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Sustainability of vector control strategies in the Gran Chaco Region:
current challenges and possible approaches
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Sustainability has become a focal point of the international agenda. At the heart of its range of distribution in the
Gran Chaco Region, the elimination of Triatoma infestans has failed, even in areas subject to intensive professional
vector control efforts. Chagas disease control programs traditionally have been composed of two divorced enti-
ties: a vector control program in charge of routine field operations (bug detection and insecticide spraying) and a
disease control program in charge of screening blood donors, diagnosis, etiologic treatment and providing medical
care to chronic patients. The challenge of sustainable suppression of bug infestation and Trypanosoma cruzi trans-
mission can be met through integrated disease management, in which vector control is combined with active case
detection and treatment to increase impact, cost-effectiveness and public acceptance in resource-limited settings.
Multi-stakeholder involvement may add sustainability and resilience to the surveillance system. Chagas vector con-
trol and disease management must remain a regional effort within the frame of sustainable development rather than
being viewed exclusively as a matter of health pertinent to the health sector. Sustained and continuous coordination
between governments, agencies, control programs, academia and the affected communities is critical.
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Sustainability and the context

Sustainability has become a focal point of the in-
ternational agenda. The last 50 years have seen emerg-
ing concerns about the links between a growing world
population that needs to be fed and supported; develop-
ment; climate change; depletion of fisheries and other
renewable and non-renewable (oil) natural resources
worldwide and (re)-emergence of pathogens, some with
pandemic potential. There is a clear link between health
and sustainable development (Boischio et al. 2009). Re-
flecting these concerns, sustainability science is becom-
ing a distinct research field with multiple contributing
scientific disciplines engaged in inter, intra and transdi-
ciplinary research (Rapport 2007).

The Earth’s human population has seen unprecedent-
ed growth during the XX century (Cohen 1995). In 1900,
slightly before Carlos Chagas discovered a new disease
entity caused by the new parasite Trrypanosoma cruzi, the
world population was 1.7 billion and most people lived in
rural areas (Cohen 1999, 2003). Much of the world popu-
lation lived in poverty, a situation that continued through
the XX century. Infectious diseases were rampant in
Chagas’ time and the mean life expectancy was about 30
years. Exploitation of natural resources and expansion
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of the railroad system gave birth to new settlements and
to the propagation of triatomine bugs and 7. cruzi. By
the turn of the XXI century, the world population had
increased to six billion and nearly half of these people
lived in cities (Cohen 1999, 2003). The mean life expec-
tancy reached 76 years in rich countries and 63 years in
the poor countries. Despite a four-fold increase in the
average annual gross domestic product per person dur-
ing the XX century, economic inequality increased and
there were 2.8 billion people living in poverty (on < $2
per day) in 1998 (Kate & Parris 2003). Chagas disease,
a poverty-related and poverty-promoting disease, still
remains an important and neglected tropical disease. In
2002, the burden of Chagas disease in Latin America was
estimated to amount to as much as 2.7 times the joint bur-
den of malaria, schistosomiasis, leishmaniasis and lep-
rosy, accounting for 670,000 disability-adjusted life years
through its impact on worker productivity, premature
disability and death (World Bank 1993, WHO 2004).
Current projections show additional changes ahead.
The world population is projected by this year’s United
Nations projections to grow from the current 6.8-7 bil-
lion early in 2012, and to surpass nine billion by 2050.
Most of the additional 2.3 billion people will enlarge the
population of developing countries and will be distribut-
ed among those older than 15 years. The rural-to-urban
exodus observed during the XX century will continue
and perhaps 60% of the world population will be urban-
ites by 2030 (Kates & Parris 2003); 90% of the popula-
tion in Latin America is likely to live in cities. Changes
in all facets of human life (environment, technology etc.)
will certainly affect the current distribution of Chagas
disease in several directions that are hard to anticipate.



In the report Our Common Future, the World Com-
mission on Environment and Development (1987) recog-
nised that global environmental problems resulted from
both the South’s enormous poverty and the North’s un-
sustainable consumption and production rates. Sustain-
ability indicates the ability to sustain or a state that can
be maintained at a certain level. With roots in the exploi-
tation of renewable natural resources, sustainability has
been used to express the levels of harvest in agriculture,
fisheries and sport hunting that are compatible with the
capacity of the ecosystem to restore them. Sustainable
development is “development that meets the needs of the
present without compromising the ability of future gen-
erations”. Defining sustainability is ultimately a social
choice about what to develop, what to sustain and for
how long (Parris & Kates 2003).

Parris and Kates (2003) developed a framework for
characterising the sustainability transition in several
matters of development and environment. They distin-
guished between goals, indicators, targets, trends and
driving forces. Goals are qualitative statements about
objectives (e.g., reducing infant mortality). Indicators
are quantitative measures selected to assess progress
toward or away from a stated goal (e.g., infant mortal-
ity rate). Targets (or more explicitly, the “target value of
an indicator”) are quantitative values of indicators of the
progress made toward a goal at a specified time or with-
in a certain timeframe (e.g., a 20% reduction in current
infant mortality rates within the next 5 years). Trends are
changes in the values of an indicator over time (e.g., in-
fant mortality rates declined from 1 to 0.5% over the last
decade). Driving forces are the processes that modify
trends and our ability to meet agreed upon targets (e.g.,
vaccine coverage and nutrition influence infant mortal-
ity rates). This framework is especially relevant to the
control initiatives that seek to suppress transmission of
T. cruzi in the Gran Chaco and elsewhere, and it calls for
clear definitions, quantitative data, quality of reporting
and systematic assessment.

The concept of resilience has emerged as a critical
concept in complex, adaptive systems in a range of dis-
ciplines. Complex systems consist of many diverse and
autonomous, but interrelated and interdependent com-
ponents, linked through many interconnections (Garcia
2006). Complex systems exhibit properties that emerge
from the interaction of their parts and which cannot be
predicted from the properties of the individual parts.
Resilience may be defined as the capacity of a system
to tolerate disturbances while retaining its structure and
function (Fiksel 2006). Resilience has also been defined
as recovery from perturbations. Resilient systems are
able to survive, adapt and grow in the face of uncertainty
and unforeseen disruptions.

Chagas disease vector control

Prevention of vector-borne transmission of 7. cru-
zi has almost exclusively relied upon the application
of insecticides since gamma-hexachlorocyclohexane
(y-HCH) was proven effective against triatomine bugs
in the late 1940s (Dias & Pellegrino 1948, Romana &
Abalos 1948). Directed efforts toward large-scale hous-
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ing improvement as a means of preventing or reducing
bug infestations in rural areas have been rather very un-
usual (e.g., Venezuela).

Nation-wide triatomine control programs started in a
few countries in the 1960s, but only reached the regional
scale in the 1990s (Dias 2007). Traditionally, vector con-
trol programs had a centralised and vertical structure
borrowed from malaria and yellow fever programs, with
a specific and time-delineated goal (i.e., vector eradica-
tion or elimination) and a highly motivated organisation
of professional spray workers. Vector elimination en-
tails the complete suppression of a vector species in a
geographically defined region in the absence of control
actions (i.e., a stable equilibrium point), barring reintro-
duction from external sources. Programs seeking vector
elimination put very little emphasis on continuous vector
surveillance once the goal is attained. Horizontal control
programs specifically train local human resources (local
householders, community leaders, primary health care
agents) to spray and conduct surveillance actions, with
the purported aims of increasing coverage and sustain-
ability while decreasing operational costs (Segura 2002).
The goal of vector control is to reduce infestations to
levels below which the risk of parasite transmission is
negligible. There is no endpoint for vector control ac-
tions and an unstable equilibrium may be reached; if
control actions are suspended, the system tends to return
to a prior state. Vector elimination and control also dif-
fer in the quantity and quality of human and financial
resources needed as well as in the degree of long-term
commitment that states and affected communities must
endorse. A clear definition of the ultimate goals of the
vector control program will also help to assess whether
the program has been successful or not.

Progress in Chagas disease prevention gained mo-
mentum during the 1980s and 1990s through large-scale
vector control actions and screening of blood donors. In
the Southern Cone countries of South America, a re-
gional intergovernmental control program was launched
in 1991 with the original objectives of eliminating all
domestic and peridomestic populations of the main vec-
tor Triatoma infestans (responsible for approximately
2/3 of all human cases of 7. cruzi in Latin America)
and transmission via blood transfusion by the year
2000 (Schmunis et al. 1996, Dias et al. 2002, Silveira
et al. 2002). Other regional control initiatives covering
the Andean countries (1997), Central America (1997)
and the Amazon Basin (2004) were launched later with
similar objectives. Disease control programs reduced
the geographic range and infestation prevalence of ma-
jor triatomine vectors and increased routine screening
of blood donors. These efforts led to the interruption
of transmission mediated by 7. infestans in Uruguay,
Chile, Brazil, Eastern Paraguay, and a few provinces
in Argentina, and significant improvements in South-
ern Peru (Dias et al. 2002, Silveira et al. 2002, Levy
et al. 2006, Schofield et al. 2006). In Central America,
infestations with Triatoma dimidiata have been strong-
ly reduced and Rhodnius prolixus seems to have been
eliminated from large parts of the previously endemic
regions (Yamagata & Nakagawa 2006).
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These positive trends prompted some people to ad-
vance (in 1996) the premature notion that Chagas disease
was “a disease whose days are numbered” (WHO 1996).
Subsequently, the initial 2000 target for the Southern
Cone Initiative and the 2005 target for interruption of
transmission of Chagas disease set by the World Health
Assembly in 1998 (Resolution WHA.51.14) and echoed
by others (WHO 2002) were not met, nor is the 2010 tar-
get for elimination endorsed by the WHO in mid-2007
(WHO 2007) likely to be met (Reithinger et al. 2009).
Active vector-borne transmission still persists in vast
areas of Argentina, El Salvador and Colombia, among
others, and several countries (Mexico, Peru, Colombia,
Panama and Costa Rica) have no national programs for
the control of Chagas disease vectors or have yet to im-
plement them effectively (Schofield et al. 2006). Above
all, these control programs need to be sustained at ap-
propriate levels of effectiveness for extended time peri-
ods until the goals are achieved. Again, this is ultimately
a social choice.

Many examples illustrate the need for a renewed em-
phasis on sustainability. Recrudescence of vector-borne
transmission occurred in previously “controlled” areas in
Argentina as soon as the intensity of residual insecticide
spraying declined (Segura 2002, Giirtler 2007, Giirtler et
al. 2007, Vazquez-Prokopec et al. 2009). The emergence
of pyrethroid resistance in 7. infestans in the late 1990s
further complicated the scenario. High-risk settings such
as those in Bolivia and Southern Peru depended on time-
limited foreign loans to sustain the vigorous insecticide
campaigns developed during the current decade. Other
primary vectors of 7. cruzi with widespread sylvatic foci
(e.g., R. prolixus, T. dimidiata, Panstrongylus megistus,
Triatoma brasiliensis and others) tend to invade and col-
onise human habitations and therefore are less vulner-
able to standard insecticide campaigns than 7. infestans
(Diotaiuti et al. 2000, Sanchez-Martin et al. 2006). There
still are millions of chronically infected people, who will
need medical treatment for decades to come (Dias et al.
2002). The frequency of oral outbreaks of Chagas dis-
ease in the Amazon Basin through ingestion of contami-
nated food has increased dramatically and gained much
visibility over the last decade (Coura et al. 2002, Coura
2007). Fortunately, this evidence has served to raise
awareness that “it is premature to believe that Chagas
disease is conquered” (Schofield et al. 2006).

At the heart of its range of distribution in the Gran
Chaco ecoregion, the elimination of 7. infestans has
failed, even in areas subjected to intensive, profession-
al vector control efforts for reasons that remain poorly
understood (Giirtler 2007, Giirtler et al. 2007). At the
outset of the Southern Cone Initiative, the elimination of
T. infestans was deemed feasible because the available
evidence indicated that it lacked sylvatic foci except in
the Andean Valleys in Bolivia, it was highly susceptible
to modern pyrethroids, and had little genetic variability
from which insecticide resistance could emerge. How-
ever, surveys conducted in the Bolivian and Argentine
Chaco (Noireau et al. 2000, 2005, Ceballos et al. 2009)
and in Chile (Bacigalupo et al. 2006) contradicted the
first assumption. 7. infestans was shown to have a rich
genetic variability through its distribution range (Bar-

gues et al. 2006, Perez de Rosas et al. 2007, Piccinali et
al. 2009) and insecticide resistance emerged in North-
western Argentina and Bolivia in the late 1990s (Pi-
collo et al. 2005, Toloza et al. 2008). Moreover, recent
evidence shows the emergence of another focus of pyre-
throid resistance in 7. infestans, causing control failures
in Chaco province, Northeast Argentina (JM Gurevitz
et al., unpublished observations). Despite these findings,
the progress achieved in Chagas disease vector control
and interruption of transmission in several areas is in-
disputable when measured over several decades (Segura
et al. 2000). Progress has been much less impressive in
parts of the Chaco over the last decade (Giirtler 2007).
The issue is whether such progress can be achieved and
sustained in the problem areas for extended periods of
time. To achieve the stated goal of sustained interruption
of transmission, we need to identify the causal chains
to current problems, design viable solutions in the face
of uncertainty and field-test them rigorously at various
spatial scales. Identifying the factors that determine the
persistence of 7. infestans in the Gran Chaco has been
identified as a top priority of the Southern Cone Initia-
tive in its 15th Meeting held in Brasilia, in 2006.

The Gran Chaco

The Gran Chaco (from chacu, hunting grounds) is a
1.3 million km? ecoregion that extends primarily over
Argentina (62%), Paraguay (25%) and Bolivia (12%)
(The Nature Conservancy et al. 2005). The average hu-
man population density is very low (< 5 inhabitants per
km?), numbering approximately five million people. Vil-
lages or settlements are sparsely distributed and have ir-
regular access by dirt roads. Aboriginal populations suf-
fering from Chagas disease and other infectious diseases
barely survive in Eastern Bolivia, Western Paraguay and
Northern Argentina. At least 13 aboriginal groups with
different languages reside in the western Paraguayan
Chaco (Rojas de Arias 2003).

The Gran Chaco includes the humid and the dry Cha-
co, with wide climatic gradients and particular geologi-
cal characteristics that have created a rich environmental
and biological diversity. The vegetation is a mosaic of
hardwood forests, grasslands and savannas, swamps and
salt flats. Temperatures range from -10°C in the south
to 49°C in the north. Annual rainfall decreases from
1,300 mm in the east to 350 mm in the west. This fea-
ture largely limited agriculture in the west and favoured
desertification in some areas. Rural houses are typically
built of mud-and-thatch or mud-and-stick materials and
constitute a suitable habitat for 7. infestans. Peridomes-
tic structures housing domestic animals also constitute
suitable habitats for 7. infestans and other triatomines
such as Triatoma guasayana, Triatoma garciabesi and
Triatoma sordida (Canale et al. 2000). Such peridomestic
structures are numerous in many areas of the Argentine
Chaco, but not in the Bolivian and Paraguayan Chaco.

Natural hardwood forests in the Chaco have been
overexploited and pastures overgrazed during the XX
century. These processes, jointly with periodic slash-
and-burn to facilitate agriculture and cattle-ranching,
led to unproductive scrub associated with a subsistence



economy based on raising goats, logging, production of
charcoal, hunting or fishing (Bucher & Schofield 1981).
Changes in land use, value and ownership jointly with
the rapid expansion of large-scale soybean crops in the
Eastern Chaco and in other sections in Salta and Para-
guay over the 1990s and 2000s have caused a large im-
pact on the landscape, irreversible degradation of natural
forests and a significant biodiversity loss. These changes
also affected the socioeconomic structure of campesino
populations and frequently led to displacement of rural
residents and social unrest. Despite several rural devel-
opment programs, rural poverty remains high. From
50-70% of the rural population in the Argentine Chaco
has unsatisfied basic needs and these figures may reach
up to 76% in Bolivia. Water shortages limit the develop-
ment of large areas in the Chaco and increases poverty,
according to the Human Development Report published
by the United Nations Development Program in 1997.

The common characteristics shared by the Argentine,
Bolivian and Paraguayan Chaco are (i) a mostly under-
developed rural setting characterised by a subsistence
economy with high levels of poverty and substandard
housing, which determine a high burden of infectious
diseases, very low population density and high dispersion
of villages and house compounds; (ii) high prevalence of
infestation with 7. infestans and human infection with
T. cruzi, with frequent occurrence of myocardiopathy or
megasyndromes attributable to Chagas disease (the ma-
ternal seroprevalence of 7. cruzi was up to 20% in some
Argentine provinces during the current decade, with an
estimated frequency of occurrence of congenital cases
surpassing 1,000 per year and vector-borne acute cases
of Chagas disease are stably notified to the surveillance
system, reviewed in Giirtler 2007) and (iii) scarce pres-
ence of national and provincial governments in rural ar-
eas, combined with residual vector control services with
very limited or declining operational capacity in many
districts. Notable exceptions to this regional pattern are
the strengthened provincial vector control programs of
La Rioja and Santiago del Estero (Argentina) during the
last few years. The abovementioned factors determined
that vector surveillance has been irregular, less intense
than in other areas, costly and unsustainable when meas-
ured over the last 50 years. The Chagas disease trans-
mission system has a large capacity to recover (i.e., re-
silience) from the time-limited interventions represented
by residual insecticide spraying campaigns.

Limitations of current vector control tactics

Why do vector elimination efforts fail in the Chaco?
Unlike with malaria and dengue, the exclusive reliance
on insecticides is perhaps a hallmark of Chagas disease
vector control and one of the major weaknesses of the
strategy used so far. This article offers a non-exhaustive
list of points as an incentive for further elaboration and
discussion toward finding appropriate solutions:

Tools, actors and procedures are not perfect - Pyre-
throid insecticides, professional spray teams and affect-
ed householders who assume vector control operations
(Vazquez-Prokopec et al. 2009) are each less than 100%
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effective under the harsh working conditions in the Cha-
co. There are no silver bullets to suppress a highly adapt-
ed vector species such as 7. infestans, which still main-
tains viable sylvatic foci in remote forest areas without
human presence. The notion that 7. infestans would be
a straightforward control target outside of its apparent
centre of origin in the Andean valleys of Bolivia (be-
cause of its assumed non-autochthonous status) is called
into question by empirical evidence collected by vector
control programs and researchers in Chaco over several
decades. The Southern Cone Initiative recently conclud-
ed that traditional vector control actions conducted in
the Gran Chaco have not been as effective as elsewhere
and need to be revised (http:/www.paho.org/english/ad/
dpc/cd/dch-incosur-xv.htm). Insecticide coverage and
vector surveillance have frequently been incomplete in
space and time (Giirtler et al. 2007, Vazquez-Prokopec
et al. 2009). Repeated insecticide spraying campaigns to
compensate for human mistakes and coverage gaps (i.c.,
2 or more rounds of blanket insecticide spraying over 1-2
years) are prohibitively expensive and unsustainable.

Pyrethroids have dominated the vector control scene
since the mid-1980s. Pyrethroids have proven much
more effective in human habitations than in peridomes-
tic outbuildings housing domestic animals and various
species of triatomine bugs (Giirtler et al. 2004, Cecere
et al. 2006a). Lack of recognition of this limitation im-
plied recurrent cycles of reinfestation, (re-)spraying, in-
creased cost and frustration. The insecticidal activity of
pyrethroids is inversely temperature-dependent and is
reduced by marked exposure to sunlight and high tem-
peratures, which induce rapid photolysis of pyrethroid
molecules in peridomestic structures such as corrals or
chicken coops. Furthermore, the effectiveness of py-
rethroids decreases with the abundance of 7. infestans
per site before spraying domestic or peridomestic habi-
tats (Giirtler et al. 2004, Cecere et al. 2006a). Residual
peridomestic foci cause early domestic reinfestation. A
resurgence of peridomestic populations of 7. infestans
after residual spraying with pyrethroid insecticides has
frequently been reported (Cecere et al. 2006a, b, Por-
cassi et al. 2006) in the absence of any insecticide re-
sistance. The elimination of 7. infestans from the Gran
Chaco requires a greater intensity and quality of con-
trol actions than those that have been used so far. How-
ever, the sustained use of pyrethroids over the last two
decades may have opened the way to the emergence of
insecticide resistance in 7. infestans, a process whose
rate of occurrence is expected to increase in the future
if the frequency of insecticide spraying is increased and
sustained vector elimination is not achieved. The emer-
gence in 2008 of another focus of pyrethroid-resistant
T. infestans causing control failures in Pampa del Indio
(Chaco Province) constitutes the first such focus re-
corded in Northeastern Argentina (JM Gurevitz et al.,
unpublished observations).

The world is not flat - The quote is borrowed from
economist Pankaj Ghemawat’s book (2007) and stands
in opposition to the notion of increasing homogeneity in
global economic markets. The complex system repre-
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sented by Chagas disease includes several overlapping,
interacting domains relevant to infestation, transmission,
disease and control: the biophysical, geographic, cultural,
administrative/political and economic domains. Several
sources of heterogeneity (environmental, demographic,
spatio-temporal, insecticide resistance) may determine
the occurrence of hot and cold-spots of infestation, in-
fection, infectiousness and parasite transmission (Cecere
et al. 2006b, Cardinal et al. 2007, Giirtler et al. 2007). In
traditional practice, however, vector and disease control
actions have been homogeneous. In many of these activi-
ties there is a dangerous inclination to apply panaceas
(i.e., a single solution to many problems regardless of
the circumstances) (Anderies et al. 2007, Ostrom 2007).
“Effort(s) to impose a standard ‘optimal’ solution (are)
‘the’ problem rather than ‘the’ solution.”” (Ostrom 2007).
Plausible solutions for a problem are dependent on the
temporal and spatial scale. In the particular case of Cha-
gas disease, the five domains mentioned above modify
the expected outcome of the standard solution (i.e., re-
sidual insecticide spraying) in different directions.

The basic spatial heterogeneity of Chagas disease
vector control status is reflected in areas under effec-
tive, sustained surveillance coexisting with areas where
control actions have been irregular over time, and areas
under a persisting reinfestation problem where symp-
tomatic Chagas acute cases (i.e., the tip of the iceberg)
have been notified in Northern Argentina (Giirtler 2007).
Sparse populations with difficult access are expected to
have much larger infection prevalence than more accessi-
ble and populated districts with more capacity to demand
vector control actions and health services. Such hetero-
geneities in the distribution of infestation and infection
remain hidden in the nation or province-wide averages
usually reported by disease control programs. Such grand
averages are mostly based on biased, convenience sam-
pling surveys and lack additional measures of precision.

There is nothing permanent except change (Heracli-
tus) - And changes are hard to anticipate and to deal with.
Recurrent instability at political, social and economic
levels pose major threats to disease control programs in
the regions most affected by Chagas disease. Frequent
changes in health authorities and heads of vector control
programs are the rule, whereas a long-term state policy
on Chagas disease control running through different ad-
ministrations is the exception. Political and economic
support for Chagas control programs wanes soon after
signs of success appear. The growing decentralisation of
health services to provincial and municipal levels added
the unmet challenge of coordinating efforts among dis-
tricts differing in infestation, control status, resources and
priorities and between national, provincial and munici-
pal public health levels (Schmunis & Dias 2000, Yadon
et al. 2007). The structure of vector control programs
ranged from strongly centralised in Paraguay and Chile,
to partially decentralised in Argentina (since the 1980s),
to fully decentralised in Bolivia and in Brazil since the
2000s. As vector control programs became overburdened
by the (re-) emergence or expansion of dengue, malaria

and other scourges in the region, fewer resources were
applied to Chagas disease vector control. One such case
is the widespread dengue outbreak in Argentina in 2009;
all triatomine vector control actions were halted.

Drastic changes in the natural landscape, especially
through intense deforestation, habitat degradation and
mismanagement of deforested areas may favour in-
creased house invasion by sylvatic triatomines and syl-
vatic T. cruzi strains, as well as the spread of domestic
triatomine species by human migration in search of bet-
ter living conditions. Migration from rural to urban en-
vironments, often to poor housing in slums, creates con-
ditions for urbanisation of 7. infestans and transmission
of T cruzi, as recently seen in the peripheries of large
cities such as Arequipa in Peru (Levy et al. 2006), Co-
chabamba in Bolivia (Medrano-Mercado et al. 2008) and
in several small towns in Santiago del Estero (Anatuya,
Tintina etc.) and La Rioja (Olta) in Argentina over the
1990s. This rural-to-urban migration is expected to con-
tinue over the next decades. The urbanisation of 7. infes-
tans in the capital city of San Juan (Argentina), where
it infests palm trees, abandoned buildings and terraces
with pigeon nests throughout the city, was observed in
the 1990s (Vallvé et al. 1996) and still is a matter of cur-
rent concern and intense combat (Carrizo Paez et al.
2008). The finding of a female specimen of T infestans
and eggs in Comodoro Rivadavia (southern Chubut, Ar-
gentina) in mid-2007 (RV Piccinali, DM Canale et al.,
unpublished observations), outside of its geographic
range and presumably brought by immigrants, is another
reminder that vector surveillance and control must re-
main a regional enterprise.

Current goals and possible approaches

There is a wide consensus on the goals to be pursued
in the foreseeable future: (i) to minimise the burden of
disease, through reducing the prevalence and incidence
of human infection with 7 cruzi and by reducing the inci-
dence of disease and the disease-specific death rate, and
(i1) to eliminate the implicated vector species throughout
most or all of its geographic range, if feasible, or keep its
abundance below specified levels not compatible with
parasite transmission. If the goal is vector control, then
long-term surveillance is indispensable and two key is-
sues emerge: sustainability and cost-effectiveness. Re-
gardless of the ultimate goal, there are concerns related
to the potential emergence of secondary vector species
that currently are not control targets (7. sordida, T. gua-
sayana etc.). However, even in areas where the abun-
dance of 7. infestans was reduced to the verge of elimina-
tion and there was intense house invasion by 7. sordida
and T guasayana before and after residual insecticide
spraying, persistent domestic colonisation has not been
recorded in the Gran Chaco (Vazquez-Prokopec et al.
2008, Gurevitz et al., unpublished observations).

The current emphasis on sustainability is based on
the rather erratic trajectory of control efforts recorded in
the Gran Chaco in the past. The experience in Argentina
offers several lessons for the future (Giirtler 2007). Con-
trary to several far-sighted predictions, the elimination



of T. infestans from its entire geographic range has not
been achieved and may not be feasible in the most affect-
ed regions in the current political, social, economic and
health context, or in the context projected for the next
5-10 years. Therefore, a shift toward recurrent control
actions through an established vector surveillance sys-
tem needs to be favoured in many situations. Perhaps the
main characteristic common to the entire Gran Chaco is
rapid house reinfestation after community-wide residual
spraying with insecticides. The underlying causes of
such reinfestations are a matter of current research ef-
forts in a multisite study conducted simultaneously in
the Argentine, Bolivian and Paraguayan Chaco. There
is a pressing need to design a cost-effective, sustainable
surveillance system for a large, underdeveloped territory
with a sparsely distributed population.

Long-term sustainable control of Chagas disease in
the Chaco is feasible through a multifaceted, integrated,
intersectoral approach discussed in more detail elsewhere
(Gtirtler etal. 2007). Current challenges to the prevention
and control of Chagas disease are manifold, but they are
tractable (Tarleton et al. 2007, Reithinger et al. 2009). In
the Chaco, vector control programs need to be strength-
ened in various dimensions (staff, vehicles etc.) and pro-
vided with information technology and training in data
management and analysis. Rural housing improvement
and replacement of peridomestic enclosures for animals
with appropriate designs and materials would render
them less susceptible to triatomine colonisation. These
interventions of a more permanent nature will contribute
to long-term sustainability by lessening the dependence
on insecticides. Achieving these aims requires linking
heretofore isolated governmental agencies in charge of
rural development, housing, education and health at na-
tional and provincial levels (Singer & Caldas de Castro
2007). Chagas vector control and disease management
must remain a regional effort within the frame of sus-
tainable development rather than being viewed exclu-
sively as a matter of health pertinent to the health sector.
Sustained and continuous coordination between govern-
ments, agencies, control programs, academia and the af-
fected communities is crucially needed.

Vector control programs rarely have included other
relevant actors in a consistent fashion over the process of
developing and implementing a disease control strategy.
Potential actors that may play a significant role include
the local education system; non-governmental organisa-
tions with various interests (environmental, ethnic, reli-
gious); governmental agencies linked to rural develop-
ment; universities and research institutes; municipalities,
and the affected individuals, households and communi-
ties. Intersectoral cooperation has not been exploited to
its full potential. Multi-stakeholder involvement may add
sustainability and resilience to the surveillance system
(Bazzani et al. 2004). Community participation plays a
crucial role in long-term vector surveillance and control,
but it is no spontaneous panacea. It thus needs to be nur-
tured, promoted and well-supervised.

The challenge of sustainable suppression of bug in-
festation and 7. cruzi transmission can be met through
integrated disease management, in which vector control
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is combined with active case detection and treatment to
increase impact, cost-effectiveness and public accep-
tance in resource-limited settings (Giirtler et al. 2008).
The lack of health education and access of the rural
poor to diagnosis and treatment with benznidazole or
nifurtimox in many areas implies that the affected com-
munities are unaware of the actual extent of the Chagas
disease burden affecting them, its potential health con-
sequences and the available means to combat the threat.
Roots of the neglect may also be traced to the limited
political and economic power of the vulnerable popula-
tions affected by the disease.
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