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Response of Triatoma infestans to pour-on cypermethrin applied 
to chickens under laboratory conditions
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Anillaco, La Rioja, Argentina

This article reports the effects of a pour-on formulation of cypermethrin (6% active ingredient) applied to chick-
ens exposed to Triatoma infestans, the main vector of Chagas disease in rural houses of the Gran Chaco Region of 
South America. This study was designed as a completely random experiment with three experimental groups and 
five replicates. Third instar nymphs were fed on chickens treated with 0, 1 and 2 cc of the formulation. Nymphs were 
allowed to feed on the chickens at different time intervals after the insecticide application. Third-instar nymphs fed 
on treated chickens showed a higher mortality, took less blood during feeding and had a lower moulting rate. The 
mortality rate was highest seven days after the insecticide solution application and blood intake was affected until 
30 days after the application of the solution. 
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The interruption of the vectorial transmission of Cha-
gas disease in most of the Southern Cone countries of 
South America is a good example of a successful vector 
control programme at a sub-continental scale (Schofield 
et al. 2006). This is widely recognised and it is now clear 
that the last frontier for complete success is represented 
by the control of vector populations in rural houses in 
the Gran Chaco Region of Argentina, Bolivia and Para-
guay. Besides economic and political circumstances that 
affected the vector control programmes in the area, the 
continued infestation of houses in the region is associ-
ated with the closeness of the dispersion centre of Tria-
toma infestans, which appears to be located in the inter-
mediate Andean valleys of Bolivia and somewhere in the 
Chaco Region between Argentina and Bolivia (Schofield 
1988, Panzera et al. 2004, Bargues et al. 2006, Catalá et 
al. 2007). This biogeographical feature is a likely cause 
of the resilience of the T. infestans populations in the 
area. Vector control programmes using the traditional 
pyrethroid spraying of intra and peridomestic structures 
of rural houses are not as successful as programmes 
outside the Chaco Region. Traditional spraying is high-
ly effective inside domiciles, but it frequently leaves a 
number of residual peridomestic vector populations, as 
reported in the southern part of the Chaco Region by 
Porcasi et al. (2006, 2007). These residual populations 
eventually recolonise the domestic rooms and re-estab-
lish the domestic transmission cycle of Trypanosoma 
cruzi, as shown by Gurtler et al. (2007) in the central 
area of the Argentinean Chaco. 
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A number of different approaches and techniques 
for controlling or eliminating peridomestic popula-
tions of T. infestans have been considered as alterna-
tives to the traditional application of pyrethroid insec-
ticides. Among other methods, habitat management 
(Gorla et al. 2005) and insecticide paints (Pinto Dias 
& Jemmio 2008) are presently being studied. An early 
attempt, based on changing the structure of a goat cor-
ral, was carried out by Ronderos and Schnack (1987) 
after they recognised that this corral type was one 
of the main ecotopes contributing to the persistence 
of peridomestic T. infestans. Ronderos discontinued 
these studies; only recently have Gorla et al. (2005) 
begun using a similar approach to changing the cor-
ral structure to eliminate triatomine infestation and to 
increase the productivity of the goat hut as a way to 
increase acceptability and sustainability.

As an alternative to pyrethroid spraying, pour-on 
insecticide formulations have been widely used to con-
trol insects of medical and veterinary importance, such 
as Hematobia irritans (Guglielmone et al. 1999), tsetse 
flies (Glossina sp.) (Baylis & Stevenson 1998, Rowlands 
et al. 2002), cattle ticks (Boophilus microplus) (Sosa 
1985), malaria vectors (Anopheles sp.) (Hewitt & Row-
land 1999), lice (Pediculus sp.) (Levot 2000) and T. infes-
tans (Gürtler et al. 2009).

Reithinger et al. (2005, 2006) reported that the use 
of rubber collars with 40 mg/g deltamethrin on dogs re-
duced the feeding success and the survival, fecundity 
and moulting rates of T. infestans, resulting in vector 
population extinction after 196 days.

Here we report the results of an experimental study 
that evaluates the blood intake, moulting and mortality 
rates of T. infestans fed on chickens that were treated 
with a pour-on formulation of cypermethrin. 

MATERIALS AND METHODS

The study was carried out in the laboratory facilities 
of CRILAR (La Rioja, Argentina). The cypermethrin 
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[R-S (cis-trans)-3-(2,2-dichlorovinyl) 2,2 dimethylcy-
clopropyl- (R-S) alphacyane-3- phenoxybenzyl carboxy-
late] was formulated as a pour-on solution with 6% ac-
tive ingredient (a.i.) by Biogénesis S.A (Buenos Aires, 
Argentina) and commercialised as Aciendel®.

Insects used in this study were third-instar nymphs of 
T. infestans provided by the breeding facility of the Coor-
dinación Nacional de Control de Vectores in Punilla (Cor-
doba). The specimens were F1 offspring of T. infestans 
that were collected in the northern part of the San Luis 
province of Argentina, bred under controlled conditions 
and fed on chickens (Gallus sp.). The third-instar nymphs 
used in the experiments were 15 days post-moulting on 
average, unfed and kept under controlled temperature 
(26-28ºC) and humidity (50-70% RH) in appropriately la-
belled plastic jars. The chickens used in this study weighed 
between 590 and 2,190 g and were fed with controlled 
quantities of a mix of natural grains (corn, sunflower and 
oat). The chickens were weighed every two weeks with an 
electric balance (accurate to 2 g). 

The experimental design included three groups (2 
treated and 1 control) of five chickens each, randomly 
selected. Each chicken was identified and caged indi-
vidually throughout the experiment. The insecticide 
was applied to the base of the neck with a needle-less 
syringe for chickens assigned to treated groups. One 
group of chickens was treated with 1 cc (= 0.06 g a.i. 
per chicken) of the pour-on formulation, and a second 
group was treated with 2 cc (= 0.12 g a.i. per chicken) 
of the formulation. The control group was manipulated 
similarly but did not receive the insecticide. Each test 
of insecticide effectiveness was replicated using three 
jars with 10 third-instar nymphs each, fed over the in-
dividually identified chicken. A total of 150 third-instar 
nymphs (10 nymphs x 3 jars x 5 chickens) were used per 
experimental group on each feeding occasion. 

We measured the effects of insecticide on blood intake, 
mortality and moulting rates of the third-instar nymphs. 
The residual effect of the insecticide was measured using 
five independent groups of nymphs fed one, seven, 20, 30 
and 45 days after the pour-on application. Nymphs of each 
independent group were fed three times at days zero, 17 
and 34 of the specified date of the pour-on application on 
the same chicken (i.e. 1st group with 1st contact at day 1 
after the pour-on application was fed at days 1, 17 and 34; 
2nd group, 1st contact at day 7 after the pour-on applica-
tion was fed at days 7, 21 and 41 etc.). 

T. infestans nymphs were allowed to feed for 15 min 
using a device that immobilised the chicken and allowed 
the insects to insert their mouthparts into the ventral 
part of the animal through a nylon mesh. Blood intake 
was calculated as the difference between the weights of 
the plastic jars before and after each feeding, divided by 
the number of living nymphs in each jar. The nymphs 
were weighed as a group and not individually to avoid 
excessive manipulation that could artificially increase 
the mortality rate.

Mortality and moults were recorded weekly and 
evaluated 14 days after contact with a treated chicken 
to allow for the eventual recovery of knocked-down in-

dividuals that received sub-lethal pyrethroid doses (Al-
zogaray & Zerba 1997).

Data were analysed with parametric ANOVA, where 
variance heterogeneity was rejected (Levene test). Cases 
with heterogeneous variances were analysed with the 
Kruskal-Wallis test. All statistical calculations were car-
ried out with Infostat 2004.

RESULTS

The insecticide produced differential mortality rates 
in the nymphs during the first week after the pour-on ap-
plication, but not afterwards (Fig. 1). Nymphs fed with 
treated chickens seven days after the insecticide applica-
tion showed a higher mortality rate than the nymphs in the 
control group (p < 0.01). Nymphs fed on chickens treated 
with 2 cc of the pour-on solution showed a higher mortal-
ity rate than nymphs of the 1 cc group (53.4 ± 17.6% and 
29 ± 3%, respectively, p < 0.01). Nymphs fed 20, 30 and 
45 days after the pour-on application did not show dif-
ferences in mortality between treated and control groups. 
The mortality rate of the nymphs in the control replicates 
averaged 4.96 ± 5.68%. These values are within the ex-
pected mortality of laboratory-reared individuals.

Fig.1: mortality (%) of independent groups of 30 third instar Triatoma 
infestans nymphs fed at different intervals after the pour-on applica-
tion. White bars: control group; grey bars: 1 cc group; black bars: 2 cc 
group. Different letters indicate groups differing significantly at p > 
0.05. Lines over the bars are standard deviations.

Fig.2: blood intake of third instars Triatoma infestans nymphs fed at 
different moments after the pour-on application. White bars: control 
group; grey bars: 1 cc group; black bars: 2 cc group. Different letters 
indicate groups differing significantly at p > 0.05. Lines over the bars 
are standard deviations.
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Blood intake in the first feeding seven days after 
the pour-on application was significantly higher in the 
control group than in both treated groups (Fig. 2). Blood 
intake by nymphs of the two treated groups was similar 
(p > 0.05). No difference in blood intake was found be-
tween control and treated groups fed 20 and 45 days af-
ter the pour-on application. On average, each nymph of 
the control group that was fed 7-45 days after the pour-
on application consumed 24.7 ± 15 mg of blood (Fig. 2). 
Nymphs of the control group consumed more blood than 
nymphs of the treated groups for up to 64 days after the 
pour-on application (Table I).

The moulting rate was significantly higher in the 
nymphs of the control group than in the nymphs fed on 
treated chickens during the first seven days after the pour-
on application. No differences were found between treated 
and control nymphs after the seventh day (Table II). 

DISCUSSION

The active ingredient of pour-on formulations is se-
questered by the sebaceous glands of the animal’s skin 
and then gradually released from these reservoirs over a 
two-month period in concentrations high enough to kill 
resident parasites on the skin (Brayden 2003). However, 
the precise mechanism is probably a mixture of the effects 
produced by the active ingredient diffusing through and 
mechanically spreading over the surface of the animal’s 
skin. This study showed that a pour-on formulation of 6% 
cypermethrin applied to chickens produces a high mortal-
ity rate and decreases blood intake and moulting rates for 
T. infestans nymphs under laboratory conditions during 
the first seven days after the pour-on application. 

Third instar nymphs fed on chickens treated with 1 
or 2 cc of cypermethrin solution showed a maximum 
mortality rate of 53.4% after three meals on the same 
chicken. This observed mortality rate is high, consider-
ing that the nymphs contacted the chicken only with the 

rostrum, through the nylon mesh jar cover and on a region 
of the chicken’s body relatively far away from the point 
where the pour-on solution was applied. (Nymphs were 
fed on the chicken’s abdomen, while the pour-on was ap-
plied to the base of the chicken’s neck.) It was expected 
that the active ingredient would diffuse throughout the 
chicken’s body and would reach the ventral region where 
the nymphs were allowed to feed. Preliminary experi-
ments done by our group (data not shown) suggest that 
diffusion of the active ingredient may not be sufficient 
to produce the concentration needed to kill triatomines. 
If this is confirmed, the insecticide application location 
and/or dose/response studies should be reconsidered. 

The blood intake by treated nymphs was lower than 
the blood intake of control nymphs by a factor of 2. 
Nymphs fed on treated chickens took 15.1 ± 14.4 mg of 
blood on each occasion, whereas nymphs fed on control 

TABLE I
Blood intake (mg) by third instar nymphs of Triatoma infestans in the second and third feeding occasions over control and 

treated chicken (2 cc and 1 cc) at different intervals after the pour-on application

		  Blood intake in each experimental group
	 	 average (standard deviation)

	 Days post pour-on	 2 cc	 1 cc
Feeding occasiona	 application	 (0.12 g a.i)	 (0.06 g a.i)	 Control

Second	 18	 4.73(3.4)b	 6.96(8.4)b	 29.32(18.7)a

	 24	 8.38(6.6)b	 16.36(10.2)a	 18.74(13.6)a

	 37	 16.12(10.4)b	 37.7(23.4)a	 31.86(14.0)a

	 47	 19.74(7.2)a	 16.7(9.7)a	 18.08(14.9)a

	 62	 39.8(10.6)a	 38.9(5.3)a	 29.4(11.8)a

Third	 35	 4.85(5.2)b	 6.78(10.1)b	 21.56(16.24)a

	 41	 5.25(7.5)b	 25.18(18.7)a	 28.9(19.1)a

	 54	 15.8(13.4)b	 10.6(8.9)b	 31.1(19.6)a

	 64	 25.37(12.3)b	 23.4(10.8)b	 63.36(18.9)a

a: first feeding was offered one, seven, 20, 30 and 45 days after the pour-on application to independent nymph groups. Each group 
received a second and third blood offer 17 and 34 days after the first blood offer, respectively. Same letters denote homogeneous 
groups within the same date, p > 0.05, Kruskal Wallis.

TABLE II
Moulting rate (%) in independent groups of third instar 

nymphs of Triatoma infestans fed over control and treated 
groups (2 cc and 1 cc) 34 days after the first meal

	 Moulting rate in each experimental
	 group average (standard deviation)

Days post pour-on	 2 cc	 1 cc
application	 (0.12 g a.i)	 (0.06 g a.i)	 Control

1	 3(4)b	 4.7(5)b	 32(25)a

7	 5(1)b	 23(2)a	 20(15)a

20	 9(16)a	 18(20)a	 43(27)a

35	 2(2)a	 2(4)a	 5(6)a

45	 15(1)a	 37(1)a	 31(15)a

same letters denote homogeneous groups within the same 
date, p > 0.05, Kruskal Wallis.
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chickens took 36.2 ± 24.2 mg. This effect might be due 
to a repellence response, as seen in Triatoma sordida up 
to 120 days after the application of 2.5 mg/m2 of delta-
methrin (Diotaiuti et al. 2000). Similarly, Alzogaray et 
al. (2000) showed that a repellent component inhibits the 
feeding of T. infestans third-instar nymphs.

Degradation of cypermethrin begins immediately 
after its application and its abiotic degradation time is 
about four weeks (WHO 1989). The residual activity 
of the cypermethrin pour-on may vary, as Heath et al. 
(1992) reported an insecticide effect on Bovicola ovis 
until 16 weeks post-treatment in sheep (Ovis aries). In 
this study, the highest mortality was observed between 
seven-15 days after the pour-on solution application. The 
absence of higher mortality before day 7 might be attrib-
uted to insecticide repellence. Apparently, the repellence 
dies off more quickly than the residual activity, caus-
ing mortality in the nymphs. The repellence decreased 
but did not disappear, as shown by the low values of the 
blood intake for control and treated groups over most of 
the 45 days studied in the experiments. It is well known 
that blood intake is one of the key factors regulating the 
density of natural populations of T. infestans (Schofield 
1982, 1985, Gorla & Schofield 1989) and that the amount 
of blood taken by the individuals of a natural population 
is strongly affected by intraspecific competition, which 
is mediated by host irritability. The amount of ingested 
blood affects the development rate of nymphal stages, fe-
male fecundity, mortality and dispersal rates in T. infes-
tans (Lehane et al. 1992, Schofield et al. 1992, Vazquez 
Prokopec et al. 2004), consequently affecting the popula-
tion growth rate. Results of this study showed that treat-
ed third-instar nymphs had a lower moulting rate than 
controls. One undesirable effect of this type of potential 
tool for triatomine control is its eventual effect on adult 
dispersal due to of the low nutritional status that it might 
promote. This should be considered in future studies.

This study shows that the pour-on formulation of 
cypermethrin decreases rates of nymph survival, devel-
opment and blood ingestion, although the formulation did 
not totally eliminate a population under the experimental 
conditions used in this study. Future studies are needed 
to evaluate the effects of pour-on formulations in field 
conditions, where the insects would be in closer contact 
to the chickens. The pour-on formulation is an approach 
that may complement traditional pyrethroid spraying 
which showed low efficacy in the elimination of T. in-
festans populations occupying peridomestic structures of 
rural houses of the Gran Chaco Region of Argentina. 
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