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ABSTRACT
Vectorial transmission of Chagas disease 
has been strongly reduced in most parts 
of the Southern Cone countries of South 
America, except in the Gran Chaco region 
of Argentina, Bolivia, and Paraguay. 
Given periodical interruptions of the 
vector control programmes in the endemic 
region of the Gran Chaco of Argentina, 
the vectorial transmission of the disease 
has been increasing during the last 
years. From the beginning of 2004, the 
provincial Ministry of Health of La 
Rioja, Argentina, started a vector 
control programme to cover the rural 
houses of the Los Llanos area in the 
southwestern area of the Gran Chaco 
region. This article reports the result 



of a standardized entomological survey 
and insecticide application against 
Chagas disease vectors in the intra and 
peridomestic structures of the rural 
houses of Los Llanos. A total of 4062 
houses were inspected, of which 46.8% 
were found to be infested by Triatoma 
infestans. Infestation by vector species 
other than T. infestans was less than 
0.5%(T. eratyrusiformis and T. 
platensis). Intradomestic infestation was 
found in 27.2%, whereas peridomestic 
infestation was found in 39.3% of the 
houses. The lowest figure of 
intradomestic infestation was 6.6% 
(Department F Varela), and the highest 
value of intradomestic infestation was 
45.1% (Department Independencia). In 
spite of the demonstrated success of 
vector control elsewhere, this study 
shows that the vector populations are 
susceptible to pyrethroid insecticides in 
the southern area of the Gran Chaco of 
Argentina, that there still are regions 
where rural houses show heavy infestation 
by T. infestans associated with big 
peridomestic structures and that the 
vectorial transmission of the Chagas 
disease will continue, unless a sustained 
and well organized vector control effort 
is installed in the region. 
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The important overall success of the 
Southern Cone Initiative for the 
elimination of domestic infestation by 
Triatoma infestans, that interrupted the 
vectorial transmission of Chagas disease 
by this species in Chile, Uruguay, parts 
of Argentina, Bolivia, Paraguay, and in 
the whole of Brazil (Schofield et al. 
2006), contrasts with the recent increase 
of Chagas disease case numbers in the 
Gran Chaco region of Argentina (Gürtler 
et al. 2005). This increase could be 
associated with two main causes. 
On one side, the change of structure of 
the control programmes, from vertical 
hierarchical structures to horizontal 
decentralized ones, was followed by a 
progressive weakening of vector control 
activities. From 1998, the Argentine 
economy began to decline, reaching a 
nadir by the end of 2001. This process 
was accompanied by a marked reduction of 
the health budget that progressively 
halted the vector control activities at 
the national and provincial levels. This 
trend has little changed within most of 
the historically endemic region, so that 
vector control activities, search for 
infected people, and parasitological 



treatment, has become almost non-existent 
due to the lack of specific budgets for 
control and vigilance activities at the 
provincial levels, as well as lack of 
personnel and vehicles for field work. 
A newer effect, at least for its relative 
magnitude, is the identification of 
problems for the elimination of 
peridomestic populations of T. infestans 
in the Gran Chaco region of Argentina 
with existing vector control methods. 
These problems had long been identified 
by the studies of Cécere et al. (1997), 
and there is now a remarkable contrasting 
situation between the Gran Chaco and 
elsewhere. Almost all regions outside the 
Gran Chaco certified the interruption of 
the vectorial transmission due to T. 
infestans. Besides Uruguay, Chile, and 
Brazil, five provinces of Argentina 
outside of the Gran Chaco (Jujuy, 
Neuquén, Río Negro, La Pampa, and Entre 
Ríos), as well as the Department of 
Amambay (Paraguay) have certified the 
interruption of Chagas disease 
transmission due to T. infestans (INCOSUR 
2003). However, within the Gran Chaco the 
situation is very different, with rural 
areas showing high house infestation 
rates and increasing numbers of new 
cases. 
The Gran Chaco is a natural region of 
about 1.000,000 km2, extending over parts 



of Bolivia, Paraguay, Brazil, and 
Argentina. Human population density is 
low, usually averaging fewer than five 
people per km2. The vegetation of the 
Chaco is a mosaic of forest, woodlands, 
savannas, and grasslands. Once covered in 
several areas by extensive forests and 
grasslands (by early 1900s), wood 
overexploitation and overgrazing left 
many impoverished areas covered by scrub. 
In many areas, one of the options for the 
small rural producers is goat production, 
frequently associated with the presence 
of goat corrals that usually harbour 
hundreds or even thousands of T. 
infestans (Bucher & Schofield 1981). The 
Gran Chaco of Argentina includes the 
poorest provincial departments of 
Argentina, 31.6% of the homes (over 
562,094) have unsatisfied basic needs as 
compared with 13.3% of the homes (over 
9.513,720) with unsatisfied basic needs 
outside the Gran Chaco (data from the 
2001 national census, http://
www.indec.gov.ar/). 
When the Chagas vector control activities 
began as a national programme by mid 
1960s, rural houses of La Rioja showed 
heavy infestation by T. infestans (> 
50%), that dropped to less than 20% by 
the mid 1990s when the Southern Cone 
Initiative started. Seroprevalence of 18 
year men summoned for military service 



between 1981 and 1993 showed no change 
during the period (seroprevalence 
decreased elsewhere in Argentina), 
averaging 9.4% (Segura et al. 2000). 
During the 1990s, the national programme 
for the control of Chagas disease 
decentralized the activities of vector 
control, transferring the responsibility 
to the provinces. For the case of La 
Rioja, this decentralization resulted in 
a virtual stagnation of vector control 
activities for about 10 years, with 
individual houses irregularly sprayed by 
non-professional personnel after house 
owners denounced infestation by T. 
infestans (Segura 2002). 
During the 1990 decade, important 
sociological changes occurred at the 
provincial level, with the populations of 
the western valleys improving their 
living standard, whereas the populations 
of the eastern plains of Los Llanos 
continued an impoverishment cycle. During 
this period, vector control activities in 
La Rioja where progressively dismantled 
due to the lack of resources and a policy 
to sustain a Chagas Programme. The 
situation reached a critical status by 
the beginning of 2000, with the big 
national socio-economic crisis. 
Unfortunately, the disorganisation of the 
programme activities at the provincial 
level, coupled with a very poor national 



capacity to supervise and control those 
activities, lead to a virtual inexistence 
of historical data to disaggregate any 
analysis below the provincial scale. It 
was known that the vectorial transmission 
of Chagas disease within the western 
valleys of La Rioja was very low, either 
because the cooler climate or the better 
living conditions. It was also suspected 
that the vectorial transmission within 
the Los Llanos region was never 
interrupted and maintained a high 
prevalence level. The last situation was 
later confirmed by a field serological 
survey in one of the eight provincial 
departments of Los Llanos, where 10% of 
the children younger than 15 years were 
found infected (Programa Chagas La Rioja, 
unpublished data). 
The region of Los Llanos in the province 
of La Rioja is located to the south of 
the Gran Chaco and constitutes one of the 
most arid and poorest regions of 
Argentina. Within this area, 72% of the 
rural population follow a system of small 
farm producers, occupying 38% of the 
total surface of Los Llanos (4 million 
hectares) (Gorla et al. 2005). These 
small farms make an integral exploitation 
of all the available resources in a 
subsistence economy system for the family 
group. 
Within the Los Llanos of La Rioja, goat 



breeding is one of the most important 
activities for the small farmers. Goat 
corrals are one of the most important 
refuges for the peridomestic populations 
of T. infestans and one of the ecotopes 
where the insecticide application against 
T. infestans shows the lowest efficiency, 
leaving residual populations that recover 
after 1 or 2 years (Cécere et al. 1997, 
Gürtler et al. 2004, Porcasi et al. 
2006). By 2002 the health ministry of La 
Rioja reactivated the vector control 
activities, and by 2004, the Government 
of La Rioja approved a 5 year programme 
for the control of Chagas disease, 
targeting all rural houses (intra and 
peridomestic structures) of the eight 
provincial departments within the region 
of Los Llanos. 
The objective of this article is to 
inform about the results of a survey on 
entomological indicators for Chagas 
disease in the rural communities of the 
Los Llanos region (La Rioja, Argentina). 
 
METHODS 
The area covered by the Programa Chagas 
La Rioja (PChLR) between 2004 and 2005 
included 8 departments (AV Peñaloza, 
Belgrano, Quiroga, Varela, Independencia, 
Ocampo, RV Peñaloza, and San Martín), 
with 4062 rural and periurban houses. 
Field surveys were carried out during the 



warm months, between September and April 
each year. 
A house by house survey was carried out 
by four technicians of the PChLR per 
house. Two persons inspected 
intradomestic structures (ID) whereas the 
other two inspected the peridomestic 
structures (PD). The two teams searched 
independently during at least 15 min in 
each area with the aid of aqueous 
tetramethrin (0.2%) as an irritant 
dislodging agent. If a live T. infestans 
appeared, the search was terminated in 
that particular ecotope. The house was 
consequently recorded as infested either 
in the ID, in the PD or in both ecotopes 
(IDPD), depending on where the insects 
were found. After the house inspection, 
demographic data of the family was 
recorded on a standard form, the house 
was identified by an individual number 
painted on a house wall and house 
location (latitude and longitude 
coordinates) was recorded using a Garmin 
Legend GPS. After all data were recorded, 
all the inner surfaces of the house and 
external sides of the walls, as well as 
all the peridomestic structures (corrals 
of domestic animals, storage places, 
etc.) were sprayed with deltamethrin 2.5% 
(Bayer), alfacypermethrin 6% (Basf) or 
betacypermethrin 5% (Chemotecnica) using 
5-litre manual sprayers with Schmitt 8002 



fan nozzles. In addition to the 
pyrethroid spray, sleeping rooms of very 
isolated houses were treated with one 
fumigant canister per room (Musal, 
Chemotecnica) if the room structures were 
closed enough to ensure a high efficiency 
of the insecticidal smoke. 
Given published reports about the 
detection of pyrethroid resistance in the 
localities of San Antonio and Cuatro 
Esquinas in the region of Los Llanos 
(Orihuela & Picollo 2005), the PChLR and 
a similar programme developed in the 
neighbour province of Catamarca, carried 
out a monitoring programme for 
susceptibility to pyrethroid insecticides 
in collaboration with the entomology 
laboratory at the CRILAR. Specimens of 13 
localities (8 from La Rioja and 5 from 
Catamarca) were tested for susceptibility 
to deltamethrin, according to the 
protocol described by OMS (1994). 
Briefly, groups of 10 first instar nymphs 
obtained from field collected females and 
within 5-7 days after hatching were used 
in three replicates by locality. Each 
specimen in the " treatment " group was 
given a topical application of 0.2 µl of 
an acetone solution (0.01 mg/ml) of 
deltamethrin (98%, Bayer) and left under 
a constant temperature of 27ºC. An 
equivalent set of replicates of control 
specimens from a susceptible population 



(provided by the insect rearing facility 
of the Coordinación Nacional de Control 
de Vectores, Punilla – Córdoba) received 
only acetone. Mortality of treated and 
control specimens was recorded 72 hours 
after the topical application. 
 
RESULTS 
A total of 4062 rural houses was 
inspected in the intra and peridomestic 
structures. In only 20 of them (less than 
0.5%) other species different from T. 
infestans were found in peridomestic 
structures, namely T. platensis and T. 
eratyrusiformis. Among the 4062 houses, 
46.8% were infested in the intra and/or 
peridomestic structures or both, 27.1% 
had intradomestic infestation and 39.3% 
had peridomestic infestation (Table I). 
The provincial department with the lowest 
infestation was F Varela, with 20.6% of 
infested houses, of which 6.6% was 
intradomestic and 17.6% was peridomestic. 
In contrast, departments AV Peñaloza, San 
Martin, RV Peñaloza, and Independencia 
showed more than 50% of the houses with 
infestation by T. infestans. RV Peñaloza 
and Independencia had more than 40% of 
the houses with intradomestic infestation 
(Table I). Exclusive intradomestic 
infestation was found infrequently (7.5% 
of the houses); exclusive peridomestic 
infestation or mixed infestation (IDPD) 



were more frequent and with similar 
numeric importance (19.7 and 19.6% of the 
houses, respectively) (Fig. 1). 
 

 
Considering the infested houses, the 
Department F Varela showed most of the 
infestation exclusively in the 
peridomestic structures. The Department 
RV Peñaloza showed the highest exclusive 
intradomestic infestation and the lowest 
exclusive peridomestic infestation (Table 
II). Although an inverse relationship 
between intra and peridomestic 
infestation could be expected, a 
correlation analysis between exclusive ID 
and PD infestation showed no significance 
(r = 0.57, p > 0.05, n = 9). 
 

 
Using the georeferenced database of the 
PChLR the total number of houses and 
number of infested houses in a grid of 
4.5 km cells were calculated and used to 
build two layers over imposed in Fig. 2, 
that shows the location of the inspected 
and georeferenced rural houses during 
2004 and 2005. Localities of the 
Department Ocampo will be georeferenced 
during 2006. 
The PChLR sprayed 3787 houses with 



pyrethroid insecticides, using 4127 l of 
suspension concentrate (SC) insecticide, 
plus 2814 fumigant canisters. An average 
of 1.09 l of the SC formulation per house 
was used, with a minimum of 0.6 l per 
house in the Department RV Peñaloza and a 
maximum of 1.6 l per house in the 
Department Belgrano. The variation in the 
amount of insecticide used in each house 
depended on the size of the peridomestic 
structures (Table III). 
 

 
All tested T. infestans specimens that 
hatched from eggs laid by field collected 
females showed susceptible for 
deltamethrin. In general, treated 
specimens showed mortality rates over 95% 
whereas specimens of the control groups 
showed mortality that did not exceed 5% 
(Table IV). 
 

 
DISCUSSION 
Vectorial transmission of Chagas disease 
has been strongly decreasing in the 
southern cone countries of Latin America. 
Chile in 1997, Uruguay in 1999 and 
recently Brazil (2006) have all declared 
the interruption of the vectorial 
transmission due to T. infestans in all 



their territories, together with one 
department in Paraguay and 5 provinces in 
Argentina (Schofield et al. 2006). This 
situation contrasts strongly with the 
vectorial transmission scenario within 
the region of the Gran Chaco of 
Argentina, where the number of acute 
cases has been increasingly recorded 
during the last years (Gürtler et al. 
2005) and infestation of houses by T. 
infestans reaches over 50% in some 
regions (Porcasi et al. 2006). 
The house infestation values recorded by 
the Programa Chagas La Rioja during 
2004-2005 over the Los Llanos region show 
that the rural communities of the region 
live under a high risk of vectorial 
transmission of Chagas disease. The value 
of the entomological indicators of the 
southernmost departments of Los Llanos is 
similar to the situation observed during 
the 1960s, previous to the initiation of 
the vector control activities in La 
Rioja. The situation is the result of the 
virtual deactivation of the vector 
control programme of the province from 
the second half of 1990 until 2003, and 
associated with poverty, low education 
levels, and breeding of domestic animals 
in large peridomestic structures that 
constitute good refuges for T. infestans 
populations. As Gürtler et al. (2004) 
experimentally showed in the same region, 



it is in these peridomestic structures 
that the pyrethroid insecticides show the 
lowest residuality. The scarcity of 
published reports (especially those 
geographically disaggregated), either at 
the provincial or the national levels, 
makes difficult a serious retrospective 
analysis. This trend has changed during 
the last two years, as a well organized 
Chagas disease control programme is being 
carried out in the province, including a 
detailed system of field data management. 
The new data management system is based 
on the use of GPS navigators to record 
the location of each rural house 
(identified by an individual numbering 
system), together with demographic, 
epidemiological, and domestic animal 
data. The information is stored in a 
spatial database that constitutes the 
core of the GIS of the Chagas Programme 
of La Rioja. The standardized format of 
the data entered into the database is 
updated periodically and will serve to 
evaluate the temporal changes of the 
entomological indicators. 
The new programme is promising, and a 
special effort will be needed in the 
provincial departments of the Los Llanos 
region (La Rioja, Argentina), to solve 
the problem posed by the peridomestic 
infestation in the rural houses of the 
region. The peridomestic structures are 



known to decrease the efficiency of the 
insecticidal applications and a number of 
residual vector populations should be 
expected to occur in some areas (Cécere 
et al. 2006, Porcasi et al. 2006). If 
this were the case, intradomestic 
infestation would occur within 2 or 3 
years after the insecticide application 
(Cécere et al. 2004) if no additional 
vector control activities were carried 
out through a sustained vigilance system. 
The return of the house infestation 
values to the starting point 40 years 
back, after 10 years of no vector control 
activities, is the outcome of a health 
system that was not able to sustain the 
effort made in the past. Other health 
systems of the region dealing with 
similar problems should take account of 
the experience. 
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