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MODIFIED RESPONSE OF ANOPHELES ALBIMANUS TO DDT
RESIDUAL HOUSE BPRAYING IN PANAMA

HAROLI) TRAPIDO
Gorgas Memorial Loboratory, Paname, &, de P,

The Gorgas Memorial Laboratory, in cooperation with the former Tropical
Inzease Control Branch of the Offiee of the Surgeon General (17, 8, Army) and
the former (Miice of Seientifie Research and Development, initiated ecxperiments
with DT a2 a residual houge treatment for the control of malaria in 1944, The
arca chosen for these experiments was a group of native villages on the middle
Chagres River in Panama, where Anopheles albimanus is the malaria vector.

A deseription of the area, the climate and meteorology, the composition and
habits of the mosquito population, and the results of the first fifteen months
observations have been previcusly reported (Trapido, 19483 It was shown that
following DDT residual spraying of dwellings the mosquitoes were affected in
several ways, Within the houses three important effects were ohserved. First,
there was a large reduction in the numbers of mosquitoes {of the order of 70 to
as much as 99 per cent), Second, of those mosquitoes faken in treated houses
there was a marked reduction in the pereentage engorged with blood. Third,
among such engorged mosquitoes as were taken in treated houses there was o
vory high 24 hour mortality rate. (Unengorged mosquitoes taken in treated
houges survived for 24 hours in the same proportion as unengorged individuals
from houszes in untreated villages, thus demonstrating a selective killing of the
rosquitoses potentially capable of transmitting malaria —the engorged individ-
uals.) Apart from these striking effects noted in houses of a treated village there
wag also reported a “peripheral effect,” That ig, for a period of two or three weeks
after treatment there was o large drop in the numbers of mosquitoes taken in a
horse-baited stable trap in the center of the village, and even some transitory
effect on o similar trap 300 feet from the village. There was no apparent effect
in a trap 900 feet from the village.

A most complete malaria history of the villages in this arez has been available
for the twelve years before the introduetion of DDT and the eight years sinee.
For ten years thick blood films had been taken on all residents each month, and
for the subsequent vears thick film records on a bimonthly basls are available,
Following the introduction of DT residual spraving, there was a dramatie drop
in the malaria incidence to a point where only an oeeazional positive was found,
These positives in virtually all instances could be attributed to infections ae-
quired away [rom the experimental villages, since these positive individuals were
in almost all cases found to have heen absent from the villages during several
provious surveys. The history of the decline of malaria in these villages has been
recorded by Dr. Herberl C. Clark in the annual reports of the Gorgas Memorial
Laboratory (1945-51), and will not be considered further here,

With the decline of malaria in these villapes the detailed semi-weskly hoose
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captures of mosquitoes were discontinued at the end of 1846, although the rou-
tine DT spraying was continued at approximately four month intervals. De-
spite the continued absence of any but oceasional malaria positives the appear-
ance of resistance to DDT and other chlorinated hydrocarbon insecticides in
flies and certain culicine mosquitocs made 1t seem advisable onee again to pick
up the field observations to establish whether there had come about any change
in the way A. alldmanus in these villages responded to DDT residual house
spraying after eight wears of treatment of this sort, The present paper reports
ont the first four months of these renewed observations, January through April
1052,

FIELD OBSERVATIONS
Feneral

A albimanus iz a species which enters dwellings at dusk and disappears from
them at dawn. Just how much of the night is spent in houses has not been es-
tablished. The diurnal resting places are out-of-doors. While it would be desir-
able to study the resting habits of these mosquitees by means of window traps
as has been dene with certain anophelines in Afriea, Iran and Southeast Asia,
the house construction in Punama is such that this is not possible. As the writer
has noted earlier {Trapide, 1946, p. 303) 90 per cent or more of the mosquitoes
enter and leave the house in other ways than through the doors and windows.
The houses of the experimental area are for the most part constructed with cane
walls and palm thateh roofs. The bulle of the mosquitoss enter and leave either
through spaces between the canes of the walls, or through the space between
the tops of the walls and the overhanging eaves. The technique used for measur-
ing mosquito abundanee in the houses was therefore thai deseribed earlier (Tra-
pido, 1946): a resident of each house in which eollections were made was pro-
vided with a suetion tube and a cage in which mosquitoes could be held alive,
Colleetione were made for two and o half hours after dusk in the evening, and an
hour before dawn in the morning. Mosguitoes collected by this means were held
for twentv-four hours, when the dead individuals were removed from the hold-
ing eages, and the living ones subsequently chioroformed. Colleetions were made
semi-weekly, on Monday and Thursday nights of each week, The results ave
thus comparable with those obtained during the 1944-1946 period.

While the area in which this experiment has been carried out is & tropical one
in which mosquito breeding continues throwghout the year, there are, never-
theless, Auctuations during the year in the abundance of the various species of
mosquitoes, depending on variations in rainfall, humidity, the condition of the
vegetation in the lacustrine situation in which the larvae develop, and other
factors. These variations in climatic factors vary in some degree from vear to
vear, as well as within o particular year. The sbsolute number of mosquitoes
from yoar to vear refleets these differences, hut, in general, the abundance eurves
tor different years are similar. The comparison of the mosguite populations of
the present four month period of study have therefore been made with the same
four month period for which data are svailable from the original experiment.
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The routine of spray ireatment maintained at the experimental villames over
the period of vears was the same as thet employed when the experiment was
mmitiated in 1944, The material used was live per cend technical grade DDT in
kerosenc, In the case of canc-walled houses the outside of the walls as well ag
the inside was spraved sinee many mosguitoes alight on the outer walls and enter
through crevices between the eanes, The overhanging eaves of all houses were
sprayed whether the roof was of palm thateh or galvanized iron since many mos-
quitoes also alight there on entering and leaving the houses. Inside the houses,
all walls and furnishing were sprayed as well as the undersides of the roofs.

The present sindies were made at two of the villages: used in the earlier worls,
Gatuncillo and Santa Rosa, During the experiment. previously reported, SBanta
Fosa had been used az a control and was not sprayed antil it was saerificed az g
control o September 1947, The spraving of these villages on the 17ih and 18th
of January 1952 represented the thirteenth treatment for Santa Hosa in 52
months, and the twentieth treatiment for Gatuncillo in 36 months. There is
probably no village anywhere in the tropics which has been sprayed with DDT
with such lrequency over so long a period of time as Gatunelllo. It wonld there-
fore appear that if any resistanee or behavior change were o develop In a nat-
ural population of anophelines, Gatuneillo would be a most favorable place to
look for it.

Numbers of A. elbimanus #n DOT treated dwellings

When Gatuncillo was first sprayed with DIYD at the beginning of November
1944 the effect on the gross numbers of mosgquitoes in houses was immediate
and dramatic. During the first month after this spraying the reduction in num-
bers of anophelines was from Bl to 100 per cent. {Trapido, 1944), The overall
reduetion in anophelines in houses during the four month period after the first
gpraying (Nov. "44—Feb, '45) was 88.3 per cent, after the second spraying (3ar.—-
June 433, 90.9 per cent, and after the third spraying (July—Oect. 19435, 96.8
per cent.

I 18952 control villages for comparison were no longer available, but we are
able to make direet comparisons of the numbers of A, albimanus canght in houses
of Gatuncillo itself during the fivst eighteen weeks (January to April) of 1045
and 1946, the firsl two years of freatment, with those taken during the same
weeks of 1952, This comparizon is made in Table 1. The average number of
gibimanus per night during the first eighteen weeks of 1945 was 4.6, that for 1946
was 1.4, and the average for the two years was 3.0, In striking contrast there
were 21.7 albimanus per house per night during the comparable period of 1952,
alter twenty DIDVT treatments. (Data {or the frst three weeks of 1932 are lacking
ginee the routine of house eatehing was not established wneil the fourih weelk of
the year, immediately following the 20th spraying.) 16 is at onee evident that
there ave many more allimaenus entering treated dwellings than was the case
during the first two years of the DDT spraying routine.

We may also examine with profit the data from Santa Rosa given in Table 2.
This had been an unsprayed control village during the early work at Gatuneillo.
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However the same routine of colleeting data on the numbers of mosquitoes in
homses was followed here for comparizon with the then treated Gatuneillo, The
fignres given for the first eighteen weeks of 1945 and 1946 represent the normal
provalence of albimanus in houses of this village in the absence of TYDT {reat-
ment. As mentloned above, this village was saeriliced as a control in September
1947, and on the 18th of January 1952 it experienced its thirteenth DT treat-
ment. The figiures given for the second and third weeks of 1952 show the average
numbers of allvmarus per house per night for the two weeks before the thirteenth

TARLE 1

Average numbers of Anopheles albimanus per howse per night ol Galuneillo @n the first and
second years, and tu the eighth year of DD treatimend

(Janugry throngh April of each waar)

WERK OF THE ¥E12 Imama | cdpamm (ammmmerlrl Ao

TREL s 5.8 3.5 4.7 -

il S 4.0 2.8 a4 -

) o S ST 5.5 1.3 2.3 —
R, 4.3 1.1 2.7 5.0

11 7] e S A 4.3 2.0 3.2 6.0

Bhhe et s 15.6 1.5 7.5 | 11.2

TR e o e 4.0 2.0 3.0 14,2

4th, 7.8 0.0 3.7 14.5

Oth, 7.3 EXH .Y 15.2

1ete. il 1.0 2.3 252

) 1 23 2.0 2.2 2.8
12th. 3.0 0.8 1.5 25.2
13th. 1.3 0.6 1.0 b
ldth. 1.0 0.0 0.4 A0.0
15th. 6.8 0.0 3.4 557

16th 4.0 0.0 2.0 2.3
17th. 4.5 .3 2.4 32.2

18tk 3.0 2.5 1 2.8 15.5
1 Pl CE e 4.6 1.4 ! 3.0 21.7

treatment. Tt will be seen that they are essentially ihe same as the fgures for
the comparable weeks of 1945 and 1046 when DT had not been applied, OF even
greater significance are the figures for the subsequent weeks of 1952 immediately
following the thirteenth spraying, It will be seen that the numbers of albimanus
per house per night closely approximate the average numbers of this species in
houses during chronologically comparable weeks of 1945 and 1946, prior to any
treatment. The very eloge similarity in the numbers of allimanus in houses
before the use of DIXT and in the fifth year of its use may be summed up in the
averpme fipure for the Orst eighteen weels of 1945 and 1946, 31.6, and the com-
parable figure for 1952, 34.6,

There ean be no doubt from the data presented in these two tables that there
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hus been a very great change in the response of A. albimanus to DDT residual
spraying of dwelling. These data appear plainly to demonstrate that DDT
residual spraying no longer reduces the numbers of these mosquitoes in houses.

Engorgement of A. allimanus in DDT treated divellings
While the killing of anophelines or otherwise reducing the numbers which

enter dwellings is a desirable end in itself, this is only one of the ways by which
the interruption of the transmission of malaria may be accomplished. The same

TABLE 2

Average wuribers af Anopheles slbimanus per howse per night af Sanle Rose, during twe years
prior fo DDT treatment and tn the fifth year of DOT freatment

(January through April of esch year)

YEARS PRIDE T TREATMENT ! FLFTH YEAR OF

TWEEE OF THE YEaRk o R ] TREATMENT

1es 1340 | Averape ol T vears (L1052

Vg s o 0,5 10.3 15.6 —
T R e L 0.5 204 @2
3. | 36,0 17.5 | 26.8 41.2
dth. .. | 27,0 47.% | 37.3 27 .0
dth i 583 43.7 | 51.0 BT .5
fth. .. ! 35.0 45,2 41,6 428
Yth, . 47.0 6.0 | 1.5 85.2
B o 41.3 1.7 | 49,5 27.0
G hvassmn i 15.5 53.0 i 5.8 48,3
1171 R 0.7 19.3 ' 25 .4 97.5
10h. ..o 40 % g7 36.2 85,8
. o S 403 14.2 31.8 40.2
1 4.8 10,7 738 6.2
1ith, . 45.2 | 15.4 30,5 3.7
1ath, o 50.5 . ol 974 ]
IRtR s 528 7.5 40,2 15.2
T st 2.5 5.3 17.4 19.3
221 1 TR 243 16,0 0.2 0.9

|
Average ... | 373 25.9 31.6 |“ 4.6

end may be brought about by modifying the behavior of the anopheline so that
it does not readily feed on humans. Thiz effect on the behavior of mosquitoes
entering DDT treated dwellings was observed following the first treatment at
Gatuneillo in 1944 when the author wrote: “—of 135 mosquitoes collected in
dwellings since the spraying of the village only four, or 2,99 have contained
blood, It 1s indicated that mosquitoes entering the treated dwellings and con-
tucting the DI residue become so activated that they do not feed.” (Trapido,
1944},

It 1s thereiore of considerable importance to examine the present status of
this phenomenon in order to determine whether DDT residual house Lreatment
has any further value as a measure for the reduetion of the malaria transmission
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potential, In summarizing the results following the first three DT freatments
of Gatuncillo in 194445 it was shown that only 7.1 per cent of the Anopheles
taken in treated dwellings were engorged compared with 47.4 per cent in un-
treated houses (Trapido, 1946, Table 4). During the period from TFebruary
through April 1952, for which similar data are now available from Gatuncillo,
we found 7.6 per cont of the A, albimanus to be engorged. Tt is therefore apparent
that there has been no change in the effectiveness of DOT in reducing the pro-
portion of anophelines which feed in houses at Gatuneillo.

We are also able to examine this effect of DDT ai Banta Hosa, There we are
able to compare the percentages of engorged albimanus from houses during the
first, four months of 1945 and 1946, before this village was sprayed, with the fig-
ures obtained during the period February through April 1952, following the
thirteenth spraving of the village. These data are given in Table 3. We see that
the summary figure of 4.5 per cent engorged for 1952 represents a considerable

TABLE 3

Par cent of Anopheles albimanua engorped af Sonle Kosa, during twe years prior to DDT
treadment and {0 fhe Gk gear affer DT freafment

YEARS FRIGR T TREATMENT FLFTA ¥EAR OF
TREATMENT
1043 1946 952}
TATRENI e o cosimsimssin s e 52.8 i7.4 -
Febraary. .........o.o... Ryl 33.5 4.5 1.2
Mapch i i T ar.o = L
Epriliess svuiusa s R 42,6 41.7 .4
ARErARE. . R | 4.1 9.2 4.5

drop from the 42.1 per cent in 1945 and 39.2 per cent in 1946, These results are
guite similar to those obtained al Gatuncillo, and confirm the ohservation made
there that DT residual spraying over a period of years continues Lo reduce the
proportion of afbimanus which feed in dwellings just as it did initially.

Selecitoe martalily of engorged A. albimanus fn DDT freated dwellings

The third effeet obzerved on the mosquitoes of treated dwellings at the Chagres
River villages in the early work during 1944 to 1946 was the high mortality rate
of engoraed mosquitoes. During the four month periols following the first three
DT treatments of Gatuncillo in 1945 the average survival of engorged anophe-
lines was only 4.2 per cent, while 38.3 per cent of the engorged individuals from
the then unsprayed villages of Banta Rosa and Guayabalito survived for & simi-
lar period. On the other hand, there was no material difference in the 24 hour
sirvival rates of unengorged anophelines from houses in treated and untreated
villages at that time. At Santa Rosa and Guayabalito, which were then untreated,
the 24 hour survival rate for unengorged anophelimes was 36.7 per cent, while
at, Catuneillo, which was treated, the survival rate was 41.7 per cent (Trapido,
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LG, Tables 5 & G). In 1952, at Gatuncillo, there wasno longer a marked differ-
enee n the 24 hour survival rate of engorged and unengorged Anopheles ally-
smanus, the rate for engorged individuals being 35.2 per cent and for unengorged
30,7 per cent.

The writer's interpretation of the high mortality among enporeed mosguiloes
during the early work at the Chagres River villages was that since they carried
the weight of a blood meal, the epgorged mosquitoes tended Lo rest longer and
were thus more likely to aceumulate o fatal dose of DIYL, This selestive killing
of engorged anophelines was considered an important foctor in lowering the
malaria transmission potential. The survival rates derived from the data ob-
tained during the first four months of 1952 would indieate that for reazonsz which
are not superficially apparent the selective killing of engorged ofbdmoenws in DDT
treated houses at Gatuncillo no longer ocenrs,

DIECTBSION

It was unfortunately nof possible o re-establish horse-baited stable traps at
the experimental villages until some weeks after the January 1952 spraying had
been completed, Thus it 35 not possible at this time o report whether or not the
transitory reduction of mosguiloes in treated villare areas, an effect observed
in 1944 and 1845, is still apparent. The routine semiweekly catches of mosguitoes
in stable traps at Santa Hosa were begun in the ninth week, and ot Gatuncallo
in the twelfth week of 1952, The catches from these lraps are sufficient to indi-
cate that while the general level of anopheline abundance was somewhat higher
than that recorded for the same lime of year in the 1945 to 18947 period, the
inerease was not sufficient to account for the relatively large munbers of anophe-
lines in houses of treated villames,

There appear io be two possible explanations of whal may have happened
to modify the response of A. albimanus to DDT treated houses at the Chagres
River villages. The one is that these mosquitoes may have become resistant;
the other iz that through a selective killing off of those least irrilated by DDT,
the population now largely consists of individuals with an enhanced predisposi-
tion Lo irritability on minimal contact with DDT, which results in their having
only flecting sublethal contacts with DD treated surfaces. It may also be that
baoth these factors are involved, the one complementing the other, In this view,
the present population would have developed both hypericritability and some
resistance: the hyvperirritability would ensure that only minimal contacts were
had with DDT freated surfaces, while the resistanee, however slight, would
raige the threshold of the time of contact for the aceumulation of a lethal dose
of DIMT 1o & point where more individuals survived.,

One or snother or both of these [aclors operating in conjunction would explain
the fact that the numbers of alfdmaenus in houses are no longer reduced as they
were in the first years of the use of DOT. There is no way to measure resistance
on the basis of the held observations eonsidered in the present paper, but cer-
tain of the observations strongly support the interpretation that an enhanced
irritability to DDT has appesred. Tn the 1944 to 1946 period 4 preponderance
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of the albimanus taken in houses would be Tound on walle, furniture, and on eross
beams throughout the interior of the houses. In the course of making the night
gollections during the present study in 1352, it was observed that while there
were many mosquitoes in the treated houses they were largely restlessly moving
about in the air. The native collectors are adept with suction collection tubes
and are able to eollect these mosquitoes out of the air, Yet another behavior
difference noted on the part of alldmanus in treated houses in the present study
has been their greater positive phototropism. [n the native houses at the Chagres
Liver villages the usual source of light at night 1= either a conventional kerosene
lamp or an open {lare-like lamp consisting of & wick made of a corn cob or similar
abzorbent material stuek in a bottle of kerosene. There 15 always a considerable
aecumulation of mosquitoes hovering aboud this light, and even flving through
it, so that many mosquitoes are singed and found dead or moribund on the
table around the foot of the latap. Laboratory studies Lo measure quantitatively
a possible resistance and enhaneced irritakility and response to light of albimanus
from these treated wvillages, against a colony which has had no contact with
DIYD, are now in progress and will be reported in a separate paper,

The second effect of DDT, that of reducing the feeding of albimanus has
apparently not been modified over the period of years, and seems to be at pres-
ent the principal factor in reducing pessible malaria transmission in DDT
treated dwellings,

The ultimate success of a method such as that of DDT residual spraying of
dwellings is measured by the malaria rates. As yet we have no evidence thai
malaria iz returning to these villages, However, with the malaria seed bed re-
duced virtually to nil, it is to be expected that there would be some lag in time
hefore fresh infections contracted elsewhere were introduced fo infect the mos-
guitoes and again start the chain of transmission. A variable other than the mos-
guito numbers and behavior which might have affected the malaria rates was
mtroduced at the experimental villages in 1946 when the drug routinely admin-
istered to persons found positive for malaria on the bimeonthly blood thick film
surveys was changed from atabrine to chlorogquine.

BUMMARY

From ohservations conducted in 1944 1o 1946 in a group of native villages on
the middle Chagres River in Panama it had been concluded that the DDXT
residual spraying of dwellings mmitially reduced the melaris transmission by
Anopheles alhimanus in houses in three ways. During the first four months of
1952, following the twentieth spraying of one of these villages and the thirteenth
gprayving of another, it was found that two of these effects are no longer apparent.
The gross numbers of A. allimarus in dwellings are no longer drastically redueed
as was formerly the case, and the selective killing of engorged ollimanus is no
longer evident. A large reduction in the percentage of allimanus which success-
fully engorge with blood in DDT treated houses is still present to about the same
degree ag at the time of the initial observations in 1944 to 1946, This last appears
to be the principal way in which albémanuys iz affected by DDT to modify the
malaria fransmission potential at the present time.



MODIFIED RESPONSE OF A. ALBIMANUS TO DDT Eil

A possible explanation is given of how this change in the way alldmanus
responds to DDT residues may have resulted from the selection of & population
which has become resistant and/or hyperirritable to DDT. Laboratory experi-
ments to measure the contribution of each of these factors quantitatively are in
progress.

The modification in the response of A, albimanus to DDT residual house spray-
ing has not as yet been reflected in any rise in malaria rates at these villages.
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