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ABSTRACT 

The technique of topical application was employed to test 22 
insecticides, including 2 organochlorines, 9 organophosphates, 2 
carbamates, and 9 pyrethroids, against a dieldrin-susceptible laboratory 
strain and a dieldrin-resistant strain of the Chagas' disease vector 
Rhodnius orolixus. Decamethrin (a pyrethroid) and fenthion were.both 
highly toxic to the insects, and organophosphates tended to be more toxic 
than organochlorines and carbamates. The pyrethroids, except for 
decamethrin, were generally less toxic. Cross-resistance to dieldrin 
was demonstrated for gamma BHC and varying degrees of tolerance were seen 
for virtually all the organophosphates and carbamates, but not for the 
pyrethroids. 

INTRODUCTION 

Rhodnius prolixus is the most important vector of Chagas' disease in Venezuela. The 
only method that has been effective against the disease in large-scale programmes is residual 
wall spraying to control the vector. The two insecticides in general use for this purpose 
are dieldrin and lindane (gamma-BHC). Unfortunately, the residual life of lindane is 
inadequate, dieldrin is toxic to mammals and birds, and there is resistance to these two 
compounds in the state of Trujillo (Gonz~lez-Valdivieso et al., 1971; Nocerino, 1976). 
Therefore, there is a need to test alternate insecticides and the first step in the screening 
programme is to determine the toxicity of the insecticides to the vector. The standard 
technique for susceptibility testing with Reduviidae is by exposure of the insects to papers 
impregnated with insecticide (w~O/VBC/75.587). In the 1975 meeting of the Expert Committee 
on Insecticides it was recommended that the technique of topical application of micro-droplets 
of insecticide be evaluated as a method for susceptibility determination for Reduviidae. 
Preliminary tests have shown topical application to be practical and reliable, if droplet 
size, instar and holding time after application are kept constant, and only the per cent. 
concentration of insecticides in solvent is varied. 

MATERIALS AND METHODS 

An Arnold Hand Microapplicator (Burkard, Rickmansworth, Herts., England), fitted with a 
1 ml syringe and a 3/lo x 25 mm hypodermic needle was employed to apply a 1 microlitre (1 mml) 
droplet of technical insecticide, mixed to the appropriate concentration in acetone to the 
dorsal abdomen of each insect. The treated insects were held in a dark cabinet in 9 em 
diameter petri dishes lined with paper towelling, 10 insects per dish, and mortality was 
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recorded after 72 hours, with the exception of dieldrin, which was observed for seven days (168 
hours) . 

A minimum of five dosages was tested for each insecticide, and at least 60 insects per 
dosage. Twenty insects per dosage were tested on three separate occasions at least a week apart 
and with a minimum of two separately mixed batches of insecticide. Controls, treated with 
1 mml ofacetone only, were run with each dosage series. The resulting dosage-mortality data 
were corrected by Abbott's formula, plotted on log-probit graph paper, a straight-line dosage 
mortality curve was fitted by eye, and the LD50 and LD95 were read from the curve. 

All test insects were fifth-instar nymphs blood-fed on a chicken five days previously. 
The standard laboratory strains were tested against each insecticide. 

1. Rhodnius prolixus Cojedes (COJ) susceptible strain was started in 1976 from numerous 
collections inside houses in the state of Cojedes, Venezuela. Dieldrin susceptibility was 
monitored during each generation. Mortality was always 100% within 48 hours of exposure to 
4% dieldrin-impregnated papers. 

2. R. prolixus Santo Domingo (SD) dieldrin-resistant strain was started in 1969 from Santo 
Domingo, State of Trujillo, Venezuela (Nocerino, 1976). Selection for resistance was carried 
out each generation by exposing the blood-fed fifth-instars to 4% dieldrin-impregnated papers 
for seven days, with a mort.ality during each generation of 4-15%. Nymphs to be tested 
against other insecticides were not exposed to dieldrin first during that generation. 

The 22 insecticides (technical grade) tested are listed in Table 1, with the 
corresponding OMS (WHO) numbers and other important numbers or names. 

The pyrethroid insecticides were tested from August until December 1977, 
extremes for temperature being 24.5-33.5°C and for relative humidity 36-55%. 
compounds were tested from October 1977 until January 1979 at temperatures of 
humidities of 32-50%. 

RESULTS 

the range of 
The other 

22-35°C and 

The results are given in Tables 2 and 3. Control mortality was less than 5% in all 
cases except two tests with the SD strain (decamethrin and bioallethrin), in which 
mortalities were corrected by Abbott's formula. 

The group of organophosphorous (OP) compounds tended to be more toxic than the other 
groups, LD50 values being from 0.17 to 1.3 mmg (micrograms, mg, gamma) per insect except for 
malathion (11 mmg). Most of the pyrethroid insecticides were of low toxicity, with the 
exception of decamethrin which had the highest toxicity of all insecticides tested (0.12 mmg), 
bioresmethrin (0.73 mmg) and cypermethrin (1.4 mmg) which were comparable to the OP compounds. 
OMS-1011 caused no mortality, even at 500 mmg. The two carbamates tested were of lower 
toxicity than all of the OP insecticides except malathion. Of the two organochlorines (OC) 
the toxicity of dieldrin was similar to the carbamates and gamma-BHC was comparable to the OPs. 

The slope of the dosage-mortality curve was generally flatter for the pyrethroids than 
for the other insecticides. In other words, a greater increase in dosage was necessary for 
a similar increase in mortality. The ratio LD95:LD50 for pyrethroids against the COJ strain 
was always greater than 3.0 (the higher the ratio the flatter the curve). For the other 
compounds it was always lower than 3.0 except for bendiocarb, malathion and gamma-BHC. 

The LD5o values for the COJ and the SD strains were highly correlated for both the 
pyrethroids (r = 0.88, p<O.Ol) and the other compounds, excluding the OCs (r = 0.99, p<O.OOl). 
The rank order of toxicity of the compounds to the two strains was nearly identical, only 
one compound being out of order in each group. 
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As expected, the SD strain, which had been selected for dieldrin resistance on 
impregnated papers, was highly resistant to dieldrin and gamma - BHC applied topically (see 
ratio LD50 SD: COJ, Table 2). It was also slightly more tolerant than the COJ strain to 
all of the OP and carbamate insecticides tested, except pirimiphos methyl. For three of 
these compounds, the LD50 of the SD strain was more than twice that of COJ : bendiocarb (3.5X), 
malathion (2.8X) and chlorphoxim (2.4X). With bendiocarb and chlorphoxim there was never 
100% mortality in the SD strain, even at the highest dosage tested (100 mmg). Even for the 
COJ strain these three insecticides tended to have a flatter dosage-mortality curve than the 
others. 

The generalized increase of tolerance of the SD strain to the OC, OP and carbamate 
insecticides was in sharp contrast to the results with the pyrethroids, where the SD strain 
was more susceptible to every compound tested (Table 3). 

DISCUSSION 

Lethal dosage determination of ins~cticides by topical application gives information on 
toxicity of each compound against R. prolixus, and testing a dieldrin-resistant strain reveals 
tendencies of tolerance to other insecticides. However, it is not until the residual 
activity of formulated compounds is determined, and field trials with each insecticide are 
carried out, that the true potential of each for control of triatomids can be fully assessed. 
Although residual activity may be of short duration, reinfestation of treated houses can be 
very slow if there are few untreated sources of triatominae in the vicinity. Residual 
activity tests and field trials are in progress with the more promising compounds tested 
above. 

The tolerance of the SD strain to all of the OC, OP and carbamate insecticides is 
important. Cockburn (1972) tested a dieldrin-susceptible laboratory strain and a substrain 
of SD on insecticide-impregnated papers and found the following resistance ratios of 
LC50 SD to susceptible : gamma - BHC, 22; propoxur, 3.4; malathion, 1.9. He considered 
this pattern disturbing and predicted that with further selection in subsequent generations, 
resistance was likely to increase. The lack of tolerance of the SD strain to the pyrethroids 
indicates that this class of insecticides may show promise for control. 

The indication of tolerance of the SD strain to topical application of bendiocarb and 
chlorphoxim does not eliminate these compounds from consideration for field use. Unpublished 
preliminary tests have shown that when wettable powder formulations of bendiocarb and 
chlorphoximweresprayed on glass panels, time for 100% knockdown of five-day fed fifth instars 
was similar for both SD and COJ strains for both insecticides, whereas knockdown times with 
dieldrin and gamma-BHC on glass were much longer for the SD strain. At least a part of the 
tolerance of the SD strain to many insecticides is probably due to a cuticular barrier 
resulting in reduced penetration of insecticides. This barrier may react differently to 
the insecticide in acetone applied to the tergum and drying to form a crystaline mass, than 
on the formulated wettable powder contacting the tarsi and most of the ventral surface of 
the insect. 

Standardization of strains and alimentary condition of insects for testing new 
insecticides is important. Cockburn (1972) did preliminary topical tests with a laboratory 
strain of R. prolixus, using only 5-20 insects per replicate, against dieldrin, gamma- BHC, 
and propoxur. Although the rank order of toxicity was similar to our tests, the LD50 values 
were approximately 1.5 to 3 times greater. Topical-tests done by Dr. F. Nocerino of the 
Pesticide Evaluation Service in Venezuela on unfed R. prolixus give consistently lower LDso 
values than ours, but similar rank (personal communication). 

It is of interest to compare our results by topical application with the results of 
other workers who exposed R. prolixus to impregnated papers. Fox et al., (1966), apparently 
working with a dieldrin-resistant strain from Colombia, also found fenthion to be more toxic 
than malathion. The rank order of Cockburn's (1972) tests, from most to least toxic, are 
gamma - BHC, propoxur, dieldrin, fenthion and malathion. This is the same order as our 
topical results except for fenthion, which was found to be the most toxic of the five. 
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Although some of the pyrethroid compounds showed low activity against R. prolixus, their 
activity as "flushing' agents should be evaluated to determine if they can be used in 
conjunction with other more toxic insecticides to excite the insects so that they leave the 
wall cracks and run on the treated surfaces. Flushing agents are also important for sampling 
triatomine populations without killing the insects. OMS-lOll may be ideal for that purpose, 
due to its virtual lack of toxicity. Pyrethrins, with or without the synergist piperonyl 
butoxide have been used as flushing agents in the past. They are less expensive, but cause 
some mortality, a disadvantage when samples of live insects are required. 

CONCLUSIONS 

1. The technique of topical application was suitable for laboratory testing of insecticides 
against R. prolixus. 

2. Decamethrin, followed by fenthion, were the most toxic compounds against R. prolixus. 

3. The OP compounds tended to be more toxic than the OCs and carbamates. 
of decamethrin, the pyrethoids were of moderate or low toxicity. 

With the exception 

4. The SD dieldrin-resistant strain was resistant to gamma - BHC, somewhat tolerant to the 
OP and carbamate compounds, but less tolerant to all the pyrethroids. 

5. Field trials are necessary for the more promising compounds. 
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TABLE l. REFERENCE INFORMATION ON 22 INSECTICIDES 
TESTED AGAINST RHODNIUS PROLIXUS BY TOPICAL APPLICATION 

Insecticide OMS Other names, 
No. numbers 

ORGANOCHLORINE 

l. dieldrin 0018 

2. gamma BHC 0017 lindane 

ORGANOPHOSPHOROUS 

1. bromophos 0658 Nexion 
R 

2. chlorphoxim 1197 Baythion 
R 

3. fenitrothion 0043 Sumithion 
R 

4. fenthion 0002 
R 

Baytex 

5. jodfenphos 1211 Nuvanol 
R 

6. malathion 0001 

7. phoxim 1170 

8. pirimiphos-ethyl 

9. pirimiphos-methyl 1424 Actellic 
R 

CARBAMATE 

1. bendiocarb 1394 Ficam 
R 

2. 0033 
R 

propoxur Baygon 

PYRETHROID 

1. bioallethrin 0468 

2. s- bioa lle thrin 0468 

3. bioresmethrin 1800 NRDC-107 

4. cypermethrin 2002 NRDC-149 

5. decamethrin 1998 NRDC-161, K-Othrin 
R 

6. permethrin 1821 NRDC-143 
r 

7. tetramethrin lOll Neopynamin 
R 

R R 
8. Sumithrin 1810 Sumithrin 

9. "2-Z" 1810 
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TABLE 2o LETHAL DOSAGE DETERMINATION OF 13 ORGANOCHLORINE, ORGANOPHOSPHOROUS AND 
CARBAMATE INSECTICIDES AGAINST FIFTH-INSTAR, FIVE-DAY FED NYMPHS OF RHODNIUS PROLIXUS 
COJEDES STRAIN (DIELDRIN SUSCEPTIBLE) AND SANTO DOMINGO STRAIN (DIELDRIN RESISTANT) , 

TREATED TOPICALLY WITH 1 nunl OF INSECTICIDE IN ACETONE SOLUTION 

(LD values given in rnmg aoio per insect, 
insecticides ranked in order of toxicity (LD5o) to Cojedes strain) 

Ratio 
Cojedes strain Santo Domingo strain 

OMS 
Santo Domingo:Cojedes 

Conunon name 
number 

Ratio Ratio 
LD5o LD95 LD9 5: LD50 

LD5o LD95 LD9 5 : LD 50 
LD5o LD95 

fenthion 0002 Ool7 0.29 1.7 0.21 Oo37 1.8 1.2 1.3 

fenitrothion 0043 Oo30 Oo61 2o0 Oo40 Oo74 1.8 1.3 1.2 

pirimiphos-methyl 1424 0.61 1.1 1.8 Oo 59 1.0 1.7 0.97 Oo91 

chlorphoxim 1197 Oo 71 1.9 2.7 1.7 >100 >59 2o4 >53 

phoxim 1170 Oo79 1.3 1.6 0.90 1.7 1.9 1.1 1.3 

ganuna BHC 0017 Oo82 2o6 3o2 > 1000 >1000 - >1200 > 380 

pirimiphos-ethyl - Oo86 1.6 1.9 Oo95 1.7 1.8 1.1 1.1 

jodfenphos 1211 Oo93 1.5 1.6 1.2 1.9 1.6 1.3 1.3 

bromophos 0658 1.3 2o7 2ol 1.6 4oO 2o5 1.2 1.5 

propoxur 0033 1.5 3o9 2.6 2o4 5o6 2o3 1.6 1.4 

dieldrin 0018 1.8 3o6 2o0 >1000 >10oo - >550 > 280 

bendiocarb 1394 3o4 26 7o6 12 > 100 >8o3 3o5 >3o8 

malathion 0001 11 60 5o5 31 120 3o9 2o8 2oO 
-- - -- -
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TABLE 3. 

Common name 

l. decamethrin 

2. bioresmethrin 

3. cypermethrin 

4. S-bioallethrin 

5. permethrin 

6. Sumithrin 

7. b ioalle thrin 

8. "2-Z" 

9. tetramethrin 

LETHAL DOSAGES OF NINE PYRETHROID INSECTICIDES AGAINST RHODNIUS PROLIXUS 

Cojedes strain Santo Domingo strain Ratio 

OMS Santo Domingo:Cojedes 

number 
Ratio Ratio 

LD5o LD95 LD95 : LD 50 
LD5o LD95 LD95 : LD 50 

LD5o LD95 

1998 0.12 1.0 8.3 0.045 0.12 2.7 0.38 0.12 

1800 o. 73 2.7 3.7 0.37 1.2 3.2 0.51 0.44 

2002 1.4 4.7 3.4 0.38 2.2 5.8 0.27 0.47 

0468 13 55 4.2 10 71 7.1 o. 77 1.29 

1821 20 75 3.8 6.8 28 4.1 0.34 0.37 

1810 24 102 4.2 18 54 3.0 o. 75 o. 71 

0468 26 80 3.1 25 78 3.1 0.96 0.98 

1810 45 155 3.4 17 66 3.9 0.38 1.13 
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