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INTRODUCTION 

Dieldrin and HCH have been used in Venezuela for the control of vectors of Chagas' 
disease for several years. Caicedo (1950) published results of a compaign in Venezuela 
using HCH. Later Carrillo (1954) wrote on the use of dieldrin in Venezuela; and 
Carrillo (1956) and Berti et al. (1956) outlined the use of dieldrin in the campaign against 
triatominae. Cova Garcia et al. (1962) and Gamboa (1968) showed that dieldrin was an 
effective insecticide in campaigns against Rhodnius prolixus. 

Of the. two insecticides dieldrin was the inse.cticide of choice for several years in 
Venezuela but was replaced by HCH in the late 1960 1 s. because of toxicity to man and domestic 
animals. This paper gives the history of resistance to dieldrin as it developed in 
Venezuela. 

RESULTS AND DISCUSSION 

In 1969 it appeared that control of R. prolixus was not as effective as before and our 
laboratory carried out susceptibility tests using dieldrin, malathion, and fenthion against 
R. prolixus and later also with Triatoma maculata. 

At that time the recommended dosage for dieldrin was one gram of active material per 
square metre. One spraying cycle per year was recommended using a 2.5% suspension applied 
with Lof~trand and Hudson sprayers. The technique of application is described in the 
WHO Technical Report Series, No. 265. 

The effectiveness of the campaign was determined by house inspections carried out one 
month or more after treatment. In this type of evaluation, the living vectors were collected 
and examined for parasites. We decided to ask the various Malariologia Zones to send us 
living specimens for insecticide susceptibility tests. Results of the first tests were 
given in an unpublished WHO document (WHO/VBC/71.264) and are reproduced here to provide a 
complete history of resistance. 

As a standard for comparison of levels of susceptibility we used two strains of R. prolixus 
which had been reared in the insectary for many years. One strain came from Zone I Aragua 
and the other from Zone VI, Lara. Both strains proved identical in susceptibility to 
dieldrin. 
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Cojedes was the first state to provide specimens. From the localities of Chorreron, 
Canafistola, and Guasimal of the municipality of Cojedes adults and nymphs were obtained. 
All were exposed to filter papers with a concentration of 1.6% dieldrin for 48 hours. All 
the adults died but only 33% of the fifth instar nymphs died. The surviving nymphs were 
reared and the Fl generation exposed to the 1.6% concentration of dieldrin. A mortality of 
75% was recorded. 

Additional specimens were sent from the villages of Peonia and Danta in Cojedes. These 
specimens were exposed to concentrations of 0.8%, 1.6% and 4% dieldrin.- Once again, the 
mortality of the wild caught bugs was lower than the laboratory test strain and the Fl 
generation of the wild strain that survived dieldrin exposure was more susceptible than 
the parent strain. 

Another batch of bugs from the villages of Cachicamo, Chapullin, Los Bajios, El Blanquito, 
Aguirre, Buenos Aires, and El Perdido in Cojedes wer~ exposed to concentrations of 0.8%, 
1.6% and 4% dieldrin. In this case, the wild caught nymphs were almost as susceptible as 
the laboratory test strain. However, nymphs collected from various villages in the munici
pality of Juan Angel Bravo had mortalities less than the laboratory test strain. 

In the same year, a small batch of R. prolixus was obtained from the municipality of 
Cordova in the State of Portuguesa. Testing showed tolerance to dieldrin. 

From the villages of La Yuca and Guarataro of the municipality of Veroes, State of 
Yaracuy, R. prolixus nymphs when exposed to concentrations of 0.8%, 1.6% and 4% dieldrin 
gave the following results after 48 hours. 

Concentration Mortality 

0.8% 10% 

1.6% 50% 

4 % 50% 

The survivors were reared and the subsequent fifth instar nymphs of the Fl generation 
were exposed to a 1.6% concentration of dieldrin. At the end of 48 hours the mortality·was 
only 27.5% and at 72 hours it was 80%. This indicated a high tolerance to dieldrin of both 
wild caught and laboratory reared Fl generation nymphs. Consequently, we decided to test 
offspring of. these R. prolixus against lindane and found lOO% mortality after 24 hours 
exposure to a concentration of 0.4%. Our laboratory test strain gave the same results. 

In 1969 we also received R. prolixus from several villages in the State of ~rujillo. 
Table 1 gives the results of this initial testing and a subsequent testing of bugs from 
Santo Domingo. The results showed resistance to dieldrin from Santo Domingo and we established 
this as a reference strain of R. prolixus. We believe this was the first indication of 
dieldrin resistance in R. prolixus. The Fl generation was tested with a 4% concentration of 
dieldrin and we had the following results: 48 hours 9% mortality, 72 hours 26% mortality 
and 120 hours 47% mortality. With less than 50% mortality after an exposure of 120 hours, 
we were able to produce a strain that showed resistance even after prolonged exposure to 
insecticide. By 1975 we have been able to use exposures of bugs for 600 hours (25 days) 
to 4% dieldrin with no mortality. The selection scheme we followed is given in Table 2. 

In addition to the above tests we exposed a number of specimens of the Fl generation to 
lindane to confirm resistance to the Cyclodin group of chlorinated insecticides. The results 
of these tests are given in Table 3. Thus the resistance of the Santo Domingo strain of 
R. prolixus to both dieldrin and lindane was confirmed. 
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Using the F2 generation of the Santo Domingo strain, we compared it with the laboratory 
test strain against a 1.6% concentration of fenthion. The results were as follows: 

Exposure % Mortality 

Laboratory test strain 24 hours 97.5 

San to Domingo 24 hours 17.5 

San to Domingo 48 hours 90.0 

We also compared this generation with the laboratory test strain using OMS-33 and obtained 
the.following results (Table 4). From these tests we concluded that the Santo Domingo strain 
was resistant to dieldrin and lindane and tolerant to fenthion but that it was susceptible 
to OMS-33 at a concentration of 1.6% after 24 hours exposure. The laboratory at the London 
School of Tropical Medicine and Hygiene confirmed our observations (see WHO/VBC/72.359). 

With resistance to dieldrin confirmed in Santo Domingo, the State of Trujillo, we decided 
to monitor the pressure of resistance within the State. Testing of R. prolixus is continuing 
and tolerance or resistance has been noted in eight localities (Table 5). 

The occurrence of resistance to dieldrin, caused us to discontinue the use of chlorinated 
insecticides in these communities and instead either fenthion or OMS-33 was used. 

In November 1974 we tested a few wild caught R. prolixus from Santo Domingo and found 
a 4% concentration of fenthion produced 60% mortality in 48 hours and lOO% mortality in 72 
hours. At the same time we tested another batch of fifth instars with a 1.6% concentration 
of fenthion and found 18.2% died in 48 hours, 44.5% died in 72 hours and 100% died in 96 
hours. These findings show an increase in tolerance to fenthion. Of interest is the obser
vation that 20 fourth instar nymphs exposed to the same concentration all died within 72 hours. 
The spraying history of Santo Domingo shows that it was sprayed with fenthion at a rate of 
two (2) grams of active ingredient per square metre in September 1972 and no R. prolixus 
were found for 13 months. 

Susceptibility testing of R. prolixus began in the State of Tachira in 1971. The tests 
showed that most of the State could be considered a dieldrin susceptible area, but three 
villages did show some tolerance to a 4% concentration of dieldrin (Las Mesitas 82.7% 
mortality, El Majeco 70% mortality and El Paraguito 87.5% mortality). 

The same year a few nymphs of T. maculata and R. prolixus were sent to us from the State 
of Anzoategui. All died when exposed to 4% dieldrin for 48 hours. 

Only T. maculata was tested from the State of Falcon. Most localities showed the 
bugs to be susceptible to lindane. However, Butare in the municipality of La Vera showed 
tolerance to 0.4% lindane with a mortality of 30% at an exposure of 72 hours and Limoncito 
in the Municipality of Sabaneta showed tolerance to 0.8% lindane with a mortality of 90% 
after 48 hours. We believe this is the first report of T. maculata resistance. 

It was with insects from Falcon that we observed for the first time recovery after the 
initial knockdown. A few T. maculata appeared to be moribund for several days but became 
active again when removed from the insecticide. Those that recovered were exposed again to 
lindane after a weeks rest. They were knocked down in less than 24 hours but recovered 
again when removed from contact with the insecticide. Once observed, we began to make 
additional observations of this knockdown phenomenon of lindane with T. maculata and 
R. prolixus. Concentrations of 0.4%, 0.6% and 0.8% lindane were used; but very few triatominae 
recovered when exposed to the high concentration. We were able to verify this observation 
in every state where lindane susceptibility of triatominae was tested. 
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From 1969 to 1971, HCH had largely replaced dieldrin in the campaigns against the vectors 
of Chagas' disease in Venezuela because of cost and toxicity, the seriousness of this obser
vation as it applies to control cannot be overlooked. For example in the State of Yaracuy 
in 1969-1970, R. prolixus from the villages of Yuca and Guarataro were lOO% susceptible to 
a 0.4% concentration of lindane. Only three years later, recovery of R. prolixus was noted 
after knockdown at concentrations of 0.4% and 0.6%. In order to produce death we had to 
expose them to a concentration of 0.8%. 

In field observations we picked up bugs knocked down during the routine spraying of 
houses with HCH. In the states of Aragua, Carabobo, Guarico and Miranda up to 40% of the 
bugs recovered. Laboratory tests using bugs from various localities produced similar 
results. In these cases the bugs were placed against various surfaces sprayed with HCH 
and knockdown and recovery noted. The number of bugs which recovered increased and the 
time needed for recovery decreased as the length of time after spraying increased. This 
observation was true for R. prolixus and T. maculata. 

From these laboratory tests it is apparent that field control operations require the 
assistance of a laboratory to monitor resistance to insecticides in use and to test 
insecticides which might be considered for replacement. In addition prior to selection of 
new insecticides a number of field trials with the insecticide and evaluated by bioassays and 
house inspections are necessary. 
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TABLE 1. 

Municipality 

Motatan 

Motatan 

Motatan 

A. N. Briceno 

A·. N. Briceffo 

A. N. Bricei'io 

A. N. Bricefio 

A. N. Briceiio 

A. N. Bricefio 

A. N. Bricefio 

Pampanito 

Pampanito 

Pampanito 

Pampailito 

Pampanito 

SUSCEPTIBILITY TESTS WITH DIELDRIN ON R. PROLIXUS 
FROM VILLAGES IN THE STATE OF TRUJILLO 

Village Concentration Exposure 
DLN hours 

% 

L. Pajones 0.8 48 

L. Pajones 1.6 48 

L. Pajones 4 48 

c. Cuba 

c. Cuba 0.8 48 

c. Cuba 1.6 48 

c. Cuba 4 48 

c. Cuba 0.8 48 

c. Cuba 1.6 48 

c. Cuba 4 48 

L. Vera 1.6 48 

L. Vera· 4 48 

s. Domingo 0.8 48 

s. Domingo 1.6 48 

s. Domingo 4 48 

ReEeated with another batch 

Pampanito s. Domingo 1.6 48 

Pampanito s. Domingo 4 48 
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Mortality 

10 

30 

92 

2.5 

2.5 

75 

1.6 

3.2 

65 

20 

80 

0 

5 

27 

0 

25 
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TABLE 2. BIOLOGICAL EVALUATION OF INSECTICIDES SERVICE 
SELECTIVE ACTION OF DIELDRIN ON THE SANTO DOMINGO STRAIN 

Nov. 1969 
Nymph• ~th •tage 

4% 
I 

21% 

Hours exposed 48 hours 
I 

Mortality 9% 

Since 1969 

Dec. 1969 
Nymphs 5th stage 
48 hour exposure 
concentrations-of 

dieldrin 
4% 

mortality 
25% 

I 
1970 

Fl 
Fifth stage 
Cone. of 4% 

72 hours 

Dec. 1969 
adults 

120 hours 
I 

26% 47"/o i2 __________________ __ 
No selection, majority of insects sent to London 

I 

Exposure 
Mortality 

Exposure 

Mortality 

Exposure 

Mortality 

Exposure 

Mortality 

Cone. 4% 
144 hours 

Cone. 4% 
96 hours 

I 
21.8% 

I 4th 
Cone. 4% 

I 

240 hours 
I 

3% 

I 5th 
Cone. 4% 

312 hours 
I 

0% 

DIELDRIN 4% 

F3 

Fifth stage 
I 

1971 

0 

F4 

3rd stage. 

stage 

stage 5th stage 
Cone. 4% 

240 hours 

0% 

r---------------------------~--------------------------~ 
3rd 

Exp. hours 400 
Mortality 0 
pass to 4th stage 

4th 

Exp. hours 400 
Mortality 0 
pass to 5th stage 

5th 

Exp. hours 400 
Mortality 0 
pass to adult 



TABLE 3. RESULTS OF TESTING THE Fl GENERATION OF 
SANTO DOMINGO STRAIN OF R. PROLIXUS WITH LINDANE 

Concentration Number of Exposure % 
lindane insects time Mortality 

0.4% 40 48 hours 30.0 

0.8% 50 48 hours 42.5 

1.6% 80 48 hours 58.0 

Control 10 48 hours 0 

TABLE 4. RESULTS OF TESTS ON LABORATORY AND SANTO DOMINGO 
STRAINS OF R. PROLIXUS USING OMS-33 

Concentration Strain 
Exposure % 

hours Mortality 

0.4% San to Domingo 24 o.o 
0.4% San to Domingo 48 30.0 

0.4% San to Domingo 72 75.0 

0.4% San to Domingo 96 97.5 

0.4% Laboratory 24 0 

0.4% Laboratory 48 lOO 

1.6% Santo Domingo 24 lOO 

1.6% Laboratory 24 lOO 
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TABLE 5. LIST OF VILLAGES WITH R. PROLIXUS SHOWING TOLERANCE TO DIELDRIN 

Locality Mortality 

Butaque 70 
Agua Clara 62 
Santa Rosa 85 
La Meseta 76 
La Cejita ss* 
Las Borjas 83 
Los Mamones 83 
El Prado 79 

Resistance 


