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INTRODUGTION

Since the discovery of the transmizsion of human malaria by anopheline mos-
quitoes, the most widely applied methods of mosquite control, other than nat-
uralistic methods, have been those of draining or larvieiding breeding areas and
sereening dwellings,  Another technique which has been long known but less
widely applied has been that of destroving adult female mosquitoes found in
dwellings. Orenstein (1913) records that as early as 1908 the daily capture of
moscuitoes in dwellings was emploved as prophylactic messure against malaria
in the Canal Zone.  The work of Russell and Knipe (1939, 1940, 1941) and Rus-
gell, Knipe, and Sitapathy (1943), in India, and the earlier work of Dte Meillon
(1936), in South Africa, has recently served to focus attention on this method.
These authors used pyrethrum sprays rather than hand catching,

Where the malaria vector species involved is a domestic one the value of such
a method is at once apparent.  Sinee the “seed bed’ of malaria is in the human
population, the killing of the very mosquitoes which feed on this population is
obviously the most direct means of attack on the transmission of malaria. The
method is in effeet a further refinement of “*species control” wherchy selective
destruetion of potentially infectod mozquitoes 1= attained.

In India, Bussell, Knipe and Sitapathy dealt with anopheline veetor species
which were house-resting during the day.  Using various pyrethrum sprays, and
spraying at intervals of three to ten days, they secured exeellent reduction of
malaria rates. -

In Panama and the Canal Fone, as well as through most of the lowlands of the
Claribbean area including the West Indies, Anopleles allimanus is considered to
be the principal vector of malaria.  This species is wholly absent from dwellings
during the daylight hours, or at best present in only emall numbers.  Pyrethrum
sprays applied during the daylight hours in the manner of Russell, Inipe and
Sitapathy would, therefore, probably meet with only indifferent suceess in the
Caribbean area, although the recent work of Meteall and Wilson (1945) might
indicate that pyrethrins applied in heavy dosazes on resting places would have
residual effect.  The realization of the special properties of DDT when applied

! The data and observations in this paper waere obtained inconnectionwith inveatigations
condueted under & contract recommended by Lthe Commitice on Medieal Resesrch, hetween
the Office of Scientific Tesearch and Development and the Gorgas Memorial Institute of
Tropical and Prevenlive Medisine.
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to surfaces in the manner of a paint has aroused interest in the possibility of a
new, simple and inexpensive approach to the control of malaria transmigsion—
for DIYT thus applied continues to kill and otherwise affect mosquitoes resting
on treated surfaces for & prolonged period.

Tven hefore the advent of DT, interest in anti-adult spraying had been on
the increase (Senior White and Rao, 1944, and Fddey, 1944). It has been super-
ficially evident that the residual properties of DDT would be of particular value
in treating dwellings,  With the pressure for immediate results for the protection
of Allied troops and civilian populations in malarious aress, vast numbers of
dwellings were treated with DDT by the armed forces during the latter war years.
The evaluation of the effectivencss of treatments of this sort is a diffieult process
at best.  With the rapid movement of the war relatively little detailed informa-
tion could be sathered.

A number of isolated experiments have been performed, however, and the
reanlts of this first work is now fortheoming in the publications of SBenior White
(1945), Gahan and Lindquist (1945), Gahan, Travis, Morton, and Lindouist
(1945}, Gahan and Payne (1945), Tarzwell and Stierli (1945), Knowles and Smith
(1945), Matealf, Hess, Smith, Jeffery and Ludwig (1945).

The work of Gahan and Payne (19453) on Anopheles peeudopunciipennis in
Mexico is the only report of a residual epray experiment on a neotropical anoph-
cline which has come to our attention st the time of writing, although we have
visited other such experiments involving Anopheles albimanus in Veracruz, Mex-
ico, and have word of work of his sort in progress elsewhere in tropical America.

THE BEXPERIMENTAL AIRIA

In the summer of 1944, & field experiment was set up on the middle Chagres
River, Panamz, to study in detail the effectiveness of the DDT residual spray
trestment of native dwellings in the eontrol of malaria vectors and malaria.
The area selected was one in which intensive studies of malaria and Anopheles
have been carvied on by Dr. H. C. Clark and his associates at the Gorgas Mem-
orial Laboratory during the past fifteen years. The results of these various
studies have been published over a period of years in this Journal, and in the
Arnmual Beports of the Gorgas Memorial Laboratory.

The village of Gatuncillo was selected for treatment, while Guayabalito anil
Santa Rosa, adjacent villages, were used as controls.  Concurrent observations
were recorded for treated and control villages.,  All three of these setilements are
located on the west bank of the Chagres River only a few feet above the water.
The river here is ordinarily a sluggish stream with numerous backwaters and
lagoons directly across from the villages being studied.  {See plate I, figure 1.}
Extensive dense mats of Najas argute® provide the prineipal source of breeding for
Anopheles allimonus, as well as protection from the numerons surfnee leeding
minnows., In addition to the extensive A. albimanus breeding areas along the
Chagres River proper, there is additional breeding of this species in small clear
areas of tributaries of the Chagres, particularly behind the villages of Santa Rosa
and Guayabalito.

¢ Digtoermined by Prof. . T. Clausen, Dept. of Botany, Cornell University.
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eneountered.  Adult females of A, albimanis and A, Sdornadatus may only be
dilferentialed i part. Toothe presenl shindy il has only oceasionally heen possible
to hold Temale Anopdeles until oviposition to seeure posiiive dentificadion, buased
nn ege characters,  Noo AL feloensdades type eges owere found amone hoose
captrht mosguitors. Fight vewrs ago, Bozeboom {19380 found only 0.5 per cent
ol the house resting Awnopheles in this area 1o he A Sveneelates (= A, boed-
mangd) althongh the species was breeding abundantly at that dime, indieatinge
that thiz species “does not care enough about boman blood to enter the houses
for Tewal on e ad night™. To the present siody o we therefore uniformly vegned
the Arepheles of the NVyssorfymelas group as AL allimanus,

Amopheles panctizeaculo, which 3= also present e the villares stoadied, breeds 1
small numbers in small shaded branks which flow into the Chagres. The flue-
tuations i nnmbers of AL albimans amd AL poeelimacsda in dwellings and horse-
Bavited stalle traps in this area will be considered inoa separnde paper, hul il may
bir slated here that throughout mest of the vear A alfdmenus 15 dominant, with
A punctimocida being taken in significant numbers only ot the end of the vainy
season (Le,, Oelober, MNovember, and December),

The area in which this work is being conducted possesses several particular
advantages for oo experiment on the DY residoad spray control of malaria,
These may be sunumarized as follows;

1. The area i3 one which 3% weecsible to the investigator, and yet sufficiently
sobated =0 thal the native population moves rolatively little, The villages
studied are naceessible cxeept by dugout coyueo or Tood fraill Loeal studies of
malacia in populations located on roads tered to be confused by the unecriaintsy
of determining just where inloction wis inenurred sinee the natives can freely and
conveniently move along the road Lo attend markets, estas, ele. o the present
srtuption movements ocour but they are less frequent. The Gorgas Memaorial
Laboratory s cquipped wilh dugoul cayucos provided with outboand motors
enahling lovestizgators (o reach the Chagres Ribver villages, some Gve and one half
miles [rom Giamboa (the end of 1he road), in approximately forty-live minutes,
MNatives lneking motor driven hoatsz reguire several hours of paddling for this trip
anil are Thereby somewhat detoreed from leaving the villuges,  Toformation
dertved Trom malaria rates 1= therefore relatively reliable although noecessarily
subject to interpretation in individus] cases.

2. The writer has been singnlacly fortunate in being shle to work at villages
where the malaria in the populations las been under continuons study b The
L Clark and his associades for the past Affeen vears. Alaluris rates hused on
thick film blowl examinalions are availibile on a monthly basis Tor Len vears, and
o i bimonihly basis lor the Last live vears,  We began our experiment therefore
with o large backlog of information on malavia in these communities.

3. Conditions are exeellent Tor the continuous production of Large numbers of
fhe malaria veetor speeices, thus providing o most severe test of the effectivencss
of the control method under study. The level of the Chagres River, In1he stady
e, 33 maindained by the impouwnds] Gatun Lake, and while there 15 some fine-
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tustion in water level, the breeding areas preduce mosquitoes throughout the
year. While zsome spraying with copper sulfate to kill aguatic vegetation is done
by the Dredging Division of the Panama Canal, through agreement with the
Chief Health Officer no larviciding procedures have thus far been employed in the
study area. The confusing factor introduced by other means of mosquite control
in the same ares, is largely eliminated and modifications in Aropheles abundanece
may be attributed either to natural eauses, or to the techniques employed in the
DDT residual sprayving of dwellings,

-4, The present study provides a severs and eritical test of house spraying
sgainst adult female mosguitoes, since the species involved, A, albimanus and A.
punclimacula, are not domestic as are, for example, 4. quadidmaculatus or A,
gambiae, which rest in human dwellings and domestic animal shelters during the
day. While Rozeboom (1941) considers the adult female A. allémanus to be
“very domestie” he alzo remarks that they “do not remain long in houses; most
of them return to the jungle or fo their breeding places soon after feeding or sarly
in the morning'.

Thus we are dealing with mosquitoes which seek dwellings not as resting places
but as & source of a blood meal,  Tf the residual house spraying method should
prove successful against these species, it may be inferred that the technique will
be even more cffective against other malaria vector species which are house rest-
ing by prefercnee.

5. The natives of the study area have been employed and trained as helpers
and collectors by various members of the stafl of the Gorgas Memorial Labora-
tory through the yvears and now constitute o good source of loeal assiztants.

METEQROLOGICAL CONDITIONS

Meteorological information for the Chagres River villages is based on data from
the Madden Dam Meteorologieal Station of the Panama Canal Section of Me-
teorology and Hydrography. This station is located approximately two and one
half miles east of the village of Gatuneillo. Data for the period of the experiment
reported here are given in table 1.

Weather conditions, particularly rainfall, are often very local in nature and
the data from Madden Dam sometimes do not reflect conditions at the study vil-
lages. TFor example, in the severc storm and flood of December 13-15, 1944,
which drastically affected the mosquito population, only 4.88 inches of rainfall
were recorded at Madden Dam while 18.67 inches of rain [ell at the Candelaria
station about five miles away.  In this same storm all twenty-four hour rainfall
records for the Canal Zone area were broken, with 13,62 inches of rain recorded at
Apuz Clara. The annual rainfall at Madden Dam based on a forly-six year aver-
age is B8.25 inches.

The humidity at the Chagres river villages tends to be higher than that re-
corded at the Madden Dam Station sinee the latter is located on 2 hill above the
river, while the villages are situated on the banks of the stream. On the oc-
eagions we have made hygro-thermograph records at Gatuneillo in the rainy sca-
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son, we found the relative humidity to be virtually 1009, throughout the night
when the mosguitoes are active.  Iven in dry season the atmosphere becomes
saturated Ly 10200 0r 11200 pan.

The data contained in table 1 will serve, however, 1o give a general picture of
meteorologieal conditions in the region of the experimental villages.

NATIVE HOUSE CONSTRUCTION AND LIVING CONDITIONS
Clonstruetion in the villages of the middle Chagres River is of two sorts,  The
native huts are provided with steeply sloping palm-thatch roofs and walls of canes
which are for the most part vertically arranged and secured with vines or, in some
cases, wire (plate II, fisures 2 and 4).  Other houses are constructed of hoards,

TABLIE 1
Metearalogical tnformation, Madden Dam
TEECIFITATION | AVERACE | wremaduer (18 cEcREES
(s 1aCEES) : HUMBER OF r[:i.ll'-d."'ll-i-'-l?[; I ?'MTSENI:F“-J

e P RAIRY DAYS [i% PEE T T YT ——
Actunl ELE'::‘E | is:ﬂl;EN:.]m.} | Maximum | Mininom | Mezn

— { — - —_— - —-—I—
Qob ™ 22,02 28 3.4 | G0 By | 789
11 oy A e wospama o (11 1 15 01.5 85 i 4.4
B T R P St N L v 7.0 &8 | 68 T8
B e T I 08 B 56,8 & | 6l 770
] [N ST G IO 02 .59 2 9.0 89 e ™.
% R A e i) B AL 1 | TR0 93 67 &2
Al i e eninndt T 3.7 ) | 81.4 5 i 81.1
RS st e o & o 12,44 | 11.25 a1 | 88.1 04 i 7.8
June, .. o.oveieiio oot BUA 11.80 21 91.1 04 | 20.E
oAt R et | 13.25 12.22 25 93 .4 a0 70 706
S e L e 1 e o i T 206 05.8 91 B 70.3
T R, | 14.08 | 11.35 o3 04.6 53 B7 73.5
Ot e B4 14.74 22 941 M} Y] 78.2
B 7 e e 1WBas | 27 945 G 6 75.4
Diai st e 5.58 5.8 | 18 922 | 89 i i} 77.2

mostly salvaged from abandoned Canal Zone houses, and roofed with sheets af
galvanized iron, Various of the houses are intermediate in construction, with
thateh roofs and board walls (plate 11, figure 3).  Tor the most part, houses con-
sist of a single room with an incomplete partition or two of cane or scrap lumber,
and a small extension where eooking is done on an open wood fire.  These exten-
sions arve usually roofed with several sheets of corrugated galvanized iron. In-
terior walls and partitions are either bare cane (plate II, figures 6 and 7), or
“papered” with pages from magasines, or sheets of newspaper (plate 111, figure
8). The natives sleep on rough board beds, or in hammoeks slung across the
main room. The canes comprising the walls and partitions are only loosely ap-
posed to one another, providing rinmerous spaces through which mosquiloes can
gain entrance and egress.  Crude wooden shutters serve to close window open-
ings at night. Glass and sereens are nowhere in use.
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Other than beds, fTurnitare consists only of an oeeasional open shell cophooard.
aned vough wooden tables, chairs, amd benehes, FExtrs elothes are hung from

Prarr [1

NATIVE HOUSES AT GATUNCLLLO

Fro. 2. Mative hooze gshowing tvpical eonstroetion af esne walls and palm thatch roof.

Fro, & Housze showing intermediale Lype of sonstcaetion with palm ihatch vonf and
|'r,|||_;__'|':| !!|||4:,I'-:|_ '.‘\.':_l”:i.

Fre, 4. General view down “atrect’” at Gatunetllo,

Fac. . Interior wicw of rood of palm thateh eonstruetion.  The impossibility of esl-
culalime precise amounts of DT deposited on surfeees ke these s evident.

Fre, &, Interior view of hogze with cane wallz showing loose apposition of the canes
permitling mesquitoss free access o the inlerior,

e, 7. Tndericoe view of hoase showing erade eaphboard and cooliing srrangement .

woolen pegs or nails, or storel in chests. As decoralions there are oeeasional
Pramoed pietures, or horns ol deer. Paiot s varely wsed.
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Honses constructed in the manner here outlined seldom Iast for more than o
few years.  Fven during the fifteen-montly perisd of the experiment refrorled
here, there has heen conziderable tearing down of olil honses and construelion of
new ones,  The village of Gatuncillo is pomposed of about twenty-five houses
while the control villages combined have about fwice as nuny honses,

There i= another Lype of native consbruction not ernploved in the villages used
in this experiment, but frequent in the dryer portions of Panama and elsewhers
in tropies] Amerien. These dwellings are shout the same size, but the walls are
plastered with mud, or mixtures of mued and dung,  Others obtain a solid wall by
ponstrueting walls of adole Bloeks, cement, or native stone. Const rretiog of the
Lilter tvpes 1=, however, more commion atl some clevation {largely above the
range of AL elfdmenes), where temperatures arg lower and betler shelter neces-
STV

TABLL 2
Wosguiln eiiches (e hoases al Sanla Hosd wnid i pabelite from Chctobee 1540 throagh
Dreceemfer J2445

mUMBERES PES CEST AP IOTAL SATOHR
A r:r.-|r.l.i'?-"!':":-' R R R AL L bl 4% sl 2.4
Apophetes punetimaculn 7o i 1.0 I.4
Torel Anopheles o . 343400 LIt
Morssanin L ans. i st 16,223 b3 ]
AT s RigeiemRE T 2 L0 4t
Ok heer Culicines. o L M2 0
Taotal Cubivines St g L4 12% RaLT
Total, all speeies. ... o 33,612 BT

THE MOERUITO FATNA

Mosquiloes taken in the hovses are prineipally of four species; Anopheles al-
fmanus, A, punctimacda, Munsonde titillans, and M. nigrieans,  These mos-
guiloes are almost wholly absent from the houses during daylight hours, appear-
i at duslk, and departing at or shortly affer dawn.  Tlouses in which as many
as 500 oy 1000 mosguitoes mayv be taken by collecting throuzhout the night will
have fewer than a dozen, or even no masguitoes at all iduring the daylight hours.

A sminaey of maosguito eateles in houses n ihe unbreated villages of Sania
Frosa and Guavahalito for the filteen-month period from Oetober 1944 to Decem-
ber 1945 02 given in table 2.

An exwmination of table 2 shows that of B3 512 house-resting masguiioes faken
throwehout the year almost two-thirds were A nopheles, mostly A, albimanes,

EATOMOLOGIOAL MU

While the malaria rate s the uliimate eriterion of the elfectiveness of the 1Y
house spraying method, some entomelomical cheek on the villages was obviously
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desirable, not only to keep a eloge record on how the vectors were being affected,
but also to provide a basis for deeision on the time of refreatment. At first the
attempt was made to secure evening biting rates on native human subjects, but
these were soon lound Lo be too variable Lo be of value, sinee the time of flight
of the anophelines varies considerably with loeal meteorological conditions. This
technique was therefore soon abandoned. Horse-baited stable traps were found
to mive g more relisble index of outdoor mosquito activily.,  The traps used were
of the Magoon type with the ingress baffles modified as in the Feyptian trap of
Batea (1944). Horses were purchaszed go that throughout the course of the ex-
periment the same horse micht be used in the same trap, thus avoeiding any error
eaused by differences in the attractiveness of individual animals pointed out by
Bates (1044).

To avoid the curions “catching-out” phenomenon reported by Gabaldon,
Lopes, and Ocho-Palacios (1940}, traps were never operated on successive nights.
A schedule of trapping on Monday and Thursday nights of each weelt was set up
and has been adhered to throughout the course of the experiment.  Furthermaore,
at no time have the trups been moved from their origing] locations. Dy these
precautions we hope to have established a high degree of reliability in the horse
trap catches, permitting valid comparisons of eatches over an extended period.

At first, three traps were set up: one aeross the Catouneillo Tiver about three
hundred [eet north-east of the village of Gatuneillo, & second in the center of the
village, and & thivd in the forest on the bank of the Chagres River about nine
hundred feet zouth of the village.  These traps commenced operation on October
10, 1944, Later three additional traps of the same sort were set up. One in the
village of Guayabalito 1.3 miles south of Gatuneillo, & second ahout (0.4 miles west
of Guayabalito, behind a low ridge along the Chagres River, and a third at Juan
Mina, 3.2 miles south of Gatuncillo on the east bank of the Chagres River. The
locations of the first three traps are indicated in plate I, figure 1. Mosquitoes
in stable traps were colleeted with a suetion tube and chloroformed for subsequent
identlification and counting in the laboratory,

Several methods of eollecting mosquitoes in houses were used belore o satis-
factory technigue was evolved. AL first chloroform febes were used. These
proved satisfactory for eatching resting mosqguitoes, but sinee DDT has a de-
layed action il was obviously desirable to collect the mosquitoes alive and hold
them vwnder favorable conditions to observe subsequent mortality, Catehing
tubes eonsisting of ten mm. glass tubing, in one foot lengths, with bolting cloth
covering one end, and an attached rubber tube about two feet in length proved
satistfactory for this purpose.  As holding capes [or the mosquitoes, we at first used
glazs lamp chimmeys, with their ends covercd with bolling eloth, I these were
kepl in a dry atmosphere the mosquitoes died; if kept in a moist atmosphere,
slight changes in temperature would produce & condensation of moisture onthe
walls of the chimneys,  On alighting, mosgquitoes would adhere to the walls and
perish. It was supeested by Col. W. H. W. Komp that holding cages of wire
mesh or a similar material would overcome this dificulty.  Cages of wire mesh
were too fragile in the hands of native collectors, and for transportation between
the field and lsboratory. A series of cages were therefore eonstructed of per-
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forated sheet bronze, four and a half inches In diameter and six inches fall.  These
were provided with a number cighteen wire sereen bottom for convenience in
examining the contents of the cage, and a bronze removable cover with a hole
three-fourths of an inch in diameter. Through the hole in the cover mosquitoes
could be introduced, by blowing, from the catehing tubes. The removable fea-
ture of the cover was a convenience in cleaning the cages.

For transporting the cages of mosquitoes from the river villages to the labora-
tory we had construeted carrying boxes 97 x 117 x 227, These boxes confained
eight compartments in the bottom of each of which a petri dish with moist cotton
wag placed. The holding cages were thus carried in separate compartments,
each over moist cotton, and in an atmosphere of saturated humidity. All catches
of house resting mosquitoes were handled in the same fashion, the mortality
among the mesquitoss from the untreated villages serving as a control for that
in the mosquitoes from the treated village. Catches were held in these cages for
twenty-four hours, af which time the dead mosquitoes were removed, identified
and counted. The surviving mesquitoes were then chlorolormed and pxamined.

The calches of mosquitoes from houses were not only identified and counted,
but also sorted as to whether or not they were blood engorged.  Cards (537 x 87)
were printed on which the information for each house, for each night’s cateh, was
recorded. Trom these cards it is possible to tell af a glance the numbers of mos-
quitoes of each species which are engorged or unengorged, and the twenty-four
hour survival, Summary eards for each house and each village were also rou-
tinely prepared at the end of each month,

Touse eatehes made during the daylight hours would in no way reflect the
nature of the anopheline population visiting these dwellings. We therefore es-
tablished a routine of collecting in houses alter dusk, during the evenings, and
marnings before dewn.  Native boys were employed who golleeted o the house
in which they were resident. Tt was not possible to establish an exact time period
during which the hoys collected, but each was instructed to cateh all the mos-
quitoes resting in his dwelling between dusk and bedtime. In practice this was
the period from about 6:30 p.m. t0 9:00 pam.  In the merning the boys collected
approximately between the hours of 5:30and 6:30a.m.  No premium was placed
on the numbers of mosquitoes collected, boys receiving a fixed sum for each
night’s collection no matter how large or small.  Thus was avoided the tempta-
tion of the natives to seeure mosguitoes from other sources than their own houses.
On the whole this method has worked out satisfactorily. One native who per-
sisted in collecting mosguitoes off tethered animals, when his house gatches were
low, was discharged.

While the interior of dwellings are excecdingly irregular and resting mosquitoes
are in consequence not easy to see, the native boys quickly become adept collec-
tare and a comparison of the catches from different houses on the same night
ghows a good correlation.

DDT VILLAGE TREATMENT

While it was at first thought necessary to spray a belt of vggcf,ati{:-u around
the village to be treated, a preliminary study of the habits of A. allimanus in-
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dicated that spraying of the houses alone might be sufficient. A comparison of
catches of mosquitoes taken in dwellings in the evening with those taken just
before dawn showed a higher percentaze of engorgement in the morning-caught
mosquitoes. It was thus indicated that mosquitoes which have fed tend to rest
on the convendently nearby house surfaces for o perlod, before flving off to a more
agreeable microclimate elsswhere for the daglizht hours. This behavior charae-
teristic of A. albimanus is of critical fmportance in the consideration of the
effectiveness of the DI¥T house spraying technigue in the control of malaria trans-
mission.  The “seed bed” of malaria is in the village dwellers and the engorged
moegquitoes resting in the dwellings are, In consequence, those potentially in-
fected. By selectively killing those mosquitoes which have led on the ceeupants
of the houses we may hope to control or terminate malaria transmission without
neceszarily exterminating, or even seriously modifyving the mosquito population
of an area.

It was early appreciated that the line of reasoning upon which the success of
this method of using DT rests is dependent on two basic premizes.  Fivst, 16
was considered necessary that the human population be a relatively domestic
one; Le., a population which is for the most part indoors during the period of
anopheline activity. The natives of the ares here studied do not wholly meet
this requircment. In the evening they are often abroad in the village, particu-
Tarly during fiestas,  The men are sometimes absent from the village when they
remain overnight in shelters on the hillsides some distanee from the village where
they cultivate upland rice and corn.  Data which will be presented below, how-
ever, tend toshow that this difficulty 15 not insurmountable.  The second prem-
ize iz that the blood-engorged mosquitoes found in the dwellings are actually
those which [ed on humans and not mesquitoes which have fed elsewhere on ani-
mals other than humans and merely sought shelter in the dwellings.  We have
been able to check this point by precipitin test analysis of the blood-meals of
house-resting mosquitoes.

Treliminary studies of the relation of A, albimanus to native dwellings, of the
gort deseribed above, showed that in large measure the mosguitoes approaching
dwellings rest on the outer wall of the houses, and wallk between the canes to the
interior. Irequently, too, they enter by the space between the thateh rool and
the walls. When houses of cane and thatch were provided with window traps it
was found that approximately ninely per cent of the mosguitoes in g dwelling
entered by some means other than the doors or windows,  Further evidence that
mask mosquitoes find ingress to the dwellings by some means other than the doors
and windows 1s found in the fact that at night the natives close the doors and
shutters to their houses, Nevertheless hundreds of mosquitoes may be collected
in these houses at this time.

It was therefore decided to spray the exteriors as well as the interiors of all
dwellings so that the opportunity for mosquitoes to contact DI might be en-
hanced., Inside the dwellings not only walls, butl also any other possible resting
places of mosguitoes, as the undersides of chairs, tables, cuphoards, beds, and
false ceilings were also spraved. At the time of the first spraying, equipment
was not available to reach the undersideof the tall peaked roofs, but in subseguent
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treatments-these surfaces were also sprayed.  Outside the houses the undersides
of the overhanging eaves were sprayed as well as the walls,  In addition to the
hurnan habitalions all cuthouses and animal shelters, such as chicken coops, wers
also sprayed inside and out.

A statermnent of the precise rate of application of DDT in terms of milligrams
per sguare fool would be desirable, but is not feasible in view of the t¥pe of house
sprayed in this experiment. While the plane surface area of walls, partitions,
and voofs may be easily caleulated, the rounded surface of the canes of
which most walls and partitions ave constrocted (plate IT, figure 6}, and the mul-
tiple surfaces presented by the undersides of the palm thatch roofs (plate II,
figure ) and eaves makes it virtnally impossible to establish the aetual surface
area treated with DDT. A more useful statement of the rate of application of
DDT is the mean volume of DDT solution applied per house.  Treating houses
ag outlined above, ineluding the inner and outer walls, interior partitions, false
eeilings, undersides of peaked roofs, eaves, and the undersides of furniture, we
find that we use approximately three gallons of solution per house. A relatively
uniform rate of application of the DT solution was obtained by fraining spray
operators to wet swriaces without permitting the solution to run.  Close supar-
vision of the work is necessary to secure uniform results.  Since the construetion
of these houses is similar, both in terms of construetion materials and size,
throughout the Caribbean lowlands, this figure for the amount of material used
ghould have wide application in this area,

Where house construction is more substantial, with the cane walls plasterad
with mud, or with walls of adobe, stone, or eement, the amount of DDT solution
necessary per house iz materially reduced since spraying inside alone should
suffice, for mosguitoes do not gain entrance through the walls as in the cireum-
stances of the present expemment. The relative effectivencss of DDT on sur-
faces of this sort 18 vet Lo be determined in the field.

EQUIPMENT FOR VILLAGE SPRAYING

The material used for the spraying was five per cent technical grade DDT in
kerosene which was prepared from Army stock DIVT and locally obtained kero-
senme.  Various methods of applying this solution were tried. The work was
mostly done with a small portable alr-compressor such ss is used with the paint-
spray equipment for camouflaging jungle positions. This consists of a three-
quarter horse-power air-cooled gasoline engine which operates a small compressor
eapable of delivering pressure of sixty pounds per square inch. This unif i3
easily carried by two men.  An air line runs from the compressor to & liguid pres-
sure tank of five gallons eapacity.  Attached tothis tank are two hoses, one carry-
ing ligquid, the other air. These are then attached to a pistol-type spray gun
which delivers a fan spray which i3 excellent for the purpose of applying an even
coat of DDT solution.  (See plate 111, figures 9 and 10.)  In practice, however,
this equipment was found to be not wholly satisfactory.  The two hoses from
the liguid tank to the sprayer were cumbersome and permitted too restricted an
ares of movement by the spray operator, since the hoses were but thirty fest
long.
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PraTe 111

NATIVE HOUSES AND AMETHODRS OF APPLY ING DT
Fro, 8 Rawgh ol pariition “pepercd” with magazine covers and pages,
Fro. o Apparatas wsed incfivgt spraviog of Gatuneillo, Tnthe Toreground iz the purtabln
neid conzisting of o horsepower giv-cooled oudor aol ale compressar. The five willon
iank vontaining the DT selution 32 beside the Genre al the loft Uhe operator at e renr

Free, 10, The piatal-ty e spray gun nsed with this apparatus is shown here,  Two hoses
from the ingecticide tank may be seeny that at the right delivers the inzecticide. 1hat ar
the lefd comprossed air. A wel fun-lype spray 18 used,

Fro, 11, Ior Ahe seeond H]:-'l':1.‘:.'i|'|;_; o pnoelifeesd If'l"]'lt'li-ll.:-‘ wae usedl, A single hose From
e insecticide Lunk s provided with the neeale from a0 knapsack sprover. This is o less
embergome arranzemenl.

Fra, 12, Inoa dater spraying b pamped evlindrieal kpapeack spevers woeee nael,
The Ten-type spray ean be seen.

Frio 1. The systematie coversge is accomplished by having the operator mosve slawly
ek wrel Torth alomg the wall hohiing 1he speay taxzle af n uniform diztance from the
surface. A wel treated sarface can be seen g6 the vight and on the Tower part of e wall
seetion which the aperaior is spraving.
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For a subsequent treatment the equipment was modified by subsituting for the
pigtol-tvpe sprayv-sun requiring two hoses, the disk-type spray nossles cenoved
feom knapsack spravers.  These were provided wilth a number sixty wire gange
aperture which gave a wel spray satisfactory for this work, These sprayers
required only & single hose, which simplifiedl the work for the operator.  (See
plate 11T, figurve 11,3 To speed up the spraying, twoe and even three liguid lines
could be run from the same tank, sinee only ten or Hfteen pounds of pressare was
necessary on ecach ling to secure a satisfactory spray, and the compressor was
capable of delivering az much as sixdy pounds pressure per square ineh With
this tvpe of sprayer, hoss extensions could be added =0 that cach operalor might
have e hundred or one hundred and fifty Test of hose, thus allowing him great
[reaslom of moverent.

The tanlt with this arrngement lay in that a five gallon ligoid tank contained
sufficiend liguild for only about fitteen minutes spreving amd oo frequent in-
terruptions were neeessary to refill the tank,  We later improvised a liguid tank
Feorn s grease barrel which would hold fteen gallons of lguid and this proved
sotislaetory,

Newvertheless it was eonsiderud desirable to tey the village spraying with
manually pumped eylindrieal sprayers sinee labor costs are relatively low and the
difficulty of elfecting repairs to mechanieal cquipment in remote places 1s gread.
The simplest sort of spray equipment which will perform the work vequired is the
most desirable under the conditions enconntered in this aren and Central Ameriea
generally.  Inoa field trial it was found that manually pumped evlindrieal spray-
ers, of three or four gallons capacity, provided with a noazle delivering a fan spray
were exeellent,  The spravers used were regular ilems of Army issue,  (Sco
plate 117, fipures 12 and 13.)

1 the presenl experiment no attempt was made to develop ideal equipment
sinee Facilitics lor 1his sort of work were limited, and the village involved was
nisl large,  With the equipment heve outlined we were able to treat the entire
willnge in twa daves using Lo spray operotors and an assistant.

Operalors were supplied with vespirators aml heavy rubber gauntlet gloves,
Lt these were frequently dizeanded sinee they were too uncomfortable for oper-
ators worling in Lhis tropieal climate,  Nevertheless, no nntowarl effeets were
ahserved in operators with the exeeption thal one person using a spray gun which
leaked as he extended hiz arm to spray high portions of walls sustained o kerosene
hurn on his arm and right side of his torso,  This eleared up in a few days with
no sequelac,

A more extended account of equipment lor work of this sort may be found in
the paper by Siecl, Stmmons, and Tarewell (1045).

ENTOAMOLOGICAL RESULTS

Hlouse Caleles

Wosyueibe abundance,  The fuelnations in house catehes of Anopheles and the
prineipal factors influeneing them are shown in Chart [ and table 30 While the
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catches were made semi-weekly (each Monday and Thursday night), in this and
succeeding charts and tables the average for each week is shown to simplify pre-
sentation of the large volume of data available. Points of interest may be
enumerated as follows:

1. In the pretreatment month, October 1944, the numbers of Anopheles in both
the village to be treated and the control villages showed weekly fluctuations, but
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maintained a hizh level of abundance (from 99 to 178 Anepheles per house, per
night). At this time the rainfall was relatively high.

2. With the first sprayving of Gatuneillo, which took from the 31st of Oefober
to the 2nd of November, there was a dramalic drop in the numbers of Anopheles
in the treated willage, the average number of Anopheles per house, per night,
during the ensuing three weeks being from 1.8 to 4.5. A gradual rise during
the succeeding three weeks to 21.5 in the week of the 10th of December followed.
During this six week period there is a decline in the numbers of Anopheles in the
control villages associated with the drop in rainfall and the beginning of dry
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TABLE 3
Anopheline abundance e fowses of freated end condrol sillages correleted with rainfall and
river levels

Avpracr souer® | emnce. | ik, e R
WEER 07 TER RIGHT AT MATIER HEVER T AOREELER . I mimniw EIYBR
pax 1% | LEVEL VER NUGUT Do freg |, TEVEL
1MCHES) (14 FEET, ! T o) (0% we3)
Contrel | Treated Cantral| Treated
Oel. 1,4 102.3 | 128.5 | 2.12 94 | May 6 19.5 | 1.5 R L e
& 119.7 | 178.5 | 4.14 g | 1% 17.7 | 2.0 ! 2.0 a3
15 129,40 | 144.3 JBE 96 | 20 10.9 | 3.3 | 3.20 03
2% 1749 | 163.0 | 4.37 T | ar 15.2 [“1.8 | 424 o3
20 142.2 | 99.0 | 12.55 96 || Junae 3 3.0 3.5 .33 03
10 2.2 1.8 | .98 03
First DDT Trestment 17 34.6 | 4.0 | .69 03
- : 24 50.8 | 0B | 1.87 3
Kov., 3 B7.3 1.5! 7.8l || — e
13 135.2 23] 185 a6 Thivd DDT Treatment
19 130.3| 45| .56 | 95 j—
26 85.9 18.0 12 95 1 July 1 7.8 00 [ 1.44 )
Do, 3 49.9 12.3 06 | 8 G256 0.0 | 1.495 Tk
10 Lo W (5 T 111 15 G63.6 | 0.8 |4.58 L)
17 0.9 5.8 [ ! 105 a2 G67.3 | 0.3 | 4.07 03
24 1.2 1.3) .02 45 29 |4z4|0.0 |558 | 93
3 27.5 8.5 .03 0 Aung. 5 231} 0.3 20 a3
Jan. 7,%5 a9 4.3 1 .00 ; 03 12 | s02] 05 | 183 93
14 0.0 3.3 0L | od 10 20,4 | 1.5 | 1.96 a3
21 370 1.3 N o3 26 53,0 | 0.8 | 3.06 a3
28 53.1 4.5 A2 93 || Bept, 2 an.s | 2.8 | 321 o3
Feh, 4 .51 13.5 .01 o3 | 9 4.8 | 2.6 | 6.35 B3
1 49.5 | 4.0 .00 o3 | I 43.8 | 0.5 | 2.70 3
15 45.0 T3 L0 04 23 3.8 1.3 | 1.50 a3
20 54.4 2.0 A0 b3 a0 3.4 | 1.8 | 1.87 93
Dot 7 98.7.| 3.8 | 2.10 03
Becond DDT Treatment 14 .7 | 4.8 1 4.33 43
- o1 0.5 | B3 B2 4
Mar. 4 | 40.d 3.0 L 03 23 59.6 | 4.0 | 1.19 4
11 1 49.2 2.3 HEL 93 § Mov. 4 9.9 | 5.0 | 1.46 4
18 | 53.9 3.0 L0 03 11 G2.8 ] 1.3 | 3.60 G4
25 0.6 1 00 03 15 e bl (6 T R 0 1t 4
April 1 12.4 1.0 Nl 03 25 4.3 7.3 | 3.16 it
& 47.3 G.8 09 93 [[Dec. & | 470 7.0 | G.O2 105
15 52.3 4.0 A e b 21.9 | 1.0 2 T
bl a1 4.5 AT 93 16 IT.4 | 0B .85 04
20 23.7 3.8 E’ 4.14 | 86 23 13.2 | 3.0 .11 2]

geason conditions. The week of the 10th of December the anopheline abundance
in the control villages had about reached the usual dry season level,  (Compare
the portion of the chart for the dry season months of February and March.)

3. The week of the 10th of December was marked by o heavy rain, widespread
over the entire Chagres River Basin, such as often oecurs at the end of the wot
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geagon.  In this instance, however, the rain was of unususl intensity and
duration. The recorded rainfall of 5.57 inches for this week at Madden Dam
gives only a slight indieation of conditions. Madden Lake rose so rapidly that
it beeame necessary to discharge water from Madden Dam, producing a sixtesn
foot rige in the Chagres River at Alhajueln (see Chart I). The addition of o
heavy inflow of water from streams tributary to the Chagres River below
Alhajuely effceted = rise of even more than sixteen feet at Gatuneillo.

This flood swept throughout the lowlands along the Chapres, earrving with
it great masses of vegetation and even floating islands supporting trees. The
decline in the eontrol anopheline population during the latter hall of December
may reasonably be explained as the consequence of the destruction of so many
mosguitoes by the torrential rains, and the sweeping out of daytime resting
places as well as breeding mats of vegetation. The deeline in numbers of
Anopheles at Gatuneillo at this time is probably also attributable to this flood
and iz not & DDT eftcet,

By the end of January, however, the population at the control villages had
been restored and reached a level maintained during the remainder of the dry
season.  The treated village, on the other hand, showed no such rapid recovery,
the numbers of Anopheles per house, per night, seldom rising above five, Theze
data imply that following the flood the DDT on surfaces in the treated village
was able to prevent recovery of the anophelines to their normal dry season level
aa established in the control villages. )

4. The decision to respray Gatuneillo at the begining of March, four months
after the original spraying, was not influenced by any inereaze in numbera of
mosquitoss, but by the fact that the twenty-four hour survival rate of blood-
engorged Anopheles was no longer reduced.  (This point will be discussed later
in this paper.)

3. The deeline of the anopheline population in the control villages following
the week of the 15th of April is associated with the rains of the beginning of the
wet season, and a subsequent three foot rise in the river level at Alhajuela.  This
decline may be due to a flooding of breeding beds redueing anopheline production.
In uny event, the low level of anophelineg abundance in the treated village is
unaffected.

. Following the third spraying of Gatuneillo at thebeginning of July, virtually
no Angpheles were taken in the house eatehes ot this villaze despite the faet that
thiz was a fime when Anopheles were on the inerease in the control villages. 1t
will be noted that following each spraying there are progressively lewer mos-
quitoes in the houses of the treated village.  This may well be due to a eumula-
tive effect of the IDIDT, when the period for resprayving is as short as four months.
Tt might be aniicipated, therefore, that routine DI¥] residusl sprayings of vil-
lages at four-monthly intervals will progressively, over a period of vears, produce
better and belter control of Aneopheles,

7. With the excellent control effected after the third spraying of Gatuncillo
it was decided to permit a six month interval 1o elapse before the fourth retreat-
ment, to determine whether this interval rather than four months might not he
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satisfactory (reducing costs in labor and material by one third for the year):  Ex-
amination of the chart for the latter part of this period {October, November, and
December, 1945) shows a gradual inerease of Anopheles in the treated village.
From these dala it appears advisable to retain the four-month period for retreat-
ment, by way of insuring complete eontrol.

8. At the end of the 1045 wet season (Oetober and Wovember) the house
collections of Anepheles in the eontrol villages did not reach the levels of the same
pericd the previous vear. There are unfortunately no dats available for com-

TAEBLE 4

Swmemory showing per cent of mosguiloss engorged, based on semi-weekly ealches lolalling
43 878 spectmens

|

ANCPIELES I CULICIXES ALL MOEQUITHES !
| |
Conrol| Treated | Centrol Trcu:rxl{ Control | Treated
Nov, 44 74.3| 4.3 | 574 | 87 | 73.3 | 5.8 | Period following
Drec, 519 3.7 | 33.6 7.5 | 16.3 5.6 firat treatment
Jan. "5 45.0 | 16.1 | -33.8 | 13.1 | 39.4 | 13.7
Feh. 46,7 7.3 45.5 | 17.9 | 45.3 | 13.2
| |
Mar. 46.8 | 4.6 | 32.7 | 12.] , 410 | 7.7 ! Period following
April 45341111 | 36.3 | 0.0 | 40.9 | 6.3 gecond freat-
Mawx 7 52,3 1128 | 440 | 17.8 | 452 | 16.0 ment
June B3.1 ) 2.7 | 3.9 | 83 | 47.6 | 5.5
July 46.5 | 0.0 46,1 4.3 6.0 3.7 FPrriod following
Aug, 42.6 | 16.7 | 32.1 5.4 3.8 | &3 third treatment
Eepl. 231.0 1 3.6 275 8.7 28,49 6.8
Oet. 7.4 | 6.8 274 3.8 27.1 6.0
Mo, 3.4 | 17.6 35.5 | 10,2 33.3 [ 13.2
Dee. 48.7 | 43.9 44.0 | 46,9 30.4 i 5.4
LAverags {
Mow., 44-0ct. 45 4741 7. 36.4 | 11.1 43.1 o

1 Thess perecntages are based on the totals of mosquitoes taken in honses from Novem-
ber 1044 to Oetober 1995, November znd December 1945 are exceluded sinee they represent
the fifth and sixth maonths respeetively after & treatment period.

parizon from years prior to 1944, but annual variations of the magnitude shown
in this ehart may not be wholly unexpected. It is also possible that native
collectors were somewhat less diligent in their work after more than a year of
routine collecting, and did not expend so great an effort in house collecting as they
did the year previous.

M osmueito engorgement.  The reduction in numbers of Anoepheles in the houses
of the treated village, as demonstrated above, indieates a large measure of pro-
tection to the village vesidents, The reduction in numbers of Anopheles repre-
sents, however, only the first step in the dircefion of terminating malaria trans-
migsion by DDT residual house spraying. In December 1944, several weeks
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after the initial village spraying we made the following observation (Trapido,
19d4):

“It 1= alzo noteworthy that of 135 mosoguitoes colleeted in dwellings =inee the
spraying of the village only four, or 2.99, have contained blood. It is indicated
that mosquitoes entering the treated dwellings and contacting the DDT residue
become so activated that they do not feed.”

We now have the records on the per cent engorgement in house-canght mos-
quitoes for lourteen months.  These are summarized by months in table 4.

The marked and consistent difference belween the per cent engorged in the
control and treated villages is at onee apparent. If we exelude those periods
more than four months after a DT spraying we find that house-caught Anoph-
eles are from 2749 to 74.3% engorged in control villages, while they are from
0.09%, to 16.7%, engorged in the treated village. Only in December 1945 did
the per cent engorgement in mosquitoes from the treated village approximate
that at the sontrol villages. This was the sixth month after treatment, and it
geems evident that after so long a period as this the “activating” eficet of DDT
does not persist.  When retreatments with DDT oceur af four-month intervals,
the per cent engorgement of such Anopheles as do enter the dwellings remains at
a low level.

1f we summarize the percentages for the vear November 1944 to Oetober 1945,
including three four-month post-treatment periods, we find that of Anspheles
47.49% were engorged in the control villages while only 7.1%; were engorged in
the treated village.  In table 4 are also summarized the data for eulicine mosqui-
toes. These data conform in a general way to the results obtained with the
anophelines,

Just how the DDT spraying of dwellings serves to reduce the percentage of
engorged mosquitoes is o point of much interest.  As has been noted earlier in
this paper, field observations have shown that most A. albimanus alight on the
puter surface of the native dwellings and then enter hetwesn the canes of the
wallz or by other crevices, either by walking or by short flights.  Onee in the
dwelling they rest on the walls, ceiling, or furniture, waiting a favorable op-
portunity to feed. Those mosquitoes not sufficiently affected by the DDT on
these surfaces Lo die, or fly off to die subsequently, may receive sufficient DDT
to cause them to lose interest in feeding, Thiz “activating’ or “irrilating”
effect produces an overall reduction In feeding,  Effects of this sort are confirmed
bv the recent observations of Metealf et al. (1945) on A. quadrimaculatus in the
Tennessee Valley, They made observalions in a DDT-dreated house and a
control house nearby and obeerved, “Although many mosquitoes entered both
buildings, only 4 hites were received by the person in the control houge.””  While
there was zome increase in the biting rate in the freated house after eleven days,
they note that, “An estimated 500 mosquitoes entered the building during a
15-minuts period at the break of dawn (5 a.m. to 5:15 a.m.)}, but only a few of
them took blocd meals”.

This reduction of {eeding on the part of such Anopheles as may be found in



402 HATROLD TRAPIDO

treated dwellings, due to the “activating” effect of DDT, may be considered the
second step in the possible reduction of malaria transmission.

Mosguito suwrvival.  There iz vet a third way in which the house spraying with
DT serves to reduce malaria transmission.  As has been mentioned above we
have evidence that blood engorged mosquitoes tend to rest on house suriaces for
a period before flying off to seek a diurnal resting place. 1t is of interest, there-

TABLE &

Par cent of mesquilocs which ave nol engorgsd and surpived 24 hours, boased on semi-weekly
eifehes totalling 32 638 specimens

ANOPIELES CULICINES ALL HIJﬁIH]I.TfI]‘:S |
Coptrel| Trezted | Contrel | Treated | Cantral | Treated
oy, 44 ' Poriod following
e, l firat trentment
Jan. 45 21. 21.0 | 32.0 o2.4 26.5 | 30.0
Feb. 27.0| 43.1 | 32.7 | 53.7 | 2.4 | 49.0
Mar. 42,1 | #4.6 | 58.3 | 72.7 | 43.8 | 54.1 | Period following
April 46.8 | 610 | 5B.1 | BT | &B.5 | Tl.4 second treat-
May {425 | 5006 | 1.5 | 8.2 | 46.0 | 58.8 ment
June 3.2 | &0.0 | E2.4 | 88.9 | 41.1 | BO.OD
July 33.8| 0.0 | 36.5 | 47.8 | 34.3 | 40.7 | Peried following
Aug, 30.3 | 38,8 | 35.9 | 75.0 | 32,3 | 640 | thirdtrestment
Bept, i34.2 21.4 | 38.3 36.9 6.0 | 31.1 |
(it (48,8 | 18.0 | 30.5 38.5 45.4 2.0 |
Nov. | 37.9 | 311 | 34.6 | 46.3 | 36.6 | 40.1 |
Dee. [ 25,1 31.7 | 29.6 | 35.7 | 27.8 | 340
TAvorare | |
Jam. M5-Oct. 45 | 36.7 | 41.7 | 44.0 | 49.5 | 39.6 | 46.4 |
| |

! Deta on suevivel ratea not sveilable for theze months,

t Theze avergge percentages are based on the totals of moagquitoes taken in houses from
Janoary (o Qotober 19845, November and December 1945 sre excluded sinee they reprezent
the ffth end sixth months respectively after a treatmend.

fore, to examine the survival rate in engorged and unengorged mosquitoes taken
in dwellings, and to compare these rates in tredted and control villages.

Data on survival of mosquitoes from both control and trented houses were
routinely recorded from Januvary 1945 onward. [4 was nol until then that a
standardized procedure for handling living mosquitoes and recording data on
gurvival rates was established. We have recorded, however, (Trapido, 1944)
that it was not until the 26th day alter the first treatment that even a single
moscuito from the treated houses survived for twenty-four hours after capture.

We have already outlined under “Entomological Methods™ the technique
employed to hold mosquitoes under favorable conditions to observe the twenty-
four hour survival rate. These obszervations are summarized by months in
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tables 5 and 6. Table 5 shows the per cent of all mosquitoss which were both
unengorged and survived twenty-four hows. It is to be noted that, on the whole,
for both Anopheles and culicines, there is little difference in the percentages
recorded from the eontrol and treated houses, although there are considerable
monthly uetuations.  The wide range of percentages recorded for Anopheles in
the “treated” column is due to the fact that these percentages are derived from
relatively small numbers of specimens (since the DDT treatment enormously

TABLE 6
Fur eent of mosquitoss which are engorged and survived 24 howrs, based on semi-weekly
cafches tofolling 38,632 specimens

ANOFIELES | CULICINES ALL MOBQUITOES |
Canteol "J."mul:l.'rI | Contrel | Treated Etm] “Treated
Nov, “dd Period following
Do, firat trestment
Jun. 45 40.01 1.2 28.1 3.9 a6 | 4.4
Foby. $9.9 | 7.3 8.8 | 10.4 3.4 1.1
Mar. 42.9 | 3.1 3.1 [ 121 4.0 6.1 | Period following
April 41.5 | 7.9 3.8 0.1 358.6 4.5 gecomd treat-
May #.l ) E.45 | 43.3 | 16.7 46.8 | 13.7 ment,
Jung | B2.4 | 2.7 35,7 8.3 45.5 5.5
July 41.2 | 0.0 | 38.3 | 0.0 | 407 | 0.0 | Period following
Aug, AT.5 ) 0.0 | 249 | 2.8 | 33.0 | 2.1 thivd treatment
Bapt. 28.1 | 3.4 | 23.0 1.3 25.4 | 4.1
Qct., 0.2 0.0 | 28.2 3.8 4.6 | 1.0
Naov. 25.8 | 0.8 | 309 | 10.2 28.4 | 10.4
Dian. 42.3 | 43.9 | 28,56 | 42.0 .1 | 45.3
A verage
Jan, “15—Chet, 45 35.8 | 4.3 | 31.3 fi. G 35.5 5.7

3 Dara an survival rates not availsble for these months.

* These average pereentages are based on the totals of mesquitces taken in houses from
January to October 1945, November and December 1845 are excluded sinee they represent
the fifth and zixth months rezpeclively afler a treatment, ;i

reduced the overall population),  For the period from January to October 1945
there was actually a greater percentage of unengorged mosquitoes surviving
twenty-four hours from the treated houses, than from the eontrol houses, al-
though this is probably o chance rather than a signifieant difference.

The data for the engorged mosquitoes which survived twenty-four hours are
quite different (table G). These data are of particular significance for malaria
transmission, sinee they concern the potentially infected mosquitoes. The fol-
lowing points are noteworthy

1. The twenty-four hour survival rate in mosquitoes from the control houses
was relatively high. Ileferenee to tables 4 and 6 shows that of Anopheles col-
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lected in the control houses in the four-month post-freatment periods 47.4%
were engorged, and 38,39 were both engorged and survived 24 hours. Thus
among engorged Anopheles taken in untreated houses there was approximately
8057 survival; such mortality as oecwrred being due to a combination of natural
canses and the imperfections in our methods of fransporting and holding these
mozguitoes,

2. The reduced percentages of mosquitoes from the treated houses which
were hoth engorged and survived twenty-four hours are striking. Thus for the
period January to October 1945 only 4.2% of anophelines from treated houses
were engorged and survived twenty-four hours as compared with 38.3 % from the
control houses,  The comparicon of percentages for eulicines is approximately
the same.

3. A comparison of tables 5 and 6 will also show that even in the treated houses
the pereentage of engorged anophelines surviving twenty-four hours (4.2%) is
markedly lower than for unengerged anophelines surviving twenty-four hours
41.79). The fact that engorged Anopheles show a decidedly greater mortality
than unengorged individuals provides indirect evidence that the engorged
Anopheles have a longer contact period with DIXT.  This is a consequence of the
hehavior characteristic we have already noted, ie., engorged mosquitoes tend
to rest for a period on convenient nearby surfaces before flying off with their
heavy blood meal.  In effect there is a seleetive killing of the engorged mosqui-
toes, o matter of primary signifieance in understanding the reduced malaria
transmigsion potential.

4, Tt iz of special inferest to note the percentages in both tables 5 and 6
for December 1945, the sixth month after the third spraying.  We find that DT
effects on engorgement and swrvival seem wholly wanting, there being no
significant differences between control and treated houses. It is thus indicated
that six months is too long an interval between retreatiments,

5. We have earlier mentioned that the eriterion for retreatment at the end
of the first four-month period (March 1945) was not an increase in total numbers
of anophelines, but the lack of reduetion in twenty-four hour survival rate.
Tf we compare, for February and June 1945, the percentages of Anepheles rom
the treated dwellings which are engorged (table 4) with those which are both
engorged and survive twenty-four howrs (table 6) we find that they are Lhe
same. It is thus demonstrated that while in the fourth month after treatment
the bland-engorgement is still reduced, there is no twenty-four hour mortality
arnong these engorged Anopheles.  The lack of “delayed” mortality in the fourth
post-treatment month might be talken as the eriterion for retreatment at the end
of three months,  The total reduetion of Anopheles and the low rate of engorge-
ment in those which are found during the fourth month seem, however, to com-
hine to give adequate protection despite the lack of “dalaved” mortality.
Tieyond this point retreatmment is indicated.

Swummary. 1t is now of interest to review the possibilities of malaria trans-
mission in the light of the “three step” control of veetors demonstrated above.
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A sumnmary of the progressive effect of each of the three steps is eontained in
table 7.

The per cent reduction of blood-engorged Anopheles for each four-month post-
treatment period will be found to be even greater than that recorded under
“All Anopheles”. The blood-engorged Anopheles surviving twenty-four hours

TABLLE ¥

Average nwmber of Anopheles per house, por month, based on semi-weelkly coafches folalling
37 400 spectmons

1
| BLOCI-ERGORCED

=i BLOOD-ENGORGED R e AN
| ALL AROFEELES ANGIHERLES ANDPHELES SURVIVING

24 HOURE
| Ratio | Per Ratin | Per | Ratis | Per
) : af o=nt| =z o cEnk Cﬂn-!_}j nf oenk
Contzoll Teested|lrepted| re- | Control| = treated) re- rol | 3 treatsd| Te-
| b | due- I 2| to | -due-
rontral| tion &= |eantral| tiom S |contrel| tion
e CrS L —_—
et 44 1182.4/1068.0 0, 895
Mo, 052, %8 23,0 02467 6[1174.5/1.0/0.001| 9.5
Dee. 371.0| 100.5| 20570 5| 266.5/6.0( .015| 08.5] | !
Jan. ‘45 250, 40.5 (156844 116.6)6.5 0536 94 4[{101.00.50.005 9.5
Feb. | 663.4) 5E.5 J150(ES.0) 160.6/2.0) 024 97.6 l'lﬁ.ﬂi‘l-.fll L28 o7 2
Mareh 3754 32.5] 0s7l9n.3) 175.611.5 .000] 99.1(161.2)1.0 006 9.4
April 338.2 31.5) _00300.7| 153.6/%.5 023 97.7|140.22.5) 018 88.2
May 154.00 23.5) (153 84.7) B0.603.0( 037 96.3| y7.2(2.00 [026) 97.4
Jume 302.0; 18.5 _UE'rJ.{IS.EII 166.4/0.5) 003 99.7158.2/0.5 .003) 99.7
July Bl4.6) 2.0 0049940 210.6;0.!] HEiY 11'H'.I.[]_212.ﬂ (.00 0001000
Aug. 333.4| 6.0( .017B8.3| 152.61.0 007 99.3i134.4 0.0 0001000
Bapdt, R67.3 14.0{ .0238)06.2| 117.20.45| 004 00.6107.210.5 .047) 95.3
et 581,58 37.0[ .064)93.G| 150.42.5) 016 58.4)146_80.0) .000100.0
Mo, 571.4) 37.00 063/93.5) 179.6)6.5 0367 06.4[155.0[4.0| .026) 97.4
Dres. 185.8] 20,5 110890  90.4|3.0 .H'H'.I_ .y TE.G[R.0) (103 9.7
Average | 407.8) 32.1] .07H92.1] 231.613.1 _013! 0.7 l3-i,ﬁl‘.!.ﬂ JOLE 955
Nov. 'd4-Feb. 45 | 438.1) 56.8 117383 431.33.9! 000 99.1
Mar.—June !292.1§ 26.5) 001005 144.1 2.1; L015) 98, 5134215 (011} G840
Jul Ot 455.7) 14.8) .08296.8 167.5/1.00 000 99.4150.10.1 Dﬂ'] .9

L Pretreatment month,

show wet higher reduction percentages. For the third four-month post-freat-
ment period (July—October, 1945) the reduction of blood-engorged Anopheles
surviving twenty-four hours reaches the impressive figure of 99.9%%. The
possibility of malaria iransmission in the houses of the treated village during this
period becomes exceedingly remote.

Another point emphasized in this table iz the progressively incressed
effectiveness of each successive treatment. I we examine under “All Anopheles”
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the column for “Per Cent Reduction™ we find 88 857 for the first four-month post-
treatment period {Nov. "44-Feb. 45), 90.99% for the second period (Mar.~June
'45), and 96.89; for the third period (July—Oet. *45). This is probably due to
the fact that in each case a residue of DDT remains from the previous treatment,
and the fresh treatment adds DIDT to that already present.

TABLE 3

Average number of culicines per house, per monih, based on semd-weekly colches tolalling
20,742 apectmeny

ALL CULICINES | iy A B il el
EE T [543 ERER
i= 12 | iz | 2 iz | B
AN N i S TSI MO e 2 w5 | 3
2|3 si|%s| B3 (22|%8| F (%525
a & lg-'- iﬁ"l_ S_Fii é-—- 3::'- ﬁ i ,ﬁ” -ﬁd
100t 44 245, 6[224.0/0.012 . ;
Nov. 1044 10.5 .05184.6) 56.0 1.000.018( 98.2
Dec. 362.8| 08,5 .272/72.8| 76.0/ 8.0 .105] 99.5 ;
Jan, ‘45 957.0{152.5 .50340.7| 86.8.20.0 .230| 77.0| 72.2| 6.00.083 91.7
Feb, o50.6| 67.0] .25874.2(118.812.0 .101| on.0/100.6] 7.0 070 93.0
|
' :
Mar. o64.6| 16.5 .06203.8] 85.6] 2.0( .028] 97.7| 82.2| 2.0| .024) 07.6
Apr. 420.0| 24.5 .07292.8123.2] 0.0| .000/100.0/121.2] 0.0| .000(100.0
May 151.8| 42.0 .277/72.3 66.8 7.5 .112{ 88.8] 65.8] 7.0| .106| 99.4
June 210.5| 18.0| .085/91.5| 77.8 1.5| .019| 98.1] 75.2| 1.5| .020| 9.0
Tuly 108.0| 11.5| .108/90.4| 49.8) 0.3) .010| 99.0| 41.4] 0.0| .000|100.0
Aug. 202.4| 18.0] .089/91.1| 65.0 1.0| .015( 955/ 50.4 0.5 .010| 99.0
Sopt. \300.4| 23.0| .077/92.5| 82.6| 2.0{ .02¢| 97.6| 69.2| 1.0] .014] 98.5
Qet. 285.8| 15.0| 0450955 75.4 0.5 .008| 99.4 66.2| 0.5] .00 90,2
Nov. 365.5| 5£.0[ .148[85.2(180.0| 5.5] .042) 06.8113.0 5.5 .049| 95.1
Dec. 276.4/ 25.0) .101/90.9) 84.0(13.0/ 135 86.2) 78.812.0, 12| 88.3
S e : =
Averapa 1955.6| 41,2 .161/93.9( 85.1) 5.3 .062{ 93.9] 78.0| 3.8/ .046| 95,4
Nov. "44-Fel. 45 (268.5| 82.1| .206(60.4| 84.410.2| .121| §7.9) :
Mar~June 241.6| 25.3) .105199.5| 85.6| 2.8( .032| 06.8) 86.1| 2.6) .030| 07.0
Jul ~Oct. \224.2| 16.4| .073(92.7| 69.0( 1.0{ .014] 98.6| 56.8) 0.5 .008| 99,1

! Pretreatment monthe.

For purposes of comparison, similar data for culicine mosquitoss are given in
table 8. These will be found to confirm, in a general way, the results oblained
with anophelines.

Stable Trap Catches

The data from the horse-baited stable traps placed in and around the treated
village are of much interest. A full discussion of the relation of anopheline
abundanece to meteorological and other conditions cannot be given here, but there
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are several gross features of importance for this experiment.  We can zee from
table 9 and Chart IT plotting the abundanece of Anoephclzs that, in the area con-
gidered, there are well defined seasonal fluctuations; the period of minimum

TABLE o
Average nightly catehes of Anapheles from horse-hatfed sfable fraps af Gotuneilla
WEEE OF TRar K1 TEAD M2 TRAT %3 WEEK OF TRAF B ! TRAF N2 TRAT &3
TR R, iy SNl | =
Oct. &, 44 354 | T46 6 | May 6 5 | 15 17
15 40% 402 1583 13 5 iG &
20 460 S60 285 | 20 12 15 1
26 g67 | E65 192 | a7 g 10 §
———1 June 3 16 | 16 3
First DDT Treatinent | 10 2% | 15 18
17 # | 80
Nov. § 126 | 35 o1 24 22 | &2 26
12 152 47 144
1% G 121 1G4 Third DIYT Treatment
26 It 272 | 126 - R
Diee. 3 170 200 470 July 1 15 | HE; 25
10 133 328 262 8 g | 11 50
17 100 23 120 15 15 o B
24 136 11 BS 22 a4 2 B
31 a0 Ak 133 20 19 44 30
Jan, 7,45 | 34 42 | 40 Ang., 5 14 17 12
14 | G4 %1 : 145 12 o al 108
21 '. 135 70 | 126 19 165 ] T
28 {125 4 | 106 i 82 55 i
Teb. 4 | o7 136 | 150 Bapt. 2 74 45 49
11 138 B | 104 & 185 L] 216
13 212 I8 | T 16 62 =l A5
25 155 Mo ostch i 130 23 a | 4 i
30 145 | 67 41
Secand DT Ureatment Cot, 7 144 | 166 04
- 14 g5 | ama i1
Mar. 4 iz i | e £l 25 | 352 154
11 104 22 | il 25 28 | G678 203
1% & 20 | 6 Nov. 4 b R N 219
25 25 5 | o 11 432 £52 250
Apr. 1 7 b 3 15 B4 AET 157
q 17 12 21 20 145 Tar 0
15 G 133 18 D, 2 180 61l 271
20 ns 36 1T i g | 78 139 166
20 a a1 21 16 | 121 ILET 124
] T8 103 £

numbers being in May, thal of maximum numbers being at the end of the wet
gcason, during October and November. Examination of the curves for the last
geveral months of 1945, at o time when no DIYT had been apphied for 2 number of
months {the last trestment having been at the beginning of July) shows that the



405 HAROLD TRAPIDO

natural drop in numbers ocewrs during the latter part of November or in
December, colncident with the end of the wet season and flood conditions. If
we consider then the portions of the curve for the last months of 1944 we note a
decided modification of this natural trend, Examining first Gatuncillo stable
trap number two, located in the center of the treated village, we note a dramatic
drop from a level of 402-865 Anopheles per night, in Ootober, to a level of 35-47
per night during the weeks of November 5th and 12th, The drop is obviously
a conseguence of the DDT house spraying the week of October 29th. This
spraying was performed at a time when the Anopheles were at thelr maximum
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numbers for the vear, but in spite of this heavy population pressure, there was
cxcellent control in the villagze area for two weeks. DBy the week of the 10th of
December the population had recovered to the point where 320 Anopheles per
night were taken. At this point the flood intervened, producing a sharp drop
the following week. With the almost complete sbsence of rainfull alter this
point the population recovered only to the moderate level of abundance char-
acteristic of dry season. There was unfortunately no cateh made the week of
February 25th, but the drop the following week, coincident with the second
house spraying on March 1st and 2nd, is obvious. The drop at this time is more
prolonged, persisting for six weeks. This may be due to the accumulative
effect of a second spraying, the greater effectiveness of the spraying at a time
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when anopheline population levels are small or moderate, or to an undetermined
natural phenomenon.  The third spraying of Gatuneillo on the 3rd and 4th of
July came at a time when the anopheline level was low and little effect is ap-
perent in the chart at this time. The normal expansion of the anopheline
population in October and November of 1945 was apparently in no way in-
hibited by the prior sprayings.

Considering then the anopheline population of the village area outside the
houses the following tentative generalizations may he made.

1. Ewven at times of great anopheline abundance a high degree of area contral
may be effected for a period of two to three weeks by a spraying of houses alone.

2. Dhuring & period of moderate anopheline abundance, effective eontrol for
six weeks following house spraving may result,

3. House spraying three months prior to a peried of great anopheline
abundance is wholly ineffective in preventing the normal inerease of Anopheles
in an area.

Having demonstrated that DDT spraying of houses may produce significant
modifications in the anopheline population of the village area outside the houses,
as well as in the houses themselves, we may now inqguire into the effects of this
treatment in the forest surrounding the village.  An cxamination of the chart of
anopheline abundance in Gatuncillo stable trap number one provides information
on thiz point.  This trap is located approximately three hundred feet north-east
of the treated village (See aerial photograph, plate I, figure 1), While this trap
does not cateh such great numbers of Anopheles as trap number two, the general
configuration of the chart showing captures in it is the same. The drop in
numbers of Anopheles the week of November 5th, 1944 corresponds with that in
trap numhber one, but is of lesser magnitude. In the month preceding treat-
ment of Gatuneillo, Oelober 1944, average nightly eatches of Anopheles were
from 384 to 567. For the two weeks following treatment ecatehes dropped to
126 and 152. Again at the time of the second spraying a marked drop from 188
Anophelesper trap-night the week of February 25th, 1945 to 42 per trap-night the
week of March 4th may be noted. As with trap number two, the mosquito
populations at the time of the third spraying, July 3rd and 4th, 1945, were too
low for any significant effect to be shown.,  The high anopheline populations of
the following October and November are similar to those which appeared in
trap number two.

From these data it may tentatively be stated that not only does house spraying
in a village reduce the anophelines of the houses and the village arves itself, hut
also sipnificantly modifies the populations in the adjacent forest up to at least
three hundred feet. House spraving alone, therefore, gives some measure of
protection not only in the houses, and in the village streets, but in the forest
immediately adjacent to the treated village. We may call this “periphersl
effect™.

The graph showing anopheline catches from stable trap number three, some
nine hundred feet south of Gatuncillo (Chart II), may next be examined for
further peripheral effects. It will be seen at once that there are no dramatic
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drops in catches following the fiest two sprayings, as may be oheserved in the
graphs for traps one and two.  The peripheral effect apparently does not, there-
fore, extend for distances as great as nine hundred feet,

EFFECTS ON MALARIA
The effect on malaria incidence i the ultimate criterion of the success of the
residual spray method. In the area here considered, where malaria 1s endemie,
significant data from the malaria indices may be oblained only after & period of
several vears. Information which we now have, however, covering the fourteen-
month period sinee the first spraying, is very suggestive of o significant down-
ward trend in malaris incidence in the treated village.

TABLE 10
Clompartzon of maloria rales al three Chagres River villages, buozed on e cumulative rals dn
individuals examined eitier floe or six Lunes during the pear

i HANTA :IEITISAI.-;.?'I.? CUATAEA- | SATUNCILLO DIFFERENCE
1184041 43,65, ' 33.3% —12.3%
104142 52.8% 6. 9%, 5,15,
11942-43 ; 39.7% 406 7% ; +7.0%
104544 42. 5% 45.5% | +5.0%

- | Tntzeated - Treated o -

1 044- 45 51.55% ! 24,00, —07.3%,
31043 520, : 14,56, I

t Annual rate based on the vesr Beptember to August,
 Annuel rate bagsed on the year November to Celober,
¢ Annual rete based on the year Janugry to December.

Maluria indices given here are based on the bimonthly thick blood-film sur-
veys made by Dr. H. C. Clark and his technicians. These surveys are made
each February, April, June, August, October and December. For convenienece
the “year” used by Dr. Clark is from September to August. Since the first
spraying of Gatuneillo was performed at the beginning of October 1944, we have
broken down the data from the himenthly surveys and here present the indices
for the one-vear period November 1944 to October 1945 (table 100). This is the
twelve-month period immediately following our first spraying. We have also
extrncted the data necessary to caleulats the indices for the twelve-month
period January to December 1943, the year commeneing two months after the
first spraying.  The use of this last mentioned period eliminates positive blood-
films oceuring in the period immedistely following the first spraying, Le., malaria
contracted prior to the first village treatment. The deeline of the malaria index
at CGatuneillo, in the period following treatment, is striking, the cumulative index
being 14,89 for 1945 as compared with 52.0%, for the same ong-year period at
the control villages of Santa Rosa and Guayabalito.
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These indices for the 195 period are unfortunately bazed on relatively small
nurnbers of individuals, as but twenty-seven persons wers examined either
five or six times during the year at Gatuncillo, and seventy-nine at Guayabalito
and Banta Tosa.  While we have survey data from three to four times s many
individuals, those persons examined less than ve times during the vear have been
eliminated, since by their absence trom the villages at the time of surveys they are
discualified as continuous residents of the houses with which we are concerned.

Ume difficulty in attempting to establish, by an examination of the parasite
index, whether or not malarin transmission has been stopped, arises from the
uncertainiy as to whether a positive thick film represents o relapse from previons.
l¥ contracted malaria, or o fresh infection.  In the villages here studied persona
positive on blood thick film examination are treated with o five day course of
atabrine of 0.1 gram, three times a day. (See Clark and Komp, 1941, and
Annual Reports of the Gorgas Memorial Laboratory.) It has been indicated
by MceCoy (1945) and others that faleiparum is less likely to relapse than vivaz

TABLE 11

Clomparisen of _i"::r!mipﬂmm malaris rafes al thvoe Chagres River villapes, based on the
cwﬂnfﬂtws rale in individuals cm?mnad cither jive or siz iimes during ihe year

| SANTA ROZA AND CUAYADA-
|

L1T0 GATUNTILLO
NI e LU e ol T DIFFERENCE

[Comtrel} lr\ea...eﬁ"
o, 1044—Ohat. 1045 20, '."% | 12.0%, —27.7T%
c2Jan. 1945-Dee. 1045 20,29 745 { —31.8%

LTy ct-.re mmlth period ]mmcdmtel;r following firat spraving,
tyvelve month period eommencing two months aiter first apraying,

following the administration of atabrine. Tt is therefore of interest to extract
the index for falerperum malaria alone for the period following the fivst village
spraying. These data are presented in table 11. The differcnce between the
indices in the control and treated villages is even more marked than that noted
in the preceding fable which considers all forms of malaria together,

A more detailed analyzis of the effects of the residual spraying on the malaria
in these villages i3 in order, and will be made by Dr. . C) Clark at & later date.

COET BETIMATES

The materials used in the present experiment were DDT and kerosene.  Based
on the experience of several treatments we find ihat approximately three gallons
of solution are used per house. This represents approximately a pound and a
guarter of DDT per house.  The ecost of DT has undergone great reduction in
the period =inee this experiment began, when limited quantities {or experimental
use only were available,  Stierli of al. (1945) use 30.64 per pound in ealeulating
gosts, but recent information from the Offiee of the Surgeon General, U, 5. Army,
indicates that the current price in the United States, less overseas transportation
sosts, 15 $0.46 per pound. The actual cost deliverad to the warious Caribbean
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countries will vary with transportation costs and possible duties.  For purposes
of eur caleulations we will use the arbitrary figure of $0.50 per pound. This
ghould be o fair estimate of the cost of DT in this area, at the time this report
becomes available, Kerosene for this experiment was locally oblained st 30.07
per gallon from the o1l storehouse of the Panama Canal. The cost of materials
for the treatment of each house is thus approximately $0.84: 80.21 for thres
gallons of kerosene and $0.63 for a pound and a quarter of DDT.

To treat twenty-five houses we found it took two laborers and a foreman two
days. Laborers received §1.25 a day, the foreman $3.33 per day. The total
cost of labor to treat twenty-five houses was thus $11.66 or $0.47 per house.  The
combined cost of materials and labor was $1.31 per house.  For the three treat-
ments per year here recommended the cost per house, per year is §3.93,

There are several Tactors which influence this cost estimate.

1. The labor cost per house is high, sinee we treated only one relatively small
village, and considerable time was expended in instructing operators how to apply
the solution af & uniform rate.  The same amount of labor, onee proficient, and
routinely engaged in work of this sort, could aecomplish much more in a day and
substantially reduce labor costs.

2. With the cane and thatch construction present in the village, spraying out-
side as well as inside houses was desirable. Elsewhere in this region where solid
wall construction is used it would be necessary to spray only the interiors.  This
would substantially reduce the costs of both labor and material.

3. As we have noted previously the area of our experiment is one where the
most difficult conditions exist since anopheline production proceeds throughout
the year, even in the height of the dry season. In western Panama and else-
where, where dry season conditions of three or four months seriously inhibit
Anopheles produetion, it is probable that two treatments per year, strategically
timed at the beginning and middle of the rainy season, would provide pro-
tection of as high an order as that obtained on the Chagres River with three
treatments. The annual cost per house might thus be reduced by one third.

4, The equipment used in this experiment was Army issue and its cost and
depreciation is not included in the cost estimate since data of this sort are not
available. Were a long-term large-scale program of DDT residual house spraying
set up, however, the inital cost of equipment would not add substantially to the
per-house cost of the work,

5. In a larpe-scale program over a considerable area transportation cost would
be infroduced.

DISCTISSION

Of the non-naturalistic methods, there are two classes of mosquito control
for reducing malaria transmission now universally employed. They are spoken
of as permanent and temporary. Permanent control consists of such measures
a3 drainage of breeding areas in a radius a mile or so about the area to be pro-
tected, and screcning dwellings. These are relatively expensive measures but
quite justified in areas of concentrated populations, as large towns and cities,
particularly where individual incomes are substantial Temporary measures
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guch as larviciding are less expensive but must be frequently repeated. In
small rural communities and particularly in areas of seattered individual houses
the cost of this work is often virtually prohibitive. It is also diffieult to super-
vise work of this sort.

The DDT residual spraying of dwellings essentially meets the needs of this
latter situation, providing the population is a relatively domestic one.  The ten-
deney to kill selectively the engorged, and henes potentially infected mosquitoes,
mukes for great efficiency.  The technique tends to bring malaria control a step
bevond “species control” to “infeeted mosquite confrol”.  The relatively low coat
of the method makes malaria control pessible among the poorer classes, those
most needing it, since they now receive little or no protection, and constitute the
main “seed bed” of the disease. It is an ironic but fortunate ecircumstanee that
DDT residual treatments will work best where the people are poorest. The
lower income classes in the American tropies cannot afford and do not use paint
on their dwellings. A characteristic of DDT is that it is far more effective, hoth
initially, and in its regidual effects, on unpainted surfaces.  Sinee this low income
eroup constitutes the main “seed bed” of malaria, effective contrel at this level
will give added protection to the higher income classes, as the main source of mos-
guito infection will have been eliminated.

There s a psychological factor, wholly irrelevant to the malaria control
picture, but nevertheless of great importance. The rural inhabitant of the
American fropies with a meager education is ill equipped to appreciate the naturs
of malaria transmission, and it is difficult to impress him with the value of such
measures as larviciding.  DIYT residual spraying of dwellings produces not only
an immediate and obvious reduction of Anopheles in his home, but reduces the
annoyanee from pest mosguitoes az well (See tables on culicine mosguitoes).
In addition, sueh houschold pests as cockroaches, ants, hedbugs, and wasps are
markedly reduced. It was our experience that while there was at frst consider-
able scepticism and some objection to the first treatment of the experimental
village, the inhabitants weleomed retreatment and were eooperative in every way
thereafter. A favorable psychological attitude of this sort facilitates operations
and provides a body of public opinion which will tend to approve expenditure of
public funds for the worlz,

SUMMARY AND CONCLUSIONS

This paper reports the results of the first fifteen months study of the DDT
residual house spray method in the middle Chagres River area of Panama, where
the principal malaria vector is Anopheles albimanus,

Houses of cane wall and palm-thateh roof construction at the village of Gatun-
cillowere sprayed, inside and out, with a 5% solution of DDT in kerosene at four-
month intervals (exeepting one trial period of six months).  Entomological ob-
sarvations were made at this treated village and two adjacent villazes used as
eontrols,

It ie demonstrated that with this technique anophelines visiting the dwellings
are affected in three ways:

1. There is a large reduction in numbers of mosquitoes,
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9. Among the mosquitoes which are taken in treated dwellings there is &
marked reduction in the per cent engorged, sinee DDT activates the insects and
they lose interest in feeding.

3. Among the engorged mosquitoes the twenty-four hour survival rate is low
for three months after treatment.

Tt iz thus indicated that the technigue tends selectively to reduce the malaria
transmission potential by aflecting principally those mosquiloes coneerned in
transmission,

Four months is established as the optimum time for retreatment in the area
gtudied.

It is demonstrated that with each successive reatment the degree of control
improves. (For the period following the third treatment the malaria frans-
mission potentizl is reduced 99.9%.)

Treatment of houses alone was found to produce marked reduction of mosqui-
foes in the village ares outside the houses, and even to some measure in the
forest adjacent to the village (for at least three hundred feet}, for several weeks.

There iz evidence of reduction of malaria in the fourteen-month period follow-
ing the first treatment.

The cost of the treatment under conditions of this experiment is ealeulated as
$1.31 per house. Factors affecting the cost of applying the method elsewhers in
tropical America are discussed.

The place of this method in relation to other malaria control provedures and to
the economy of the area is discussed.
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