­
ers as Irlh dlre to tire lilited itl]itlt iif tg' icittralI 
lesticides used illthat co rntryv, particulau'la y liy ;aerial 
*illilicrttr, ti havl.a tire' resistairce of ...iMirnflitou and 
if ..I. sundaii.v call lieattributed in h'art to agricuil­
tural pesticides. and the smie is true fr ...quad­
rimactilati silltire L'nited Stites. 

'1'ir
r\'e crnre 'esi~trnce ti specitic cheric;)l, tie 

leen shown to interrupt nlalar'ia. The other coin­
pounris are still illthe experimental stage of field 

2 In i 1itti tt'p'rl ihe WitO Expevrt t6,ifffillee oi Ill.of 
c cih''s fff i t't .a cS I'e f Pestcl fllihioll W.asfttsf ri Col.sid red sitiahtln fir riti , indor soralyifi lff'cailei f fine pofssiblead'vrc eiTectiii praynivii. 

http:rIccurti.tg
http:st'ph.'.si
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evaluation. As 	 vet. none of these coin poids I ave 
been used sufficienti to know what changes in Ie-
spoIse \would occur iII tile vector lppuihtons. I low-
ever, several c-licine mosquitoes Ihme developed re-sistan~ce to Or l;1ophosplhol-Ill Compoundslll. alld tiles 

abhsence t Suct(h resistailce aillilllg tie ailttolhiillC. cnIle assumled to Ile duc lar'gely to their mfillim ill aillllil 
of exposure to) Such pesticides. S".ole r'eports from 
Central .A\mericat ( llru~ce-Cl'h\'att 19701) have indi-
cated a lo wered resp nse to llati;Ltijiil ill .1. izbi-
manus wlhich couhl w\ell ha'e illaitllat'd frllli tilt' 
lartge-scale lie of rgallgd l s c(hIr,mtunds il 
tgricsultu l Sraving. 

tii\ , c timo l e.' p hYs i-( ro la l ov ' r 	 ll ie \ 'l i t, il i ll t ( f 
o l ic st' anit etppt t'i' i, lt't ' ll the a d
ti o ll lt'l s le- th a st.willpret''t'thil'det''t tll t' of 	 D

populations. Such tactics Iet'i 
Ctmbined 1ith alt inttegratt'd t.i,'pte I tftr trl'ffot\\herel\ ,hbilogical aents. t'lltl¢ mtchliaisl'.thera-

pli'ttic Il ;eair'S, t llll ells e wollstd thei't'tr ndallC llt 
into pliay to rtduce tit' dt'iifl e that istii'Ili)\\. placed 
o 	 i ci'S viles(;IIt SlitS li-; tiai:IS at del(a'f tiiitfitihe disease. like\\i.e \,old ItCSStIn tile' ChLIlCt ofl 
resistance dev\'tl(plull it atlid decrea;se tilt- aIlliollitt oft 

i nIs c t ic id aIl C0, IUta mln; .ti0 . n . L ' f ' u ~t th e ' Sh ift 
to Su c h ;La ll p roach w ill Ilot on ly "illc l'c ; lst' e , ctllst 
of malaria eradlicatiol hilt w\ill ;list) involve a higher
level of te'chnical c-m petelic' ald aLdm l list ratioll thauIlit~la~l'. il IlallalIlllheretofo~re required, tile lack off which constitute's 
ailready, i11l.U01tant faicto. ill 111:ar1ia er;Idic;Itth I ill 
dleveloping c )lllitl'is. 

I t 	 .'ll l1111i it CM )l hC st aited :11 t io ll 

1.	 P h y siolo .gic re s istan c e to D DIT o r 'd ield riln oc c u rs 
itl Moret thanL 3.5 atiolieline Species, 14 of %\hich 
a re r c.'.it alnt t o b oth C om p ou n d s . lDit ldr inl r es is t-
antce dev'elops 11u1ch Ill)re rap~idly~ than DDIT re'-
Sistalce', andI( tile"1latte'r fre(Itlet'ltlv is no(t :Lt It high 
enou)Igh level to hImlen" cradlicatim l Cffol)ItS. TWO) 
in d lc l e le t ge lletic fac to r s I, r e i n ' ) \ e : (III, e l l, ­
fers "rvi-:tuc t tll D DIT . tihe other to did dhhill anod 

reniiled Ss 

2. 	 IPhysiologic 
tile*prog ress 

Ihlane i;t't;ts;m I~hlhw \'ct(l' Im 'eII;II'
;t~c'IN 

celptible it) DDIT de'spilte its. Ilse' for 
l~eri d r .f 1(1years 

liid ll. li lopitlilk v do , aI 

, rt'Ltt~r.Davidson, 

resistanlce ill its elf has not disrupted 
o f 	 tih t o verall ,globalIrnalariat crtad i-

C;iti() l'o 'lll C.XCt'pt ill :1 ft'\\" SpeciifC ;II'T;I.S SII I 
. 'ISs ill tile Midhdle ISt. \\here thO \TctolrS ;Ire 

resistanit to DDIT anld dieldrin,. 

3. 	 Ili many areas p~hysiologic resistance't may;L c, ntrilb-
ut e .e t e f il sh \\ ' p r . l cs s f l : ri au th 	 mtit e t il( s m. res oo il(.falu ro mlaia 

eradicattion. bult its, r"olt is Com p~arativ'e] , nlldno." ill. 
relation lt. othert Critical problem~s that exist ill 
tile adminlistrattiv'e alod te.chnlicall Iihlases of Ill'-
gra inllo p e ra'tion a nld ti) the I~la ttae ill ou rltk n ll\ ­
ed ge (if v 'ector b~io lo gy . 

4. 	 Insecticide resistance ILCOIIStLatposes threaC~t to 
p)1'gr1"l111. that de'penld for their"Sulccess o11ChemIIicali 
Conltro(l Illltc;stres. WVith increased emnphatsis oil 
other tyvpes of 	 Che mlical treatment, prticulrly 
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those tIhat place the mosquito popul ation Iinder 
greater selection pressure, the future ,igniticance 
ot resist;ace llav atulgelielt consideral lv. 

- t t te tl t t r5. 	 A l( plC ei tm tle rnc alIv ldv fo r ­

0c lte'lllttsistllt'e is tit' lt, of lisvcticide-s. (C'(ml-
DDT -r s tat ljlavetf'tivt, ail) 4t l llt i llm Il 
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Discussion of Paper by Dr. H. F. Schoof r.-Se'eral y)er.'s a. weago nillC soni se­1)ti. i )'sf-.-I )'. Sclof htas nlot ltetltioite(i ItTtiOll tXp)etrilletts with loctse lies,.llusca'iattlythiitg abmtt donl'ticthe iossihhic Ise of tllixtures of itisec-
ticidts ti tl'vellt the' 

I- ; Ilt'lgs, and cockroachts, in which we exposedlattce of tresistattce. In tite "t'resistant colotiespnastIllally iple to a chlorinated hlwhl'Ccariboihave disillis',l the idea of the tse "I'd .11t orgallfhoslhto-tlS4f nli~xilurs ht'calu.e Of their insecticide ill tllixttres illexpterience with Itse ech gentrtatilt ald alteritately ill alterntatetlic,which dt.ilIl gen era­
d ,c..tW t.lSl it'aii i t awholea, ti"lls. Ill eacitr~ll. instance we dev'eledifchvicI all, thilligh as resistance tofar ;is I calt find ot . both kinds of insecticide,tills hIl.l- ff11' t'ftl i thei('r Cfllls'cllti\ t se all t 

at I speed which was just
thr,'ligh .Ita'"tt llr'lf,.tionaithwir illiliciiatt. Ilse to tie si t'ctiton rate ataisIllixtillrts. It is \which theySllle "\'"t.-IIse. I 1 Uestionl\\hether somle Of tile' ctrl-s -. ce I was 1rulg CoilIinvolved ill tr'ing. llixturle(s il binaltimls 
.hlva, alld 

are based ol experimnttal evidence that\\ did tIlne ltillatlitlary trials using lix-ture f>, h t '-n 
titey lt'reented the development ofiexaiLchhi-ide (1IlCl), I)D', diel- resistance tiderconditios iti(Il'ill, ;111l 1;l:t6tt.ll V' were wvorking itl att 

which resistance develolped to the coit­
wihere 

area lellntnts w'hen Ised separately. As ',oilklwl', the Food
tilt- :l1t1t1 If .1 . sttld/icus was au'eady' 'ld Drug1 AdministratioilteI.,tl;ltIt, ili)l 1:as recently withdrawl
\We did flnd thlit IlliNtilirs (;f registration
IIII(' aild 2l1aithiitll, al2 
of several drug comlbinations oiltile basisY.hh al al:1:tilion, (lill of invalid claims. f think illselect a:ainst diith 'ill tile albsence of"soile ex­resistuillce, that to 


lltm,tititme; that t';lpt'( 
is sa\' that plerinllt'tllindication that susceptibility to 2 Secitic
from a thuttreted 

nliXturt-, silttetI ; IfMtvf 
\sith a insecticides lnegative, coT'elatd, thei I use ill

is
h'\-tl of (liell'itl rtsistatce mixtures iii111:111 the hope that tile coillbillatiltl willill the gIen'ial 1itlliati(l l. I dl tiderstattcd pre­

v't'r\-
' that vent tile development of ,esistance willr'ccilntly \\VI() is prolably beslwingt rett'eweld interest futile LI(I lIlAsibly \wasteftl.ill the lls' ftfllixtIlreS, ThtrOtgh (ev.eliptlilt of
:IlndI \\'llhl veIry str'onglV resistance to
:Utliit tils. lft jit t a 

both at tle sane title, tile usefulness of
Ilrhelit.ait itutre' (If 2 ins'cticide~s, mt the 2 iight"tevlln 4..a lixtures be lost more quickly thanf rfinylactics if the\ hadhave been cisd cotsec tivel... Thishtt11 1,ut'( c il, is, ofwith lral course, in111es ho1p- com-
I \\-,IS plete contradistinctionitlg to ; situationthiatI01'. t'*!\d(Itl ill which onemight S;l 'OllletiitIg 1til1t thtat insecticide isthis illrili1. 1 ga the-r 

needed to control one specie, aind athat .,411,'
(if the F*rench work- (i 'fereititisecticide to controlers had cnIidt'rahle scctcess a different species, and\\iththe Iuse of ilixtiurtes both speciesof Iriihylacti c itt I 
must be controlled with the same appl i­drugs tih e vention of the ap- cation, or a combination of a quick knockdown chem­Ie';l'Lt-alit r '.stltce. 

ical and another which gives long residual action. 
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Just a random mixture of insecticides doesn't appear evidence that malaria is present. If spraying such 
to me to be very promising. areas can he avoided you will not onily save nioueV 

DR. ScnooF.-I)r. Davidson was quite correct in hut will dehav develolient of resistance.
 
that WI-O was giving further consideration to tile MR. GARRET'r-JoNES.-I think the point just made
 
potential of mixtures at the Laboratory Director's b% Mr. Johnson is a very goiod onle. Iut if nitional
 
mceting in its last 2 sessions. But I iliight say also anthorities whetni planiiing their spray OiperatiillS try
 
that the idea has been receiv'ed with mixed enotions, to play safe by sprayiiig. let its sL all h41sCs 1ll) to
 
The difficulty is in trviig to evaluate this procedure. 500 illor whatever is the arIlitiar v altitude chosen 
At the last gather ing it was decided that there ought I feel that this decision inlist iiian v tilres be dictatied
 
to lie some work done. not only with losquitoes, hut by tile iiipossibility with which they finid thlnis,elves
 
also w ith s(nie other insect that's more plastic, sueci faced of ilkinig adequnate surve vs evCerywhere before­
is tile house fly. I can't quite agree with I)r. l)avid- hllad. So they have to adolit sOlle rule of tliiib is 

soil on use of 4 componldids. We have enough lroh- a ileans Oif ecoiiohllizill oil their irorsonliel, if voiu 
lenis right now with one. If we ever get four iui the like, (Jr of avoiding a lot of delay hefore begiiing to 
field it certaiiily is going to comlicliate smile aspects, slray at all. This links up with ;I lIilt iiaile bY 1i1'. 
and I think it will llso increase the costs, and that is Sclioof ill his closilg reiiarks, where he pillited (lt 
one of the niajoi stuitliling locks to the use If Coll- tile l4.s(ihle itlcreitsd iplllortaince of the iloldieliine 
potds other tlia I))T. 'esi.tiilCe lIrllCnl ill the future wldh cntail Illore 

)R IhI,%mo.-The use of tiixtures of iiisect:cides, techliclldh"V competent tr., iliel to detect :Old ISStss 
it least agailst adult -licit resistil(ce. I dl 't kilw, .\Ir-. (.hairiiaii. if it is.. oopl'h's. hpreselis slllie diifi- witli the 5C4414e ot tie recllllilelldiatilJlls \Stll wish h, 

culties, because tile iresidatll efficacy if tile varills ike here. to deal with matters of 141l hllll l. But, I 
c i Oilmponentsof tile nmixtuire will lit' very differeni tl ike to .i nix 'lNlinll, st llir .'Ulll l't t4 ill\ 

Also. in sonic laces i the \woll. such as \West f\rica. for a • ig,
 
we have had very little selection of re. istalnl to- ehI
 

ctt trlliities a r iiiiiiiher til ogi4,4gts alillen­larger i
lh'.es poulaltionils dCIeaIittneltby" helthti allieltionI toillilgivy tecliiicials than we have seeiisince the ill­of insecticide. M ost. if int all. of our i'esi. alit pioli- celtio(ln (f thle gloh al lialairi:t-er:idiii ttiolI c illiaigil. 

hitiOnIs Cune frnn ill ' (Ili;tilg Of COCOa Mid Colffee (I l ie\ve i great weat'kiiess all aloiig has heCii the lack
ill the Soith. D))T aid eildrili dusting if ctt41i h of rvision for traiing sutbcieit niiii ers of ien 
the miiddle belt, a nildI1)1IT-III. dustig f the pea- alld for rientiig the training epit-'ill44i(4l4 icallv So 
nuts ill the. north . A nud flow ill the wlLl (If West that we call have s(llething different fi'omii the 
Africa. dliehhl'ini-resisiauit gibii"' 1(lnlaltl~i(llis ,cur;" *strai.lit" idical tiitnlliolhlgist whoise taiihllig, if it 
with a very high froieiqicy if the resistant gelle. l wki 
example, in Mal i Repulic, where I illde aI sirevey \\-,is ei lllirhllmhtv ine, sla tsid lllajics e )fa (tite. 

Sollie tilloitls ago. we have .A. glunibioi' resistanlt to an " 
Ilielilill. as lot e atltei titeDDT1 alill 'as well .A. fuvlos (liel(trill illi*\" do ve requi iloi tllll tra ining 

resistaince. in this ariiea no insecticide has eve ," l el l f such tralli but a l s ther i ll wtIailtll 

ised ilside houses agailst allll llii1es, (O1'agil st o goe t ruitt Ilell tll't s t e e i t t it y 
-itv other lest (If hmiliilins. 'verything m fro to see that those ilnelifare theti(ln1(IoY4 into the fied

" areas where their skill is teeded. 
cotton dilnslig, andiiow tihte clttoili lecoingltpests are 
DDT- anld dieldril-rCsistalit, and tile agriculture Ie- MuC. CoN\v.A.-I s0lilh like t((Sill414l'(tMIr. (;ar­
partilient is begihiihg to use nrgaln(llhosllhates aild rett-Jolles iii his reiliarks. It setis ti mie that so 
carbaiiates. ()1n cocoa I heard they are expectitlg to tilliy ,Of the colliinenlts that have hell iu4ade t,,da*y 
ilse ]propiox(l" SOoll. And it is plrohablle that at least in lointed out tie ine'essity (If seeing ilc nllhlria 
Africa, where nialaria-conitrol olperatilns have leetil control ai the .'lnoiht'les siluailuati ill ttl stelii 
very iiuchi delayed, we shall select resistant lll lni;1- friiiework. \VWihat is iedced is tIle trtiili. 40.illo­
tions of the vector before any applicatiilln (f tle ili- iii011hgists froi this pinlt If view, traiiniug Ilitilliiil­

secticides by the health delartllelts. gists With i lorlid ecological klll4\ed,:c lil,t olild ,if 

Ml. JOlt NSOiN.- Atiother point that 1)r. .Schoofl f (utit'shesi hIt t (If crvel Jeliti ali tile il il'ii i 

yuini augi ist o (cr o pIsts with lhe ir il l tciviti ,'l 
w al t to inclUd e ill h is list is to haVe i 1 nore s li tnig ht 

lilitaltilli Iialal]rilltls fllowed agailistccurate (Ide iii aireas iy IMtlalria aI knowledge o4f socilolg.i knowl­
selective residual DDT treatiett of the litises ill cIdge (If agricltulral lraCtices; irlrigatill ltctico , 
areas where iialaria is found aid no treatient (If etc. I think somie nmon'es ilong these lines are lieilng 
tle areas where there is no iialaria. There have heen iiahe ill sonle universities ill this coniltry. in lalln;i. 
niany countries that have Sprayed everythig whether alld in I igland. Tra ning at tie gradu;t heVVel in 
it had ieCi sIoIwi that nihalaria was preselit Or n0t. whiat is Called " 'vstellis 1]col4gy." As a foliier ,'i'Ol( 
In Solie countries, for exillle, they say "all hollses tmotiio(ist, I was verv interested iniheariig of tile 
lp to the altitude of 5(]0 inshall he sprayed with effects If crop sprawi ig otiinsect i id(he lresIstti 
DDT." Just recently one of our men catiie hack .'lel'('s. 
from Ethiopia and mientioned that there they are Also, throtghout the world, resistance of cotton 
doing this now, although in inany areas there is no insects to itsecticides is becoming so great that very 



5.1 ).l I$C.'EI.I..\NEOlUS PUIB.ICATI(ONS OF TilE EN'IOMOIOGICAi. SOCIETY" OF AMERICA 

Soon spravilIg. of"Cotton with insecticides will have to 

1ie abandon1ed or" Cotton growing will have to he 
abanoned. The practice now is to spray cotton 

about 21-2.5" tilmes Scll,,On. Tlhere have heell several 

a"jiar itens a one Peru,i. hicludilg Classic in 

where all tile 11i:a jor 'ests 1ecaine resistant, and even 

after 25 spray,, iio Control w:; 'Ichieved and the 
cotton Cr3op w;as c3:nlpletelv lost. 'ere is nAw initell-

si ye Ipressure t) chalige to integrated contr1 for hoth 

trol;ic~Il cr'p, an1d tepllllerate cIrps-1'se of lliilogi-
c.l c33I;r ;ig'i11:- istC 331v:3rl'31S 33t1r olohisticated 

techniqlli.-to illegrale these lmiethods inlto ;L totl 

.Vstt'lem 33fcr'p lst Colltrol. It will lie illioirtant to 

illtv.rte Coltrol (if both crop an1d medical pests So3 

t.' is * ITe Which (ilnea3 CompItlIete vA.iell Ils Coll-

trol anld kntowledge. .\t ally rate ailsilliust Ie 
f1und to p revnt tileti1aiIv scivlitists ill ditferent (lis-

ciplilcs wrlkinig :a(giRilst oile allotlri. 

])R. nc'.-- tile \hich \tlt(icf questiots 
ralise l"W .Mli. I ;iArrtt-*-.llCs \\tis the lack if53e'tr etieiliz 

technl ical lt'Ip illrsonilel al3ariioliog . throughout the 
the classi-

w o rl l. .\'. w e dil 'il Cd proce'ding fr1m1 
s o p l is t i-c on1tr o l iiIto Il ior Ce

Cal in stec tic id e l e:at'3.llr'C u 

Cettd :3113'3:e1C I. ' ;ll3' g i'tletiC iillll~itiol l ;Old 

biological Contr'ol, it cculrs t l te tllat we l le 
('VII Wi\l'se o1'f a, 1 lf trainedfar" ; supply deqlatelV 

technical help. I (h,1n't know how wWe r oilCg to 

resolve this prolltill. I)oies anyollvy have any slug-

gestiois 

we..ltl:n..\.-Il thiiakis aia-erdeaicdtio n trigr s 

Irirwilnily liaseil on kn3wledge an11d1nitiols 
which wert de'elhoed 20 or 25 years ago. The de-

elipllt Of new ilfrmation has not kept upll with 
tOw need for il'lre techlnically trlailled Ieoile, espe-
i:lV It'liIele ;131'Idollbly tr'hIillel ill '31who ;"ioh1 

tcol1igv. It is extrelChIC1 difficullt to take 3 iarticullar 
s1licies (it oflsquito olIt (if its total en'virnllnlt an1131 

(it:il with t)le organi s without Collnsiderihlg i1he otherl 
hiiic 1131 :lotie' f:ct3rs. I wats surprisedl to hler 

I)r. I l:umo1 letintl thlat in the Cohlloialn-\elezlue-
IhI area thcy fil31d .A. mintclh'.ovari to hie the ('ector at 

h'lat 2(1 Y:r a1go. This species is exophilic, it rests 

iutsiil' a113 bite. mitsih', yet rCsilua13l ho1se spraying 

has c,timlic'I for 15-2(0 yeatrs witlollt regaLrl to this 

IiolgiCal fact. It s.e'cills that most of o1" pg'ams 'llls 

;'e steret Cyped. once we get into :I llt wve CIll-and 

not get 3out of it. \'e need flexi1bility, where w\'e call 

change pliciv", 'here we Can cllhange the ap3roaches, 

accordilg to new infllitioln as it develops. 

h. I.I to d\',*lilt S 
Ca lill' s 3111 inll 1'3Il th I'el lknko inotalnt l1iede-

cititll. I know 1 'ery' h tlulnt ~Il"nll to ire (Ie-
velo.Ied h \V'est Afr iCal soon ill which 1ne of tile 

ill3or olstacles of the program1 'ill lie the lack of 

specialized elml logists. It is 1 ''ect oi-i orne d s 

111Ohil1 which is very i portant for"ecolmlic devel-
OlMllt 33f tile Coillltr'y, 11ld r'eIlir'es IlseC ially 

trained ledical entomolol 3 gists, \hereas 110 Illore thl~l 

-1 or 5 are availble at the present time. 

Di. P"i.iT'-scir.-Speaking to the point brought up 

by Mr. Johnson and Mr. Garrett-Jones ill reference 
to dangers inherent in spraying nonmla rious areas 

when this lossibly might lie avoided, tile point raised 

by Mlr. ;a rrett-lones I believe is untenable. I doll't 

believe that rules of thumlb should lie applied in 

initiating programs if the basic epidemiological base 

lilies have not been established. The TIa13i\VaLl Iro­
gramk 3 mentioned this llo'lillg by )r. Davidsonl was 
as an exceptional a1d successful one in: the \Western 
l'acilic aurea. It took oil]\ 3 months to define the 

111h'iOI Ires of T°1iwati with suficiient 'LCCI'ac\' 

to proceed ol epideniological rather than completely 

adninistrative grounds. A Rockefeller-type of spleen 

alld Irasite \r\e 13CCOl1Iliise1d Ilsillg schools wais 
Chi'llrei throu hout the island. ill all the schools 

throughout the islnd. In other words. there are 

3jl1tn' :3 lilbler of technlques that are known but not 

judicimisly enlhed. SubseIluently we fall back o1 
rules of tihunl.), whenl the Ilexibilitv Ieitioned mythe 

ers. if e'l1h1iedl ight gretly
uiii w hIIvrules ig tl uh1111ethe ext et 1 wic scl 

t e t hsliewa 

t lia l ied. 

Il)R.u c lll'.-- rl'olll these Clllllelts Conicerning the 

avaihability of nmnpower; if we go back 10 or 15 

years, we were talking ILlllt the same thing then. I 

think we must recognize the fact that any prograill 

:If the nlagniitulle of iMlarli; eradication can't I3e sol 

the basis that we have to stud\ all these different 
fictori's 1efore we Coie 1113with ;il Iaiswe'. We also 

lutist recIoglize that residuial spraying did xo\wirk very 

on 

et'fecti vely ill many areas. Lnfortunately. we now are 
left with tile llird Core of real problem areas and 
really don't know how t cope with then. \We started 
out with residual sprayin , thell brought. ill drugs, 
:3ill(1 llOW we :ir'e bIrilgihng ill larvicides. I rettv sooll 

we'll 1e bringing in approatches such as Ni3.logical 

Colltrol :111d geiletic ILI il;lllisills. Ill essence. wvhat 
• 

wae li3\ going hack is a ilosquito-c~i trl I-WI' to 
Iroich ill whlich we use 11 tools that are avail­

3l1)e to control the insects. My only Concern now is 

where will we get the funlls to sub3i(iZe SuCIh ;31 

activity, since even 1n3owthe cost 3f propi.r, which 

works better than D1)IT ill iClS whereI))T e­
sistance is lrblem , y prevent its use in such.1 Ill 

1'eN3s. 

I)R. till not an entoollloligist, an13d 'll 

a little confused about slne of the terminology. Nat­
irally I'm not till o your literature, iut whei yoti 

spealk of ihysiological resistance, yioll' defilitioil re­

minds tile of the treatmlent of gonorrhea. It takes a 
lot higher blood level, but still under practical therapy 
we Cnll attain that 1)lood le'el so we (tIo not sa' it is 

resistant. we say it is less susceptilble. Now with 

mosquitoes, you can normally expect a 3).)% kill with 

a 1% insecticide, and ol eventially wr'k up to 10%. 

Is this Iihysiolgical resistance olr is this less sus­

ceptibilit. ('lt \-oil still get your kill with aIr.LC­
tiCal, usable dosage ? Second question : \%.ili tile new 

test si''tevu: \,oil described briefly, with the carbanates 
and (lrganol)ospahtes, where you have . 10-fold 
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difference in dilution and vary the tine, is this method 
sensitive enough for an operational unit to alter its 
program, or is this only a screen to indicate that you
need a more sensitive titration by a laboratory liefore 

you r ?.oldo 	 Atru rga 
D]).Scimto.-'\ cceptance of the time method was 

based on the fact that they' had enough evidence to 
slo%%, that the time series would give you essentially 
the ..aiie tylpe of information as the dosage series, 
Now the reason for ilot swaitching hoth test systems 
was tilefact that all our information o I) T and 
dieldrih is now based oil dosage, ai( there is no rea-
son to change a procedure that is alreaIdy Well ll-
cepted anl compilletelv satisfactory. With the car)a-
mates and orgauophosphates, Ilisiti foinatiin was 
being gathered, because the papers did not have any 
substantial residual life as compiliiired with i))T and 
dieldrin. As far as switching insecticides goes, on 
the basis of ;aresistance test alone von should have 
additional inforiiiation, because in any determination 
of susceptihiility a slight change in response call lie 
ternied resistance. The point is, wha;it doies it mn, 
in practical terms? For example, soime species silo\%-
more than 25-fold resist ance iased on Iarvicide tests, 
but actually when v.on go out illthe field you can 
kill them just as easily as yiu did before. Tierefore 
y'ou must iase any cIhinge of insecticides on field 
obser,'ations at I halioratory test data, not oii the it-
ter alone. Now to your Ist qjuestion about increasilg 
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aniount of complaint with the United States. Yet it 
seems that on the worldwide scene this samite 'oncertn 
doesn't exist. Is this observation correct ? 

OOON Alter 	 C trogramto refer to Sl­
oie else for the concern throughout illally ofparts
the world. I know that ill certain prts of the wNorld 
there is even more concern than there is illthe Unitcd 
States. It has been banned coiimpletely illSwedel. 
and ,IIan other coun tries Certainily aire coni cerned 
with tleiroblels caused I)'the persisteilce of IM)T. 
As far as tile hazard to tlie enivironment froii 1 
nesi(lual tl spra program iliconcerned, this is certainlv 
less clearly (leliiied. It is iiiy opiinion that I)I)T
residlial slays applied inside buildings doi not ilate­
rially contribute to the coutam1nin;,tioin if tilen'iton­
melt. 

l)ii. I 1.:v,.IIl recent years there have lien slug­
gestiins of pissible biolgical aiIvan tages possessed 
by strains of parasites which are resistant to anti­
lnalarial conlliOlndls, iarticularly illinfectivity to the 
vectors, etc. I would like ti kinow if there are 
bioligical adlvantages illthe anlplieliIies which are 
resistabnt to insecticides but which ;are nit directly 
related i) t lie associ;atiOII of tile insecticieIC amd tile 
vector. 

)i. ScHii.-If \'Oil Ih't said tllat last hart, I 
collI give von solie exaiililes. I think with yiambim' 
resistant stra1ills certltii liilogical L]'lllt:geShave 

dosage. I think with I)DT, for exatmple, Ol cii ll- over the nonresistant strains. Bht wiltlt the coil­
crease dosage or time and von can kill the mosquito tact with insecticides? Alavie I'd better ask ID)r.
readily with the increased dosage or time period. )avidsn to comment. 
.lost tests are Iased oii a limited tie exposiure. I 
mentioned iiiosquitoes from lississipli which yoi I)m. l).av'iiSix.-I tik that rcsitaice\oiilrii 
cannot kill with a I-hr exposure to dieldrin. Yet, if imparts at least a ilaiclce effect am1d Iiissibl a1slight
you sprayed an experimental lit with dielrin auiid advaiitage, because aa'ill tellas )r. i wl yoiu, ill
left the anopheline'adults illthe hut overnight, yoi iallti parts of West Africa, pjiiiitlatiolis of ymlIiIiau
would kill 50 of the specimens. You can also ill-show Well over 50,/;dielhi-resistaiit indiiiidlals. 
crease dosage, but when voti do, VIl incice:st'S Other 
larameters like cost, alplication problemis, hazards, 
and other factors. In the areas where we h;,ve put 
oI 2 g of I)i)T year after year, I wonder just howa 
nmiv grams of I)DT have accumulated on t le 
surface ? 

Dit. Rom.i'rs.-There is one thilg th;,t hiasti't ])eel 
metioned here that to tie as an outsider is a little 
curious, niot having worked with i osuitoes very 
nuch. TIhat's the fact that all of this D)T has been 
applied in the system, and there is I tremendous 

even Vithoiut haviing exieirienced Il i' insecticides 
Wvlhatsoev'er. I think that the developnI t o thieex­
tent of a large priprtion of resistalit ili,'i.1Iol.s ill 
tilealbsece of insecticidal selection iiplies that there 

Ir e aii; CiinraeteristiCs,i f dieidriiin datagei ins 

resistance.
 

)iz. Sctloii.--I thiik that with almost aII straii 
you iiainitaitn iua Itlir;tiry. reiiiiiva, if the insecti­
cideIas a selecting agent will force tie strain to t'­
conie susceptible. ()lvioi.,IY the siusceptihle strain iii 
thest instances niust iiave si;(le liilogical ailVatit;itk',s. 
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