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The reduction of Chagas' disease in South America depends almost entirely on the control 
of triatomid bugs, which are the vectors of the trypanosome responsible. Virtually the only 
method of control is by spraying infested dwellings with insecticides, mainly dieldrin or 
Y-BHC, though new insecticides, such as the carbamate, propoxur (Gonzalez-Valdivieso & 
Sanchez Diaz, 1968) are being tested in the field. With the continued use of one group of 
insecticides over a long period of time, the probability of the insects developing resistance 
to the group of insecticides used increases. Before the development of resistance in the 
field can be monitored, base-lines for the insect species and the insecticide used must be 
measured in the laboratory. Critical concentrations can then be estimated and the monitoring 
of resistance in the field can be standardized. So far, resistance has only been reported for 
Rhodnius prolixus in one or two localities in Venezuela (Gonzalez-Valdivieso, Sanchez Diaz & 
Nocerino, 1971). 

This paper records base-lines for some of the most widely used insecticides, with various 
species of Triatomid bug. Also th~ appearance of insecticide resistance in a colony of 
R. prolixus from Venezuela is confirmed and some preliminary tests of cross-resistance made. 

Materials and methods 

Four colonies of triatomid bugs have been maintained: 

(l) Susceptible Rhodnius prolixus. 

(2) Resistant R. prolixus originally collected from Domingo, Trujillo, Venezuela in 1970. 

(3) Susceptible Triatoma maculata. 

(4) Susceptible Triatoma infestans, some of which were obtained from Bahia, Brazil, in 
1968 and some from Itambarala, Parana, Brazil, in 1969. 

Originally the colonies were maintained in an incubator at 27°C, ~ 0,5°C and a relative 
humidity of about 30 per cent. (the eggs and first instar nymphs, however, were kept at 80 per 
_cent. R.H.). The nymphs were kept in small glass tubes with fine mesh tops and the adults in 
jam jars with similar tops, and were fed weekly on the ears of rabbits. Following defective 
operation of the incubator, the strains were transferred to a constant temperature room at 
25-26CC and a variable relative humidity. The fourth and fifth instar nymphs and the adults 
are kept in 2 lb Kilner jars with screw top wire mesh lids and fed weekly on anaesthetized 
guinea pigs. 
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The following insecticides were used: (1) dieldrin; (2) Y-benzenehexachlorocyclohexane 
(Y -BHC) (lOO per cent. purity); (3) propoxur (98.6 per cent. purity; (4) malathion (97 per 
cent. purity); (5) Dursban (0,0-diethyl 0-(3,5,6-trichloro-2-pyridyl) phosphorothioate) (99 
per cent. purity); (6) fenthion (lOO per cent. purity). 

Solutions of the required weight/volume concentrations were made up from these, using 
Risella Oil as the solvent for Y-BHC, di-octyl phthalate (DOP) for propoxur and olive oil for 
the organophosphates. Impregnated dieldrin papers were supplied by WHO. Solutions for 
topical application tests were made up in ethyl methyl ketone. 

The standard WHO test kit was used with fifth stage nymphs five days after feeding. 
Third and fourth stage nymphs were also used. Insecticide papers were impregnated by the 
method of Busvine & Nash (1953) using chloroform instead of ether. For topical application 
tests, l ml of insecticide solution was placed on the dorsal surface of the abdomen of fifth 
stage nymphs which were subsequently kept on blotting paper in the glass tubes of the WHO kit. 
In most cases, unless otherwise stated, the mortalities were counted after two days. Ability 
to walk normally was taken as the criterion of recovery with both test methods. The tests 
were carried out at 25°C. 

Results 

Measurement of base-line susceptibility 

The first set of tests were made with susceptible R. prolixus and T. maculata exposed to 
dieldrin, Y -BHC and propoxur. Third, fourth and fifth stage nymphs were tested separately, 
the results being shown in Table 1. 

Fox et al. (1966), using R. prolixus, found the fifth stage nymphs most tolerant to 
dieldrin, malathion and fenthion. The present results show no constant difference between 
the susceptibility of the third, fourth and fifth stage nymphs with the insecticides used. 
Accordingly, mixed fourth and fifth instar bugs can be used for subsequent base-line 
evaluation. In subsequent tables, therefore, the results of Table l have been recalculated 
on this basis. Further data for malathion, Dursban and fenthion and tests with T. infestans 
have been added (Table 2). 

Log-concentration/probit regression lines have been drawn from the data of Table 2 and 
critical concentrations estimated graphically (Table 3). 

It was thought that the solvent used with the insecticide might have an influence on the 
effect of the insecticide. For this reason, R. prolixus and T. infestans were tested with 
propoxur in two different solvents, DOP and olive oil. It can be seen from the results 
(Table 4) that the mortality for both species was higher when olive oil was used as the 
solvent. It is obvious that care must be taken when comparing results of tests when 
different solvents have been used. 

Topical application 

Topical application tests were carried out using R. prolixus and the insecticides dieldrin, 
V -BHC and propoxur. The results of these tests are shown in Table 5. The time after which 
the mortality is counted is important as is seen by comparing the mortalities using dieldrin and 
V -BHC after two and five days. This difference ,is caused by the slower action of dieldrin as 
compared with V -BHC. 

Insecticide resistance in Rhodnius prolixus 

A small subcolony of one collected from Domingo, Venezuela, a village where dieldrin has 
been sprayed at a concent;ation of 1 gjm2 for the last few years, was enlarged and tested 
against dieldrin, the results of which are shown in Table 6. 
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There is definite evidence of resistance which confirms the findings of Gonzalez
Valdivieso et al. (1971). Measurement of resistance levels for dieldrin will be difficult 
because even the susceptible strain is close to the upper limit of concentrations available, 
which are near to the saturation level. With ~-BHC, however, the normal lethal levels are 
well below the saturated concentration and accordingly some tests were made with Y-BHC for a 
two-day exposure. Tests were also carried out with a carbamate and three organophosphates as 
a preliminary investigation into the cross-resistance pattern. 
Table 7. 

The results are given in 

Log-concentration/probit regression lines were drawn from the results in Table 7 and the 
LC50 read for each insecticide. The resistance ratio (RjS) was then calculated as is shown in 
Table 8. 

Discussion 

The general procedure for detecting resistance by standardized tests is as follows: 
(l) base-line l.c./probit data are assembled; (2) a concentration level, expected to give a 
complete kill in a very high proportion of tests, is selected for monitoring purposes; (3) when 
regular survivors appear in monitoring tests, resistance is indicated and further extensive 
tests are necessar,y. 

The "rule of thumb" method of selecting a monitoring concentration in early WHO tests was 
to take a concentration double that which had given lOO per cent. kill in the base-line 
determination. The defect of this choice is that it depends on chance appearance of survivors 
in one high dose level and takes no. account of the regression line slope, which will influence 
the chance of survival at the doubled dose. The most satisfactory method of choosing a 
monitoring dose would seem to be by adopting a concentration expected to give a certain kill. 
A 99 per cent. kill would seem to .be a suitable level. 

On this basis, for monitoring dieldrin resistance, four per cent. papers with the standard 
two-day exposure should be satisf•1ctory for R. prolixus and T. maculata. For T. infestans 
with its high natural tolerance, it would seem that four-day exposure to four per cent. 
dieldrin may be necessary. 

For Y-BHC, 0.2 per cent. papers with two-day exposure would be adequate for R. prolixus 
and T. maculat~, but for T. infestans, 0.3 per cent. papers would be needed. 

For propoxur in DOP solution, 0.5 per cent. papers should be adequate for all three 
species tested. 0.2 per cent. papers in olive oil solution should be satisfactory for 
R. prolixus. Olive oil solutions above three per cent. were difficult to prepare, so that, 
with T. infestans, a longer exposure at a lower concentration may be necessary. 

The data for fenthion suggest that 3.2 per cent. papers would be suitable for monitoring, 
with two-day exposure, for all three species. For malathion, 15 per cent. papers for 
R. prolixus and 1.0 per cent. papers for T. infestans, and for Dursban, 4,5 per cent. papers for 
R. prolixus and l.O per cent. papers for T. infestans, all with two-day exposure would be adequate. 

The WHO standard test method suggests a 24-hour exposure for organophosphate insecticides. 
As can be seen from Table 2, low kills were obtained after 24-hour exposure with R. prolixus 
using high concentrations of malathion and Dursban. The mortalities after two-day exposure 
were much higher and for this reason, a 48-hour exposure may be more suitable for monitoring 
tesxs with organophosphates. 

The appearance of resist·ance in the Venezuelan strain of R. prolixus and the cross
resistance to compounds from the other major groups of insecticides is disturbing. Though 
the resistance ratios are not very high at the moment, with further selection in subsequent 
generations they are likely to increase. This cross-resistance pattern will undoubtedly 
c'ause problems in the cdntrol of triatomid bugs, especially if the occurrence of resistance 
in the field increases. 
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TABLE l. PERCENTAGE MORTALITY FOR THIRD, FOURTH AND FIFTH STAGE NYMPHS OF 
R. PROLIXUS AND T. MACUlA TA WITH DIELDRIN, Y -BHC AND PROPOXUR 

(Nos. used in brackets) 

R. ;erolixus T. maculata 
Insecticide 
& cone. % Third Fourth Fifth Third Fourth Fifth 

stage stage stage stage stage stage 

DIELDRIN 

4.0 - lOO (30) lOO (43) - lOO (32) 96 (32) 
1.6 lOO 02) 97 (41) 93 (49) 100 (12) 88 (43) 92 (54) 
0.8 91 02) 81 (49) 7l (35) 91 02) 60 (43) 44 025) 
0.4 58 02) 40 (30) 23 (76) 83 (12) 26 09) 0 (25) 
0~2 5 02) 0 (ll) 0 (21) l (12) 0 09) 0 00) 

Y -BHC 

0.3 - - - - - lOO 00) 
0.2 lOO (6) lOO 09) lOO 03) lOO (6) 92 03) 100 (18) 
0.1 25 07) 40 (25) 88 (25) 91 (12) 89 09) 93 (30) 
0.05 0 (6) 9 01) 0 01) 50 (6) 15 03) 37 06) 
0.03 0 (6) 0 (6) - 0 (6) 0 (6) -

PROPOXUR 

1.6 lOO (6) lOO (6) - lOO (6) lOO (6) -
0.8 lOO 07) lOO 06) - lOO (17) lOO (24) lOO 01) 
0.4 lOO (10) lOO 05) lOO (11) 90 (11) 94 08) 90 (61) 
0.3 - - ~0 (20) - - -
0.2 56 (16) 38 (21~ 69 (158) 0 (11) 16 (24) 16 (25) 
0.1 6 06) 17 (23) 7 (29) 0 (11) 0 (24) 4 (25) 



WHO/VBC/72.359 
page 6 

TABLE 2. PERCENTAGE MORTALITY FOR R. PROLIXUS, T. MACULATA AND T, INFESTANS 
WITH DIELDRIN, Y-BHC, PROPOXUR, MALATHION, DURSBAN AND FENTHION 

(Nos. used in brackets) 

Insecticide 
Rhodnius pro1ixus Triatoma Tviatorna infestans 

& cone. % 
rnacu1ata 

1 day 2 day 4 day 2 day 2 day 4 day 

DIELDRIN 

4.0 - 100 (73) - 98 (62) 50 (40) lOO (30) 
1.6 - 96 (90) - 86 (88) 0 (10) 67 (47) 
0.8 - 77 (84) - 48 (168) - 35 (20) 
0.4 - 32 (56) - 9 (44) - 0 (10) 
0.2 - 0 (32) - . 0 (29) - -

'Y -BHC 

0.3 - - - lOO (10) lOO (15) -
0.2 - lOO (32) - 96 (31) 93 (15) -
0.1 - 64 (50) - 92 (49) 67 (15) -
0.05 - 5 (22) - 28 (29) 7 (15) -

PROPOXUR 

0.8 - - - lOO (35) 100 (10) -
0,4 - lOO (26) - 91 (79) 98 (30) -
0.3 - 90 (20) - - 9~ (30) -
0,2 - 66 (179) - 16 (49) 5 (35) -
0.1 - 12 (52) .. 2 (49) 2 (36) -

-
MALATHION 

20 80 ( 10) lOO (10) - - lOO (10) -
15 20 (10) lOO (10) - - lOO (10) -
12 - 80 (5) - - - -
10 10 (10) 60 (10) - - 100 (10) -

5 0 (10) 30 (10) - - 100 (10) -
1 - - - - 100 (10) -
0,8 - - - - 60 (5) -
0.7 - - - - 40 (5) -
0.5 - - - - .0 (lO) -

DURSBAN 

3.2 - 90 (10) - - 100 (10) -
1.6 9 (11) 62 (21) - - 100 (10) -
0.8 0 (11) 47 (21) - - 100 (10) -
0.6 - - - - 80 (10) -
0.4 0 (11) 0 (11) - - 80 (11) -
0.2 - - - - 0 (lO) -

FENTHION / 

3.2 - 100 (23) 100 (20) 100 (10) 100 (20) -
2.3 - 92 (40) - 50 (20) 96 (25) -
1.6 - 65 (40) 100 (20) 0 (20) 13 (31) -
0.8 - 4 (26) 100 (20) - 5 (21) -
0,4 - - 85 (20) - - -
0.1 - - 0 (20) - - -



TABLE 3. CRITICAL CONCENTRATIONS FOR R. PROLIXUS, T. MACULATA 
AND T. INFESTANS WITH DIELDRIN, Y -BHC, PROPOXUR, MALATHION, 

DURSBAN AND FENTHION 

Insecticide Species Exposure LC50 LC95 LC99 

Dieldrin R. prolixus 2 days 0.54 1.5 2.2 

T. maculata 2 days 0.86 2.5 3.8 

T. infestans 4 days l.l 3.1 4.8 

y~BHC R. prolixus 2 days 0.09 0.15 0.19 

T. maculata 2 days 0.07 0.14 0.19 

T. infestans 2 days 0.095 0.22 0.31 

Propoxur R. prolixus 2 days 0.17 0.34 0.45 

T. maculata 2 days 0.27 0.44 0.54 

T. infestans 2 days 0.24 0.3 0.33 

Malathion R. prolixus 2 days 8.4 13.0 15.0 

T. infestans 2 days 0.75 0.9 1.0 

Dursban R. prolixus 2 days 1.3 3.1 4.3 

T. infestans 2 days 0.4 0.66 0.81 

Fenthion R. prolixus 2 days 1.4 2.5 3.2 

T. infestans 2 days 1.8 2.2 2.5 

TABLE 4. PERCENTAGE MORTALITY FOR R. PROLIXUS AND T. INFESTANS 
WITH PROPOXUR, USING TWO DIFFERENT SOLVENTS: DIOCTYL PHTHALATE 

AND OLIVE OIL 

(Nos. used in brackets) 

Rhodnius prolixu·s Triatoma infestans 
Concentration· 

DOP Olive oil DOP Olive oil 

0.8 - - 100 (10) -
0.4 100 (26) - 98 (30) -

0.3 90 (20) 100 (20) 94 (30) 97 (30) 

0.2 66 (179) 100 (10) 5 (35) -
0.1 12 (52) 30 (20) 2 (36) -
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TABLE 5. PERCENTAGE MORTALITY FOR 
R, PROLIXUS WITH TOPICAL APPLICATION 

OF DIELDRIN, Y-BHC AND PROPOXUR 

(Nos. used in brackets) 

Insecticide & Mortality read after 

cone. ~g/bug 2 days 5 days 

DIELDRIN 

10 30 (lO) lOO (lO) 

5 20 (lO) 90 (lO) 

2.5 10 (lO) 40 (lO) 

l 0 (20) 10 (20) 

Y -BHC 

5 lOO (lO) 100 (10) 

2 60 (lO) 60 (lO) 

1 47 (17) 30 (17) 

0.5 0 (lO) 0 (lO) 

PROPOXUR 

10 100 (lO) lOO (lO) 

5 40 ( 5) 40 (5) 

3 35 (6) 35 (6) 

l 0 (5) 0 (5) 

TABLE 6. PERCENTAGE MORTALITY OF A RESISTANT 
COLONY AND THE LABORATORY COLONY OF R. PROLIXUS 

WITH 2- AND 4-DAY EXPOSURE TO DIELDRIN 

(Nos. used in brackets) 

Dieldrin 
2-day exposure 4-day exposure 

cone. % 
Laboratory Domingo Domingo 

4.0 100 (73) 18 (45) 10 (19) 

1.6 96 (90) 15 (20) -



TABLE 7. PERCENTAGE MORTALITY OF A 
RESISTANT AND SUSCEPTIBLE COLONY OF 

R. PROLIXUS WITH Y-BHC, PROPOXUR 
MALATHION, DURSBAN AND FENTHION 

(Nos. used in brackets) 

Insecticide 
Susceptible Domingo 

& cone. % 

Y -BHC 

1.6 - 43 (47) 

0.8 - 39 (69) 

0.4 - 28 (21) 

0.2 100 (32) 14 (7) 

0.1 64 (50) -

0.05 5 (22) -

PROPOXUR 

1.6 - 100 (20) 

0.8 - 90 (30) 

0.4 100 (26) 14 (45) 

0.3 90 (20) 0 (10) 

0.2 66 (179) 0 (10) 

0.1 12 (52) -
MALATHION 

25 - 100 (11) 

20 100 (10) 60 (20) 

15 100 (10) 40 (25) 

10 60 (10) 17 (17) 

5 30 (10) -
DURSBAN 

6,4 - 86 ( 21) 

3.2 90 (10) 38 (21) 

1.6 62 (21) 0 (13) 

0.8 47 (21) -
0,4 0 (ll) -

FENTHION 

3.2 lOO (23) 
I 

lOO (20) 

2.3 92 (40) 69 (45) 

' 
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TABLE 8, RESISTANCE RATIOS OF THE DOMINGO STRAIN 
OF R. PROLIXUS FOR Y-BHC, PROPOXUR, 

MALATHION AND DURSBAN 

LD50 

Insecticide 
Susceptible Domingo Resistance 

(S) (R) ratio Rjs 

'Y -BHC 0.09 2,0 22 

Propoxur 0,17 0.58 3,4 

Malathion 8.4 16 1.9 

Dursban 1.3 3,9 3 

\ 


