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Fipronil Insecticide: Novel Application against Triatomine Insect
Vectors of Chagas Disease
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We investigated the efficacy and the residual effect of fipronil® against two species of triatomirfigibtaysa
infestansand Rhodnius neglectysn laboratory conditions measuring concentration-response and residual activ-
ity on different surfaces (dried mud and lime coated mud). Lethal concentratiops,g @ere determined on filter
paper. The higher insecticide efficacy agaiRstheglectusvhen compared t®. infestanamay be partially attrib-
uted to the differences in their biological cycles and genetic structures. Comparison with lambdacyhalothrin wet-
table powder showed that fipronil mortality rates (above 50%) were observed on mud blocks and lime-coated mud
blocks up to 3 months when fipronil was sprayed at 100 and 200 md.aRésidual effect deeply decayed after 3
months; and at 6 months post treatment mortality was not observed. In contrast, lambdacyhalothrin showed a long
lasting residual effect on both surfaces up to 6 months. Also, it should be mentioned that fipronil had a slow, but
lethal activity on the triatomine bugs when wettable formulations were used on porous surfaces.
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Chagas disease is a major health problem in Latrange of insect pests of crops and animals, and is useful
America. Prevalence varies from 5% to 60%; 16-18 milliom public health applications. As there are no data pub-
people are infected, with a further 90 million at dKHO  lished regarding the efficacy and the duration of the effi-
1991). Chagas disease is caused@ifgpanosoma cruza cacy of fipronil against triatomine-bugs, we organized the
protozoan parasite that is mainly transmitted by inseftllowing trials: concentration-response and data on re-
vectors (subfamily Triatominae). Lack of a vaccine or suisidual activity on different materials (dried mud and lime
able drugs means that control of Chagas disease reliescoated surfaces) under laboratory conditions.
control of the vector achiev.ed through insecticide appli- MATERIALS AND METHODS
cation. However, reinfestation of sprayed houses can be ) _ ) _ _

a major problem caused by lack of sufficient residual ef- Chemical Fipronil®,(+)-5-amino-1-[2,6-dichloro-4-
fect of insecticides (Schofield & Dias 1991). (trifluoromethyl)phenyl]-4-[1R,S)-trifluoromethyl) sulfi-

Triatoma infestan&lug, 1834 is an important vector Nyl]-1H-pyrazole-3-carbonitril) was purchased from
of Chagas disease in Latin America (WHO/TDR 1991Rhdne-Poulenc Ag. Company, NC, USA (Exp 60720A).
Several insecticides have been tested on this triatomihBe percentage of active ingredients (A. 1.) were Aryl
in order to evaluate the efficacy on triatomines (Schofiel@eterocycle (Fipronil) 90% for topical application and con-
1985). Currently, pyrethroids are commonly used in thi&ct test, 80% (wettable powder formulation) for pre-built
spraying campaigns (OPS/WHO 1992). The persistenb#ocks tests and other ingredients 20%.
of insecticide deposits on walls and roofs is an advan- Insects For this test, Sth instars nymphsiofnfestans
tage in providing long-term protection againser. neglectué_ent) 1957, were held in Iaboratory condi-
reinfestations (Giga & Canhao 1992). Thus, success igns at 25-30°C, 50-70% relative humidity with 12:12 h
the residual spraying of houses for the reduction dight/dark periods. The nymphs were synchronized chro-
triatomines depends upon applying an initial applicatiofologically and physiologically, i. e., only those that
with high impact on triatomines (Schofield 1985) and suimoulted to 5th instar in the same week were fed to reple-
face deposits that are lethal to triatomines after a lohi@n & week later. The test was carried out seven days
period of time (Rojas de Arias 1995). after feeding.

Fipronil is a phenyl pyrazole, which when is used at Residual evaluation €ircular disks of filter paper

low doses, is a highly effective insecticide against a brodhatman No. 1 (9 cm diameter) were used and placed in
Petri dishes. The papers were impregnated with the solu-

tion of formulated insecticide achieving a homogeneous
distribution of the insecticide all over the treated area.

This work received financial support from the Rhc‘)ne-PouIengagh filtgr paper di,Sk (area 64 %)nvas treated with 1 ml
Agrochemistry Company (now Aventis), Department of PubOf fipronil suspension. After 24 h when the solvent was

lic Health, Lyon, France. evaporated, the insects (10 per group) were held in con-
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live insects were maintained in clean vessels fitted with Differences observed fdR. neglectusvere remark-
filter paper roosts and closed with nylon netting. Ror able, showing doses that were 3.6 times lower than those
neglectuandT. infestanshe observations were performedused fofT. infestangTable I). It is commonly known that
at 72 h after treatment, recording alive, moribund and deatsect populations exhibit a wide range of individual
insects. Moribund insects were considered as dead at ttagiation in susceptibility to insecticides, a fact that could
time of reading. explain the high variation observed in our application on
Pre-built blocks Two types of cylindrical blocks of 9 R. neglectugZerba et al. 1989). On the other side, Oliveira
cm in diameter and 0.5 cm on thickness, made of mud, afitho (1999) compared several insecticides on different
lime painted mud were used as the surface to be treatedtomines species and the geriRredniusvas the most
with fipronil. Blocks were prepared at the Centro dsusceptible of the triatomines tested.
Tecnologia Apropiada (CTA), Universidad Catélica In previous studied. infestanswas susceptible to
Nuestra Sefiora de la Asuncién, Asuncion, Paraguay. Tlenbdacyhalothrin WP10 at lower doses than those of
materials and style of building of these blocks were simi-
lar to those used by rural populations in Paraguay. A total TABLE |
of 120 pre-built blocks were used in this study. s : : ; :
Mud blocks The blocks were made from soil of 60:20:20 Eﬁ,qeﬁgsd?,];llp;%rg:e%?ui;,hégittggﬁos?;: r}ifﬁ:ﬁ,”;‘pl‘ﬂ
sand, lime and clay. Straw or grass was added as a fibre

source to reduce the amount of cracks that appeared d0F€Cts LGg LCqq Correlation
; ; ; ! mg 2 mg n2 coefficient
ing the drying process. Compacting and curing were per-
formed in the same way as in the soil-cement blocks. T. infestans 106.7 190.6 0.95
Lime-coated mud blocksA mixture of lime and water (78.6- 134.8)  (156.1 - 225.2)
(5,000 mg/500 ml) was prepared and continuously stirrddl neglectus 29.5 52.1 0.99
(7.0-52.1) (26.6- 78.7)

before application by brushing onto dried mud blocks.
Two coats were applied on the blocks with 15 min dryinghe values in parenthesis are the confidence limits (5%).
period in between. Fifteen to 23-insfarinfestansymphs
were exposed to either the §(or twice the LG, dose of
fipronil applied to process-built blocks of housing materiz. I .
ls vt o 25 50100 and 200 mgme ncectswere 1PONL IS SO Shovng 2L 2n ool 2
eld in place by bioassay cones (designed for mosqu& . : L . X
bioassays on walls) attached to the blocks by nails. T 95). Tables Il and Il report the mortality rates by time

nymphs were held on the treated surfaces for 72, 120 hEgposure to mud and lime-coated mud blocks treated with

7 days. Mortality rates were recorded and after the exP%lh insecticides. Results obtained show that fipronil had

sure period alive insects were transferred onto filter pap fbggcthheal(')?ﬁfﬁt;'?g r?%tfl\;'lge dee mgsn Srga;ig ggla
and observed in the laboratory for 15 days. An insect w. tyt' f|50 - ?' o ka ut 20 d
considered dead when no locomotory activity could pgoncentration ot SU-62 mg a.c.m DIOCKS a ays
seen when the insect was prodded. Moribund insects w @st-treatment. However, fipronil activity is higher on mud
considered dead at the time of the reading if they did n PCT,[S atstoicri]aﬁs Otf &?St'tﬁatnr?ﬁm v]:/hen f?rmﬁ?;eﬂtw'm
show any subsequent recovery of activity during the negﬁ_su_s obtained at fnree morrns of post-ireatment.
15 days. Untreated surfaces were used as control, is time, residual effect over S%A) of mortality was only
Statistical analysis- The LG ;4L.Cqqvalues ex- observed at 100 and 200 mg a.€adter 7 days of expo-

pressed in mg/Rwere determined by data analysis prc)_sure. At 6 months post-treatment, fipronil did not show
gram (Toxicologie®, G. Febvay, INSA 406, F-696212"Y residual effect.

Villeurbanne France) using the probit method of analysjs tt()\r/eratlil\,/i?ntlr:m:—cr??;e(é rtr)}Udkblo;\:lks\’/f'PtLOT” shci);/ved
and the correlation coefficient. etter activity than o ud blocks. INevertheless, Its ac-

tivity deeply declined at six months post spraying (Table
RESULTS AND DISCUSSION ). On the other hand, lambdacyhalothrin showed a long

The results obtained in the comparison betwed@sting residual effect up to 6 months in both types of
fipronil and lambdacyhalothrin up to three months possturfaces, and mortality rates on lime-coated mud blocks
spraying and the application on two speciesnfestans Were between 33% and 66%. .
andR. neglectusindicate that fipronil could provide a |t should be noticed that mud and lime-coated mud
good overall control of triatomines on various substrate§Urfaces are extremely variable in pH and dust distribu-

The difference in efficacy on the two species as showPn: such factors can reduce the residual activity of
in Table I, may be partially attributed to the differences ifiPronil butin these particular assays toxicity, differences
the biological cycles, anatomy and their genetic strudlere not evident (see Tables Il and Ill). In other studies,
tures or due to differences in their detoxificant capacitid¥?Wever, important variations were noticed between mud
(Casabé & Wood 1998). Assays were performed in twﬁ_yrfaces _and those covered Wl'gh lime; the duration of re-
different occasions and strong differences were maigidual efficacy was greater on lime surfaces than on mud
tained consistently. Wood et al. (1982) found importaritubstrates (Rojas de Arias 1995). _
differences on insecticide susceptibility among triatomine Additional data are needed beyond those provided

ity to molt, as well. nature of the surface greatly influence the efficacy of the
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TABLE Il

Triatoma infestansnortality rates following time of exposure to mud blocks treated with fipronil and lambdacyhalothrin WP10
tested one, three and six months post-application

Insecticide Post-treatment Concentration Dead triatomines/total (percent)
days maa.c./n? Time of exposure
24 h 48 h 72 h 5d 7d
Fipronil 30 25 0/20 2/20 2/20 5/20 8/20
) (10) (10) (25) (40)
50 0/20 10/20 11/20 12/20 12/20
(0) (50) (55) (60) (60)
100 0/20 0/20 5/20 13/20 13/20
(0) (0) (25) (65) (65)
200 0/20 0/20 4/20 10/20 10/20
0) ) (20) (50) (50)
Lambdacyhalothrin 30 30 1/15 8/15 15/15 - -
(6.7) (53.3) (100)
62,5 1/15 11/15 12/15 12/15 15/15
(6.7) (73.3) (80) (80) (100)
125 2/15 2/15 13/15 13/15 15/15
(13.3) (13.3) (86.7) (86.7) (100)
Fipronil 90 25 0/20 0/20 1/20 1/20 2/20
0) (0) ) ®) (10)
50 0/20 0/20 0/20 1/20 2/20
(0) (0) (0) ®) (10)
100 2/20 2/20 4/20 6/20 11/20
(10) (20) (20) (30) (55)
200 0/20 0/20 0/20 3/20 17/20
) ) @ 15) 85)
Lambdacyhalothrin 90 30 0/15 0/15 2/15 5/15 7115
0) 0) (13.3) (33.3) (46.7)
62,5 0/15 0/15 0/15 0/1 3/15
(0) (0) (0) ©) (20)
125 1/15 1/15 3/15 3/15 6/15
(6.7) (6.7) (20) (20) (40)
Fipronil 180 25 0/20 0/20 0/20 0/20 0/20
0) (0) ) ©) )
50 0/20 0/20 0/20 0/20 0/20
(0) (0) (0) ©) )
100 0/20 0/20 0/20 0/20 0/20
(0) (0) (0) ) )
200 0/20 0/20 0/20 0/20 0/20
) ) ) ) )
Lambdacyhalothrin 180 30 0/15 0/15 0/15 0/15 2/15
(0) ) ) ) (13.3)
62,5 0/15 0/15 0/15 0/15 2/15
(0) 0) (0) ©) (13.3)
125 3/15 4/15 6/15 9/15 9/15
(20) (26.7) (40) (60) (60)

insecticides. The finding that fipronil was highly toxic tocases (Bloomquist 1996, Bloomquist et al. 1997). Fipronil
triatomines on residual surface application, but had lowenterferes with the passage of chloride ions through the
toxicity in our block tests shows that the method of expdgsamma-Amino Butyric Acid (GABA) regulated chloride
sure is critical in evaluating insecticides (Arthur 1979¢channel, thereby disrupting CNS activity and, at suffi-
White 1982, Williams et al. 1982, Giga & Canhao 1992). cient doses, causing death (Cole et al. 1993, Bloomquist

A knockdown resistance was also observed ih996). Recently, Hainzl et al. (1998) have described that
triatomines exposed to contact exposure of fipronil anthe mechanisms for selectivity toxicity of fipronil insecti-
toxicity developed only after 7 days of application. Knockeide were due to differences in the GABA receptor sensi-
down resistance is usually associated to reduced sensiity from the non-competitive blocking site and are also
tivity of the central nervous system (CNS) and involvedependent on the relative rates of conversion to the me-
modification of the sodium-channel pharmacology in sonmtabolite photoproducts.
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TABLE Il

Triatoma infestansnortality rates following time of exposure to lime-coated mud blocks treated with fipronil and
lambdacyhalothrin WP10 tested one, three and six months post-application

Insecticide Post-treatment Concentration Dead triatomines/total (percent)
days maa.c./n? Time of exposure
24 h 48 h 72h 5d 7d
Fipronil 30 25 0/20 0/20 0/20 1/20 1/20
0) (0) 0) ) ()
50 0/20 0/20 1/20 8/20 10/20
©) ) (5) (40) (100)
100 0/20 2/20 7120 10/20 10/20
(0) (10) (35) (50) (50)
200 0/20 4/20 9/20 11/20 50/20
) (20) (45) (55) (100)
Lambdacyhalothrin 30 30 0/15 8/15 12/15 13/15 15/15
(0) (53.3) (80) (86.7) (100)
62,5 10/15 10/15 10/15 10/15 15/15
(66.7) (66.7) (66.7) (66.7) (100)
125 11/15 12/15 13/15 13/15 15/15
(73.3) (80) (86.7) (86.7) (100)
Fipronil 90 25 1/20 1/20 5/20 6/20 12/20
() ) (25) (30) (60)
50 1/20 2/20 2/20 4/20 6/20
(5) (10) (10) (20) (30)
100 1/20 4/20 7120 7120 7/20
(5) (20) (35) (35) (35)
200 2/20 9/20 12/20 20/20 -
(20) (45) (60) (200)
Lambdacyhalothrin 90 30 1/15 1/15 1/15 3/15 3/15
(6.7) (6.7) (6.7) (20) (20)
62,5 0/15 0/15 0/15 0/15 2/15
(0) ) ) ©) (13.3)
125 1/15 4/15 4/15 4/15 4/15
(6.7) (26.7) (26.7) (26.7) (26.7)
Fipronil 180 25 0/20 0/20 0/20 0/20 0/20
0) (0) ) 0) )
50 0/20 0/20 0/20 0/20 0/20
(0) 0) ) ©) ©)
100 0/20 0/20 0/20 0/20 0/20
(0) (0) 0) ©) ©)
200 0/20 0/20 0/20 0/20 0/20
) ©) ) 0) )
Lambdacyhalothrin 180 30 0/15 3/15 5/15 10/15 10/15
0) (20) (33.3) (66.7) (66.7)
62,5 5/15 5/15 5/15 5/15 5/15
(33.3) (33.3) (333) (33.3) (33.3)
125 6/15 7/15 7/15 7/15 7/15
(40) (46.7) (46.7) (46.7) (46.7)
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