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Chagas disease remains a serious obstacle to health and economic
development in Latin America, especially for the rural poor. We report
the long-term effects of interventions in rural villages in northern
Argentina during 1984–2006. Two community-wide campaigns of
residual insecticide spraying immediately and strongly reduced do-
mestic infestation and infection with Trypanosoma cruzi in Triatoma
infestans bugs and dogs and more gradually reduced the seropreva-
lence of children <15 years of age. Because no effective surveillance
and control actions followed the first campaign in 1985, transmission
resurged in 2–3 years. Renewed interventions in 1992 followed by
sustained, supervised, community-based vector control largely sup-
pressed the reestablishment of domestic bug colonies and finally led
to the interruption of local human T. cruzi transmission. Human
incidence of infection was nearly an order of magnitude higher in
peripheral rural areas under pulsed, unsupervised, community-based
interventions, where human transmission became apparent in 2000.
The sustained, supervised, community-based strategy nearly inter-
rupted domestic transmission to dogs but did not eliminate T. infes-
tans despite the absence of pyrethroid-insecticide resistance. T. in-
festans persisted in part because of the lack of major changes in
housing construction and quality. Sustained community participation
grew out of establishing a trusted relationship with the affected
communities and the local schools. The process included health
promotion and community mobilization, motivation, and supervision
in close cooperation with locally nominated leaders.

community participation � deltamethrin � pyrethroids �
Triatoma infestans � Trypanosoma cruzi

In Latin America, the burden of Chagas disease was estimated as
2.7 times the joint burden of malaria, schistosomiasis, leishman-

iasis, and leprosy in 2002 (1). Ten to 14 million people are infected
by Trypanosoma cruzi (Kinetoplastida: Trypanosomatidae), and
40–120 million people are at risk of infection (2). More than 150
species of mammals are hosts. T. cruzi is spread in humans by nearly
a dozen bloodsucking triatomine species that infest poor rural
houses and their outbuildings, by blood transfusion, and from
infected mothers to offspring. After a short, mostly subclinical,
acute phase and a very long asymptomatic phase, 25–40% of
infected individuals develop chronic disease with cardiac, digestive,
or neurologic manifestations (2, 3).

Chagas disease transmission is controlled mainly by spraying
residual insecticide on houses and their outbuildings and by screen-
ing blood donors. Housing improvement should largely reduce
infestations, but it has had a marginal role in vector control
programs except in Venezuela (4). No effective vaccine for T. cruzi
is available. The effectiveness of two drugs, benznidazole and
nifurtimox, currently recommended for etiologic treatment, is high
during the acute phase and in young children �12 years of age but
is not well defined in chronic adult patients (2).

The ‘‘Southern Cone Initiative’’ is a regional intergovernmental
control program launched in 1991 with the original objectives of
eliminating all domestic and peridomestic populations of the main
vector Triatoma infestans and transmission of T. cruzi via blood

transfusion by the year 2000 (3, 5). Insecticide spraying reduced the
geographic range of T. infestans and led to the interruption of
transmission in Uruguay, Chile, Brazil, and some other areas (3, 5).
However, at the heart of its distribution in the Gran Chaco, T.
infestans persists for reasons that remain poorly defined, and
growing numbers of symptomatic, vector-mediated acute cases of
Chagas disease have been reported in eight Argentine provinces
since 2001 (www.direpi.vigia.org.ar/boletines/semana47N52.xls; ac-
cessed January 29, 2007). This persistence of infestation raises
questions about the sustainable management of vector-mediated
transmission. The 2005 target for interruption of transmission of
Chagas disease set by the World Health Assembly in 1998 and
others (ref. 2, p. 69) has not been met, the elimination of T. infestans
is lagging, and the Gran Chaco has recently become one of the
current priorities of the ongoing Southern Cone Initiative.

The Gran Chaco, an ecoregion covering 1.3 million square
kilometers and mainly extending over Argentina, Paraguay, and
Bolivia, has experienced accelerated ecosystem degradation lead-
ing to high levels of poverty (6). With typical mud-and-thatch rural
houses, it is hyperendemic for Chagas and other neglected diseases.
Insecticide resistance to pyrethroids in T. infestans recently emerged
there (7). The main challenges are fast reinfestation after residual
insecticide spraying and the lack of a sustainable surveillance system
for sparse and remote rural populations.

Vector control programs traditionally had a centralized vertical
structure with highly motivated professional spray workers and
technicians, frequently with the time-limited goal of vector elimi-
nation, and massive funding (8). Failure to eliminate the vectors
from defined regions led to more emphasis on control (suppression)
and long-term sustainability through community-based broad so-
cial participation (9, 10). The present project, conducted in coop-
eration with the Argentine National Vector Control Program
(NVCP) and other research institutions, addressed the long-term
sustainability and effectiveness of a community-based control strat-
egy in the Gran Chaco. The initial objectives of the project were to
characterize transmission risk and establish the interrelations
among environmental, entomological, parasitological, and serolog-
ical variables of Chagas disease in a well defined rural area centered
in Amamá village, typical of regional conditions in the Argentine
Chaco; to assess the long-term effects on house reinfestation and
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infection with T. cruzi of residual spraying with pyrethroid insecti-
cides as conducted routinely by vector control personnel (alone or
in combination with plastering of walls) or villagers; and to con-
struct and test an empirically based mathematical model of the
transmission of T. cruzi (11). In this article, we integrate published
evidence and present new data on the long-term effects of com-
munity practices on bug-related indices and human transmission
during 1984–2006. By using a before–after study design, we assessed
the outcomes of sustained, supervised, community-based control
by comparing the preintervention, reinfestation, and sustained-
intervention states of the study area centered in Amamá.

Results
Two community-wide campaigns of insecticide spraying 7 years
apart exerted immediate and very strong impacts on infestation and
mean bug density in infested domestic sites (i.e., human sleeping
quarters, as opposed to animal corrals and other outbuildings) and
infection with T. cruzi in domestic bugs and dogs (Fig. 1). The
seroprevalence of children also decreased, although more gradually
and linearly (r2 � 0.96). Before any intervention, in Amamá the
human prevalence of seropositivity to T. cruzi was 38.2% (number
examined, n � 178), and Chagas disease myocardiopathy was
frequent (12, 13). The second intervention era caused an ever-
decreasing trend in dog infection, very low domestic bug infection,
and no seropositive child by 21 years postintervention (YPI).
Domestic bug density did not surpass one-third of previous peaks.
Throughout the study, 1,645 diagnoses of infection in dogs and
2,316 in humans (from 870 identified residents) were obtained.

During the first era of professional community-wide insecticide
spraying followed by sporadic bug monitoring and no control action
in Amamá village (1985–1992), the first insecticide campaign ever
done (in 1985) reduced domestic infestation from 88% of houses at
baseline to nil during the first 6 months after intervention (Fig. 1A).
Domestic reinfestation returned to baseline values at 5–7 YPI,

fitting closely to a logistic model (r2 � 0.997) (14). Mean domestic
bug density also increased sigmoidally. The speed of domestic
reinfestation was positively associated with the preintervention
abundance of domestic bugs and the occurrence of unplastered or
cracked walls. Infection with T. cruzi in domestic bugs fell from
56.5% to 19.1–22.4% at �3 YPI and thereafter increased to 49.1%
at 7 YPI (Fig. 1B). Infection in dogs declined exponentially from
82.5% to 39.8% at 3 YPI (coefficient, �0.26/year, r2 � 0.98) and
rose again to 65.1% at 7 YPI as domestic reinfestation increased,
departing after 3 YPI from the predicted exponential decay in the
absence of transmission (15) (Fig. 1B). In Trinidad and Marcedes
villages before any intervention, dogs and cats experienced a similar
force of infection even at very low infected-bug densities and
contributed, respectively, 13.9 and 4.8 times as much as humans to
infection of domestic bugs (16).

New human cases of T. cruzi occurred 2–3 years after the initial
detection of domestic reinfestation at the child’s house, and cases
among dogs preceded the first child case (Fig. 1A). We report
incidence as a number of new cases per 100 years (person-year or
dog-year) of observation and use the abbreviation PHY (per
hundred years). The average incidence in children (by seroconver-
sion) between 4 and 7 YPI (4.3 PHY) was �17 times lower than the
force of infection estimated from age-seroprevalence data in the
local dog population (72.7 PHY, 95% confidence interval, 17.7–100
PHY) (17); the latter was similar to those recorded before any
intervention [supporting information (SI) Fig. 4]. All seven child
incident cases detected were reportedly asymptomatic and autoch-
thonous; one occurred under a very light domestic infestation
detected only at the endpoint, when most bugs had fed on humans.

During the second era of professional community-wide insecti-
cide spraying followed by intense bug monitoring and community-
based selective control in five villages (1992–2006), the prevalence
of T. infestans decreased in domiciles from �100% at 7 YPI (1992)
to 4% at 9 YPI and thereafter peaked at 27% and 20%, whereas
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Fig. 1. Prevalence of domestic infestation (observed and
predicted by a logistic model), mean domestic density of T.
infestans, and the timing of appearance of new cases of T.
cruzi infection after two community-wide campaigns includ-
ing residual insecticide spraying, Amamá and neighboring
villages, 1984–2006. (A) Domestic infestation and bug den-
sity and timing of appearance of new cases and insecticide
sprays. (B) Infection with T. cruzi in domestic T. infestans,
dogs, and children �15 years of age.
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peridomestic infestation peaked three times (Fig. 2). The total catch
of bugs in peridomestic structures was 3.1-fold higher than in
domiciles, where bug densities were typically low and colonies
transient. The earliest detected foci after interventions occurred in
peridomestic sites (18). One of them remained persistently infested
despite repeated insecticide sprays and was the putative source of
new foci detected up to 450 m around over successive years (19).
Domestic reinfestation was significantly and positively associated
with the occurrence of an infested peridomestic site at the house
compound and with high-density domestic infestations before
interventions; a few cases of passive transportation of T. infestans in
householders’ belongings from infested peripheral villages were
detected (18). Householders were very effective in gathering evi-
dence of domestic bug infestation and house invasion. Domestic
infestation prevalence (as determined by any of three methods) in
well plastered houses was consistently higher than in houses with
walls with some or many cracks; this pattern was determined by
householders’ collections of adult bugs invading from elsewhere
and not by established colonizations (18) (SI Table 1). Domestic
bug abundance in infested houses was equally depressed in Amamá
vs. Trinidad-Mercedes villages regardless of the current state of wall
plaster, whereas domestic bug infection only occurred in houses
with wall plasters currently cracked or nonexistent.

The percentage of existing house compounds that were sprayed
with insecticide at least once during a given year (crude insecticide
coverage) closely followed peaks of infestation and strongly re-
duced infestation and bug abundance at the community level at 12
YPI but caused less-evident effects thereafter (Fig. 2). Adherence
to insecticide spray fluctuated with infestation and bug abundance
over time. T. infestans populations collected locally and in Santiago
del Estero have not been found to be pyrethroid-resistant so far.

The impact of sustained surveillance and selective insecticide
sprays on infection was larger than on infestation. The prevalence
of T. cruzi in domestic T. infestans decreased from 49.1% (20) at 7

YPI to a mean of 5.6% over the subsequent 12 years, whereas
peridomestic bug infection steadily decreased from 5.8% to a mean
of 1.3% despite the steady rise in local bug abundance (SI Fig. 5).
The two small peaks of infection in domestic bugs at �11 and 15
YPI coincided with upsurges of domestic infestations. All of the few
infected bugs found after the 1992 interventions were fifth instars
and adults, whereas infections were detected as early as second or
third instars (28% infected) in 1992 (SI Fig. 6).

Based on early results (e.g., refs. 15–17), we used dogs as sentinels
of domestic transmission of T. cruzi to minimize recurrent human
blood sampling. The infection prevalence in dogs, mainly deter-
mined by three serologic tests at the same laboratory (21), de-
creased exponentially (coefficient, �0.27/year, r2 � 0.97) from
65.1% at 7 YPI to 4.7% at 17 YPI (Fig. 1B). Age-prevalence curves
after 7 YPI progressively decayed to reach a very flat line at 17 YPI
(Fig. 3A). Every survey after 7 YPI detected very young infected
dogs, most of which were born to seropositive mothers (i.e., putative
congenital cases) or were in-migrant dogs from nearby infested
villages (22, 23). No seroconversion of dogs was detected between
9 and 11 YPI (n � 43) and between 14.5 and 17 YPI (n � 74),
whereas only one incident case (with permanent residence in a
house with T. cruzi-infected bugs) was detected between 11 and 14.5
YPI (n � 59), concurrently with the observed rise in domestic
infestation. The observed incidence by seroconversion (0.26 PHY)
from 11 to 17 YPI was very close to the average annual force of
infection estimated from age-prevalence data at 17 YPI for all dogs
(0.39 YPI) or for native dogs born after the 1992 interventions (0.28
PHY; 95% confidence interval, 0.00–0.72) (23).

Control interventions exerted a sustained impact on human
infection with T. cruzi (Fig. 3B). The age-seroprevalence curve
recorded at 7 YPI did not differ significantly between Amamá and
neighboring villages (24) and from that recorded at baseline (13)
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Fig. 2. Prevalence of infestation by T. infestans, total bug collection, and
insecticide spray coverage carried out by professional spray workers (1993–1995)
or householders (1996–2004) in Amamá and four neighboring villages during
sustained surveillance with selective control actions. (A) Domestic sites. (B) Peri-
domestic sites.
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Fig. 3. Age-specific prevalence of T. cruzi infection in Amamá and four neigh-
boring villages, 1984–2006, before initial interventions in 1985 and during sus-
tained surveillance with selective control actions 1992–2006. (A) Prevalence of T.
cruzi infection in dogs. (B) Seropositivity in humans �25 years of age. The
prevalence of infection at birth (age 0) was assumed to be zero for both humans
and dogs.
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(SI Fig. 7). Age-prevalence curves were slightly less steep at 9 YPI
(n � 255) and 11 YPI (n � 295), when infection in children �5 years
of age declined to 7.5% and 0%, respectively. At 17–18 YPI (n �
153), we recorded one seropositive 12-year-old child (an in-migrant
case who serorecovered after treatment) and a 4.8% prevalence in
residents aged 15–24 years (i.e., two seropositive cases who had
been treated for T. cruzi infection at 7 YPI). No seropositive child
�15 years old was detected 20–21 YPI (n � 180).

Of 456 seronegative persons at first examination in 1992 or
thereafter, 378 (83%) were reexamined serologically one to five
times and contributed 2,246 person-years of observation (SI Table
2). After renewed interventions at 7 YPI, three individuals aged 2,
4, and 16 years seroconverted for T. cruzi, yielding an overall
incidence of 0.134 PHY over 1992–2006. All of them seroconverted
while living in houses not recolonized by triatomine bugs, and two
of them reported spending several nights at highly infested houses
in other rural villages; therefore, they were all considered regionally
imported (not autochthonous) cases. Seven dubious seroconver-
sions (with borderline serologic titers on one or two tests that
subsequently either serorecovered or could not be confirmed) were
considered false seroconversions; they were adult people living in
houses not recolonized by bugs during sustained control. The
incidence of infection fluctuated very little over time. Of 26 children
seropositive for T. cruzi who were given standard parasiticidal
treatment, 17 (65%) found to be seronegative at least once after
treatment were considered cured.

All transmission indices observed at 17–18 YPI in the five study
villages (core area, 137 houses) under sustained, supervised control
were significantly exceeded by those recorded simultaneously in 35
peripheral rural villages (with 186 houses) under pulsed, nonsu-
pervised, community-based control actions. These actions were
promoted by NVCP mainly during 1993–1996 and executed by
NVCP in 2000 in response to the local occurrence of a symptomatic
Chagas acute case. The mean domestic abundance and infection
prevalence of T. infestans in the pulsed control area were signifi-
cantly higher (6.5-fold and 2.9-fold, respectively) than in the area
under sustained control (23). Infection prevalence in dogs (11.8%,
n � 221) and cats (6.6%, n � 61) in the pulsed control area doubled
or tripled those in the sustained control area (4.7% and 2.1%,
respectively). Unlike the latter, most of the infected dogs in the
pulsed control area qualified as autochthonous, vector-mediated
cases; evidence of recent transmission was indicated by the frequent
occurrence of infected native dogs �3 years of age. The prevalence
of T. cruzi in children �15 years of age varied little between 7 and
11 YPI (range � 17.9–25%, mean � 21.1%, n � 57), at approxi-
mately the onset of renewed province-wide control actions, and
declined to 4.4% (n � 45) and 0% (n � 26) at 17–19 and 21 YPI,
respectively. Of 49 residents of the pulsed control area seronegative
at first examination in 1992 or thereafter and contributing 304
person-years of observation, three seroconverted for T. cruzi,
yielding an overall incidence of 0.986 PHY over 1992–2006 (SI
Table 2).

Discussion
Renewed interventions followed by sustained, supervised, commu-
nity-based actions finally led to the interruption of local human T.
cruzi transmission. Sustained vector control largely suppressed the
reestablishment of domestic bug colonies and quickly reduced
domestic bug and reservoir host infections. Seroprevalence in
children decreased gradually through interruption of transmission,
high local birth rates, case treatment, and emigration of infected
individuals (no deaths were recorded). Different indices gave a
consistent picture of current transmission levels. Age-prevalence
curves (especially in dogs) reflected current and past levels of
transmission at local and peripheral villages and can be used to infer
the cumulative impact of control measures.

The first campaign in 1985 hardly modified transmission indices
by 7 YPI compared with baseline levels. In the absence of modi-

fication of thatched roofs and peridomestic structures, plastering of
walls did not detectably modify domestic reinfestation between 7
and 11 YPI. Domestic bug abundance and infections of bugs and
mammalian hosts were equally depressed in the five study villages
in sites with and without plastering. Had no selective vector control
actions been conducted after insecticide spraying in 1992 and had
the previous reinfestation process repeated, the cumulative number
of new human infections that would have occurred but were averted
by sustained interventions is 156 (calculations in SI Text).

Human infection usually is the crucial outcome for evaluating the
impact of disease-control interventions. Human incidence with T.
cruzi was greatly reduced, but exactly how much is uncertain
because various serologic tests were used over �20 years; classical
methods fail to detect a small fraction of human infections and to
resolve �5% of serologically discordant sera (25, 26); a low
incidence of infection greatly affects the positive predictive value of
serologic tests, and fewer follow-ups were conducted on people in
the peripheral villages. Repeated serodiagnosis in endemic rural
areas over many years showed some departures from the expected
pattern of lifelong seroreactivity to T. cruzi in humans (ref. 27 and
this study) but hardly ever in dogs (16, 22). Although improved,
highly specific serological tests are necessary to assess the impact of
field interventions and treatment in humans, the use of dogs as
disease sentinels and bug-related indices demonstrated large dif-
ferences in domestic transmission between sustained and pulsed-
control areas.

Sustained community participation in the core area grew out of
establishing a trusted relationship with the affected communities
and the local schools. The process included health promotion and
community mobilization, motivation, and supervision, in close
cooperation with locally nominated leaders; these leaders or their
spouses held the very few stable jobs that were locally available,
which allowed most of them to perform long-term unpaid volunteer
work. Community participation was very likely enhanced by frus-
tration at the previous failure to eliminate bugs during the first era;
community awareness of the chronic lack of actions by the health
sector; renewed, effective control interventions transferred to the
local communities jointly with a continuous message to take action;
increased community awareness of the occurrence of many infected
children and of disease consequences, followed by etiologic treat-
ment for T. cruzi leading to frequent cure; medical counseling of
adult people; and regular guidance and provision of insecticides.
When the study team visited the core villages less frequently, the
population still adhered to insecticide spraying. Lack of continuity
in the delivery of insecticides or replacement of compression
sprayers in the peripheral area largely demobilized villagers and
halted actions. Community participation is no spontaneous pana-
cea. It plays a crucial role during long-term vector surveillance and
control, whereas the suitability of community-based insecticide
spraying during the attack phase is more controversial in terms of
equity and cost-effectiveness. An important lesson learned was that
case detection and treatment (unusual in the early 1990s and even
now) combined with vector control enhances community accep-
tance and participation and contributes to sustainability of disease
suppression.

The sustained community-based strategy succeeded in nearly
interrupting domestic transmission of T. cruzi to dogs for over a
decade but not in eliminating T. infestans despite the absence of any
insecticide resistance. The reasons for such repeated failures in the
Gran Chaco are multiple: (i) in the absence of major changes in
housing construction or quality, many habitats suitable for T.
infestans are available in mud-and-thatch houses and in the numer-
ous peridomestic shelters for domestic animals; (ii) the effectiveness
of pyrethroid insecticides is much lower at the prevailing high
temperatures (when most insecticide sprays are typically conducted
reactively), in peridomestic structures vs. indoors, and when infes-
tations are heavy (14, 18, 28); (iii) insecticide coverage and vector
surveillance are frequently incomplete in space and time; (iv) rural
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villagers’ response to reinfestation lagged because they did not
perceive peridomestic infestations as a hazard to their animals
or themselves, which facilitated local bug propagation; and (v)
political and economic support for Chagas control programs waned
because it rarely exceeds the duration of a given governmental
administration.

Disorganized decentralization of health services throughout
Latin America in the early 1980s transferred responsibilities and few
resources to the affected provinces or districts (29, 30). In the
Argentine Chaco, residual provincial vector control programs
progressively lost operational capacity (staff, vehicles), expertise,
and coordination; when insecticide spraying rates fell, transmission
resurged. Decentralization of vector control operations to the
municipal level adds the unmet challenge of coordinating efforts
among districts differing in control status, resources, and priorities
and among national, provincial, and municipal public health levels.
Districts that eliminate or control T. infestans in traditionally
endemic settings are doomed to continuing expenditure on vector
surveillance and eventual failure if neighboring districts fail to
reduce transmission and infestation, as our study suggests. Such
heterogeneities posed an insurmountable challenge to the sustain-
able elimination of T. infestans and transmission in the Argentine
Chaco.

In the presence of persisting peridomestic infestations and a
sizable domestic parasite reservoir, even very low levels of infesta-
tion allowed focal resurgence of transmission when vector control
activities were relaxed. Flight dispersal of infected domestic bugs
from a recently recolonized house to its peridomestic sites was
recorded in the core area at 19 YPI (31). This dispersal event
indicates that vector surveillance in high-risk areas must be con-
tinuous and open-ended, even after many years of vector control
and declining prevalence. Targeting infected dogs to suppress
infection is predicted to exert a large impact on domestic transmis-
sion (11). Etiologic treatment of infected children in the early
chronic phase would prevent future disease and further reduce
transmission but has been limited by inadequate treatment policies,
the lack of access of the rural poor to diagnosis and treatment, and
reduced availability of benznidazole or nifurtimox. Detection and
treatment of infected children should be intensified widely for
medical and epidemiological reasons.

Although insecticide spraying allows immediate and substantial
reductions in transmission, rural housing improvement and other
environmental management measures are highly cost-effective in
the long run and will contribute to long-term sustainability by
lessening the dependence on insecticides (32, 33). In the Chaco and
nearby areas, plastering of walls and replacement of thatched roofs
and of peridomestic enclosures for animals with appropriate designs
and materials (e.g., wire fencing instead of piled branches of thorny
shrubs) would render them less susceptible to triatomine coloni-
zation. Achieving such aims requires linking rural development
agencies that promote improvements in agriculture and livestock
production to housing and health ministries at national and pro-
vincial levels. Such housing improvements are justified on their own
and require long-term economic, social, and political support.

This longitudinal study detected some persons who most likely
acquired infection during short visits to other villages with higher
levels of transmission and flux of infected dogs between houses,
villages, and control areas. Transmission control, beyond its local
impact in endemic regions, also protects others who travel to or
from endemic regions or who receive a blood transfusion. Because
sustained rural out-migration to cities causes socioeconomic prob-
lems that exceed the limits of the Gran Chaco, Chagas vector
control and disease management must remain a regional effort
within the frame of sustainable development rather than being
viewed exclusively as a matter of health (34).

The tradeoff between the desire for complete elimination of
infestation and transmission and the competing demands on limited
resources in Chagas-endemic countries and districts is coupled with

the limited political and economic power of the neglected popula-
tions affected by the disease. Sustainable social, political, and
economic development; allocation and utilization of resources; and
political leadership are essential for sustainable Chagas disease
management. Without such transformations, Chagas disease will
remain a health problem in large areas of rural and periurban
poverty and a threat in much larger areas. In the Gran Chaco,
health systems have to be strengthened and local personnel re-
cruited, trained, and institutionalized. School-based health promo-
tion and education may contribute significantly to sustainable
vector surveillance and control but have not been exploited to their
full potential. In such resource-limited settings, the welcome call
for integrated, intersectoral, interprogrammatic action toward ne-
glected disease control (34) finds very few potential local actors
and many competing challenges (e.g., potable water delivery).
Community-based efforts to control T. infestans are not sustainable
unless the surveillance system is part of an established long-term
national policy that mitigates the recurrent economic and political
instability in the region. If successfully validated, the supervised
community-based strategy after due adjustments may prove to be
the most cost-effective approach for sustained control of transmis-
sion in the Andean and Central American regions where triatomine
bugs thrive in sylvatic habitats and houses. The elimination of
Chagas disease transmission and the sustained control of T. infes-
tans in the Gran Chaco, closely related to several Millennium
Development Goals, require more resources and a greater intensity
of scientifically based coordinated control efforts at multiple scales
from the village to the hemisphere.

Materials and Methods
Details of methods, study area and population, vector ecology,
history of infestation, parasitology, and epidemiology appear in SI
Materials and Methods and in refs. 11–24 and 31.

Study Area and Population. Field studies were carried out in the
neighboring rural villages of Amamá (latitude 27°1�S, longitude
63°0�W and latitude 27°8�S, longitude 63°8�W), Trinidad, Mer-
cedes, Villa Matilde, and Pampa Pozo (core area), Moreno De-
partment, Province of Santiago del Estero, Argentina. Moreno
Department continues to have the highest number of Chagas acute
cases ever reported in Argentina. In 1992–1993, 107 houses were
marked with a numbered plaque and mapped, and 491 people were
identified. Environmental, demographic, and lifestyle patterns were
approximately similar between villages and areas (SI Table 3).

Study Design. The first era (1985–1992, only in Amamá) included
baseline surveys of triatomine infestation (by sensor boxes, timed
manual and insecticide knockdown collections) and infection fol-
lowed by residual insecticide spraying by NVCP in August-
September 1985; annual surveys to interview householders and
monitor domestic bug infestation and infection from 1986 to 1990
and in 1992; annual serological and xenodiagnosis (infection)
surveys of dogs in 1984 (taken as baseline), 1986–1990, and 1992;
and human serologic surveys in 1984 (all ages), 1989 (including only
children �16 years old), and 1992–1993 (intended to achieve full
coverage).

The second era (1992–2006, including five villages) included
surveys of triatomine infestation and infection, dog and human
infection carried out in February–October 1992 and May 1993;
residual insecticide spraying (preceded by plastering of walls only in
Amamá) in August–December 1992; annual or semiannual surveys
to interview householders, monitor triatomine infestation and
infection, and conduct or record insecticide sprays, since May 1993;
periodic dog and human infection surveys starting in November
1994; clinical and electrocardiographic surveys of the human pop-
ulation (aimed at full coverage); and etiologic treatment of sero-
positive children �15 years of age during 1992–1996.

In March 1992, 71 houses were visited to search for triatomine
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bugs in all bedroom areas and peridomestic structures, to assess
environmental risk factors, and to canvas householders for demo-
graphic data and habits, using similar procedures as in the first era.
In August 1992, Amamá householders (but not those in the other
four core villages) were invited to improve the plaster of indoor
walls of their houses before the scheduled insecticide spraying of all
domestic and peridomestic areas to take advantage of its residual
effects (18). After house-to-house visits, an open meeting was held
at the school to explain the program rationale and how this was
expected to benefit householders. Householders were offered
cement and assistance by two construction workers supported by
the research project and were required to contribute at least by
carrying water and soil. House improvements lasted 50 days. The
state of wall plasters was assessed during spraying operations and
every 6 months until late 1997. A total of 94 (98%) houses and their
peridomestic structures were sprayed with deltamethrin by NVCP
as before in October 1992. The effectiveness of spraying was
assessed in November–December 1992, and the eight peridomestic
foci of T. infestans detected were immediately resprayed with
insecticides as before. All 13 houses from Villa Matilde and Pampa
Pozo were sprayed with insecticides between October 1993 and
May 1994.

The surveillance phase, from December 1992 to April 2004,
included a strong community-participation component. During
each visit, householders were asked about their bug collections and
site of capture, the presence or sighting of triatomines in bedrooms
or peridomestic areas, and other environmental and demographic
data. Infestation was assessed by three methods as before. Health
education related to Chagas disease was part of our interaction
during home visits and with school teachers. Two construction
workshops were held at the local schools, where a storeroom was
built.

Control Actions. From 1993 to 1995, only sites with at least one T.
infestans adult and nymph were treated selectively with delta-
methrin by NVCP as before. In line with the vector control strategy
active in Argentina between 1993 and 1999 (‘‘Plan Ramón Car-
rillo’’) (29), vector surveillance and control activities were trans-
ferred to the communities through six 4-hour workshops conducted
separately in Amamá and Mercedes schools between November
1995 and 1996 (20). Local residents were briefed on the main results
of the research project and taught how to assemble and inspect
sensor boxes, apply fumigant canisters, and spray their homes and
outbuildings with insecticides. Members of 90 (87%) of the families
with stable local residence participated in �1 of the workshops.

Each community chose a member who would receive notifications
of T. infestans captures, store the manual compression sprayers and
insecticide, keep records of notifications and sprays, and help the
affected families to treat their houses. Starting in 1996, the capture
of one T. infestans bug of any stage was considered sufficient to
justify treatment of all domestic and peridomestic areas of each
house. Later, insecticide sprays were sometimes allowed when
householders reported infestations without delivering bugs and
when new houses were built. Insecticides were provided free of
charge by NVCP and delivered during our periodic inspections for
infestation; deliveries occurred less regularly between 1999 and
2001 because the federal government failed to make purchases and
the nationwide community-based vector control plan was gradually
weakening.

All 137 houses in the core area and 186 houses from the
peripheral area were surveyed for demographic, entomologic,
serological, and parasitological data in October 2002 to July 2003 as
described in ref. 23. All houses and outbuildings were resprayed
with deltamethrin by NVCP personnel in April 2004. The infested
peridomestic sites were randomly sprayed with a standard or double
insecticide dose. A blanket insecticide intervention trial launched in
March 2005 included an additional 350 rural houses surrounding
the peripheral area.
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15. Gürtler RE, Kravetz FO, Petersen RM, Lauricella MA, Wisnivesky-Colli C (1990) Ann Trop

Med Parasitol 84:313–323.
16. Gürtler RE, Cecere MC, Lauricella MA, Cardinal MV, Kitron U, Cohen JE (2007) Parasitology

134:1–14.
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