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Susceptibility Tests in Trinidad
with Anopheles aquasalis Curry, Aides aegypti (L.)

and Culex pipiens fatigans Wiedemann,
Using the Standard WHO Mosquito Adult Test Kit

T. A. OMARDEEN, M.Sc.'

Malaria, yellow fever and filariasis eradication programmes in many parts of the world
have in recent years become largely dependent on the use of DDT, dieldrin, y-BHC and
organophosphorus insecticides. It is of vital importance for the success ofsuch programmes,
often costly when undertaken on a nation-wide basis, that the insecticides being used are
effective against the vectors of these diseases.

During 1958 and 1959, susceptibility tests carried out in Trinidad using the standard
World Health Organization mosquito adult test kit revealed that Anopheles aquasalis,
the main vector of malaria in the coastal districts of Trinidad, was susceptible to DDT,
moderately resistant to y-BHC, and highly resistant to dieldrin.

Tests with Aedes aegypti, the vector ofyellow fever, showed that the species was highly
resistant to DDT, though susceptible to dieldrin and y-BHC. Aedes aegypti from Kingston,
Jamaica, gave similar results.

Culex pipiens fatigans, the vector offilaria parasites, was found to be highly resistant
to DDT, y-BHC and dieldrin.

INTRODUCTION

The standard World Health Organization mos-
quito adult test kit has been in use for several years
all over the world for testing the susceptibility or
resistance of mosquitos to various insecticides,
particularly in countries which have embarked on
programmes to control or eradicate either the mos-
quitos themselves or diseases transmitted by them.
The instructions for the use of the kit are described
in detail in a pamphlet supplied by the World Health
Organization, entitled Instructions for determining
the susceptibility or resistance of adult mosquitos to
insecticides. A slightly modified procedure has
recently been published (WHO Expert Committee
on Insecticides, 1960).

In Trinidad, Anopheles aquasalis Curry is the main
vector of malaria in the coastal areas of the island.
Aedes aegypti (L.) and Culex pipiensfatigans Wiede-
mann are both well-known vectors of the yellow
fever virus and filarial parasites respectively. This

1 Medical Entomologist, Malaria Division, Ministry of
Health, Trinidad, West Indies.

paper is a report on tests on the susceptibility of
these mosquitos to DDT, dieldrin and y-BHC,
carried out in 1958 and 1959 with the WHO adult
test kit. At the time of testing, malaria and Aedes
aegypti eradication programmes were afoot, while
extensive control work was being undertaken against
Culex fatigans in various parts of the island.

TESTS WITH ANOPHELES AQUASALIS CURRY

This species is distributed mainly in the coastal
areas of the colony, as shown in the accompanying
map.
DDT residual house-spraying against malaria

transmitted by this species was first carried out on a
limited scale in Trinidad in 1945. During the sub-
sequent years application of this insecticide was
gradually extended to most of the A. aquasalis areas
of the island, and complete coverage was first
realized in 1956. Only limited residual house-
spraying was carried out in the Anopheles bellator
areas of the island until 1957, when dieldrin was
used for the first time.
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MAIN BREEDING PLACES OF ANOPHELES
AQUASALIS IN TRINIDAD AND VILLAGES WHERE
SUSCEPTIBILITY TESTS WERE CARRIED OUTa

a Culex faligans larvae were collected at San Juan and AEdes
aegypti larvae at Polnt Fortin.

Anopheles aquasaJls are&s.

Busvine-Nash tests carried out in 1956 in the
Barataria area with DDT gave a 45% mortality
with 0.5% papers, 72% mortality with 1.0% papers
and 90% mortality with 2.0% papers, indicating
that, despite residual house-spraying for ten years
in this area, A. aquasalis was still susceptible to this
insecticide.

In 1958 dieldrin, with better-known residual
properties, was substituted for DDT in the island-
wide residual programme and the A. aquasalis areas
received initial treatment with this insecticide. The
Barataria area was sprayed with dieldrin during the
month of July.

Anopheles aquasalis normally attains peak den-
sities during the months of June, July and August.
Shortly after the district was sprayed residually,
tests were begun using wild-caught freshly engorged
females from a calf-baited Shannon dawn trap.
Female adults which fed overnight were trapped

early next morning in a detachable cage 1 foot x
1 foot x 1 foot (30 cm x 30 cm x 30 cm) fitted on
to the V-screen of the dawn trap as the mosquitos
flew in the direction of the morning light. The
detachable cage was then removed from the V-
screen and covered over with black cloth to keep
the mosquitos inactive until required for use.
To transfer the mosquitos from the cage to the

WHO holding tube advantage was taken of the

strong phototropic response shown by this species.
By placing the open end of the holding tube over a
hole of about 13/4 inches (4.5 cm) in diameter in the
cage the mosquitos flew out readily from the dark-
ened cage into the holding tube.
The cage is fitted with a slider which closes off

the hole when enough mosquitos have entered the
holding tube. By this method the use of an aspirator
tube is completely eliminated, a particularly impor-
tant factor in dealing with a delicate species such as
A. aquasalis. The adults were then held for approx-
imately one hour as recommended, so as to guard
against including damaged specimens in the test,
before being blown over to the tubes containing the
insecticide-impregnated papers.
DDT- and dieldrin-impregnated papers were

obtained from the World Health Organization,
Geneva, and used well within their date of expiry.

Tests with dieldrin

A preliminary test was carried out early in August
with the following concentrations of dieldrin papers:
0.05%, 0.1%, 0.2%, 0.4%, 0.8% and 1.6% using
an exposure period of 1 hour. When a 100% kill
was not obtained with the highest concentration
(i.e., 1.6%), the exposure times were increased to
2 hours, 5 hours and then 8 hours, but still a 100%
kill could not be obtained (Table 1). Clearly a
certain portion of the population tested was highly
resistant to this insecticide.

Exhaustive tests were then carried out with wild-
caught engorged females from the same source,
using the four highest concentrations of dieldrin
available. It is to be noted from the results in Table 1
that whereas in early August 1958 the 1.6% papers
for 1 hour gave a 57% kill, in late September of the
same year only a 19% kill was obtained with the
same concentration and same period of exposure;
and whereas in late August 1958 the 1.6% papers
for 8 hours gave a 78% kill, in mid-October 1958
only a 49% kill was obtained.

It was fairly obvious that rapid selection was
taking place and that the percentage of susceptible
female mosquitos in the population was rapidly
diminishing, probably as a result of the effect of
dieldrin deposits in the houses.

Tests were also carried out later in the year using
4% dieldrin papers-the highest concentration
available from the World Health Organization.
Two series of tests were done. In the first, mosquitos
were exposed for 4 hours and 8 hours, but only a
72% kill was obtained. In the second series, similar
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TABLE I

RESULTS OF TESTS WITH DIELDRIN ON ANOPHELES AQUASALIS AT BARATARIA, TRINIDAD

No. o Concntraton Tie of No. of %ControlDate of test No.of Concntrtio Tiexpofur ________t___Deadtubes|usedof| C (%) expoesu°rfe |mtestuedos Dead No. tested % Dead

6.8.58
&

18.8.58

2
2
2
2
2
2

0.05
0.1
0.2
0.4
0.8
1.6

Dieldrin preliminary tests
1 hour 65
1 hour 67
1 hour 62
1 hour 65
1 hour 76
1 hour 74

2 0.05 2 hours 77
15.8.58 2 0.1 2 hours 7215.8.58 2 0.2 2 hours 67&885 2 0.4 2 hours 6118.8.58 ~2 0.8 2 hours 70

2 1.6 2 hours 79

2 0.05 4 hours 61
20.8.58 2 0.2 4 hours 44
& 2 0.4 4 hours 48

22.8.56 2 0.8 4 hours 548
2 1.6 4 hours 60

2 0.05 8 hours 55
25.8.58 22 0.1 8 hours 6325.8.58 2 0.2 8 hours 52

27&8.58 2 0.4 8 hours 5127.8.58 ~2 0.8 8 hours 55
2 1.6 8 hours 59

22.9.58

24.9.58
it

4
4
4
4

0.2
0.4
0.8
1.6

Dieldrin

1 hour
1 hour
1 hour
1 hour

replicate tests

99
96
108
87

0
3.1

11.1
19.5

32
24
14
19

6.3
4.1
0

5.3

26.9.58 4 0.2 2 hours 104 7.7 23 0
4 0.4 2 hours 90 18.9 30 3.3

29.9.58 4 0.8 2 hours 96 38.5 25 0
of4 1.6 2 hours 94 37.2 25 0

1.10.58 4 0.2 4 hours 121 19 24 0
2.10.58 4 0.4 4 hours 120 37.5 30 6.7
3.10.58 4 0.8 4 hours 113 47.8 37 2.7
4.10.58 4 1.6 4 hours 131 52.9 33 6.1

6.10.58 4 0.2 8 hours 99 6.1 22 13.6
4 0.4 8 hours 111 20.7 25 08.10.58 4 0.8 8 hours 88 35.4 28 0
4 1.6 8 hours 94 48.9 28 0

Dieldrin 4% tests
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mortalities were obtained, indicating that about
30% of the population tested could withstand a
very high dosage of the insecticide for long periods.

Application of Anopheles gambiae test for determin-
ing the proportion of dieldrin-resistant homozygotes
to heterozygotes in a population
Work at the Ross Institute, London, with Ano-

pheles gambiae has revealed that dieldrin resistance
in this species is due to an allele of a single gene.
When tested with papers impregnated with a
mineral oil solution of this insecticide, the hetero-
zygotes (RS) can withstand 0.4% dieldrin for 1 hour,
and the homozygotes (RR) for this resistant allele
can withstand 4.0% dieldrin for 1 hour.

It does not necessarily follow that the same applies
to Anopheles aquasalis in Trinidad, which from the
above results is clearly resistant to dieldrin. However,
the same technique was applied, using, as before,
wild-caught freshly engorged females taken from
Shannon dawn traps in the Barataria area.
On 10 October 1958, using WHO 0.4% dieldrin-

impregnated papers, 354 mosquitos in 14 WHO
tubes were exposed for 1 hour and then held for
24 hours. At the end of this period there were 339
survivors, which were re-exposed to 0.4% for 1 hour
in order to check that their survival was truly due
to their characteristics and not to an accident in the
procedure. They were then held for a second 24
hours, at the end of which time there were 290 sur-
vivors, that is 81.9% of the original number exposed,
all of which appeared to be unaffected by the insect-
icide. Two tubes containing 56 mosquitos were used
as controls, receiving the same treatment as the test
mosquitos except that the control papers were
impregnated with mineral oil only; 48 survived.
The uncorrected percentage mortality of the test
mosquitos was 18.1 %, which, when corrected for the
control mortality of 14.3 % by Abbott's formula, gives
a correct mortality of 4.4%, or a survival of 95.6%.
The test was repeated on 13 October 1958 with

WHO 4% dieldrin papers, using 377 wild-caught
freshly engorged females from the same source.
There were 182 survivors, that is, 48.3% of the
number exposed. In the control group, 52 of 56
mosquitos survived. The percentage mortality
corrected by Abbott's formula as above is 47%,
thus giving a 53% survival.

It is possible, therefore, that about 50% of the
population tested were homozygous for resistance
to dieldrin, while the rest of the population tested
were mainly heterozygous.

Tests with DDT
Tests with DDT papers were done early in October

1958. Five concentrations were used in the prelimin-
ary tests and the four highest concentrations were
chosen for the replicate tests, the results of which
showed that the species is still susceptible to DDT
(Table 2). The LC50 value as determined graphically
by plotting the percentage mortality against con-
centration of the insecticide on logarithmic pro-
bability paper is 0.88%. This is fairly close to that
obtained in 1956 using the Busvine-Nash method.

Tests with y-BHC
It is well known that several species of insect

which are resistant to dieldrin are also resistant to
the other cyclodiene derivatives and BHC. As no
BHC-impregnated papers are prepared by WHO
for use in the WHO kit, it was necessary to prepare
papers in Trinidad using the Busvine-Nash method.
In the Busvine-Nash method a circular piece of
Whatman No. 1 filter paper of 11 cm in diameter
and an area of approximately 95 cm2 is impregnated
with 1 ml of the mixture of insecticide, Risella oil
and trichloroethylene. The size of paper used in the
WHO kit is approximately 15 cmx 12 cm with an
area of 180 cm2, that is, approximately 1.9 times the
size used in the Busvine-Nash method.
For impregnating WHO-kit-size papers 1.9 ml

of the mixture of insecticide Risella oil and trichloro-
ethylene were thus used. As the WHO paper is
rectangular in shape the impregnation was carried
out as recommended in the Busvine-Nash method,
but in somewhat more elliptical manner with the
corners being done last.

All papers were prepared in the afternoon and
used early next morning. Risella oil and0.04% y-BHC
solution were obtained from the World Health
Organization, Geneva; 0.02% and 0.01 % solutions
were prepared by diluting the 0.04% solution. The
higher concentrations-0.64%, 0.32%, 0.16% and
0.08% solutions-were all prepared from 99%
y-BHC obtained from Imperial Chemical Industries,
London.
A preliminary test was carried out using six con-

centrations, as shown in Table 2. The four highest
concentrations were chosen for the four replicate
tests.

In the replicates two of the 0.32% papers failed
to give a 100% kill, but tests with four tubes of
0.64% papers two days later gas-e a 100% kill.
The LC50 determined graphically by the log-

probit method is 0.09%.
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TABLE 2

RESULTS OF TESTS WITH DDT AND y-BHC ON ANOPHELES AQUASALIS AT BARATARIA, TRINIDAD

D No. of Concentration Time of No. of %
Dead

Dateof est tubes used (% exposure mosquitos Controtested Ded No. tested % Dead

DDT preliminary tests

1.9.58 1 0.25 1 hour 30 0
1.9.58 1 0.5 1 hour 40 7.5
1.9.58 1 1.0 1 hour 31 35.5 29 0
1.9.58 1 2.0 1 hour 37 91.9
1.9.58 1 4.0 1 hour 22 100

DDT replicate tests

3.9.58 4 0.5 1 hour 118 25.4 23 0
3.9.58 4 1.0 1 hour 102 51.9 35 2.8
5.9.58 4 2.0 1 hour 107 92.5 27 3.7
5.9.58 4 4.0 1 hour 108 100 27 0

y-BHC preliminary tests

1 0.02 1 hour 34 2.9
1 0.04 1 hour 35 51.4

10.12.58 1 0.08 1 hour 21 47.6 22 4.5
1 0.16 1 hour 21 80.9
1 0.32 1 hour 35 100

v-BHC replicate tests

17.12.58 4 0.04 1 hour 125 11.2 30 0
4 0.08 1 hour 135 48.1 33 0

18.12.58 4 0.16 1 hour 128 80.5 34 0
,, 4 0.32 1 hour 118 98.3 27 0

20.12.58 4 0.64 1 hour 104 100 28 0

Table 3 shows the results of Busvine-Nash tests Fishing Pond, all of which are shown on the accom-
carried out by other investigators with various ano- panying map. These villages are all appreciable
phelines and using y-BHC. distances from each other and are situated near the

In the case of Anopheles aquasalis in Trinidad a four " corners " of the oblong island. Tests were
100% kill was obtained only with the comparatively begun in 1959 as soon as enough mosquitos became
high concentration of 0.64% y-BHC, and the LC50 available.
of 0.09% y-BHC is also comparatively high. The
results are thus indicative of a moderate degree of Tests at New Lapaille
resistance to y-BHC by Anopheles aquasalis.

New Lapaille is a small village not far from Ba-
TESTS IN OTHER PARTS OF TRINIDAD rataria and has had residual applications of DDT

during 1950 to 1956 inclusive and in 1959, and of
All the tests in 1958 were carried out at Barataria dieldrin in 1958.

(see the map). Tests were then undertaken to de- Tests carried out here in July 1959 (Table 4)
termine whether the species was resistant to dieldrin revealed that the species was susceptible to DDT,
in other parts of the island. Four villages were the results being similar to those obtained in 1958
chosen: New Lapaille, Cedros, Guayaguayare and at Barataria.
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TABLE 3
RESULTS OF BUSVINE-NASH TESTS FOR

v-BHC SUSCEPTIBILITY IN VARIOUS ANOPHELINES

Anopheline ] LCs 1 LC,oo Ivsiaospecies (approx.) Investigator

A. atroparvus 0.008 0.03 Wharton (1955)

A. maculipennis 0.032 > 0.04 Ungureanu
et al. a

A. sacharovi 0.033 >0.04 Hadjinicolau a

A. m. typicus 0.014 0.05 i

A. superpictus 0.011 >0.04 of

A. sundaicus 0.008 - Davidson (1958)
A. stephensi 0.012 - II

A. gambiae 0.015 0.0255
A. culicifacies 0.003-0.008 - Pal (1958)

A. subpictus 0.011-0.016 - of

A. fluviatilis 0.003-0.007 - go

A. splendidus 0.018-0.025 - o

A. minimus 0.007 - o

A. annularis 0.039 -
of

a Cited by World Health Organization (1957).

In the tests using dieldrin 4% papers, there were
survivors even after 8 hours' exposure, and the
presence of highly resistant individuals, probably
homozygotes, was established.

Tests at Cedros
Tests were carried out in Cedros, a small village

at the tip of the south-western peninsula of the
island. The village has had residual applications of
DDT in 1951, 1952, 1955, 1956 and 1957 and of
dieldrin in 1958 and 1959.
Only the two highest concentrations of DDT

(2% and 4%) were used. The results, which are
shown in Table 4, indicate that, as in Barataria,
despite the use of DDT for many years, the species
is still susceptible to this insecticide. As in Barataria
and New Lapaille there were survivors after 8 hours'
exposure to 4% dieldrin papers. The population
therefore contains individuals highly resistant to
dieldrin. Owing to unforeseen circumstances more
tests could not be carried out here.

Tests at Fishing Pond
Fishing Pond is a small village near the east coast

of the island, about 65 km east of Barataria, and

has a very large A. aquasalis population during the
months of June, July and August. The village has
had residual applications of DDT in 1950, 1951,
1952, 1953, 1955 and May 1959, and applications of
dieldrin in 1957 and 1958. Tests were carried out
during the last week of July and early August 1959.
The results are shown in Table 4.

In distinction to the results at Cedros, New La-
paille and Barataria, the 2% papers gave a 100%
mortality with 1 hour's exposure. The lowest con-
centration of DDT papers available (0.25%) gave
the comparatively high kill of 69% with 1 hour's
exposure. The LC50 is thus less than 0.25 %, a value
which is remarkably lower than that in New La-
paille, where it is of the order of 0.85 %. Clearly the
mosquitos tested here were far more susceptible
than those in the three localities tested before.

Tests with dieldrin also revealed an interestingly
different picture from those obtained elsewhere in
Trinidad. There were no survivors with 4% dieldrin
papers, but of the 311 mosquitos exposed to 1.6%
papers for 1 hour, there were 18 survivors. The
lowest concentration of dieldrin available (0.05%.)
gave a 64% kill.
The results seem to indicate that while there are a

few resistant individuals, the population is composed
mainly of susceptible mosquitos. A possible explana-
tion is as follows.

In Fishing Pond the A. aquasalis population
reaches enormous densities at the peak of the rainy
season, as was the case when tests were conducted.
The houses in the village are few and scattered, and
the fact that many cattle are kept results in the
comparatively low man:animal ratio of 5:1. The
species, which is predominantly a bovine and equine
feeder, need not go into houses at all. Selection of
the population even after residual spraying is thus
very limited. The results also probably indicate that
individuals homozygous (RR) for resistance to
dieldrin are scarce, and that the population is com-
posed mainly of susceptible (SS) and a few resistant
heterozygotes (RS), which survived 1.6% dieldrin
for 1 hour. This can be potentially dangerous as
selection could change the entire composition by
wiping out the susceptibles and leaving the hetero-
zygotes, which, on inter-breeding, may produce
resistant homozygotes as with A. gambiae.

TESTS WIH ARDES AEG YPTI (L.) FROM TRINIDAD

A considerable amount of work on susceptibility
to various insecticides has been done on larvae of

500



SUSCEPTIBILITY OF MOSQUITOS IN TRINIDAD TO VARIOUS INSECTICIDES 501

TABLE 4. RESULTS OF TESTS WITH DDT AND DIELDRIN ON ANOPHELES AQUASALIS AT NEW LAPAILLE,
CEDROS, FISHING POND AND GUAYAGUAYARE, TRINIDAD

Date of test No. of Concentration Time of No. of | Co.trolDateof est tubes used (% exposure mosquitos Controtested Ded No. tested % Dead

NEW LAPAILLE
DDT replicate tests

19.7.59 4 0.5 1 hour 101 33.7 29 0
19.7.59 4 1.0 1 hour 107 56.1 30 0
19.7.59 4 2.0 1 hour 108 96.3 26 0
19.7.59 4 4.0 1 hour 113 100 30 0

Dieldrin 4% tests
17.7.59 4 4 1 hour 107 44.9 28 3.4
17.7.59 4 4 2 hours 111 71.2 25 0
17.7.59 4 4 4 hours 123 73.9 30 0
17.7.59 4 4 8 hours 124 94.3 30 0

CEDROS
DDT replicate tests

24.7.59 4 2 1 hour 102 92.2 25 4
22.7.59 4 4 1 hour 103 100 24 11.1

Dieldrin 4% tests
21.7.59 4 4 1 hour 106 70.6 24 8.3
23.7.59 4 4 8 hours 103 93.2 23 4.3

FISHING POND
DDT replicate tests

31.7.59 4 0.25 1 hour 106 68.9 2b 8
28.7.59 4 0.5 1 hour 107 82.2 25 16
29.7.59 4 1.0 1 hour 105 93.3 26 7.7
30.7.59 4 2.0 1 hour 104 100 26 7.7

Dieldrin replicate tests
8.8.59 4 0.05 1 hour 108 63.9 27 0
8.8.59 4 0.1 1 hour 111 71.2 26 3.8
6.8.59 4 0.2 1 hour 103 82.5 28 10.7
6.8.59 4 0.4 1 hour 101 87.1 25 8
5.8.59 4 0.8 1 hour 100 91.0 27 7.4
5.8.59 4 1.6 1 hour 103 97.1 32 12.5

Dieldrin 1.6% replicate tests
7.8.59 4 1.6 1 hour 105 92.2 26 3.8
7.8.59 4 1.6 1 hour 103 93.2 32 9.4

Dieldrin 4% tests
31.7.59 4 4 1 hour 109 100 22 4.5
30.7.59 4 4 2 hours 108 100 27 3.729.7.59 4 4 4 hours 101 100 24 8.3
28.7.59 4 4 8 hours 102 100 25 16

GUAYAGUAYARE
DDT tests

26.8.59 4 2.0 1 hour 100 93 27 7.4
28.8.59 4 4.0 1 hour 102 100 26 7.7

Dieldrin tests
18.8.59 4 1.6 1 hour 99 78.7 26 19.2
20.8.59 4 4.0 1 hour 98 91.8 24 16.725.8.59 4 4.0 8 hours 99 99 25 4
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Aides aegypti in Trinidad, mainly with fourth- In November 1958, Aedes aegypti larvae were
instar larvae hatched out from eggs obtained from collected in Point Fortin, a village in south-west
a colony of Aedes aegypti which was started with Trinidad, and a colony was started. As soon as
larvae collected in the village of Laventille, Trinidad. enough freshly engorged females were available,
Exhaustive tests showed that the larvae were highly tests were carried out using the WHO adult test kit.
resistant to DDT while still susceptible to dieldrin The results are shown in Table 5.
and y-BHC.

TABLE 5

RESULTS OF TESTS WITH DDT, v-BHC AND DIELDRIN ON ARDES AEGYPTI FROM POINT FORTIN, TRINIDAD

No. of Concentration TimeofNo. of Cotl
Date of test No.e ofe cocntaio iexpofur mosquitos controDate of test {tubes used | () exposureotested Dead No. tested % Dead

DDT preliminary tests

1 0.25 1 hour 26 0
1 0.5 1 hour 25 0

16.12.58 1 1.0 1 hour 26 0 28 0
1 2.0 1 hour 32 0
1 4.0 1 hour 31 3.2

DDT 4% tests

18.12.58 8 4 1 hour 210 2.4 43 0

Y-BHC preliminary tests

1 0.01 1 hour 23 8.7
1 0.02 1 hour 24 8.3

10.12.58 1 0.04 1 hour 21 71.4 27 0
1 0.08 1 hour 25 100
1 0.16 1 hour 26 100

v-BHC replicate tests

4 0.01 1 hour 105 2.8 28 0
12.12.58 4 0.02 1 hour 115 21.7 27 0

& 4 0.04 1 hour 106 68.0 26 0
13.12.58 4 0.08 1 hour 118 98.3 27 0

4 0.016 1 hour 113 100 25 0

Dieldrin preliminary tests

1 0.05 1 hour 25 0
1 0.1 1 hour 27 7.4

5.12.58 1 0.2 1 hour 24 20.8 29 0
1 0.4 1 hour 29 79.3
1 0.8 1 hour 23 100

Dieldrin replicate tests
9.12.58 4 0.1 1 hour 108 5.6 32 0

it 4 0.2 1 hour 107 36.4 34 0
10.12.58 4 0.4 1 hour 96 77.1 30 0

Is 1 4 0.8 1 hour 109 100 33 0
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Tests with DDT
A preliminary test was carried out using all the

available concentrations of DDT papers, but even
the highest concentration used (4%) was without
effect. Further tests were carried out using only the
highest concentration, but the mortality was practi-
cally negligible. No further testing was done as
these tests showed the same very high degree of
resistance as shown by larvae of the Laventille
strain.

Tests with y-BHC
Papers were prepared in the same manner as

described above for use with Anopheles aquasalis.
In the preliminary test a 100% kill was obtained with
the 0.08% paper, but in the replicate tests there were
two survivors at this concentration. The LC50 value
is about 0.029%, indicative of susceptibility even
though y-BHC had been used perifocally as a
larvicide against this species in the Point Fortin
area for two years prior to the date when the larvae
were collected.

Tests with dieldrin
A preliminary test carried out gave a 100% kill

with the 0.8% dieldrin paper. The replicate tests
were carried out with the four highest concentra-
tions used in the preliminary tests, giving an LC50
value of 0.24%. The tests showed that the species is
susceptible to dieldrin and the results are in agree-
ment with susceptibility tests carried out with
fourth-instar larvae of the Laventille strain.

TESTS WITH AEDES AEG YPTI (L.) FROM JAMACA

Persistent foci of Aedes aegypti in Jamaica even
after application ofDDT aroused suspicions that the
species was resistant to this insecticide.

Early in 1959, Aedes aegypti eggs were collected
from containers in the following places in the
Kingston and St. Andrew corporate area of Jamaica:
Waterloo Road, Carnavon Street, Sackville Road,
Woodford Street, Vineyard Road, Franklin Town,
Victoria Avenue, East Street, South Camp Road,
North Street and Johnson Town.
Even though hatching was poor, a colony was

started at the Malaria Division Insectary, Barataria.
It is understood that the above-mentioned areas had
been treated both residually and perifocally.
As soon as enough freshly engorged females were

available, tests were carried out using the standard
WHO adult test kit. The detailed results are shown
in Table 6.

Tests with DDT
In the preliminary test, a 30% kill was obtained

with the 4% DDT paper. In the subsequent tests
only the 4% papers were used for exposure periods
up to 8 hours, as shown in Table 6. Roughly 30%
of the population tested withstood this high concen-
tration of the insecticide for long periods and hence
exhibited a very high degree of resistance to DDT.
Tests with dieldrin

Tests with dieldrin, results of which are shown in
Table 6, indicate that the species is susceptible to
this insecticide. From the results obtained, it is
difficult to fit a straight regression line on logarith-
mic probability graph paper, but the LC50 value is
of the order of about 0.3 %.
Tests with y-BHC
y-BHC papers were prepared as in tests described

above. The results shown in Table 6 indicate that the
species is susceptible to y-BHC, and about 25% of
the population tested appear highly sensitive. As
in the case of dieldrin, a straight dosage-mortality
regression line is not easily fitted on logarithmic
probability graph paper, but the LC50 value appears
to be about 0.04%.

TESTS WITH CULEX PIPIENS FATIGANS

This common nuisance mosquito is found all over
Trinidad. Residual applications ofDDT and dieldrin
in recent years have failed to show any noticeable
effect on the density of this species. Its resistance to
DDT has been suspected not only from the large
numbers of C. fatigans seen even on sprayed walls
but also from its general increased prevalence.

In 1958 dieldrin was substituted for DDT in the
malaria eradication programme. In the viUage of
Matura (shown in the map above) house searches
carried out in July and August 1958 revealed
thousands of C. fatigans resting on walls which had
been sprayed with dieldrin at the rate of 0.6 g/m2
only a few days earlier, and resistance to this
insecticide was therefore suspected as well.

Late in 1958 a colony was started with larvae
collected in drains in the San Juan area of Trinidad,
and has since been maintained at the Malaria
Division Insectary, Barataria. The San Juan area has
had residual applications of DDT in the years
1950-57 and in 1959 and of dieldrin in 1958.
As the number of engorged females on any one

morning was insufficient, tests were carried out
using unengorged females throughout. The results
of the tests are shown in Table 7.
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TABLE 6

RESULTS OF TESTS WITH DDT, DIELDRIN AND Y-BHC ON AEDES AEGYPTI FROM JAMAICA

Date of test | No. of Concentration Time of No. of
sq Control

tubes used(%) exposure tested Ded No. tested I% Dead

DDT preliminary tests
26.2.59 1 0.25 1 hour 27 0
26.2.59 1 0.5 1 hour 26 3.8
26.2.59 1 1.0 1 hour 26 0 28 0
26.2.59 1 2.0 1 hour 27 0
26.2.59 1 4.0 1 hour 30 30 1

DDT 4% tests
27.2.59 4 4.0 1 hour 95 12.8 26 0
27.2.59 4 4.0 2 hours 113 23.0 28 3.6
2.3.59 4 4.0 4 hours 105 49.5 30 0
2.3.59 4 4.0 8 hours 108 64.8 31 6.5

Dieldrin preliminary tests
3.3.59 1 0.05 1 hour 30 3.3
3.3.59 1 0.1 1 hour 28 3.6
3.3.59 1 0.2 1 hour 27 18.5 28 0
3.3.59 1 0.4 1 hour 25 56
3.3.59 1 0.8 1 hour 29 100
3.3.59 1 1.6 1 hour 29 100

Dieldrin replicate tests
5.3.59 4 0.1 1 hour 116 3.4 29 0
5.3.59 4 0.2 1 hour 116 6.9 28 0
5.3.59 4 0.4 1 hour 116 55.1 27 0
5.3.59 4 0.8 1 hour 116 100 27 0

v-BHC preliminary tests
9.3.59 1 0.01 1 hour 26 23.1
9.3.59 1 0.02 1 hour 29 31.0
9.3.59 1 0.04 1 hour 30 30 3
9.3.59 1 008 1 hour 25 184 0
9.3.59 1 0.16 1 hour 30 100
9.3.59 1 0.32 1 hour 31 100

y-BHC replicate tests
10.3.59 4 0.02 1 hour 116 29.3 31 0
10.3.59 4 0.04 1 hour 124 16.1 30 0
10.3.59 4 0.08 1 hour 112 90.2 31 0
10.3.59 4 0.16 1 hour 127 100 32 0

Tests with DDT Tests with dieldrin
Only 4% DDT papers were used. Exposure to Exposure to the highest available concentration of

this concentration for 8 hours produced only 47% this insecticide (4%) produced only 36% kill,
kill, indicating that the species is highly resistant to indicating that the species was also highly resistant
DDT. to dieldrin.
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TABLE 7

RESULTS OF TESTS WITH DDT, DIELDRIN AND y-BHC ON CULEX PIPIENS FATIGANS

D No. of Concentration Time of No. of % ControlDate of test |tubes used| (%) exposue tested Dead No. tested % Dead

DDT 4% tests
30.4.59 4 4 1 hour 102 3.8 28 0
2.5.59 4 4 2 hours 105 8.6 25 0
1.5.59 4 4 4 hours 115 33.9 27 3.7
4.5.59 4 4 8 hours 110 47.3 26 3.8

Dieldrln 4% tests
6.5.59 4 4 1 hour 106 13.2 28 0
9.5.59 4 4 2 hours 99 6.6 29 0
8.5.59 4 4 4 hours 100 20.0 26 3.8
7.5.59 4 4 8 hours 106 35.8 26 0

v-BHC preliminary tests
12.5.59 1 0.04 1 hour 27 0
12.5.59 1 0.08 1 hour 25 0
12.5.59 1 0.16 1 hour 26 7.7 26 0
12.5.59 1 0.32 1 hour 27 22.2
12.5.59 1 0.64 1 hour 26 69.2
12.5.59 1 1.28 1 hour 29 100

v-BHC replicate tests
15.5.59 4 0.16 1 hour 105 7.6 26 0
15.5.59 4 0.32 1 hour 110 18.2 28 0
15.5.59 4 0.64 1 hour 113 60.2 26 0
15.5.59 4 1.28 1 hour 110 100 27 0

Tests with y-BHC
y-BHC papers were prepared as described for

Anopheles aquasalis above.
A preliminary test with six concentrations was

first carried out, and 100% kill was obtained with
the 1.28% paper. The results of the replicate tests
are also shown in Table 7, and the LC50 value is of the
order of 0.5%/0-a value which is remarkably high
compared to that obtained for Anopheles aquasalis
and Aedes aegypti. The species thus shows a very
high degree of tolerance to y-BHC.

CONCLUSIONS

The findings with the three mosquito species
tested are summarized in Table 8.

Anopheles aquasalis
The results of tests carried out with Anopheles

aquasalis at Barataria in 1958 showed conclusively
that a certain proportion of the population of this

species was highly resistant to dieldrin and indicated
that selection was taking place while testing was in
progress shortly after the application of dieldrin.
Testing in other parts of Trinidad showed that there
were resistant individuals in all four " corners " of the
island. As the island is small, it is felt that there are
resistant individuals in all the Anopheles aquasalis
areas of Trinidad. Whether this dieldrin-resistance
(probably in resistant homozygotes) is due to a
single gene allele-as is known to be the case with
Anopheles gambiae and Anopheles sundaicus-or to
some other factor has not been determined, but it
seems fairly certain that the factor was present even
before residual application of this insecticide was
begun.

Aedes aegypti
The results of tests carried with the Trinidad

Aedes aegypti are in agreement with earlier findings
with larval tests that the species is highly resistant
toDDT while still susceptible to y-BHC and dieldrin.
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TABLE 8

SUMMARY OF FINDINGS ON INSECTICIDE SUSCEPTIBILITY
OF ANOPHELES AQUASALIS AND CULEX FATIGANS IN TRINIDAD

AND AEDES AEGYPTI IN JAMAICA AND TRINIDAD

Species Locality where DDT Dieldrin v-BHCcollected

Anopheles Barataria, Trinidad Susceptible Resistant Moderately
aquasalis resistant

New Lapaille, Trinidad Susceptible Resistant

Cedros, Trinidad Susceptible Resistant

Fishing Pond, Trinidad Susceptible Resistant

Guayaguayare, Trinidad Susceptible Resistant

Aedes aegypti Point Fortin, Trinidad Resistant Susceptible Susceptible

Kingston, Jamaica Resistant Susceptible Susceptible

Culex fatigans San Juan, Trinidad - Resistant Resistant Resistant

The ability of about 30% of the engorged females
of the Jamaican strain to withstand 4% DDT
papers for 8 hours is a clear indication that that
strain is resistant to this insecticide. It is not known
whether this phenomenon is widespread over
Jamaica, since the eggs from which the colony was
started were collected in the Kingston area only.
But again it is felt that the factor for DDT-resistance
is present in that island and that resistance elsewhere
in Jamaica will show up as soon as the susceptibles
in the Aedes aegypti population are wiped out by
perifocal operations.

Culex fatigans
The results of tests carried out with this species

clearly showed that it was resistant to both dieldrin
and DDT. Resistance to dieldrin in the case of
Anopheles aquasalis showed up only a month after
the first use of this insecticide in houses, and it is
felt that with Culexfatigans also resistant individuals
were present in the population before dieldrin was
initially used.

This is the only species tested so far in Trinidad
which is resistant to both DDT and dieldrin.
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RItSUM1!

Dans l';le de Trinidad, Anopheles aquasalis est le
principal vecteur du paludisme c6tier, Aedes aegypti celui
de la fievre jaune, et Culex fatigans celui de certaines
filarioses. Des campagnes d'6radication du paludisme et
des Aedes sont en cours, et une lutte energique contre les
Culex a et6 entreprise. Le contr6le de la resistance de ces

trois moustiques aux insecticides courants a ete effectue
par l'auteur, en 1958-59, selon les instructions et par le
moyen de la trousse standard fournies par l'OMS.

Les resultats ont r6v6l6 qu'une certaine proportion de
la population d'A. aquasalis 6tait fortement r6sistante a
la dieldrine, sensible au DDT et mod6r6ment r6sistante au
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HCH. La s6lection etait en cours lors de 1'enquete, peu
apres I'application de l'insecticide. On rencontra des
moustiques resistants un peu partout dans l'ile. Le fac-
teur entraimant la r6sistance semble avoir exist6 avant le
debut des pulv6risations.

Aedes aegypti, a Trinidad, est fortement resistant au
DDT, ce que l'on savait deja, tout en restant sensible au
HCH et a la dieldrine. A la Jamaique, la survivance de
foyers d'infection laissait supposer une certaine resistance.
Des souches de Kingston soumises aux tests confirmerent
ces craintes. Environ 30% des femelles d'Aedes resistaient
pendant 8 heures a l'action de papier impregne de DDT

a 4 %. On ne sait si ce caractere de resistance se rencontre
ailleurs que dans la r6gion de Kingston, mais il est pro-
bable que le facteur # resistant )) est pr6sent chez les Aedes
de 1'ensemble de I';le, et qu'il se manifestera lorsque les
operations insecticides auront fait disparaitre les sujets
sensibles.

Les Culex fatigans de Trinidad sont resistants a la
dieldrine et au DDT. I1 semble que chez cet insecte aussi,
les individus resistants aient exist6 avant le debut des
operations. C'est la seule esp&ce etudiee jusqu'ici a Tri-
nidad qui soit resistante I la fois au DDT et i la dieldrine
et montre une tolerance 6lev6e a l'6gard du HCH.
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