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ERADICATION TECHNIQUE IN HAITI 

I. OPERATIONAL STUDIES 

H. F. SCHOOF,* W. MATItIS,* R. T. TAYLOR,*= I. W. BRYDONfl AND W. J. GOODWINtI 

Field trials of the dichlorvos-wax residual fu- zone that ranged from sea level to 60 meters and 
migant in the Republic of Upper Volta demon- a D)T-treated zone that ranged from sea level to 
strated that the technique gave effective kills of 300 meters.11 
caged Anopheles gambiaeand/or Aedes aegypli for The dichlorvos test zone is extensively criss­

approximately 3 months in adobe huts with mini- crossed with narrow irrigation canals with the 

mum ventilation.' From the same sludies, flow towards an area below a level of 20 meters in 

Quartermnan el al. reported that the parasite rates which extensive rice cultivation is practiced. The 

were reduced 38 to 55% in the treated village as land is divided into small parcels (2 to 10 acres) 

comlpared to that in the intreated vilage.2 To which are planted and watered at irregular inter­

test the effect of the technique on another nalari= vals throlghout the year, thus providing ade­

vector and on disease transmission under housing quate water for continuous breeding of Anopheles 

conditions with greater ventilation, a 2-year study albimaitas. ''lh average annual rainfall in this 

was initiated in Haiti in June 1962. This invesliga- area over at 31-year period has been 36 inches, 

tion was a cooperative endeavor of the ('oininuni- most of which falls between the months of May 

cable )isease Center (Ci)C), Pan American and ()ctober. Maximum temlperatures range be-

Health Organization (PAIIO), Agency for Inter- tween 87' and 9-tF, the warmest period being 
national Development (All)), anl the (overinent June through August; night-time minimum tern­

of Haiti (GI). The findings are summarized in peratures normally are 170 to 20'F helow the 

three parts: I. Operational stu(lies; 1I. E'pide- maxinuin. 
miological studies; and Ill. Toxicological studies. In the adjacent I))lT-treated zone there are no 

The selection of llaiti as a test site was based oin irrigation canals and only a small area of rice cul­

(1) the absence of insecticide house treatments ture. Rice seedlings are planted in terraces from 

since 1959, (2) the occurrence of adequate malaria June to Septeniher, the period in which there is 

incidence, (3) suitable native dwellings of uniform sufficient rainfall, and harvestel in )ecember. 

construction, and (4) the availability of lahora- Rarely is there sufficient rainfall to result in 

tory facilities and experimental field areas. standing water over the area as the soil is quite 

porous except for that in the rice fields. 
SiUIY AnREA In the dlichlorvos-treated zone there were 34 

The Commune of Areahaie extends over a localities and in the l)l)T-treated zone 29. The 
coastal plain approximately 30 miles to the north total population in the Arcahaie commune was 

of Port-au-Prince, Haiti (18°30'N and 72'30'W). somewhat over 20,000, with an average of about 

The topogra)hy varies with mountaivs rising it 3.5 people per house. Almost all of tU i'outiss were 
few miles inland (Fig. 1). This coastal plain was rectangular in shape (8 ft. wide by 18 to 20 ft. 

divided into two test zones, a d ichlorvos-treated long) with the walls of whitewashed mud and the 

* Biolog/Chemistry Section, Techmolo y roofs of thatch (Fig. 2). Generally the houses hld 
Branch, oniniicahle I)isease Center, Piilhic two iOOls,fouir doors, and two or imore shuttered 
Ilealth Service, U. S. I)epartment of Ilealt i, 
Education, and Welfare, Savannah Georgist. windows in varying cominations. It was common 

t Agency for lnt ernitiomal I)evelopilm nt, lort­
au-Prince, Hlaiti. IIThe original selection of the zone to be treated' 

$ Present adlress: Fly Control Research, with dlichlorvos versus that treated with I)IT 
Orange County Ilealth Department, Saita Ana, was ))itself on tie informatioiu from local soirces 
California. that the two zoncs were appr,ximate in their 

I Present address: Research ind Training disease and A. albimnanus levels. Sobsequent stuildy 
Grants Branch, Olice of Itesoorce h)evelopment , showed that the dichlorvos-treated zone had it 
Environmental hlealth, 1SS, PI1S, I)IIEW, Wash- much higher potential for anopheline breeding, 
ington, D. C. principally because of the rice culture therein. 
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with di(hhrsFiOviTT1. Topograpihy of arens treated 1111 il I)I)T. 

practice to shut the doors and winiows at night 
and frequently (luring ihe day. (ooking and 
nearly all other activitis from rising to going to 
sleep were dot(, out d(ors, lnl' ia kitchen sheier, 
a front porchil, alOpy.or Solliv other type of 

MAI*TIALS ANO MI;lI ills 

Ii-ctici(' J7'(tlmunt 

'he dicilorvos di'l)(itles.' W\le ('Ilmposed (If 
25, dicIlorvI's it (f dlillIltYl lhtlialateill aha.-' 
(251",) und loutiuh %ax (75' (). Each di.,jt'ii.er 
(6.0 ill. lIog with it diliillit.r of L.5 ill.) weig lid
 
lapproxiimh~, v 200 g, andl vach \\as ins.tlled in- lo m.;H.'2. Tl''pic.al hous, in rtlnd Hlaiti.
 
Vit.-1d ill it p~la'tic llw,-h nagv (Fig. :3). Fo.r dis-
IINI.-1r In',)t,vvioll ill[ U-ll~pv ionl, tIt(, ]plho i' v'Ige' 'T'M) Irigadv., of 5 men eac'h were u.sol to install 

wi.Is oldtt tli I \wir( (Is gauge) tIlat lit' i vl,lt'l"V,.* Silc'e it Vas ImI('lssl'y* io knowv tlio it 
\\,as liltlahed ll tho1vrIf or t other .imilar Oh- lit, illbic capacity of tilch iwclliug, a "rile of 

vated .lJIporl'." 1 h vW lwaspreareld. pIaing off thehtliu Aftr 

Previ'id., tests i, aat width alld hIlngth of it dw\elling, thev ilii
",\lunzih, ( wolria, inic(ated vlnsulted 

that a tl'leltilll I'ah, of I displvn,.r pvr 165 cutbic this habhv whi illdivaled tile i1111111r of dispenls­

ks dieldrin- ' for tile variolus Size huts. 

tlit, .Atiophah's q. ,,ritnacltiits i nliul- gci'nral giti I1'tlv Ialte of tr'ate(nl t raiigI be­
,oalch hou)ISe.S. 4 'k p~ilot I-1111inl110v lt the "alti; tw\een I unait per 105f culbie feet to I u~nit per 310 

was elrcclive for ' agtinst els to beiiV'il With this 

trCLtlnenllt,rate ilk It few hilts ill Aiciliaie lrior to ciibic feet'. Most, of the dwellings reeeive d 4 to 0 
the ov''-all Itratiliit of the test ailca confirmed dispensers. A cOil letetabiuhatioiiof thequaltitils 
that this dosage was effective for more thani 8 * ()n one of tihe six treatment cycles four 
we mks. brigades were used. 

http:Tl''pic.al
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FlULIM0 101-OS3 M d~j~~lS~' litad ed t 
Eiut~iikE 3. l ilihlorvos tlislieiiser attachded t, 

roof of thatchedihouse. 

each of the Ii treatmentof 	dispensers used for 

cycles is given in Table 1.la the first 3 treat mets 

m nvIonly occupiel houses were treated l itreatiets 

4, 5, and 6 practically till existing structures were 

to al llroxi-

RESIDUAL FUMIGANT 

TABLE 1 

Dispenserinstallationrates for six treatmentcycles, 
1962-19064 

No. build- Dispensers Avg. dispen-Treatmentcycle ingstreated used sersltrcated
cycleconstruction 

S1.	7/19/62 4,618 23,248 5.0 
8/29/62 

12/4/62 4,650 22,760 4.9 
1/18/63 

3. 4/16/63 5,062 	 24,041 4.9 
5/2/63 

.I.8/26/63 5,581* 	 .10,190 7.2* 
37,710 6.5*5. 12/11/63 5,760* 


1/29/61
 

4/i/6 5,316* 37,313 7.0"
 

5/15/64
 

'T'otal 30,987 186,162 6.0 

* Icltides any building with walls, roof, and 

doo rs. 

houses andchiefs. Eachian averaged 	 about 17 
The8'5 dislenser instldlation,; per 8-hom,day. 

average instltllaO t ines vlied little throughout 
excepttie Courlse of tile vXlprill citd that it slight 

ince ase il the iitiiiilei of lloiwe and uispenrs
iper S-hotur day ixturred ill 	 lhe lter treat ments 

oie iii e fin iilr wi i lt! w 	 li tile 1rigates bec 

-1ringtreated, thus increasing the coverage ing 
of tie treated dwellings i)IhNIed wit li).J 

were occuiel regularly, the ilocctipieI strile'. Tle dllings 
niately 90%. Only "15', 

ar to tak e (tw 
t hein it , 

oll.ide 


r. 	and replacedi h l di 1 au i 

. y t h e rh
tles all 


tilt-Ieatllll, they were
 
rIiil-tillit
101. 

in Ilie )1l-trettel amen it­

tures relresenting storeroonis,kitchens, (,hurclies, 

schools, ani "v'oodhoo" slirit houses.s t('I I in it sealedI 
acneiw dimspinsertvit Owtse i'llit'Seled i 

Each neCw 41i ist'sr w\1 eIt 

alu iin u ilnco ntainer* th a t w is renlo 'd by 

t'ivd tlie staitniidard apli aliii of 2 g I)I)T/ 

l(||tl'einter thIiatIwiis 11(111Iu.. I fi 4r hI ItI~ t relt ­

vi throuholuot Ilaiti siltht, National MalariaE rhadica i on Pr(gial (l ,] ) T is)ly n \,t 

ei .nt llsrarioo 	 2,2, andand thetealh tlvaln 	 ( l f ou) teworkers tit the warehoulse dull'ring one bythe S llrigatl hesI If ZonetI 

cycle. 'hese workers also placed tI, di.ipcnsers iw 
the pllatic cages for fiel Iiise. Impoverished is-
pensers removed front the dwellinigs were Itrivil 

under it2-foot groulld Iover. 

An analysis of operations during the first treat-

nient cycle shows 2,8210 nmanioursl f labor for 

iistallation of 23,2-I8 dispensers it -1,618 housesplus 56-1 nlhours (IfSultrv is itnIy two I rigadle 
p 

*Cheinival aidilaises of stith sealil dispensers 
stored for periods ilp) to 12 mnt h indicated that 
decohplosition ifthe dichlorvos was less than 4 
percent. 

lit 01iit iutervttts Ilgiltiig 
aptember 962. 

:VAI,1TATIHN 

insctiridod
 

fendle ubtioCaed adult eI . thsd tt e\vathtate{va(100/cage,thme 
ellicacy of tile dichlorvos treatment. ''wo e'ages 

per house w'ere Sils'ndedita the 2-t1. nlld 6-ft. 
levels for a Iteriod of alpproximately 12 hours 

3.day -old, sugatr-fel ) w\'ere 

(1900-0700 hours). All exposed spteii,4 were 
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held for 24 hours with food and water before the same age and weight were made by two collectors 
mortality was determined. Initially, the spcpi- one night each week in each of the four sampling 
mens were laboratory-reared l)l)T-snsceptible A. localities. Each of the baits was located between 
alb,',"anus derived from a colony at Savannah, a breeding site and a group of houses for each ob-
Georgia, and from eggs front Guatemala. In servation. Collections were made from 10 minutes 
October 1963 a native strain which was colonized iefore sundown until 50 minutes after sundown. 
the previous year rellaced tie original culture for For light trap collections the battery-operated 
subsequent tests. This strain Wvas also susceptible CI)C miniature light trap" was used. Each trap 
to I))T, as was true of .1. albimanus throughout wa"is hung litabout 3 feet above the ground and 
Ilaiti. rin from sundown mitil 0100 hours. 

During the period from August to October Activity periods. To establish the periods of 
1962, 19 houses were used as evaluation sites. activity of .1. albimanus, all-night biting collec-
Suhbsequently, tile number ranged from 25 to 42 tibs were made at the 4 stations described pre­
for the remainder of tie first treatment. T'he viously. Folur Ihounan Ibaits of approximately the 
number of evaluatioin .-ires remained in tle range same age and weight were Iplaced outdoors be­
of 2(1 to 50 for the 2nd anod 3rd treatimen t cycles, tlween tile breeding site zIod a group Of houses. 
but during ile last three tiatIlln eyvles thlie ThIe saie numer of taits were placed indoors in 
number Wals Ietdilcid tollsiderlil\. Essentially one house in tilie stmie area. Two coillectors were 
tile saine houses %vre I- d ti,,1i'ii4ill1 tile experi- IINv'd ouilutdors and two indoors. All collections 

ment alt1iugh tile interval betw\een successive twere gropeiI by tie t ime intervals of 1730-M1100, 
tests in the iifferent liill's varieI. Ilitl'ions 19O0t-2100, 2100-2300, 2300-0100 nld 0100-0700 
also \ere made i l lther hol' selected at ram loi li hours. Nineteen relplications were inade uilsing the 
to clnfirl the relialpility,of data olitailed frot samll house at each of the 4 stilttions. Light traps 
tile sal ilt' hts. Sev'(lell ll ' cil lilsi's ill caili wee ri litt the Saille slt ti1lls 1 iiighl It week. 
localitv sirved fIr hllck imp]I es. These i'oleelulls were lproce.sed for the same time-

The oiriginal cril eio Ifoir i'trvatlIt lt was e.- interials as indicatied ahove. 

tablishedi as hat litte initeival whenll 51,; (iftIhe Biting anl rcstin) lhchuior.To est iniate t lie rela­
evlhutin'itljiltion, iihltdii lll .it h'ilct tiii u ol'lh l-acf A. i s bitin olltdior s and*vi l 1biiiiou 
(atvertag t moralily (if l lthan 7itlc . 1hi l ' lel, iiutise , fiur Wll'll il ail.ii of' alll'txillitel *iyitie 

i its %\el Outthe tinlltv requiredql to comp~h-h, the tl VIltlOf l S :Ige :til ight i pl ace;dllrs bIe­
the (atl)pro\iiamtcy, I l t . s and t fufIt(. ('11irl. a'a v vt; \\its), ciupid t\t i' ' trevlil, iit ts runp thses, 
wit the iaini iiultvlltiit ling i-l illut iori-pl indo'rs in a (ihi \ s-iitiiginere iged l 'il ativd 
treatentdcl?,O hlhJ htetvic i l cal oi ditiil, ]iter-t,, anlid f (' ll'eated h. .t-ti \vrvplI'tvd ilitiil fuse. 

murdeys,it II i ftI r IIhit :1r11, iil I t i'u I y1i ft*r I \\ I I llvt l. iul WrIn-iuto5 a tlire 
to aldopt 3 to 3.5 m iith itillh roi tinle iericli by biting lil sIti-.Inos Iwo c<uulhto's cap­
which t ire tini tlised to' Ieol'id illh(, il tlli thllit oilos ftillh-e tre iti i ils fed 

tile bIlits lind thv-I Ill.\\ to . rv:-t iug plac'e; this wa'+s 

lu llf,l in onleit oiil n­lioIfll'cll ii dOle' ill'anvo" treated anlidii 
treatedi hllm v.. A hird c'olhvctor ill f tileoah 

Ill thl'e fall f 1963 the,entomical ii iiiii l ~ vs iloi,. survIyed the wall, anditap­u 'i ef 
was extenl ded to li Ti lies 
denlsiices and to obsereaiote adult ae 

f uiiinc L Iirliii 'i S f adult flid lrf al t 'ed tlhe iii xtie l eli',1ll is 'lletions 
te hle- fot dur int he loorA period of iling activ­havier, ity, I0 illimltm s bel v'un.td m l until 50A ni tes 

|'tdord+cilsily. A\t three t, ltions* in the dic'hhor- t'l'su d xn.T es | im ims\ r s, fr 
\'( ', Z o n el( Mid Il t o n el i n t h e D DI T Z o nIe( , 1t1r\ ' al t l l o h - , i n s atl we re o n llt 2 , S a nl 1 0 l'\ 'l o t h t d l 4 , , d 

Surveys, bililg c,,lh-ctlill", and light ) VoIIV \%eeks afterx ofi di<:hhwr ,s dispensers.Che- iii,.tailhial 
tiOlis werle mallde. I )It thle Surlvtvys of va<ch breeding lEIIry mo|rnling (0.101l0 ()6MX llll':) indoor vap). 

site, eaich of lhrte vodhlt'tos took I()0 dips, lt lures \%ere acc mpli-hed il it randll samnple, of 
r'anldom during eatch \\evkly* vi,.it, lBiting euh in tw0 zoIPs andI'-hOUSe, till tI'VIah,,l (DDIT 
lions fromn foulr hmlll Ihiit ,11'app~roximatelly Ill, dicldurVos). The floor Of VIaeIl, hlmsV WIV'COVere-4d 

vi I I o3 to10 
Within Wi fet;l of it I)(m ll mlll In breed ing mile, of :1(m) ]y ret lin mlixturle , D)ead ll|<s(filitovqs w ere Col­

* Alovdilv h rolpso1 looes with white Cloth, ad (lie dwelling sprayed with it 

I( I 114Mat'res, Iecled frontl ft(e floor alld C te(llld. 
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TABLE 2 

Sun inary of results obtained weith 12-hour exposure of caged female Ano)heles all)imantas in 
dichlorvos-treatcd houses during the first three treatments-IHaiti,1D6?-63 

% houses will] kills less than 
No. houses tested Avg. female mortality 701" 90% 

Treatment 	 TreatmtntDispenser age In weeks Treatment 

1 2 3 1 2 3 I 1 2 3 I 2 3 

9 19 50 22 ' 90 96 97 	 10 6 5 10 10 14 
15 17 2110 20 30 28 86 91 93 7 8 25 

11 31 1 33 18 1 91 80 89 6 33 11 29 55 33 
31 55 ­12 38 29 - 92 89 - 5 10 ­

13 25 .14 26 81 80 72 2.1 0 42 52 22 70 
80 ­15 79 8-1 - 29 13 - 50 

15 42 - 27 58 83 .10 55 - 85 76 -- 85 

16 ,12 26 23 61 70 20 57 31 05 83 69 100 

14 34 -


Response of A. albimantus to dichlorros. To deter- 91 to 100 ' during the lirst 8 weeks, and the 

mine the mortality of free flying mosqlitoes and results of subsequent weekly tests are given in 

to see if dichlorvos vapors had any repellent effect Tahle 2. 

on A. albimants, Iests were ((oduted in htuses A ra-tgc ttiortalitiv- for wIcks 9 through 12 

in which all Oplttings %vreseahld withi)tlt' ta l twan'dripd frot 86;; tt 92'; which i, only sli-htlv 

tape except for ill egr'-s ilow%(rap. \\lei lowter than that obaliltl durin ilhe firt 8%(eek-. 
the 9- to 12-wreek period Ithe ierentage ofcloth was pitcetl on the floto.ii that 'lilt% ,lo - i tlili 

ttA Its %% Ilit 71'; kill' Nas tlor behtwquitoes which wt'v, killed cotilhi 'itlltceld. Ap- ith Iv 
kill ietlowproximately .500,3-day-tlI, -iiga:r-fid itale antt 15, bothIlietrentage of huts with 

female .1. albiinns wt't irclva cf ill vath liotiuv901'; gradually intietevvd. (lit 15, 76(; of theweek 

hours. After exlpo-11v Iiloes huts hail norlalit ivs lc. Illill 90' 4, 55't h,'s than 

of 1.25 hounrs Iht)l ilcanioqui(%'Nwelve 701; Itortllitv. ()it \ceks 1I5:tid IlIl tivntgt, 
at a)proxilalitely 1()0S ) 

Ilt,a 

retnoved flrl Ilic fhoors atd %Nilwdo trait,, t1(l iitarttlity hadilliopped to 'tlnll IV1' . 

the houss'. wt'rc N'a yt'd with ]yivlhrini-. .\ftter I )tinittg the -i'tild liv:ltt vlwl cycleh' vet'atge 
mo r ta lity fo(r th e lir '>ts \% ,c'k-va n ged fr 'oin 49V ' tile slpra i i g , ti t , dva d i to . (I ifo v,s \ c ' p i(k vd i l 

ki:! Iniui- oblaintd ftorand ctontehd. hli-nccit'lltt vin' ttit .xd, and to 1()01 \\ith .otitIphvtt, 

tile inlorality btased toi iltefenil's. [liet' h'ttt the fir-I 3 \\ck-. Tabeh' 2 iv'-ic-ult-' lilt- \\ck­
were accv injlilivi'l ill homt,v with 	5- andl(9-\\vv~k- 4.) 6.I'll(h :ivtr:ia(. Il'l tnlit iv \tlP .n 

o hl t is lpew ,tr! .	 1:11.t o l h o ,>c ,ob la i n d fil - 1 1h1. fl r t c y ch', I llt Imore( 

Tes ts a ls o \v v ,rt li lniah , to nIvlltqrI l'(. th e I 'v'lal ionl 111:1 1 3 0 ' 1' l) i ll . ()0 1 , (01 " thlo h ill , h ad( loo 'tl t i i t' 

bet we e nl e xp ll uv ti li 'a iuor tr T \ , ce c l i 1() ,f', v eti 3 c(vc n d h lit.y . lvv tha n 7 1 ,' a v - j vi .cy , bY \\ k 

I 13 (ily ) all 22'of Ih' lll hil 

t--ft. lev'el a l it*t ]it, 6i-ft, hl t'el. jhe( Il lit i liti - h -- ltt 70i' (11'kl 1, i. 
cages wer plactdh tch (it'ilr 	 hllli-v,-, i it lii (I.i\\,k I 22ti 

In l 	 ia au-lei-tiv' 
tile (lichlto r\vos tr ca til ln t w ia, I1' \\ ivvks old ; t ivt h ill th i - \%:i, - :1u -ve I v (1h1, l al ll lt l o f o l11e 

fo urth Iitouw .v \%as u n11lc ehd . 0 11vt cagv~l of lllo - hoc ily \%Ihi(.hl h1:14c lo l ill -vvvlil o f till e~va l 
on N\vvlk 11.quitoes \%-is r cinov\td front eatch 	 level at 2-hour ui oni hu t- thatl -h .i\\v dhiv low kill, 

inlter'vals ovter it 12.hotir hWA ivriod (13() 0013()). Fo.ll.o\6ig l l tl. hild 11'lllltl I11)tv'.t, \%('( 

M o rtality co un tIIs\\VIvIL li ltdvafter 2 1 hom-ls, lillude olltil \\(.(,k 6 i eh(llthe , O f! h ult- ill-Il edhl 

glt\'t. : 11 M 11\'l 11lllo It~ lality (if till c( pelt lo'{I (Ili-

RELT. itv-o1f971 ,. tv-i-- ill \\cvk',- 91thriodh',lS llv,,lt- fo r 

Ifl) t u'-(gziv c 'n ill T l de 2 . TiFli a v rnw ,c i o il ' li ti (­ic ide tlmt/ E i.\ l lth o f "th	e r,t 
ilh( 19. grtidolul y dvvcl-td (1-lizg, \wvk, , 0, 111111m

l pn s c I l i u ~ . t atioll fi 
11treatnment (7/11) 8/29/62) wits begliu ill 

mid';;),huts I \\ek after triitce t. 'Tli 	 t' r'vetgehitl (917(,, 93';, iil the litrt'vitigie i llt, 

rliged fiot with kill, Ibtelow 7)1'; and 9); rtchvdI 1 al
mortalities of the -aget Inosqi t tie 
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TABLE 3
 
Comparisonof average larval and adull Anopheles ailbimanus densitics in dichlorvos- and
 

DDT-trealcdareas with the rainfall recorded duringsludy period
 

Dichlorvos treatment area DDT treatment area 
Date . . .. ........ i..... - .... ----.--.-------.--. Rainfall (mm) 

Larvae/dip BiteIs 1ou Femalesitrap
L a It 

Nov. 1903 
Dcc. 3.2 14.0 6.5 
Jan. 1901 2.1 18.7 0.5 
Feb. 2.2 58.5 21.9 
Mar. 10.2 11.7 26.3 
Apr. 3.3 18.8 41.5 
May 2.3 31.5 13.4 
June 5.1) 22.8 12.0 

Average 1.2 25.2 17.8 

33, r,.pectiively, %%v,I1. ()it %%eck 13 lhel, k 
average kill (iolppidto 72 ' wilh 70' ; of thit, htls 
having mortllit its Ibelow 1t 10'. 

A Slnumtlion of licv c'vllililon of lic first 3 
treallttllit , that tlic r,-ils wt lwerSnilar 
tlltll igh \\ei'k .), %'ith lvi:lvl(' Ilittl'llitiv' of 11()' 
or greatl andil lio 1i l aii ill',; :1ll4 1.1' ; of(' e 
individuhial iil, xiitlh kill, ow hv 70'; ail 9t01 ; 
Ievels, nvt,-i 'li\vt 'iy. IDuiiring w 'k., I1I,1 
12 fill- ,'t-ull,ts %%till 11011 (1'ratic', +uld afl't'n vrm.A 
12 th,, ,,tlici' ncgy of 

raIlplil %y.*.\ ,rittrhiol 

8,(' il\'liLg' nlilii lllit 
of thelll hus in-licCii 

li] alr l l l 
51; (if Ih( I lll i%%itli 

Oil ihlc llili- 4,lf it (I 

Ihv, tri't ilt lll ' ,h,,.iv -,,,I 
l ' r t1.01'catitn n (l ha..'' oll 

v iii in :t hi ',i of 5)' ; 

hav'iing 14,> lhim i t 901$ kill-


crit erio le lilt 

kill I wth 0, ; hl ,Il 


ll t-il hlc firl' ilhl-i, I.i'l' ­

lil illi- Mliiil,nlil -111 ili-ii I 2( iit1ake ii ll'lwembi ' 
Imid al 3 iill il il0lr-allliilii -clicilide lh, il vdl~l. 

'uiti-I \ ,i, ,ihi h iipiOit iilyi 12hilsill lhul 
I'fr li lloill li : 'i (lit :ihiHl1ih, \\cl' . Ih'-llt, 

fromll fill, 14111i,1h litc:1llii1'll1 \\(.I'(, -im ilir Ito Ih l ll , of'~ 

Owt fiir-t lIli've( lic,:ill1ilil-, 1,1i1 ill Owt Iifihl Ilv t-

lit ill, i Vix luu t ' i \ f f, i i i t' 

hiri'g ibe lIt \i cI-i-i 'thil, ill During Ihh 
c,$chl, oill.'y 1I lim itl, li1 llii114.( ' ll illl.(- \\ 'l'v I (" tI , 

buill eac~i(h colilelh, kill- \\cl , 1111l:61il, IllilliiAh 

%k-(-i,k Si, andl till,- lii\11:7 kill- I1-'llillltdl abiovi, 

90(' Ihiroullh \\tee, 12. 

ll,111l0u'ii vt'iiirlut li 

* (li il 1iirnI il il ls (i1f i v l 1 r \,is m -\ -or, i nhi ilt 

Its I.Illu I ] ill 11 idf 12alir soI jiulls lilvnl inllil }ollsi"4 
co'lililliigi dlis iciisc'ls .1I illiiIIis 1111l. ''ims h'v cl 
ill l!ip li lt,,,,I hiv conulentl! l ilmli ofl ivhlorvois ,oil. 
"Hh(114rt Ill. tMI'ivcivot, hrsho~ld, i.015 Ag I. 

Lemtlor/t 1963-4
LarvaeIit Bites/hour nghFemac/trap 

3.0 I 9.5 14.0 65.1 
3.2 1 2.0 0.0 43.2 
1.1 15.7 16.7 5.8 
2.2 1.2 0.7 25.1 
2.1 0.7 0.0 8.6 
8.3 6.0 2.5 150.0 

10.0 8.0 4.6 74.6 

1.3 6.2 5.5 117.A 

I 'clor density. lesullts of th1, 7-month (Du'­
iinmhtir 19113-,June, 19I6-1) study of larval Ihno ­
dlltti', hiting Ieords, and light ralp Collections ill 

ilic di.hhel 'rils-andi)l)T-treated zolnes are giv',tl 
i 'lahli, 3. IDatla indicatv tiat (I) average larvIae 

1wir dip werec tilte saitc ill IXto zolnv,; (2) iltvs/ 

iiilliiiin %l'vtrhighe, for cca<'h- li tlh ill the di­
i'lotw - ith til- for thiperiod inzoic, %% averate 
fllh dilhivii --tritatti o ill 25 :as vertiszone iit 
fiii tht, I)1 Tl-tn'tcatte zollo' (3) avetragte thnsitics 
I,,'r li-,lh Itrap ll<L vc'ti ,nl %%'t hr ,,t,~ lh lcs :i, gitvat 

ill fill, ,lihlol-\,,s zoll,. 

Till' -iIlil:lIit v (1' 1ii'arval t'olhctiilnS ill the two 
zoinc'>'aill I li, 14'(i atl iffl-rvlc l~ l h I~it, anld nilliilbtlr 

llhll, cllecthed',a luith ill largeig fit iloor it-l 
ill lh1v ic'hli'\'v - Ii'caihed zolic., 

.h't it// piriods,. (Coil rt'iolis of .1. alpinaaam 

hil ill hii'n di i me lierinte f th (1d
of' 1731.1 00i~l,19i00l 21001, 2100-23001, 2300-0100l, 

an 10 0700 hours \Vt l icathc wiiii 
D)c'v(,li~' 1w'i, 1961.l The it'1ilml (Tabhhe 

) that il lh( ,aillli go ll':-:l i v bitinglh llild] ofl 
110liv ityv \\!I,- follo\\cd{ ilidl ot4 andil ollihl l l's fort 

]m ii1 p iodand that 50 1 o' Ow biting oe'(llrtd 

in t 17forIi7 (9 houir l tilchittrl for (0lt loit­
t lil. T htl u ,edtll pror ess1',iv \lhilin ,l ,t'ivil 'y (i 

foir valc~h pi odh~and \\R, oilll v:' 1; ~t --1 iwibtw', en 

0100~l 07001 lmilrs. SiVntliY Ihl'(,v, perel'( ti of fill 

hilhlng Illol qlliltv (I,3.5.5)) \%'ll't 1- vl'((V d otsidhe 

(l'. 1h"! h ouslct, aind( thw renl(t agwllt of oultdoor bilt­

iliA fo{r lilt, diffl-ertnt thil e iods I'lligteil front (15tl'i 

to Mtt. 

lltv,-ilt.s for light traps olitriitt.,t each nlight 
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TABLE 4 

Record of biting activity of A. albimanus inside and outside of huts during the period of 1730-0700 hours, 
using human bail 

Percent of mosquitoes collected during time intervals below 

1730-1900 1940-21(m 
 2t10-23i00 2300-0100 0100-0700 

Indoors .......... 51 (185)* 27 (99) 15 (5-1) 4 (15) 3 (12)
 

Outdoors .'............ 18 (.175) 19 (183) 16 (163) 13 (131) 4 (38)
 

Percent collected outtdo(rs ............ 72 65 75 90 76
 

itndoer collectedNumbers in patentteses relpresent of nmttsqtito1CM (ltitng each interval. 

TABLE 5
 

Recovery of A. albimanus (approximately250 9 ) rchlasci in dichlorros-treatedand untreated houses
 
equipped with a window trap
 

Window traps Rooms Averagehouses ~Exposure ___________ ____ ________ 

time (irs) Toalmoq__mot
Total mosq. r; mort. Total mosq. r;mort. Total mosq. ; mort. 

5-wk-old treat... 1.25 61 (22)* 11 228 79 292 64 
Control ..... .. 1.25 56 (18) 0 249 2 305 2 
9-wk-old treat. 1.50 28 (21) (I 103 39 131 31 
Control . .. 1.50 (12) 169 192- . 23 o 4 4 

9-wk-old treat........ 4.00 52 (36) 27 03 58 145 47 
Control...............1.00 26 (12) 3-1 195 3 221 5 

Numher in pireitheses represets the perce nitof total tiosqttitoes collected which were inwindow 

traps. 

Ivrim-c l,Li dif- ', cirtrtt'dd(uring tiheSailt, tinmit t tlit,N. nl1tI(\ilni ofccr 'd ill 11tillut­
ntt tlltqIiitotts 

the traps 4thlil the 1 Th( petrctth t- I(t, d t.ls 
ferent. A total of 565 lino.qll'Pts t%'-,colhat tedin treated h ( tii')t ,t htlille 

out..;. it !ed oil t'talt.in coretti'1h'hie, 7(' 
Cover~ied (111ring of .5 l,. ic<v,.ch ihle c il', 13 

2;5,1I, andu l.\'; illper,,iods %%a. 1, 13, IS,nl-Ilit ,',nlr%-,;i, \ih 1h1v IDlT-Irrai'd zillt.t 

\\%elrv letl\'lcv k Vll (hll'-inIll illiv' liv'riiII lItlla~ilnlultllilllilier.. l -i ,I hi- -:illlet' llvv'ind l vih 


75', ,()1 111.' ilinl .4)111'cr ltiloor 

z<'i',itl l af 50 m-li ., 
23M -0(100Ihiur .'T'e-v,dala ,, - I lhatI1l, :zllpro\6 1:1h11y 

itrnlly 'r m H Iv mllri- ,11) 11114alo lil , ill lt-e l that I'v~ed ilith, 

11a ill %\illI',-t Ihv \\'ll-.' 1114(1-il m-el.vlnelit 1I)oldt:liii:l I1d.loltad; hziw're.elill- and filli Fcl\\ ov<.' ifound 

hi- ill ilhe * 1V114111-:1,hlolltdtlillg lthenight llt biting iavtivilV i, lvdiled. indool~r, 1-:11y iv11,116 bY 
-


0h1, ili Ilih p- ikillli l~ 1).- lt 

reflectsel the hifetclilieil il thlhat I tille Ilfljl.\rhllri p ly-,. 
11ht1l1it~r ililclrillvl ili ir ill lIm inlol.r i el I lil060l0l hoillr.S 

hc ill, Iit or t'Ili. \\ilh aiid ct 

otlvrlltilic'ill I41,ill l ] .+]polo l [ 11 ll lloliu '4111lli1.iliolli \\ith tholv-, ef t o d,,iCh ,. Il .11lrea~ vlsl: 

v\lhil.ii-hted hlter ili evvnlfin \iiiitliiIthe trapsim-tri, lite i- 121i, titIsl, id thu, atlq~l , 250 fivniale 

lltUlil'e~lv\'t lliU ,-l]'li ill rvich lifill,v \\iv(l'kvil inl lil'liillll. qillitlw 

B/iting an it n nhorf Iliv, ,,ii mp ('['*iilh'(\\liilv Ihe' tah,41I /#lllior'. 'l\\vkhv reldicatlion, I l'i 5), ill 

of oultdol~i.illflolOl*,cllilrl . o. l flliinih., lil'l e i'illliJ. I ill \%illidlw lriljr,it )'1 1 Im~ts~. llllv, rg lv r 

in d f'roml °lhv'v [lillrv iit 

fromli aifh(.r ilaiil ,voll p'llne, enic'h Ilill're 
i til'hhrv\,tlrilihed llidill liil'aledi h lll-, 1iiilt 21 to 31t. >lg4il , 

(lie]ptvliod 2 ho 1l\\iv,lk Irivilliill i- irr y ..hive ill Iv-I 

diciatetl: (1) thatl li1"1iO~lVlt, he t tretii hou]illtlhanlWia truleiliplor-oxinlhtely 8(1;, ofhl,he130I v 

bites olltwelrvtd thait folrliltiuitreaited Th'lis wastcl-lre'd outi de; (2) equaill Conitol. tdilherrcne 
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TABLE 6 


Reaponse of caged A. nlbimanus when exposed for 


2 to 12 hours to vapore from il-weck-old dil-

pensers in thrcc houses 


u Percent mortalities after hours of exoosure 
o0 I 1 

-- --j--.. .. .. .. 

1 
2 

44 
49 

55 
83 

61 
83 

69 
79 

87 
99 

83 
i 91 

3 958 71 -19 28 61 6.1 
Cont rol 2 4 0 1 1 

most apttarent 	 with the longe.-t CxlsuIrIe ite. 

The ntolrtialily in tle hot ises .ut b' correlated 

to (istenser ltige aInt I exostirc timei. With tihe 

treantent 5 \ ecks old til I. 1.25-hur exttw-ure, 
the mortality was 0I4tX , .h(ere:ts at 9 weeks atd 
1.5-hour expo.sure, the mortality wcr~s only 31 r,. 

When the exposure time was inea.ed to 4 hours, 

the mortalitv increased1 to .17',. 
Ill exttl.le ti itt.-tort:tlit *v fevs in 1111e ot-

culpied lotew \\ wee the litiilt-Ier weII \\I ek, 

ohl, .I. to;t 5S'l (if iht c"tgtid WtA sjleciltiens SltC-
eulnbed in 2 hon 'l'abh ) 'Ifll( nuaxiumun kill 

was relthIed in two ltl-,s ltl 10 hottrs' vXl1tt-q'e,
but ill ihe( Ihil l bih .\' oevil'nrd l .1 

horlir Itt 1\o lott(e, ,-e-tnti:tlly he :ittt tttortal-
fit- \\vilv re'rdel \\ ilh 1:2 hmilll': v,\pl('Illf :k, 

w\ith I Tm'.'here \\cre ill, vlll-i-hqll diffilc'('WI 

ill Inla'liliv-; ob-evvd ill the' ' ' -I.'Vmhd lit 

the 2- attl 1;ft(ol livl. (tticr t,b ill hottlvs 

wvith 7-\\etvk-hld di~ vna s'lgz:ii froii 9i 

I0, ;1ltrharit 105 tt it ex ('otn-v \ li2-h linilre. 
pverta,killk o tainvd\th itl ' I-l' exiflu-12t', 

tot sqV 
Thlv n.-ltl obtaine'd N611h (cliged flilnlh nmo­

(iiltv*, indlicaled thatt el( illen | ofl lili iall 

}mine-(, \\ ilh di-I.'u~vr'lit rate, ill the rale of one 

di.slivik~r icr IG5' 3010 vubiv I'v'el Iramlure\%ill t 

a~vr,l-1v( kill 14 lln-\itn:0vly 901 ,; for' 12 \\ 'vk' . 

llvh eInriod, of vefvwi\'vnv- :11v colinlllt 1pllt 
nt12-hmu" vxp -mn, peiii¢,d. ( )h\'iou-I ,y at ,-h~rer 
expo. laiv fli e, :1- 111. (1:11:1 ill Tllhh'v 5 111ld 6[ 

in d i ( "ahv, re d l 'ic e,11 1 1I e' ll a-4 k ill . Tl lw fili~l r l , 

i tlt- tw\o tallhv, al.,-f,~ that hliglhvr kills 
111:1\1(l' 	 vv\i'-IIPr.v Iln'|I~v ngl m.-0'11CMell~l 
qu i t o . 

The potvintial of fll, rv .idulal fulil~l t(,(*'h-

114lu1 to rrcIV- u ,t tIrtiii(A dvileC114 ()I: 

ET AL. 

(1) intradomiciliary malaria transmission, and 

(2) blood-fed mosquitoes resting in homes a suf­

ficient length of time for the lethal action of the 

insecticide to occur. If either or both of these con­

ditions are missing, neither the residual fumigant 
technique 	nor treatment with a residual insecti­

ected to achieve malaria eratdica­title et be ex p 

lion its the biological observations it Ilaiti 

indicate. T[he maxitttun bitiftg activity bats beeni 
shown to occur in the evening when the poplula­

tion is outside of the houses. (Approximately 75% 

to 80 1, of the bites wVere rccoNid ouitdoois with 

501 of the feeding occurring bletween 1730 and 

1930 hours.) In addition, observations ildicate 

that .J. albiitanus have it tendency to leave 

housestft er , ort periods (2 to S hours) of in­
door resting. 

Ob1viously ite Ibehavior of A. albitant s in 

Ilaiti is not conducive to successful eradication lby 

the application of an insecticide its a residual 
spllay or residll fumigant. '[his view is siub­

stalttiat'd by the failure of both lte 1)1)T de­

po its attd divihlotvos vapo ti it intlierrupt ttri't
1 

ittlillgr -itl)stitiittjl:Ilt~ttj>j.iolt inllai 'ti.The 
lthe ett'elit belief tlat Il\\ or' Iltoliticd atpprpoaihes

%\illlqem de 	 to a. i(,vcrejdarts (,rIMi(atioII ill 

ilrolihem .-ith, ,lt'h its Hataiti and (entral America.
\\.ith thle t'fnihlir of indoor tnr It.llments, lllthu'li­

tlogisl- .te forid to lotk to\lards the iletlod of 
\', el" Ielh 

mm l. icl ethod, :111(to\ard. tlw l(. tc of 

dru-lg Itn'rapy. .\, atfilher de\v'ehpqmwnt, the ob­

gent-1-':1l olitlll. rIT li(In vilcenical anid 

sojlhe ,ttdeti v to ltl.vil otle tleltotl, to the ex­

(t 1 pui. l l.(-h , til alla hit' t, 'hft t for kin t 
ti-evite robhl of11 It e di'vhedi if favl.uf it 

jllti. fli/t it appronch iinflit'htcmfiliitonsof 
to p ro-I tgid etI Ir nthl tt 

vat iousati f tt rt l to ols 

SUM MARIY 

A 2 yc'ars.. l. w\as conduicted ill H aiti lo deter­

, hev h'vt ff the r-idual fumigpant tec'hniqule 

o)il .111oph1,1h.1 himanl.s still (oll mikalrill trlisll­

lli io. 
lrojn .I,618toh-5,760( hou-ev iil th COilllllulleo(f 

k\c hi'(Iljj 1\\ere i NIe~' di.­\ilhI dic.hhnrvo ;-wax 
)pqlS ( l '.sli t ',1-t o ) Lt- I ll )l l h a H I I ltli a o f11 11(1 11n1 

olle llltit per l165 to 300t vulic ie,e o1f Slpa'. 
Tj\vvl\to-hmr v'xlpo~ll' Iv-1s \\ilh vagteld .1. ONb­

1 11 11 1ltnlNn-tu h'e . lm\\ t' th a t Ihe tlre a l l u n t g t a\' v 

nIvera~pc kill-; of 90 I-re'ctt for appr~loximately 12 

w\eeks. .\lmgh Inalatria incidence declined, 

http:exttl.le
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transmission was not interrupted, a result con-
sidered to reflect the tendency of A. albimanus to 
bite out-of-doors. 

Behavior studies indicated that 75 to 80 percent 
of the human biting occurred outside of the house. 
Half of this feeding was between 5:30 and 7:30 
p.m. during a period when the human population 
normally was outside of the houise. These habits 
of A. albimanus also ptrecht(le the successful usc of 
other types of residal house treatments in inter-
rupting transmission. This study wits a coiopera-
tive endeavor of the Agency .1 Internationalfor 
Development, Pan An eriIau Health Organizi-

tion, Coinnnicliiable I)isease ('enter, alld( the 
Government of Ihaiti. 
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