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Discovered in 1909, Chagas disease was progressively shown to be widespread throughout Latin America,
affecting millions of rural people with a high impact on morbidity and mortality. With no vaccine or specific
treatment available for large-scale public health interventions, the main control strategy relies on prevention of
transmission, principally by eliminating the domestic insect vectors and control of transmission by blood transfu-
sion. Vector control activities began in the 1940s, initially by means of housing improvement and then through
insecticide spraying following successful field trials in Brazil (Bambui Research Centre), with similar results soon
reproduced in S&o Paulo, Argentina, Venezuela and Chile. But national control programmes only began to be
implemented after the 1970s, when technical questions were overcome and the scientific demonstration of the high
social impact of Chagas disease was used to encourage political determination in favour of national campaigns
(mainly in Brazil). Similarly, large-scale screening of infected blood donors in Latin America only began in the
1980s following the emergence of AIDS.

By the end of the last century it became clear that continuous control in contiguous endemic areas could lead to
the elimination of the most highly domestic vector populations — espetraiypma infestan&nd Rhodnius
prolixus— as well as substantial reductions of other widespread species sicltb@siliensis, T. sordidand T.
dimidiatg leading in turn to interruption of disease transmission to rural people. The social impact of Chagas
disease control can now be readily demonstrated by the disappearance of acute cases and of new infections in
younger age groups, as well as progressive reductions of mortality and morbidity rates in controlled areas. In
economic terms, the cost-benefit relationship between intervention (insecticide spraying, serology in blood banks)
and the reduction of Chagas disease (in terms of medical and social care and improved productivity) is highly
positive. Effective control of Chagas disease is now seen as an attainable goal that depends primarily on maintain-
ing political will, so that the major constraints involve problems associated with the decentralisation of public
health services and the progressive political disinterest in Chagas disease. Counterbalancing this are the political
and technical cooperation strategies such as the “Southern Cone Initiative” launched in 1991. This international
approach, coordinated by PAHO, has been highly successful, already reaching elimination of Chagas disease
transmission in Uruguay, Chile, and large parts of Brazil and Argentina. The Southern Cone Initiative also helped
to stimulate control campaigns in other countries of the region (Paraguay, Bolivia, Peru) which have also reached
tangible regional successes. This model of international activity has been shown to be feasible and effective, with
similar initiatives developed since 1997 in the Andean Region and in Central America. At present, Mexico and the
Amazon Region remain as the next major challenges. With consolidation of operational programmes in all endemic
countries, the future focus will be on epidemiological surveillance and care of those people already infected. In
political terms, the control of Chagas disease in Latin America can be considered, so far, as a victory for interna-
tional scientific cooperation, but will require continuing political commitment for sustained success.
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Over the last 10 years, a series of multinational initianfected was estimated at 16-18 million, with a further 100
tives has led to significant reductions in the social andillion considered at risk (WHO 1991). Now the estimates
economic impact of Chagas disease in the Americas. Bfinfection prevalence are being progressively revised
the early 1990s, Chagas disease was ranked by the Waltdvnwards, to a current figure of just over 11 million
Bank as the most serious of the parasitic diseases in LaiBthmunis 1999a). Most of this success is due to large-
America, with a socioeconomic impact (measured atale regional initiatives to halt vector-borne transmis-
DALYs — Disability-Adjusted Life Years) considerably sion, together with improved screening of blood-donors
greater than that of the combined effects of all other par@ reduce the likelihood of transfusional transmission, and
sitic infections (World Bank 1993). The number of peoplemproved detection and treatment of congenital cases. In
many areas this has also been paralleled by human migra-
tions from endemic rural areas to cities where the likeli-
hood of vector-borne transmission is generally low.
*Corresponding author. Fax: +55-31-3295.3115. E-mail: It is a mistake, however, to imagine that Chagas dis-
jcpdias@cpaqrr.fiocruz.br ease is conquered. High levels of vector-borne transmis-
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surveillance and intervention programmes. Even in areitig of the rural population declined from 44.4% in the 1959-
where transmission has now been declared essentidll§63 survey, to 11.7% in 1980-1984. Seropositivity in chil-
zero, there is a continuing risk of recrudescence of vedren 0-9 years old declined from 20.5% to 1.5%, indicating
tor-borne transmission due to premature curtailing of ea-substantial reduction in active transmission.
tomological surveillance and vigilance activities. More- During the 1950s-1970s, most classes of synthetic in-
over, transmission is clearly increasing in newly colonisegecticide were trialed against Chagas disease vectors, as
areas such as the Amazon basin, and the ever-increadhgy became available. But none showed significant ad-
movements of human populations offer a perenniel risk gntages over BHC or dieldrin, and most were more ex-
new transmission in previously non-endemic regions pensive. The early 1980s however, saw the launch of
including areas outside Latin America. Our aim in thi§ynthetic pyrethroid insecticides, which were to prove a
review is to examine key events and technical develop?ajor technical breakthrough. Comparative trials in Brazil
ments that have favoured Chagas disease control in #ed elsewhere soon established that the new compounds
Americas, with a view to clarifying the misconceptiondVere considerably more effective than BHC in eliminating
that can prejudice successful continuation of these a@omestic bug infestations, even at very low doses, and
tivities. The most serious of these can lead to misdirecté4€n when applied just once. The new compounds were
policy, threatening to loose many of the benefits so f&onsiderably more expensive (per kilo) than BHC, but
gained and impeding the realistic objective of Iiberatingecause of the low doses, ease of use, and infrequent

Latin American communities from this chronic and debili2Pplications, they were more cost-effective. Moreover,
tating disease. they left no unpleasant smell, did not mark the treated

house walls, and so were more readily accepted both by
PROGRESS OF CHAGAS DISEASE VECTOR CONTROL  gpraymen and householders.

Attempts to control Chagas disease began soon after With the accumulating operational experience in
Carlos Chagas’ outstanding studies in the first decadédagas disease vector control — especially in Venezuela
of the last century. No treatment was then available fend the Brazilian State of Sdo Paulo —together with com-
human infections, and prior to World War 1l there wergelling studies on the pathology and social impact of the
few suitable techniques for controlling the domestic indisease, particularly for chronically infected cardiopathic
sect vectors. Attempts were made to conRahs- cases, the stage was set for launching the first Brazilian
trongylus megistuin Brazil using kerosene or boiling national campaign in 1983 (Dias 1987). This was a truly
water thrown over the walls of infested houses, and thengtional campaign, including amongst its objectives the
were some limited trials with military flame-throwers. Iso-complete eradication of the main vecirinfestansfrom
lating the house with a canvas cover and injecting cyaational territory. It was designed to cover all the en-
nide gas was more effective, although quite impracticdemic states with a comprehensive mapping of infested
on a large scale. But Chagas also recognised the implecalities, and spraying of infested houses — initially with
tance of improved living conditions to control domesti®HC but progressively replaced with synthetic pyre-
Triatominae. He reasoned that since the bugs lived tiroids. And once sprayed, a system of community-based
cracks and crevices in house walls, then improved strudgilance was set up, whereby householders could report
tures should provide fewer resting places for the bugie finding of bugs to a local volunteer post (known as
Under his leadership and that of his colleagues such R — Posto de Informag&o sobre Triatomineos). The pub-
José Pellegrino and Emmanuel Dias, several experimehigshealth inspectors would periodically visit the PITs,
were made in rural housing improvement, which todagonfirm the presence of bugs, and organise selective
remains an important element of Chagas disease contf@ispraying where necessary.

The advent of synthetic insecticides during the 1940s The 1983 Brazilian campaign was ably planned and
was the first major breakthrough in techniques for Chag&gecuted by staff of Sucam (at that time, the executive arm
disease vector control. DDT was quickly found to bef the Ministry of Health). By 1986, almost 75% of the
ineffective againsP. megistusand Triatoma infestans geographic objectives had been attained, in the sense
and with only a latent effect agair@hodnius prolixus that infested localities had been mapped, sprayed, and
But two other organochlorines, dieldrin and gamma-BH@laced under community-based vigilance. But in 1986,
(also known as HCH, lindane, gammexane), were foundtiee epidemiological situation changed drastically with the
be highly effective when sprayed over house walls at relegturn of Aedes aegyptio Brazilan coastal citieg\e.
tively high doses (Romaria & Abalos 1948, Dias &aegyptiis the urban vector of yellow fever, which had
Pellegrino 1948). For many years BHC remained the maiheen successfully eliminated from most of South America
stay of Chagas disease vector control trials and campaighg,the 1960s. Its return in the 1980s brought with it not
although dieldrin was more widely used in trials in Venjust the threat of renewed yellow fever transmission, but
ezuela since 1957, and during their national campaigiso epidemics of dengue. Uncomplicated dengue is far
againstR. prolixusformally initiated in 1966. The Ven- from life-threatening, and even dengue haemorrhagic fe-
ezuelan campaign was the first large-scale programrder or shock syndrome can usually be successfully
against Chagas disease vectors, and acheived impress$igated. But dengue affects urban populations, including
results. By 1976, evaluation of 382,071 rural houses jaurnalists. There was public and political alarm, and the
the six most highly affected states (Aragua, Carabobtiral Chagas disease campaign became subordinate to a
Cojedes, Portuguesa, Truijillo, Yaracuy) indicated that tHgew urbanAe. aegyptcampaign.
proportion infested (house infestation rate) had been re- By 1990 it was becoming clear that the problem for
duced from 31.1% to 5.6%. Similarly, overall seropositivChagas disease vector control rested less with technical
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guestions, and more with political decision. Only fivg2000) shows that in the period 1975 to 1995, the govern-
countries of the Americas had official programmes againstent of Brazil had invested just over US$420 million in
Chagas disease, and none of these had fully prioritis€thagas disease control, with consequent benefits of well
objectives. There was also an obvious biological prolver US$3 billion — a return of US$7.16 for every dollar
lem. As with other insect pests, Triatominae are no rawested.

specters of national borders, and can be readily trans- The Southern Cone Initiative has been highly suc-
ported from untreated to treated areas — especially amonggssful, as shown by the current rarityroihfestanover

the belongings of visitors. This had already been reauch of its previous distribution, and by the sharp de-
cognised in the Brazilian campaign of 1983-1986 whecline in the infection rates of children born since the
Brazil made frontier agreements with neighbouring Parg@rogramme began (Schmunis 1999b, Schofield & Dias
guay and Uruguay for control @f infestansn the other 1999). Uruguay and Chile were formally certified free of
side of their border. human Chagas disease transmission in 1997 and 1999 re-

The enlightened response to both problems — politicapectively, and six of the previously endemic states of
and biological — came in the form of the Southern Cortgrazil were similarly certified in March 2000 (Goias, Mato
Initiative. This was a joint agreement, signed in 1991, b&rosso, Mato Grosso do Sul, Paraiba, Rio de Janeiro, S&o
tween the governments of Argentina, Bolivia, Brazil, ChilePaulo), with the State of Minas Gerais also certified in
Paraguay, Uruguay, and later Peru, to control Chagas digdarch 2001. In practical terms, this means that even the
ease by the elimination of the main vecfrjnfestans poorest rural families in these regions, living in even the
These seven countries encompass the entire geogragduorest conditions, can live in houses free of domestic
distribution of T. infestanswhich was recognised to haveTriatominae, free of the risk dfrypanosoma cruinfec-
originated in central Bolivia but to have been transporteibn. In addition, because of stringent efforts to improve
in association with human migrations to other countriethe screening of blood donors, the supply of blood and
(Schofield 1988, Dujardin et al. 1998a). Throughout its digdood products has become much safer throughout the
tribution, it appeared to be exclusively domestic oBouthern Cone region. Moreover, epidemiological data
peridomestic, with no silvatic populations except in partare indicating some unexpected clinical benefits as im-
of central Bolivia. However, genetic studies had indicatgarovements in disease progression amongst those people
incipient speciation and a lack of gene flow between ttaready infected before the control programme, together
silvatic populations and neighbouring domestic populawith a reduced likelihood that infected mothers will pass
tions in central Bolivia (Dujardin et al. 1996, 1997a,b, 19984he infection to their offspring by transplacental trans-
so that the idea of complete elimination of all domestic armdission. The reasons for this are not clear, but may relate
peridomestic populations dt infestanseemed biologi- to the absence of reinfection as a result of the vector
cally feasible as well as politically acceptable. control interventions.

The underlying rationale behind the Southern Cone Stimulated by the Southern Cone success against
Initiative was the idea that international agreement wouldfestans two further regional initiatives were launched
favour the continuity of national policy for Chagas disin 1997 —in Central America, and in the Andean pact re-
ease control, while the common objectives would reduagon. In both cases, the main targetsRirerolixusand
the risk of accidental cross-border carriage of the vectoig, dimidiata(together wittR. pallescens; Panama, and
or of infected blood products. The primary objective oR. ecuadoriensig Northern Peru)RR. prolixushas a dis-
eliminatingT. infestansncluded the idea of suppressingcontinuous geographical distribution, from Venezuela and
or controlling populations of other species that might b€olombia, and the central part of Central America. But it
of local importance. The second objective was to redut@s never been recorded from Northwestern Colombia,
the risk of Chagas disease transmission by blood transfier from Panama or Southern Costa Rica, and it was quickly
sion. In general, each country within the initiative financesliminated from Northern Costa Rica by insecticide spray-
its national activities, and retains complete autonomy famg in the early 1950s (Ruiz 1953). Historical reconstruc-
programme implementation. Operational aims, method$on backed by genetic and morphometric comparisons
and achievements, are discussed annually at the meetimgdicates thaR. prolixuswas accidentally imported to
of the Southern Cone Commission coordinated by theentral America just prior to 1915 and, likenfestansn
Pan American Health Organization (PAHO). the Southern Cone, it appears to have been spread as a

A preliminary analysis of likely costs and benefits olomestic species in association with human migrations
the Southern Cone programme predicted that total cog&chofield & Dujardin 1997, Dujardin et al. 1998b). There
over a 10 year period (1991-2000) would be between US$1i80also some evidence thBt prolixuswas spread by
million and US$350 million, but against this, direct benhumans from Venezuela into the central Magdalena val-
efits from savings in medical costs alone would sum tey of Colombia (Schofield & Dujardin 1999). Asfar asis
around US$53 million per year, with an estimated annukhown, no silvatic populations &. prolixusoccur either
rate of return on investment of just over 14% (Schofield & Central America or in central Colombia, so that in both
Dias 1991). To date (1991-2001), the combined investegions this domestic species is considered a feasible
ment of the seven governments is estimated at just ow@ndidate for complete elimination. By contrakt,
US$320 million. Point studies that include benefits frondimidiatahas many silvatic ecotopes in Southern Mexico
reduced morbidity as well as savings in medical costand Central America, although silvatic specimens have
indicate actual rates of financial return of around 30% ianly rarely been reported from Colombia, and not at all
Brazil (Akhavan 2000) and over 64% in Argentingrom Ecuador. Current genetic studies suggest That
(Basombrio et al. 1998). The detailed analysis by Akhavatimidiatamay have originated in the Yucatan region, fol-
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lowed by a natural spread North and South, so that thergvhich may indicate a hitherto unsuspected benefit due
is some evidence of clinal variation as far South as Panatnaabsence of reinfection (see below).
(Solis-Mena et al. 2000, Marcilla et al. 2001, Schofield 2002). Clinical improvements In clinical terms, chronic
But Ecuadorian populations @f dimidiatashow close Chagas disease infections (i.e. infections initiated prior to
genetic similarities with those of Southern Mexico (Solisthe current vector control campaigns) are showing sig-
Mena et al. 2000, Abad-Franch et al. 2001) suggestimgficant reductions in morbidity and premature mortality
that they may have been transported to Ecuador alotige toT. cruziinfection (Figs 1, 2) — again suggesting a
precolombian maritime routes which are well establishdaenefit due to the absence of reinfection. The first to
by archaeological evidence (Meggers & Evans 1963). note this was Emmanuel Dias who, in 1962, observed that
Based on these various studies, the current opethe more severe cardiopathic lesions became less appar-
tional appraisal is th&. prolixusis a feasible candidate ent amongst cohorts of chronic Chagas cases in Bambui,
for eradication from Central America and possibly alsabout 5-6 years after a general insecticide spraying of the
from central Colombia, whil&. dimidiatamay be a fea- municipality. During the 1970s, a similar phenomenon
sible candidate for eradication from Ecuador and Nortlwas observed by Vanize Macedo in the municipality of
ern PeruR. ecuadoriensimay also be a feasible candi-S&o Felipe, Bahia, following local spraying campaigns
date for eradication from Northern Peru, where the firstgainst domesti®. megistus Both these authors sug-
control trials are currently underway (F Vargas et al., urgested that a reduction of reinfection, due to reductions
published ECLAT report). Similarly, evidence from conin vector infestation rates, might be responsible for the
trol trials in Mexico suggest that barberimay be a can- declining morbidity amongst chronically infected indi-
didate for eradication (Ramsey et al. 2000) although widegiduals (Dias 1962, Macedo 1976). In recent studies, mainly
spread species of the phyllosoma complex, such. asin Brazil and Uruguay, it is not only a reduction in the
pallidipennis may require a more long term control apincidence of chronic chagasic cardiopathy that is being
proach similar to that proposed fordimidiatain Central observed following the vector control activities, but also

America (Acevedo et al. 2000). a steady reduction in the number of hospital internments
MEDICAL AND SOCIAL IMPACT OF CHAGAS DISEASE
CONTROL

Countries or regions under effective and continuol
vector control activities have seen a significant decline

the the incidence of human Chagas disease, accompa ;, J zzzj'
by reductions in disease prevalence. Inall cases, sigr | al
cant reductions in the rates of house infestation by ¢ '

mestic Triatominae have been accompanied by a ra ™+
reduction in the frequency of apparent acute cases -
had been well documented from previous studies
Bambui, Minas Gerais (Dias 1982) and in the State of ¢
Paulo (Souza et al. 1984). As animmediate consequer ™ & [t feimeslmleliioinleleixinfnlielin
age-specific prevalence curves become displaced to = =sl== = =risxiarianlssife 222l
flect the reduction in new cases amongst younger agwurce: Cenepi/Funasa, Ministry of Health
groups (Dias 1982, 2000). This primary impact of vectadtig. 1: annual mortality per 100,000 due to Chagas disease in Bra-
control is easily recognised when endemic areas azi¢é 1980-1996.
sprayed. For Uruguay, where the overall index of house
infestation byT. infestanslecreased from 6% in 1983 towo. patients
0.3% in 1996, the infection rate in 6-12 year old childreresoo
was reduced from 2.4% in 198510 0.1% in 1996. For Chile
in the same period, house infestation was reduced frofi% ]
20% to 0.1% and childhood infection from 7.2% to 0.1%.
Similar pictures are being observed in other countries of*
the Southern Cone Initiative, such as Brazil and extensivg,, | | _
areas of Argentina, Paraguay, and Southern Bolivia
(Tupizaregion) (Vinhaes 2002). In parallel, vector control soo - -
is also associated with a marked reduction in rates of trans-
mission by secondary mechanisms such as transfusional®
transmission from infected blood donors and congenital vear
_(transplacental) transmlssmn from mfeCted.mOtherS' TIT}'%? . 2: annual number of hospital internments due to Chagas disease
is an expected reflection of the changes in age-speci thraziI, 1984-1997. Note how the number of hospitalisations
prevalence, due to the declining prevalence in younggsclines in the period of the national vector control programme
age-groups that leads to a progressive reduction in t{1983-1986) then rises as this programme was suspended in re-
number of infected blood donors and ifected molfhepabnse o e o e s v oo
X X c
.(\Nende” 1997, DIaS&SChOﬁ.el.d 19.99)'. Nevertheless, th.ea?:ne Initiative, in 1991, there has been a steady declineuin the
is also a suggestion of declining |!ke“h09d of congenitalymper of hospitalisations (data from Ministry of Health, Brasilia,
transmission even amongst previously-infected mothesggazil).
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and premature mortality due to chronic Chagas diseagknost 100% in Uruguay and parts of Brazil, also reach-
(Figs 1, 2). Age-specific mortality due to chronic Chagaimg high levels in Argentina, endemic part of Chile, Ven-
disease is moving from the classical 35-55 age rangeéauela, Honduras and Paraguay (Schmunis et al. 2001).
age groups higher than 60 years (Dias 2000). Lack Afl this is aided by the successful vector control inter-
reinfection due to successful elimination of the domestientions leading to progressive reduction in the number
vectors is one hypothesis to explain the more benign clirdf infected people entering the age for blood donation
cal pictures. Other possibilities could relate to improveiVendel 1997, Dias & Schofield 1998).
and earlier access of patients to medical care and the so-Reductions in congenital transmissiei€ongenital
cial benefits provided by social security (Dias 1982)transplacental) transmissionTfcruzihad been known
Another speculation is based on Koberle's theory, asince studies in the 1940s, and has since been observed
cording to which the intensity of chronic disease is rén most endemic countries. However, the likelihood that a
lated to the intensity of the initial acute infection — whictthagasic mother would pass the infection to the foetus
has declined in association with the vector control activéeems to vary between regions — generally ranging from
ties (Dias 1962, 2000). 0.5t0 10% (WHO 1991, Dias & Coura 1997, Bittencourt
Improved blood safetyAdditional medical benefits 2000). The direct preventive approach involves early di-
of the Chagas disease control initiatives have accruadnosis and specific treatment of infected new-borns,
from improvements in the screening of blood donors, leadhich depends on political and clinical awareness and an
ing to greatly improved safety of blood and blood prodambitious mother-child health programme. Within the
ucts throughout Latin America. The problem ofSouthern Cone Initiative, some countries (Uruguay, Para-
tranfusional Chagas disease was suspected in 1935 gudy and Argentina) have implemented a national rou-
clearly defined in the 1940s. The basic tools and strate by which every pregnant woman is serologicaly ex-
gies to avoid transfusional transmission were developeined foiT. cruziinfection, so providing diagnostic guid-
in the 1950s, but it was only in the 1980s, with the emeance at childbirth. But a problem remains in the low cover-
gence of AIDS, that national and regional blood contrage of pre-delivery medical services in the majority of Latin
programmes began to be fully implemented in the endenfenerican rural areas, as well as the difficulty of detecting
countries (Wendel 1997, Dias & Schofield 1998). Theongenital transmission without good parasitological meth-
basic strategies for control of transfusional transmissiards, because current serological tests in new-borns only
involve serological selection of blood donors and chemdndicate antibodies passed from the mother (Bittencourt
prophylaxis of suspect blood using trypanocidal drugg000). Because of this, the current trend amongst most
(WHO 1991, Wendel 1997). At the beginning of the Southpublic health programmes is to perform routine serology
ern Cone Initiative, in 1991, transfusional transmissiosix months after the birth of children from chagasic moth-
was still an important health problem throughout Latiers, with immediate treatment of seropositives. Most au-
America, with relatively few well-controlled blood banksthorities are now in agreement with this policy, but the nec-
in the endemic countries and only three countries (Aessary diagnostic and clinical infrastructure is yet to be
gentina, Brazil and Uruguay) with national legislation regudeveloped in many regions (Moya & Moretti 1997, Dias &
lating blood quality. The mean rate of the prevalence &chofield 1999). For the future however, successful vector
chagasic donors in blood banks ranged from 0.15% @ontrol can be expected to contribute to a marked reduc-
Ecuador to more than 40% in Bolivia, with high levels ofion in congenital transmission, by reducing the likelihood
seroprevalence also in parts of Argentina, Paraguay aattransmission to women of child-bearing age, and there
Chile. Significant levels of seroprevalence amongst bloate preliminary indications suggestive of a decline in the
donors were also shown in other countries, such as Vdikelihood of congenital transmission — possibly due to a
ezuela (4%) and Guatemala (8%), with a likely extrapoladack of reinfection of the infected mothers (Dias & Coura
tion to other regions due to international migrations. Fdr997)(see above).
example, in 1991 the prevalenceTofcruziinfection in Social benefits Yet to be fully researched is the full
Hispanic blood donors in the USA was 0.16%, comparezbcial impact of Chagas disease control in Latin America,
to zero amongst non-Hispanic donors (Wendel 1997). although there are already many indications of direct so-
One of the primary objectives of the Southern Coneial benefits, and several that can be expected. At the
Initiative was to provide expertise about transfusiondamily level, one of the most emotive benefits is the ab-
control and to stimulate immediate revision of the probsence of domestic triatomine bugs, which means that even
lem in the different countries. There were several techrtihe poorest of families can construct whatever kind of
cal workshops, together with expert visits and supervéwelling they may afford — without the nuisance of these
sion including update of epidemiological data and intelood-sucking insects, without the psychological stress
change of techniques, reference sera and reagents, wtitat can result, and without the chronic blood loss associ-
the establishment of reference laboratories in each eated with heavy infestations. Informal surveys have also
demic country (Dias & Schofield 1998, Moraes-Souzandicated an improved sense of well-being, also shown by
2000). Leading from this, almost all endemic countries ¢éngible evidence such as greater attempts at domestic
Latin America now have legislation regulating the screettidiness and the planting of flowers around the house.
ing of blood for transfusion, and the prevalence ©f Most importantly, as shown by studies in Venezuela
cruziinfection amongst blood donors is rapidly decreagBricefio-Ledn 1990, 1993), the vector control activities can
ing in the great majority of the region (Moraes-Souza 200@ad to a greater sense of citizenship (rather than an often-
Schmunis et al. 2001). The degree of coverage of bloéelt sense of abandonment), which in turn can be expected
donor screening is also being increased, and now reachepromote increased stability of rural communities.
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At the regional and international level, the Chagasol is taken up by campaigns against other vector-borne
disease control initiatives have, of necessity, promoteatiseases such as lymphatic filariasis and African trypa-
greater scientific and technical interchange, including rrosomiasis. Such campaigns have obvious social and
series of inter-country technical cooperation agreementgdical benefits, protecting millions of people from pre-
developed by the Pan American Health Organisation ofentable disease transmission, and the political impact is
fering opportunities for improved interaction betweenparticularly important in restoring confidence in large-
scientists, and between scientists and their respectisgale intervention programmes. But the relationships
government organisations. Since 1991, the Southern Cdmtween operational achievements and policy suffer from
Initiative rapidly showed valid results and helped the patime-lags, so that the new paradigms of large-scale dis-
ticipant countries to improve and sustain their contr@ase control often march out-of-step with the previous
programmes, helping to balance the trend towards gopelitical paradigms of community-based approaches.
ernmental decentralization and the minimization of State In the case of Chagas disease control, the historical
structures. When the initiative began there were no foappraisal reveals a series of operational stages that must
mal programmes against Chagas disease in Bolivia, Pab& adapted to specific epidemiological situations within
guay, or Peru, and the initiation of national programmes the context of differing national policies. The stages
these countries — and subsequently in others througgnge from inactivity through various levels of survey
the Central American and Andean Pact initiatives — wasaad trial to large-scale campaigns, followed by consolida-
clear goal attained towards the end of the decade. Bgn and sustained vigilance. Each country of the Ameri-
another standpoint, it has been argued that the Southeas is at a different stage, facing a specific epidemiologi-
Cone Initiative served as an additional reinforcement tal pattern, so that translation of experience may not be
political and commercial cooperation in the region, sudmmediately applicable. For example, the dedicated cam-
as the Mercosur pact, and has also become a modelpaign approach of Sucam-Funasa that has been so suc-
which to base other large-scale disease control initiativesssful againsk. infestansn Central and Southern Brazil
such as the recently launched Pan African Tsetse amdy be highly applicable to the eliminationRf prolixus
Trypanosomiasis Eradication Campaign (PATTECin Central America, but would not be relevant to the situ-
launched by the Organisation of African Unity in 200@ation in a country such as Suriname where transmission
(Schofield & Maudlin 2001, Kabayo 2002). In terms ofs due to adventitious silvatic vectors rather than domes-
scientific cooperation, a series of collaborative internaic bug populations. And yet the Suriname approach to
tional projects were developed in support of the contrsiurveillance and control may be exactly what Brazil will
initiatives, including the ECLAT network (European Com+equire in the future — especially in the Amazon region.
munity and Latin American network for research on What follows is our attempt to rationalise the stages
Triatominae) involving research groups in 22 countriesh Chagas disease control, with our appraisal of the cur-
which has had a decisive influence on our understandingnt position of each of the endemic countries. The stages
of the biology and evolution of domestic vectors of disare designed to follow a logical and ultimately successful
ease (Dias & Schofield 1999, Schofield & Dias 1999). sequence, leading to the elimination of Chagas disease

Most importantly perhaps, the success of the Chagas a public health problem. We believe the final stage
disease control initiatives in Latin America are offerringepresents a realistic and attainable goal, when there would
renewed confidence in our ability to mount large-scalke no more than occasional human infections resulting
campaigns against vector-borne diseases, not only frdnom adventitious contact with infected silvatic
the successes achieved but also by demonstrating Freatominae. But equally, we believe that even the most
validity of a large-scale approach emphasising inter-cousuccessful programmes of today risk severe derailment,
try cooperation. The success has been acknowledgeddsydiscussed in the final section.
resolution of the World Health Assembly (WHO 1998),eg iy cHAGAS DISEASE CONTROL
and, in addition to the Pan African initiative against Afri- o
can trypanosomiasis, other international initiatives agin§tage 0. Inactivity S
vector-borne diseases are being developed — most nota-The zero stage is represented by a lack of epidemio-
bly against malaria, lymphatic filariasis, and certain tickogical data, or a national incapacity to acknowledge or
borne diseases (see also Ken-Hong 2000). investigate what data may exist. All endemic countries
have begun at this stage, relying on their clinicians and
research communities to reveal the existence of Chagas

At the time of writing, control of Chagas disease is odisease transmission, and the presence of feasible tar-
the health policy agenda of all the endemic countries (egets for national or regional control interventions. Most
cept Guyana and French Guiana), and there are activave now passed out of stage zero, since, with the excep-
programmes of Chagas disease vector surveillance aiwh of Guyana, there is now serological, clinical and en-
control in all except for Mexico, Costa Rica, Ecuadoromological data from all countries of the Americas to
Guyana and French Guiana. This is a major politicallow at least a preliminary assessment of likely transmis-
achievement, flowing from the demonstrable success sibn patterns. In most cases, this is due to the efforts of
large-scale campaigns particularly in Brazil and othendividual researchers, and is a marked reflection of the
Southern Cone countries, and is a tribute to the pioneatrength and priority given to clinical and entomological
ing efforts of the research communities of these couresearch in each country. Those such as Argentina, Bra-
tries. And the political impact spreads well beyond thel and Venezuela, with a strong tradition and committment
Americas, as the new paradigm of area-wide disease cominvestment in research, were the first to make this tran-

CURRENT CONTROL INITIATIVES
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sition largely because they had the trained and motivatptbblems rest with political decisions to organise and
personnel to make the studies to reveal the importanceimiplement the control programmes, and to continue them
this disease. Additionally, many of those researchets a sustainable end-point. For imported domestic spe-
were to play a role in the political activities of their couneies such a3. infestansn the Southern Cone countries,
tries, stimulating further research, refinement of epider R. prolixusin Central America, the stable end-point
miological data, and eventually, action. comes from complete regional eradication. For non-im-
ported species such ds brasiliensis the stable end-
oint comes from initial elimination of the domestic popu-
tions coupled with sustained community-based vigilance
(%f retreatment of any newly detected domestic popula-
s. But conceptually, the two are similar. Domestic

Stage 1. Initial activity

The first stage towards Chagas disease control
rives from recognition that the disease exists, that tran
mission occurs, and that steps can be taken at a natioi
:;af\i?]Iet(i)n?en(:tei(l)lﬁI_FaIthetsheea:’r(]:?]l\i/sldmug:’:gg ; r%mg]t:g',tmm%%c Jopulations can be eliminated, and the country or region
ernment backing, and becomes focused on studies to £n passes 1o stage 3.
termine distribution and prevalence of transmission, witBtage 3. Control of adventitious transmission
control trials leading to recommendations for interven- Stage 3 represents those situations where there are no
tion and surveillance. In most Latin American countriegjomestic populations of Triatominae, and the technical
it is the clinicians who take the lead, so that the earliegbjective is to prevent their establishment. In other words,
interventions tend to be related to treatment of acute casdsatic Triatominae are present and many may adapt to
and serological screening of blood donors. This is a waplonise human dwellings if permitted to do so. Coun-
of gaining useful epidemiological data as well as impactries such as Uruguay, Chile, Brazil, Argentina, Paraguay,
ing the unacceptability of transfusional transmission dolivia, Nicaragua, El Salvador, Guatemala, Honduras, and
T. cruzi It has been strongly promoted by the Pan Amerthe Southern departments of Peru, are embarked on
can Health Organisation through the ‘safe blood initigsrogrammes to eliminate domestic infestations, and so
tive’ and provides for an improved system of screeningiay enter our ‘stage 3’ in due course. Domestic infesta-
for other transfusable infections such as HIV, syphilisons also seem fortuitously absent from countries such
and hepatitis. as Belize, Costa Rica, Guyana, Suriname, and French

Countries currently at this initial stage are MexicoGuiana, butin all these countries there is a risk that a local
Panama, Ecuador, Suriname, and French Guiana, anddeatic species may adapt to colonise rural dwellings and
Northern departments of Peru. so initiate a domestic transmission cycle.
As yet, there is no technical solution to this problem.

There is currently no technique that would be acceptable

nati%ﬂ%?tfrfge :g?ggﬁeogy&%ﬁi@gteiclcagf'e\%tﬁu';@aﬁt?m‘]"'f‘d effective in eliminating silvatic populations of
P ycles. riatominae. But there is an operational solution, with

mission resulting from the presence of domestic popul ommunity-based vigilance supported by selective inter-
tions of Triatominae. Such infestations are now medical ntions. Informed and motivated communities can re-
and morally unacceptable, simply because of the techni% :

o Lok S : rt the finding of Triatominae in or near their houses, so
feasibility of eliminating them. Domestic Triatominae pos at selective treatment of the domicile can be carried out

y local vector control staff. This is applicable to regions
re there is a known presence of silvatic vector spe-
1S that are known to enter houses to form domestic colo-

Stage 2. Elimination of domestic transmission

a risk forT. cruzitransmission, but they also contribute t
chronic iron-deficiency anaemia due to chronic blood-los
as well as unnecessary stress to the householders. T
can readily be eliminated by a professionally applied tre

ment i mocem pyretrads: Moreover, some domesfo%, PTG perts of Nateast Brazl Wb
populations now appear to be biologically divorced fro ‘

their putative silvatic ancestors, making them feasibl egions of Brazil, Paraguay, and Argentina witsordida

canditates for local eradication. Examples include dome§rOlJp and. megistusmost of Central America whete

tic T. infestanshroughout the Southern Cone countries, |m|d_|ata|? Vr\]"delr}]/ (|j||str|buted, andl parts of _l(\j/lexmo vx(/jhere
prolixusin Central America (and probably also in centratPEC!es O the phyllosoma complex are widespread.
Colombia),R. ecuadoriensi$n Northern Peru, and. Stage 4. The final stage
dimidiatain Ecuador. In other regions, domestic transmis- The final stage is perhaps the most difficult, when
sion ofT. cruzireflects domestic infestation with triatominevector-borne transmission becomes rare, and the risk of
species that retain biological links with their silvatic oritransfusional transmission has been greatly reduced. With
gins. Examples includ@. brasiliensisin Northeastern this comes the inevitable tendency to relax surveillance
Brasil, and various species of the phyllosoma and protraeiad withdraw resources — as already seen in some of the
complexes in Mexico. Such populations can also be elinouthern Cone regions. And this can be followed by a
nated, but require more consistent surveillance and selégss of awareness and a loss of operational expertise,
tive retreatment to prevent re-establishment of the domesringing a renewed risk of reconstituted transmission but
tic populations. without the benefit of infrastructure and surveillance to
The technical and operational procedures for eliminatetect possible problems. Nevertheless, it is the goal to
tion of domestic triatomine populations are now welbe achieved by all currently endemic countries. Itis based
proven and demonstrably cost-effective, so that thereds the idea that at the end-point of Chagas disease con-
no longer any technical obstacle to eliminating any artbl, there will be no more domestic vector infestations,
all domestic populations of Triatominae. The operationahere will be no more chronic infections (due to absence
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of significant transmission over a generation or more)here is some confidence that once the domestic popula-
and the risk of transfusional transmission will be too lowions have been eliminated then regular community-based
to warrant routine screening of blood donors. At thigigilance will allow any resurgent domestic populations to
stage, there would only be random and rare cases of trabe-dealt with on a local level. This will involve some strate-
mission, resulting in occasional acute cases that shogjid and operational modifications within the current con-
be dealt with at the level of clinical detection and treatept of decentralised health intervention services, but such
ment. Such an ideal is predicated on the idea that clinicabdifications have been foreseen, discussed, and are in
training in diagnosis and treatment can be strengthente process of being implemented.
and sustained, and that all communities would have ap- The present challenges for complete control of human
propriate access to the diagnostic services. Chagas disease in Latin America consist basically of (1)
This final stage has been described as the Acapulieunching adequate national programmes in those coun-
Syndrome (Dias & Schofield, in press). Acapulco is &ries where Chagas disease exists but is not yet properly
large and prosperous city on the Pacific coast of centi@nsidered by the national health authorities, and (2) im-
Mexico, that shows the full range of communities fronproving and maintaining the existing programmes. The
the very poor to the very rich and privileged. Domestitaunch of new national programmes will be a politcial de-
populations of Triatominae are no longer apparent — alision, that must be reinforced by consistent epidemio-
though they were reported up to 20-25 years ago, at lebsgical data. For the existing programmes, as in Brazil, the
on the periurban fringes of the city. Nevertheless, vectaturrent requirements can be summarised as follows
borne transmission still occurs, albeit rarely. We dedu¢&chofield & Dias 1999, Dias 2000, Vinhaes 2002): (a) to
that some ‘event’ may trigger the flight of an adult silvatienaintain the political priority of the programme until its
bug which may fly through an apartment window. Thatonsolidation (5-10 years); (b) to improve and refine epi-
bug would be hungry, and probably infected Witkruzi  demiological surveillance, that must become more focused
In the apartment, the bug feeds and may transmit the paaaperipheral administrative levels supported by regional
site, but fails to survive to establish a domestic colongnd national technical reference groups; (c) to improve
The result can be an acute case of Chagas disease, pad refine methods and strategies for the control of
haps in someone living high up in a luxurious apartmeperidomestic infestation by secondary vector species; (d)
block — but there is nothing for the vector control authorito cover 100% of blood transfusions with prior serologi-
ties to control. We believe that this may represent thel selections; (e) to improve medical and social attention
end-point of Chagas disease control, relying on clinicab the remaining chagasic individuals.
surveillance backed by recognition of the bugs if they In spite of dramatic progress over the last decade,
can be found, with prompt remedial treatment of the ratkere remain three enormous areas endemic for Chagas
acute infections that may occur. If we are right, and thdisease vectors, where Chagas disease surveillance and
Acapulco syndrome can be reached throughout Lataontrol is in its infancy — Amazonia, Mexico, and the USA.
America, then the need for adequate clinical training afithe Amazon region, comprising much of Brazil, Bolivia,
community awareness deserves to be stressed everPéru, Colombia, Ecuador, Venezuela and the Guianas, rep-
those areas where current Chagas disease control actiegsents a major challenge. Here, human colonisation is
ties are meeting well-earned success. Paradoxically passociated with major changes in land use, which already
haps, it may be that the Amazon region will be the propresent a risk for domestication of otherwise silvatic spe-
ing ground for such a system, where domestic infesteies of Triatominae. In the Brazilian Amazonia alone, over
tions of Triatominae are rare or absent, but adventitio390 cases of Chagas disease have been diagnosed in the
bugs may enter houses and contaminate foodstuffs last 10 years (Coura et al. 2002) together with evidence of
beverages leading to a “family microepidemic” of acutprogressive domestication of vector species such. as
Chagas disease (Valente &Valente 1999, Coura et al. 200@gniculatus, T. maculaiandR. brethesi In other Ama-
so that control relies almost entirely on clinical and paraonian countries, there are increasing reports of silvatic
sitological diagnosis and prompt treatment. species of Triatominae flying into dwellings, with a simi-
CONCLUSIONS lar increase in reports of Chagas disease transmission (eg.
. . _Raccurt 1999, Abad-Franch et al. 2001). As these coun-
The current feeling amongst those involved withries of South America gain experience in surveillance and
Chagas disease control is one of quiet confidence, albgntrol of Chagas disease vectors, we can hope that this
tinged with perenniel uncertainty about political continuexperience will be applied to the Amazon region, leading
ity for the control interventions. There is little doubt thatg an adequate level of entomological surveillance, selec-
domestic populations of Chagas disease vectors cantg intervention, and research to identify the key fea-
eliminated, and that together with improved screening @fires of human colonisation and land use change that
blood donors, this will progressively reduce transmissiogan trigger the domestication process in otherwise silvatic
of T. cruzi  And for some of the primary vectors, particuspecies of Triatominae.
larly T. infestansn the Southern Cone aiid prolixusin Elsewhere, the situation is different. In the USA,
Central America, it seems I|k9|y that once the domestic pom‘hagas disease vectors are Widespread but well-known
lations are eliminated they will not be reconstituted — % the scientific Community_ And they are Species that
least not by the same species. For other important vectesgely enter homes except under extreme conditions — for
§UCh ag. brasi|iensi5in NOI’theaSt BI’aZi|, an-ﬂ d|m|d|ata example When drought triggers h|gh morta"ty Of their
in Central America and the Andean Pact, there is a needsi/atic reservoir hosts. So vector-borne Chagas disease
improve methods to control peridomestic populations, b rare in the USA. In contrast, blood-borne transmission
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may be increasing, and there is as yet insufficient screen- 100

ing for T. cruziin USA bloodbanks. In Mexico also, 90 = [ a. with vigilance |
screening foil. cruziinfection in blood donors does not 80 e
have high coverage, and vector-borne transmission is ~ "° K
widespread. Data from large-scale serological surveys 28 N
suggest well over one million caseslotruziinfection in 0 e
Mexico (Guzman-Bracho 2001), while entomological stud- 20 / ~
ies reveal a wide variety of domestic vector populations 20 / x
representing several species of Thg@hyllosomandT. 10 / .
protractacomplexes, as well &s dimidiatain the south- 0+ s ms s s
ern states. Itis to be hoped that Mexico will soon imple- 123 456 7 8 9101 12
ment an adequate system of vector surveillance and con- = oo benefis |
trol throughout the country, together with improved
screening of blood donors. 100
But the greatest risk to the current successful trend in %

Chagas disease control comes, in a sense, from the suc- 4| ,* [b. without vigilancé
cess that has been achieved. For as Chagas disease be- 792 Al
comes less of a public health problem, then the need for 0

continued surveillance and selective intervention be- 50 .

comes less appreciated at the political level. Thereisa 40 /4\\

tendency for government and political authorities to de- 30 7 TN

precate the problem of human Chagas disease and give 27/ N

priority to emergent questions such as dengue fever. In  1° \ e~—

parallel, there is a tendency to decrease scientific and
technical interest about Chagas disease and its control,
not only in research institutions but also in universities. |- - -costs

Even at the industrial level, success in Chagas vector _ _ _
9 Ig-)lg. 3: analysis of costs and benefits of Chagas disease vector con-

control Car.] Iead. t.o deC“nmg I.ndusmal interest as tht‘? | for the Southern Cone region, assuming (a) initial attack phase

market for insecticides and equipment becomes reducggiowed by continued annual vigilance, or (b) initial attack phase

Decentralization of public health programmes has bee'ith no subsequent vigilance. With vigilance, costs sum over 12

an additional problem, mainly because the peripheral agkars to approximately US$350 million, with annual benefits rising

ministrative levels generally have neither tradition nof° @ continuous plateau of just over US$53 million per vear, With-

F:‘Xpe”'.se to implement ve_ctor. Contrm mtervgnﬂons, a.n nefi%s are reduced by 33% and decline to zero af):er 11 years

limited infrastructure to maintain epidemiological surveilimodified from Schofield & Dias 1991, and Akhavan 2000).

lance. This problem is apparent in all endemic countries

where decentralisation has not been accompanied by for-

mation of strong central core groups able to advise and REFERENCES
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