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STUDIES WITH DICHLORVOS RESIDUAL FUMIGANT AS A MALARIA
ERADICATION TECHNIQUE IN HAITI

I. OPERATIONAL STUDIES

H. F. SCHOOF,* W. MATHIS,* R. T. TAYLOR,*t II. W. BRYDON,t$ ano W. J. GOODWIN#§

Ficld trinls of the dichlorvos-wax residual fu-
migant in the Republic of Upper Volta demon-
strated that the technique gave effective killy of
caged Anopheles gambiae and/or Aedes aegypti for
approximately 3 months in adobe huts with mini-
mum ventilation! From the same studies,
Quarterman ef al. reported that the parasite rates
were reduced 38 to 55 in the treated village as
compared to that in the untreated vilage.? To
test the effect of the technique on another malaria
vector and on disease transmission under housing
conditions with greater ventilation, a 2-year study
was initiated in Haiti in June 1962, This investiga-
tion was a cooperative endeavor of the Communi-
cable Disease Center (CNDC), Pan American
Health Organization (PAHO), Ageney for Inter-
national Development (A1D), and the Goverment
of Haiti (GH). The findings are summarized in
three parts: 1. Operational studies; II. Epide-
miological studies; and 111, Toxicological studies,

The selection of I1aiti as a test site was based on
(1) the absence of insecticide house treatments
since 1959, (2) the occurrence of adequate malaria
incidence, (3) suitable native dwellings of uniform
construction, and (4) the availability of labora-
tory facilitics and experimental field arens.

STUDY AREA

The Communc of Arcahaie extends over a
coastal plain approximately 30 miles to the north
of Port-au-Prince, Haiti (18°30'N and 72°30'W).
The topography varies with mountains rising u
few miles inland (Fig. 1). This coastal plain was
divided into two test zones, n dichlorvos-treated

* Biology/Chemistry  Section,  Technology
Branch, Communicable Disease Center, l’nl)fic
Health Service, U. 8. Department of Health,
Iidueation, and Welfare, Savannah, Georgin.

t Agency for International I)eveiopm(\m, PPort-
au-Prince, Haiti,

{ Present  address: Fly Control  Research,
Orange County IHealth Department, Santa Ana,
California.

§ Present nddress: Itesearch nnd  Training
Grants Branch, Office of Resource Development,
Environmental Health, BSS8, PHS, DHEW, Wash-
ington, D. C
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zone that ranged from sea level to 60 meters and
a DDT-treated zone that ranged from sea level to
300 meters.|

The dichlorvos test zone is extensively criss-
crossed with narrow irrigation canals with the
flow towards an area below a level of 20 meters in
which extensive rice cultivation is practiced. The
land is divided into small parcels (2 to 10 acres)
which are planted and watered at irregular inter-
vals throughout the year, thus providing ade-
quate water for continuous breeding of Anopheles
albimanus. The average annual rainfall in this
area over a 34-year period has been 36 inches,
most of which falls hetween the months of May
and October. Maximum temperatures range be-
tween 87° and 94°F, the warmest period being
June through August; night-time minimum tem-
peratures normally are 17° to 20°F below the
maximuni,

In the adjacent DDT-treated zone there are no
irrigation canals and only a small area of rice cul-
ture. Rice seedlings are planted in terraces from
June to September, the period in which there is
sufficient rainfall, and harvested in December.
Rarely is there sufticient rainfall to result in
standing water over the area as the soil is quite
porous except for that in the rice fields.

In the dichlorvos-treated zone there were 34
loealities and in the DIYI-treated zone 29. The
total population in the Arcahaie commune was
somewhat over 20,000, with un average of about
3.5 people per house, Almost all of tha houses were
rectangular in shape (8 ft. wide by 18 to 20 ft.
long) with the walls of whitewashed mud and the
roofs of thateh (Fig. 2). Generally the houses had
two rooms, four doors, and two or more shuttered
windows in varying combinations. [t was common

Il ‘The original seleetion of the zone to be treated:
with dichlorvos versus that treated with DDT
was based on the information from loeal sources
that the two zones were approximate in their
disense and A. albimanus Icve's. Subsequent study
showed that the dichlorvos-treated zone had a
much hi%her potential for anopheline breeding,
principally because of the rice culture therein.
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Fravre 1. Topography of areas treated with dichlorvos and DD,

practice to shut the doors and windows at night
and frequently during the day. Cooking and
nearly all other activities from rising to going to
sleep were done outdoors, under a kitehen shelter,
a front poreh, or some other type of canopy,

MATERIALS AND METHODS
Insceticide Treatment

The dichlorvos dispensers® were composed of
257, dichlorvos in a base of dibutyl phthalate
(2577) and Montan wax (75H;). Fach dispenser
(0.0 in. long with a dinmeter of 1.5 in.) weighed
approximately 200 g, and cach was installed en-
easedd in o plastie mesh cage (g, 3). For dis-
penser proteetion and suspension, the plastic eage
wis elosed at the top by o wire (18 gauge) that
was attached 1o the roof or to other similar ele-
vated supports,

Previous tests at Savannah, Georgia, indicated
that a treatiment rate of | :ll.~1n nser per 165 cubie
fet was effective for ks agninst dieldrin-

dant Awopheles g vJrimaculatus in mud-
waiteh houses 4 A pilot run made at the same
trentment rate in o few huts in Areahaie prior to
the over-nll treatment of the test area confirmed
that this dosage was cffective for more than 8
weeks,

Haiti.

Typical house in rural

Fravuy 2.

I'wo brigades of & men each were used to install
the dispensers.* Sincee it wns neeessary to know
the cubie enpacity of each dwelling, a “rule of
thumb” table was prepared. Alter pacing off the
width and length of a dwelling, the men eonsulted
this tuble which indieated the number of dispens-
ers to he used for the various size huts. With this
general giide the rate of treatment ranged be-
tween 1 unit per 165 cubie feet to 1 unit per 300
cubic feet. Most of the dwellings received 4 to 6
digpensers. A complete tabulationof the quantities

*On one of the six treatment cycles four
brigades were used, ‘
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Fiaure 3. Dichlorvos dispenser attached to
roof of thatched house.

of dispensers used for each of the 6 treatment
cycles is given in Table 1. Ia the first 3 treatments
only occupied houses were treated. In treatments
4, b, and 6 practically all existing structures were
treated, thus increasing the covernge to approxi-
mately 90¢;. Only 85¢5 of the treated dwellings
were oceupied regularly, the unoceupied strue-
tures representing storerooms, kitchens, churches,
schools, and *voodoo” spirit houses.

Each new dispenser was encased in a sealed
aluminum container* that was removed by
workers at the warehouse during each treatment
cycle. These workers also placed the dispensers in
the plastic cages for field use. Impoverished dis-
pensers removed from the dwellings were buried
under a 2-foot ground cover.

An analysis of operations during the first treat-
ment cycle shows 2,820 manhours of labor for
installation of 23,248 dixpensers in 4,618 houses
plus 564 manhours of supervision by two brigade

* Chemicnl analyses of such genled dispensers
stored for periods up to 12 months indieated that
decomposition of the dichlorvos wns less than 4
percent.
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TABLE 1
Dispenser installation rales for six {realmen! cycles,
1962-1564
T No. build- Dispens Avg. dispen-
"See | ings treated | used | sere/ireated
1. 7/19/62 4,618 23,248 5.0
8/20/62
2. 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
1. 8/26/06¢ 5,581* 40,190 7.2*
5. 12/11/63 6,760* 37,710 6.5*
1/29/614
G, 4/6/64 5,316* 37,313 7.0*
5/15/64
" I {
Total 30,987 186,102 6.0

* Includes any building with walls, roof, and
doors.

chiefs. Bach man averasged about 17 houses and
85 dispenser installations per S-hour day. ‘The
average installation times varied little throughout
the course of the experiment exeept that a slight
inerease in the number of houses and dispensers
per 8-hour day cecurred in the latter treatments
when the brigades beenme more familiar with the
arca and with the teehnique and it was ouly neces-
sary to take down the old dispensers and replace
them with new ones. Sinee it was nol neeessary
for the inhabitants to move any of their belong-
ings outside during the treatients, they were
pleased with dispenser installation.

The dwellings in the DDT-treated area re-
ceived the standard applieation of 2 ¢ DDT/
square meter that was then used for house treat-
ment throughout Haiti on the National Mularia
Fradication Program (SNENM). Thisspraying was
done by the spray brigades of Zone 2, and the
applieations were at G-month intervals heginning
in September 1062,

EVALUATION
Insecticidal

Caged adult female 1. albimarua (100/coge,
3-day-old, sugar-fed) were used to evaluate the
efficacy of the dichlorvos treatment. “Two cages
per house were suspended at the 2:ft. and 0-ft.
levels for o period of approximately 12 hours
(1000-0700 hours). All exposed specimens were
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held for 24 hours with food and water before the
mortality was determined. Initially, the spesi-
mens were laboratory-reared DDT-susceptible 1.
albimanus derived from a colony at Savannah,
Georgia, and from eggs from Guatemala. In
October 1963 a native strain which was colonized
the previous year replaced the original culture for
subsequent tests. This strain was also susceptible
to DD, as was true of A. albimanus throughont
Haiti.

During the period from August to October
1062, 19 houses were used as evaluation sites,
Subsequently, the number ranged from 25 to 42
for the remainder of the first treatment. The
number of evaluation sites remained in the range
of 20 to 50 for the 2ud and 3rd treatment eyeles,
but during the last three treatment eyeles the
number was reduced considerably,  Essentinlly
the same houses were used throughout the experi-
ment although the interval between suecessive
tests in the different houses varied. Inspections
also were made in other houses seleeted at random
to confirm the reliability of duwta obtained from
the sample hats, Several untreated houses in each
locality served Tor cheek purposes.

The original eriterion for retreatment was es-
tablished as that time interval when 50t of the
evaluation stations showed uns=atisfuctory kills
(wvernge mortality of less than 70¢7). However,
the time required to complete the treatment of
the entire area (approximately 6 weeks), coupled
with the diflicnlties of maintaining inspeetion and
treatment schedules heeause of loenl conditions
made it necessary after the 3rd installation eyele
to adopt 3 to 3.5 months ax the routine period by
which to schedule retreatment.

Biological

In the full of 1963 the entomological evaluation
was extended to mensurements of adult and larval
densities and to observations on the adult be-
havior.

Veetor density. At three stations* in the dichior-
vos zone and at one in the DIYT zone, Jarval
surveys, biting colleetions, and light trap collee-
tions were made. On the surveys of each hreeding
site, ench of three vollectors took 100 dips at
random during ench weekly visit, Biting collee-
tions from four human baits of approximately the

* Aloeality having 1 1o 3 groups of 5 to 10 houses

within 60 feet of n permanent breeding site of 300
10 B0 neres.

SCHOOF ET AL.

same age and weight were made by two collectors
one night each week in cach of the four sampling
localitics. Ilach of the baits was located between
a breeding site and a group of houses for each ob-
servation. Colleetions were made from 10 minutes
before sundown until 50 minutes after sundown.

For light trap collections the battery-operated
CDC miniature light trap® was used. Each trap
was hung at about 3 feet above the ground and
run {rom sundown until 0100 hours.

Activity periods. 'To establish the periods of
activity of .1. albimanus, all-night biting collec-
tions were made at the 4 stations deseribed pre-
viously. Four human baits of approximately the
same age and weight were placed outdoors be-
tween the breeding site and a group of houses,
The same number of baits were placed indoors in
one house in the same area. Two colleetors were
used outdoors and two indoors. All collections
were grouped by the time intervals of 1730-1900,
1900 -2100, 2100-2300, 2300-0100 and 0100-0700
hours. Nineteen replications were made using the
same house at each of the 4 stations. Light traps
were run at the same stations 1 night a week.
These colleetions were processed for the same time
intervals as indicated above.

Biting and resting behavior, T'o estimate the rela-
tive numbers of 4. albimanus biting outdoors and
indoors, four human baits of approximately the
same age and weight were placed outdoors be-
tween the breeding <ites and a group of houses,
four were placed indoors in a dichlorvos-treated
house, and four were placed inan untreated house.
Outdoors two collectors were used to eapture
hiting mosquitoes. Indoors two colleetors were
used to record  the mosquitoes that fed on
the baits and the flew to a resting place; this was
done simultaneously in one treated and one un-
treated house. A third eollector in eael of the
houses continuously surveyved the walls and eap-
tured the resting mosquitoes, These colleetions
were made during the peak period of biting netiv-
ity, 10 minutes before sundown until 50 minutes
after sundown. The same situations were user! for
all observations thut were done at 2, 4, 8, and 10
weeks after installution of dichlorvos dispensers,

Farly morning (0500 0600 hours) indoor eap-
tures were accomplished in a random snple of
houses in the two trented zones (DD and
dichlorvos). ‘The floor of each house wax covered
with white cloth, and the dwelling sprayed with a
pyrethrin mixture. Dead mosguitoes were col-
leeted from the floor and counted.
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TABLE 2

Summary of resulls oblained with 12-hour cxposure of caged female Anopheles albimanus in
dicklorvos-treated houses during the first three trcatments—Haiti, 1062-68

No. houses tested  * Avg. female mortality 72;,',,7"'0“5“ with kills less la'é',!/:)
Dispenser age in weeks Treatment Treatment Treatment B
I 3 R N PR : i .
9 19 ‘ 50 ' 22 I 00 06 ' 97 10 6 { b | 10 | 10 ] 14
10 20 | 30 ' 28 8 | 94 93 16 + 7 8 ! 2 ! 17 ’ 21
11 31 E 33 18 ; 0 80 89 6 I 31 - 20 b5 33
12 8 29 - . 89 - b5 10, - 34 b5 —
13 2 . N . 206 81 80 72 24 \ 0 ! 42 @ B2 22 70
14 34 156 — 79 34 - 29 13 — . B0 ¢ 80 —
16 2  — 27 158 8 0 55 ' — 8 76 — 8
16 P42 26 23 - 01 70 20 57 31 . 056 | 69 - 100

83

Response of A. albimanus to dichlorves. T'o deter-
mine the mortality of free flying mosquitoes and
to see if dichlorvos vapors had any repellent effect
on A. albimanus, tests were condueted in houses
in which all openings were sealed with paper and
tape except for an egress window trap. White
cloth was placed on the floor =0 that any mos-
quitoes which were killed could be eolleeted. Ap-
proximately 500, 3-day-old, sugar-fed male and
female . albimanus were released in each house
at approximately 1800 hours. After exposure times
of 1.25 hours to 1 hours, the dead mosquitoes were
removed from the floors and window traps, and
the houses were sprayed with pyrethrins. After
the spraying, the dead mosquitoes were picked up
and counted. The specimens were then sexed, and
the mortality based on the females, These tests
were accompli=hed in honses with 5- and 9-week-
old dispensers.

Tests also were mnde to measure the relation
between exposure time and mortality. Twelve
cages were placed in cach of four houses, 6 at the
2.1t level and 6 at the G-f1. level. Tn three houses
the dichlorvos treatment was 131 weeks old; the
fourth house was untreated. One cage of mos-
quitoes was removed from each level at 2-hour
intervals over o 12-hour test period (18300630,
Mortality counts were made after 24 hours.

HESULTS
Insecticide cvaluation. Lvaluation of the first
treatment (7/19-8/29/62) was begun in the 19
huts 1 week after treatment, The average hat
mortalities of the enged mosquitoes ranged from

01¢; to 100¢; during the first 8 weeks, und the
results of subsequent weekly tests are given in
Table 2.

Average mortalities for weeks O through 12
ranged from 86¢; 1o 926, which is only slightly
lower than that obtained during the first 8 weeks.
During the 9- to 12-week period the pereentage of
test huts with les= than 7047 kills was at or helow
15, but the pereentage of huts with kills helow
90, gradually inereased. On week 15, 7640 of the
huts had mortalities less than 90¢;, 35¢, less than
70 mortality. On weeks 15 and 16 the avernge
mortality had dropped to abont 60,

During the second treatment eyele the sverage
maortality tor the first S weeks vanged from 96
to 1007, with complete kitls being obtained for
the first 3 weeks. Table 2 zives results for weeks
O thyough 16, The average mortalities were simi-
Jar to those ohtained for the tirst evele, bnt more
than 300, and 507, of the hnts had mortadities
les= than 707, and 90¢;, respectively, by week
1. On week 13 only 0 and 2207 of the huts had
morialities Tess than 7045 and 907, respeetively,
bt this was ensed by he treatiment of one
loeality which had eontained severul of the eval-
uation huts that =howed the low Kills on week 11

Following the thind treatment no tests were
pande until week 6 when the 8 s inspeeted
gave noaverage mortality of the caged mosqui-
toe= of 07, . Results for tests in weeks 9 through
16 are given in Table 2. The average mortafitics
gradually deerensed during weeks #, 10, and 11
(O7¢, 93, 8¢, and the pereentage of huts
with kills below 70¢: and 907 reached 11 and
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TABLE 3
Comparigon of average larval and adult Anopheles albimanus densitics in dichlorvos- and
DDT-treated arcas with the rainfall recorded during study period

Dichlorvos treatment area ' DDT trecatment arca
Date e e e e P U U ————| Rainfall (mm)
L I ‘ — i Females/trap i . . Females/trap 1963-4
arvae/dip @ Bites hour ! night i Larvae/dip Bites/hour night
{

Nov. 1063 | i ! l
Dec. 3.2 4.6 6.5 | 3.0 | 0.5 14.0 65.1
Jan. 1064 2.1 187 | 08 | 32 | 20 0.0 43.2
Feb. 2.2 58.5 21.9 11 | 167 l 16.7 5.8
Mar. 1.2 ' 1.7 263 | 22 L2 1 07 25.1
Apr. 3.3 188 41.5 2.1 0.7 | 0.0 8.6
May 2.3 3.5 | 13.4 8.3 6.0 | 25 150.0
June 1 5.9 22.8 12.0 0.0 8.0 46 - 740
Average 1 1.2 25.2 17.8 1.3 6.2 5.5 117.4

33, respectively, by week 110 On week 13 the
average kill dropped 1o 72¢4 with 70¢; of the huts
having mortalities helow 907,

A summation of the evaluation of the first 3
trentments shows that the results were similar
through week 4, with average mortalities of 90¢;
or greater and oo maore than 1067 and 1417 of the
individual limts with kills below the 700 and 90¢;
levels, respectively. During weeks 10, 11, and
12 the vresults were more erratie, and alter week
12 the eflicieney of the treatments deereased
rapidly * .\ eriterion for retreatment hased on
807, average wortality level ar on a level of H50¢;
of the huts inspected having les< than 90, kill
appears to he better than a eriterion haseld on
00 of the huts with kills helow the 70¢; level.

On the basis of the data for the first three eyeles
subequent inspeetions were reduced considerably
and o 3month vetreatment ~chedule adopted.
Tests were eontinued in approsimately 12 huts
from different areas on alternate weeks, Resalts
from the fourth treatient were <imilar to those of
the fir-t three treatments, bat in the Gifth treat-
ment the average mortality never fell helow 93¢,
during the 16 weeks of testing, During the last
evele only a limited number of houses were tested,
but in eaeh eomplete Kills were obtained through
week 8, and the average Kills remained  above
00 through week 12

¢ Coneentrations of dichlorvos were determined
ns 000 pg 1in 11 of 12 nirsamples taken in 6 houses
contnining dispensers 4 months old. This level

approximates the concentration of diehlorvos con-
sidered to be effective threshold, 0.015 ug 1.

Veetor density. Results of the 7-month (De-
cember 1063-June 1964) study of larval abun-
danee, biting records, and light trap colleetions in
the dichlorvos- and DDT-treated zones are given
in Table 3. Data indicate that: (1) average larvae
per dip were the same in two zones; (2) bites/
manhour were higher for each month in the di-
chlorvos zone, with the average for the period in
the dichlorvos-tredated zone heing 25 as versus
6 in the DDT-treated zone; (3) average densities
per lizht trap collection were three times as grent
in the dichlorvos zone.

The ~imilarity of Tarval colleetions in the two
zones aned the great difference in bites and number
of adults colleeted refleet the Large breeding aveas
in the dichlorvos-treated zone,

Aetivity periods. Colleetions of AL allimanus
hiting indoors and outdeors during the periods
of 17301900, 1900 2100, 2100 -2:300, 2300-0100,
and  0100-0700 hours were replicated between
December 1963 and June 19614 The resalts (Table
1) showed that the same general trend of biting
activity was followed indoors i outdoors for
cach period and that 5000 of the biting oceurred
during the 1730 1900 hour period for each loea-
tion. The hiting activity decrensed progressively
for eaelr period and was only 39, to 1¢5 hetween
MO0 0700 howrs, Seventy-three pereent of all
hiting mosyuitoes (1,355) were recovered outside
of the honses, and the pereentage of outdoor bit-
ing for the different time periods ranged from 65
to (K,

Results for light traps operated cuach night



MALARIA CONTROL BY

RESIDUAL FUMIGANT 667

TABLE 4

Record of biting activity of A. albimanus inside and oulside of huls during the period of 1780-0700 hours,
uging human bail

Percent of mosquitoes collected during time intervals below

Loc tion
1730-1900 1900-2100 2100-2300 2300-0100 0100-0700
Indoors............ : 51 (185)* "’2;"(9{"')' - _1.5 (5{) P 7(1.5)M_’ _'3“(1.2)——
Outdoors. . ....... ............ .. . : 48 (175) -19 (183) 16 (163)_?- 13 (131) ’ 4 (@38)
Percent collected outdoors T2 - 65 75 90 : 76

* Numbers in parentheses represent number of mosquitoes collected during eaeh interval,

TABLE 5
Recovery of A. albimanus (approximately 250 Q) released in dichlorvos-treated and untreated houses
equipped with « window trap

Window traps

Rooms Average

Howes | e
’ Total mosq. . *
5-wk-old treat.. . 1.25 61 (22)*
Control... . ... . 1.25 56 (18)
0-wk-old treat. ... 1.50 28 (21)
Control . 1.50 23 (12)
9-wk-old treat. . . 1.00 52 (36)
Control .. 1.00 20 (12)

f: mort.

. mort.  Total mosq. . Total mosq. | % mort.
11 228 70 202 | 04
0 249 2 305 2
0 103 30 131 31
0 169 4 102 4
27 03 58 145 47
34 105 ‘ 3 201 5

* Number in parentheses represents the pereant of total mosquitoes colleeted which were in window

traps.

during the same time periods were entively dil-
ferent. .\ total of 565 mosquitoes was colleeted in
the traps during the 19 tests. The pereentage re-
covered during cach of the § suceessive time
periods wa~ 1, 13, 25, 41, and 1S, respeetively;
maximum  mumbers were recovered hetween
2300- 0100 hours, These dita suggest that the
primary activity soon after sunsct concerns move
ment to obtain o blood meals later in evening and
duting the night this hiting activity i redueed.
Whether the inerense in nimbers in light teaps
refleets the decline in feeding or the fnet that
other artificial lights in competition with those of
the traps were extinguished Tater in the evening i
an unresolved guestion,

Biting and resting bohavior. Twelve replications
of outdoor-indoor capturesol . albimanus females
in dichlorvos-trented and in untreated houses in
the period from 2 1o 10 weeks after freatment in-
dieated: (1) that approximately 805 of the 130
bites observed oceurred outside; (2) that equal

numbers of bites oceurred in treated and un-
treated houses; (3) that slightly more mosquitoes
rested on walls in untreated houses, 370, versus
43¢,

Countrywide studies in the DD -treated zone
during this sie time period have indicated that
approvimately 730, of the hiting oceurs outdoors
ad about 507, of the mosquitoes that feed inside
will rest on the wall< Few mosquiitoes were found
indoors in the early morning howrs as shown by
indoor captures hetween 05000 and 0600 hours
with the aid of pyrethrin sprayvs.

Rcsponse ta dichiorros. Tn the untreated houses
120, to I8 of the approsimately 230 female
moscpiitoes released in ench house were tahen in
the window trap (Fable 5), while in the treated
Louses, the pereentage recovered in window traps
ranged Trome 21 to 36, These fignres suggest some
irritahility or repelleney sinee in each test more
mosquitoes left the treated houses thanwas true
for the untreated control. ‘This difference was
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TABLE 6

Response of caged A. albimanus when exposed for
2 to 12 hours o vapors from 11-weck-old dis-
penscers in three houses

Percent mortalities after hours of exposure

House no. -
2 i 1 i 6 L8 1w ‘[ 12

v —— — n— - - —— - —— - &»- R I_, ——
1 i 44 | 65 | 61 . 69 ; 87 | 83

2 | 49 83 83 79 ‘ 9 | 04

3 | b8 n 10 28 61 64
Control | 2 | 4 o 1 1

most apparent with the longest exposure time.

The mortality in the houses ean be correlated
to dispenser age and exposure time. With the
treatment & weeks old and a 1.25-hour exposure,
the mortality was 646;, whereas at 9 weeks and
1.5-hour exposure, the mortality wrs only 31%.
When the exposure time was increaced to 4 hours,
the mortality increased to 4747,

In exposure time-mortality tests in three oe-
cupied houses where the dispensers were 11 weeks
old, 44¢; to 5S¢ of the eaged test specimens sue-
cumbed in 2 honrs (Table 6. The maximum kill
was reached in two houses at 1Y hours® exposure,
but in the third house this level ocenvred at
hours. In twohouses, essentially the same mortal-
ities were recorded with 12 hours' exposure as
with 4 hours. There were no consistent differences
in mortalities observed in the eages suspended at
the 2- and Gfoot levels, Other tests in houses
with T-week-old dispensers pave from 910 to
1000, mortality with a 2-hour exposure, Com-
plete kills were obtained with a-f-honr exposure,

DISCUSSION

The results obtained with enged female mos-
quitoes indieted  that treatment of - Haitian
homes with dispensers at rates in the range of one
dispenser per 163 300 cubie feet will produee
average Kills of approsimately 90¢7 for 12 weeks
These periods of elfectiveness are contingent upon
a 12-hour exposure period. Obviously a shorter
exposure time, = the datain Tables & und 6
indicate, reduces the pereentage kills The figures
in the two tables also suguest that higher kills
May oreur among eaged ns versus free flying mos-
quitoes,

The potential of the vesidaal fumigant tech-
nique to arrest malarin transmission depends on:

SCHOOF 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 1o occur. If either or both of these con-
ditions nre missing, neither the residual fumigant
technique nor treatment with a residual insecti-
cide can be expeeted to achieve malaria eradica-
tion as the Dbiological observations in  Haiti
indicate. The maximum biting aetivity has heen
shown to occur in the evening when the popula-
tion is outside of the houses. (Approximately 759,
to 807 of the bites were recorded outdoors with
50¢; of the feeding oceurring hetween 1730 and
1030 hours.) In addition, obscrvations indieate
that 1. albimanus have a tendency to leave
houses after short periods (2 to 8 hours) of in-
door resting.

Obviously the behavior of A, albimanus in
Haiti is not conducive to suceessful eradieation by
the application of an insccticide as n residual
spray or residual fumigant. This view is sub-
stantiated by the failure of both the DDT de-
posits and diehlorvos vapor to interrupt malaria
tran~mission in aiti.? The findings substantiate
the current helief that new or modified spproaches
will he needed to achieve malaria eradication in
problem sites suel as Haiti and Central Ameriea.
With the failure of indoor treatments, malari-
ologists ave foreed 1o look towards the methods of
general outdoor veeter reduction by chemieal and
noncherieal methods and towards the use of
drug therapy. A= a further development, the ob-
<olete tendeney 1o rely on one method, to the ex-
clusion of other technigues, for attacking this
diseaise problem must be disearded in favor of a
multiple facet approach in which combinations of
various control tools are blended together to pro-
duee mazimum veeter elimination.

SUMMARY

A 2 vear study was conduceted in Haiti to deter-
mine the effeet of the residual fumigant teehnique
on Anopheles albimanus and on malaria trans-
mission,

From 4,618 to 5,760 houses in the Commune of
Areahinie were treated with dichlorvos-wax dis-
pensers at 3- to 4amonth intervals and at a rate of
one unit per 165 to 300 eabie feet of space.
Twelve-hour exposure tests with eaged A, albi-
manus females showed that the treatment gave
average kills of 90 pereent for approsimately 12
weeks.  Although malarin  incidence  declined,
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transmission was not interrupted, a result con-
sidered to reflect the tendency of .. albimanus to
bite out-of-doors.

Behavior studies indieated 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 house. These habits
of A. albimanus also preclude the successful use of
other types of residual house treatments in inter-
rupting transmission. This study was a coopera-
tive endeavor of the Agency for International
Development, P’an American [lealth Organiza-
tion, Communicable Disease Center, and the
Government of IHaiti.
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