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1. Executive Summary

In response to a request from USAID/Bolivia, the Vector Biology and
Control Project sent a team of four scientists to conduct a technical
evaluation of the Chagas’ disease control project. This pilot project is
supported under the Community and Child Health (CCH) project and is
designed to develop and field test community-based control methods for
eventual use in a national program for the control of Chagas’ disease.

Chagas’ disease is endemic and widespread in Bolivia and represents a
critical national public health problem. A national program must aim for
sustainable disease control through community-based activities for house
and peridomicilary improvement, health education and judicious use of
insecticides. Other components of a national program are a safe blood
supply to eliminate infection through transfusions with infected blood and
control of congenital transmission of the disease.

The evaluation team met with USAID, Ministry of Health and project
staff in La Paz, reviewed project activities and accomplishments, as well
as plans for future activities. The evaluation team also reviewed project
baseline data, visited project sites to inspect house and peridomicilary
improvement, and reviewed laboratory facilities and the health education
and community participation activities in Cochabamba, Chuquisaca and
Tarija, including those managed by collaborating PVOs.

This complex and multi-faceted pilot project has made important
progress during a year and a half of activities. Extensive baseline data
detailing the magnitude of the disease in the pilot communities have been
collected. Low-cost operational schemes for house and peridomicilary
improvement have been pretested, and manuals documenting these activi-
ties have been written. Laboratory work on insecticides, and other
aspects of vector control have been accomplished. Community organiza-
tion and motivation and health education have received a great deal of
attention as well.

In general, the evaluation team felt that the project had made signifi-
cant achievements. Many of the components necessary for a national
Chagas’ disease control program have been effectively pretested. In
reviewing future project plans, together with project staff, evaluators
made several recommendations, which appear in detail in the report.



The evaluation team strongly believes that the pilot project should be
extended in time so that all of the technical information required for a
national Chagas’ disease control program can be obtained.



2. Sumario Ejecutivo

En respuesta a una solicitud de USAID/Bolivia, el Proyecto de Biolo-
gia y Control de Vectores (BVC) envi6 un grupo de cuatro cientificos
para obtener una evaluacién, técnica, del proyecto de Control de la
Enfermedad de Chagas’. Este proyecto piloto es financiado por el
Proyecto de Salud Comunitaria e Infantil (CCH) y est4 disefiado para
desarrollar y probar, en el campo, métodos de control basados en
acciones de la comunidad que puedan ser aplicados a un Programa
Nacional para el Control de la Enfermedad de Chagas’.

El grupo evaluador se reuni6 con personeros de la Misién USAID y
del Ministerio de Salud en La Paz y revis6 las actividades del proyecto y
sus logros, asf como los planes para actividades futuras.

La enfermedad de Chagas’ es endémica y ampliamente diseminada en
Bolivia y representa un serio problema de salud publica. Un Programa
Nacional debe hacer énfasis en medidas de control sustentables con base
en la participacién de la comunidad, para el mejoramiento de la vivienda
y sus partes aledafias, en programas de educacién en salud y en el uso
prudente de insecticidas. Otros componentes de un Programa Nacional
deberdn incluir un mecanismo para garantizar la eliminacién de la
posibilidad de adquirir la infeccién por transmisién sanguinea, y medidas
de control para evitar la transmisién congénita de la enfermedad.

El grupo evaluador también revisé los datos de base del proyecto,
visitd los lugares en donde se desarrolla para inspecionar las condiciones
de trabajo de los laboratorios y observé los programas de educacién en
salud y la participacién de la comunidad en Cochabamba, Chuquisaca y
Tarija, incluyendo aquellos aspectos regidos por organizaciones
voluntarias privadas (PVOs).

Este proyecto piloto, complejo y multifacético, ha hecho un
importante progreso durante un afio y medio de trabajo. Se han
acumulado numerosos datos de base, que detallan la magnitud del mal en
las comunidades del proyecto. Se han hecho pruebas sobre esquemas
operacionales de bajo costo para la mejora de las casas y del
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peridomicilio y se han producido algunos manuales para documentar
estas actividades. También se ha llevado a cabo el trabajo de laboratorio
para probar insecticidas y se han estudiado otros aspectos relacionados
con el vector. Asimismo, la organizacién y la motivacién de la
comunidad, y los aspectos educativos, han recibido el necesario énfasis.

En términos generales, el grupo evaluador es de la opinién de que el
proyecto ha conseguido logros importantes. Muchos de los componentes
necesarios para un Programa Nacional de control de la enfermedad de.
Chagas’ han sido eficientemente ensayados. Al revisar los planes futuros
del proyecto, junto con su personal, los evaluadores hacen una serie de
recomendaciones que aparecen en detalle en el texto de este informe.

El grupo evaluador estd convencido de que el proyecto piloto debera
extenderse con el propdsito de que se pueda obtener toda la informacién
técnica requerida por un Programa Nacional de control.



3.

Introduction

USAID/Bolivia is supporting Chagas’ disease control activities through
the development of a pilot project under the Community and Child
Health (CCH) program. This is an integrated effort to evaluate the
efficacy of the various program components, including health education,
housing modification based on community participation, and vector
control, to reduce Chagas’ disease transmission and prevalence. The pilot
project is designed to develop and field test methods that are practical,
cost-effective and sustainable for subsequent use in a national Chagas’
disease control program. Technical support for the project is provided by
the Vector Biology and Control Project (VBC), a centrally funded project
of the U.S. Agency for International Development’s (A.I.D.’s) Office of
Health, Bureau of Research and Development, and the U.S. Centers for
Disease Control (CDC).

A program planning meeting was held in late 1290 to lay the ground-
work for the project. Program activities began in early 1991 in four
regions of the country: Cochabamba, Tarija, Chuquisaca and Tupiza.
Entomological and epidemiological baseline data were collected, program
components designed, field manuals produced, and more than 1,000
houses were improved in the pilot zones during the first year. Detailed
data on the cost of each component have been collected and will permit
an evaluation of the economic feasibility of the project.

This report presents the results of a midterm technical evaluation of
project activities, conducted by an interdisciplinary team of international
experts to review progress and make recommendations for future project
development.
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4. Terms of Reference

1. Review overall scope of the project, objectives, approaches and
accomplishments to date.

2. Review individual components of the project as they contribute to
the overall project objective: epidemiology; entomology; housing
improvements and economics of control; and health education and
community participation.

3. Considering that this is a pilot project, assess how well current
activities are designed and being conducted to produce one or more
models that can be developed into a full national Chagas’ control
program.

4. Based on work completed, make recommendations on the need for,
and type of, operational research needed in the next year to provide
information important for a national control program.

5.  Examine the interactions between the various elements comprising
the current pilot project such as the CCH Project/USAID-Bolivia,
USAID, MPSSP, PL-480, Habitat, VBC Project, CDC and region-
al field activities (Cochabamba, Chuquisaca, Tarija, Tupiza), and
make recommendations for better coordination and planning, if
required.

6.  Advise USAID and MPSSP on the steps that should be taken to
develop the framework for a national control program that can be
presented to a meeting of bilateral and multilateral donors for the
required long-term support.



5. Project Review

5.1 Epidemiological Aspects

5.1.1 General considerations

Chagas’ disease probably existed in Bolivia centuries before Carlos
Chagas, its discoverer, described it in Brazil in 1909. There is evidence
that the relationship of the main vector Triatoma infestans with man has
been longstanding; the insect was present both under wild and domestic
conditions in the Cochabamba Valley before the Spaniards arrived.
Furthermore, the parasite probably existed in Bolivia before man arrived,
in enzootic natural foci where T. infestans lived in association mainly
with the wild guinea pig (Galea musteloides). 1t is also clear today that
the vector became very well adapted to households, becoming almost
entirely synanthropic, with some populations still preserving their natural
ecotopes.

The socioeconomic conditions prevalent in the human environment in
some areas of Bolivia make Chagas’ disease a widespread illness, proba-
bly involving more than a quarter of the country’s population. The
disease is also a permanent threat and a serious health problem in some
other Latin American countries. Throughout the region, an estimated 16-
18 million persons are currently infected, according to the World Health
Organization (WHO).

5.1.2 Epidemiological pattern in the country

Before 1990, little epidemiological information about Chagas’ disease
was available in Bolivia. We know now that endemic areas extend below
3,500 meters above sea level, comprising about half of the country’s
territory, and that about a half of the population (3 million people) is at
risk.

Many factors favor the thriving of the vector in households, or in
areas linked to the household environment, making Bolivia a paradise for
T. infestans and for Chagas’ disease. As a consequence, Bolivia now has
higher Chagas’ morbidity than any other endemic country.



A recent national study' indicates that the dispersion indices of the
insect range between 75 and 80 percent, and that in the department of
Santa Cruz it may reach 96.5 percent. Insect densities within houses are
also high; up to 5,000 have been observed in a single house.

Trypanosoma cruzi infection rates in 7,886 triatomines captured in
households throughout the country range from 9.5 percent to 58 percent.
Previous studies based on 16,481 insects in Cochabamba and 9,132
insects in Santa Cruz produced rates of 67.9 and 40.6 percent, respec-
tively. These rates may reach the astonishing figure of 90 percent in
rural areas in the departments of Cochabamba and Chuquisaca. More-
over, rates of 78 percent have been found in insects captured in guinea
pig pens in the peridomestic environment.

The role of domestic mammals in the cycle of the parasite has also
been studied. A national sample of 17,588 animals revealed a predomi-
nance of guinea pigs (35 percent), followed by pigs (27 percent), dogs
(25 percent), and cats (13 percent). Guinea pigs and dogs seem to play a
very important role as reservoirs, presenting infection rates of up to 61
percent and 23 percent, respectively. Congenital transmission has been
documented in guinea pigs.

The seroprevalence rates in humans are about 40 percent for the
country, reaching up to 70 percent in some areas. For children younger
than 5 years of age, these rates can range from 11 percent in urban areas
to 70 percent in rural areas. Overall it has been estimated that about 35
percent of school-age children in endemic areas are infected. In Tarija
and Chuquisaca 29.3 percent and 23.5 percent, respectively, of children
younger than one year are serologically positive for Chagas’ infection.

From a total of 7,696 electrocardiograms taken, 26.2 percent from
those of the group with positive serology (3,852 out of 9,547 individuals)
presented abnormal patterns compatible with Chagas’ disease. Using this
estimation, it is concluded that approximately 272,000 persons in Bolivia
may have cardiac lesions due to this disease. Most critical is the fact that
young persons 15 to 40 years old are the main victims of the chronic

! Data and indices reported herein are derived from the national baseline study conducted
at the initiation of this project. Calculations are based on analyses recommended by the recent
WHO Expert Committee Report on Control of Chagas’ Disease, WHO TRS #811 (1991).
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cardiopathy produced by Chagas’ infection. This diminishes their work-

ing capacities and has enormous impact on the socio-economic de velop-
ment of the country.

Evidence that Chagas’ disease also produces pathology of the digestive
tract has been observed in Bolivia, although not in a very systematic
way. Abnormally prolonged swallowing times were observed in 16
percent of a group of seropositive individuals in the department of
Cochabamba. In Tarija, 3.4 percent of a group of 7,000 patients under-
going gastrointestinal surgery presented evidence of pathological changes
compatible with Chagas’ disease.

In addition to the vectorial mechanism of transmission, which in
Bolivia constitutes a very effective method of infection for those living in
endemic areas, two other means of acquiring the infection are common.
Congenital transmission was confirmed parasitologically in 7.6 percent of
newborns in Santa Cruz; moreover, 50.8 percent of 329 mothers were
seropositive, suggesting the risk for congenital transmission is about 16
percent. Other seroprevalence surveys have found infection rates between
25 percent and 50 percent in pregnant women, and estimates of congeni-
tal transmission rates of 8 percent to 36 percent, with a mortality rate of
32 percent.

Transmission also occurs by blood transfusion. In Santa Cruz it was
observed that of 21 seronegative patients who received blood from
seropositive donors, 10 (47 percent) became positive for T, cruzi 60 days
after transfusion. In another study it was observed that about 1,904 new
cases were produced from 4,000 blood transfusions made in 1988 in
Santa Cruz, Cochabamba and Chuquisaca. This translates to five cases
per day, with a risk factor of 48 percent. The seroprevalence rate for
blood donors in other studies have ranged from 56 to 70 percent. Blood
transfusion is an alarming mechanism of transmission, particularly when
we consider that technically competent blood banks are scarce or non-
existent in Bolivia.

These data confirm that Chagas’ disease is an extremely serious public
health problem in Bolivia. Although no information on death rates is
available from autopsies, mortality has been estimated at 13 percent, and
about seven children die every day of Chagas’ disease in the country.



10

5.2 Baseline Data from the Pilot Project

5.2.1 Factors related to the house

The baseline studies made in the communities involved in the pilot-
project in Cochabamba, Tarija and Chuquisaca confirm the severity of
the problem. From the report presented by the group charged with the
technical coordination of the project through July 1992, data were
selected for secondary analysis to calculate some pertinent indicators that
are important for a better understanding of the epidemiological situation
in the three pilot-project areas (Table 1). The main conclusion that can
be drawn is that the Infestation Index (number of houses infested/
number of houses examined x 100) is considerably lower in
Cochabamba, suggesting that there is a group of houses without
triatomines or with such low populations that they could not be detected.
If this is the case, it will be very important to compare the characteristics
of those ".egative” houses with the ones that contained triatomines.
Also, an analytical epidemiological case-control study designed for a
locality with similar conditions will be very useful for identifying the
principal risk factors associated with T. infestans infestation.

In addition, the Crowding Index (number of triatomines captured/
number of houses with triatomines x 100) reflects a similar abundance of
insects in houses in Cochabamba and Tarija. It will be important to
determinate which factor(s) weigh more heavily for each site. The
Density Index (number of triatomines captured/number of houses exam-
ined x 100) perfectly reflects the observed seroprevalence of the disease
in each of the three sites.

Finally, we propose the calculation of two other indicators: the
Dispersion Index (Number of localities infested/Number of localities
examined x 100) and the Colonization Index (Number of houses with
nymphs/Number of houses positive for triatomines x 100), These indices
will provide important epidemiological information for a control project.
It is evident that the Dispersion Index will be 100.0 for the three sites.
The information needed to calculate the Colonization Index is not avail-
able in the report but can probably be found in the data gathered from
the houses. This index will be very important during the surveillance
phase.



TABLE 1

Some useful epidemiological indicators for Chagas’ disease control programs

Iafestation | Crowdiag | Deasity Dispessioa Iasect Serologic
AREA Iadex Iadex Iadex Iadex Iafectioa | Prevaleace (%)
Iadex (%)
COCHABAMEA 38.2 25.5 9.7 100.0 27.5 46.0
TARIIA 78.2 14.3 11.2 100.0 3.3 60.5
CHUQUISACA 78.4 25.4 19.9 100.0 33.1 78.1

Colonization Ind2x was not calculated because the information was not immediataly available

LL



12

Tables 2 and 3 show the estimated frequency, in percentages, of some
important characteristics associated with households in the three study
areas. These may have important epidemiological implications. These
different factors, related to this artificial ecotope, should be carefully
evaluated for their importance as risk factors in relation to the presence
of the vector.

A quantitative exercise, similar to that made by Starr et al. in 1991,
will permit ranking the importance of factors that might be associated
with the presence of T. infestans in households and peridomestic struc-
tures. Other factors with important implications that could be also taken
into consideration are the number of persons living in the house, the
length of habitation and the presence of electric lights. This information
will be valuable for the control project.

In relation to the information presented in Table 2, it is not easy at
this stage to draw conclusions from the available data. Discrimination of
the places where triatomines were originally found would have been
useful for this exercise; apparently this information is available from the
original survey database. In relation to the internal characteristics of the
household (Table 3), it is evident that unplastered or partially plastered
internal walls probably constitute the most important factors associated
with the presence of the vector,

Nevertheless, it appears that there are factors both indoors and out-
doors in each of the three sites that play different roles in facilitating the
presence of the vector.

5.2.2 Factors related to domestic animals

It is evident that in Cochabamba there are markedly more ccnejeras,
mainly guinea pig pens and in a few cases rabbit pens, than in Tarija and
Chuquisaca (Table 2). Nevertheless, we do not know how much they are
contributing to the presence of the vector in the peridomestic areas.

There seems to be a coincidence though, between the presence of
guinea pigs in Cochabamba houses and the relative abundance of triato-
mines found around the houses.



TABLE 2

Some important external household characteristics that might be related to the presence of the vector

No. of houses | Household | Chickea Guinea—pig| Other Type | Ovea | Feaces or | Houses with
AREA siudied Goods Coops Peas of Cosrals Adobe Walls | Triatomiaes
QOutdoors (%)
COCHABAMBRBA 348 41.1 28.7 27.9 $4.5 43.4 56.6 27.3
TARIIA 239 33.9 22.6 4.6 71.5 70.0 5l¢a 63.2
CHUQUISACA 384 43.8 28.9 1.3 34.6 38.8 47.6 65.9

gL




TABLE 3

Some important internal household characteristic that might be related to the preseace of the vector

14°

xtersal Roof Iatersal Roof |Extersal Walls rnleual Walls Preseace of [Houses wam
AREA of Mud or without witkout witkout Disd Floots [Tiatomines
Straw Celliag P’lasleting Plasleting {adoors (%)
Bedroom 83.2 (1) 98.0 78.3 21.7 €)) 98.3
CQCHABAMEA 28.4
Other 87.7 96.8 89.7 45.1 97.8
Bedroom 8.6 (2) 81.0 73.3 27.8 (3) 54.1
TARIJA 56.9
Other 13.5 91.0 78.0 51.9 73.0
Bedroom 60.8 ) 96.5 76.9 70.4 83.1
CHUQUISACA 71.9
Other 64.7 98 4 79.0 74.9 92 2

(1) Peadominance of Mud
(2) Fredominance of Tiles
(3) Fredominance of Straw

(4) 66.1 % parcially Plastesed
(3)42.1 » parcially Flastered
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The fact that the infection rates with 7, cruzi for insects captured
indoors is practically double that of insects captured outdoors deserves
more attention. It seems possible that a more permanent and effective
blood source found inside the house (such as dogs or cats) is responsible
for transmission. In Tarija, where this difference in the infection rates is
more marked, there are more houses with dogs and cats than in the other
two sites. No census was made of the number of domestic animals
associated with the household: this could have been important from the
epidemiological standpoint. There are plans to establish feeding patterns
for the insects captured both indoors and outdoors using an ELISA test.
Geographical differences in the main blood sources of T infestans have
been reported in the literature. In Chile and Brazil, humans are the
principal blood source for insects captured indoors but in Argentina up to
49 percent feed on dogs, which are considered to be the main reservoir
for domestic transmission.

5.2.3 Factors related to the sylvatic condition of T, infestans

Feeding patterns will be also useful in determining blood preferences
for T. infestans found under sylvatic conditions. The potential epidemio-
logical role of these insects found in natural ecotopes will have to be
assessed. This will be discussed in more detail in the entomology section
that follows.

5.2.4 Factors related to human beings

House improvement, as is being done effectively in the pilot project,
together with proper education and motivation, plus community participa-
tion in the permanent surveillance and vector monitoring activities,
should be effective tools to avoid recolonization. Furthermore, these
actions, and spraying of insecticide when necessary, will guarantee an
efficient and sustainable mechanism for control of the disease in the pilot
areas. By this token, any control program undertaken at a national level
should use the pilot project as a model and utilize the available expertise.

Nevertheless, from the epidemiological standpoint a longer time frame
than is currently available will be necessary to evaluate the possible
appearance and consequences of renewed infestation of improved houses.
Preliminary data from Chuquisaca indicate a marked reduction or disap-
pearance of triatomines from improved households and only very sporad-
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ic reinfestation by adult insects that could be easily controlled by effec-
tive community action.

In this respect, the periodic evaluation of the prevalence of the disease
by serological methods, particularly in recent migrants and young
children, will be very useful to demonstrate the interruption of transmis-
sion.

5.3 Laboratory and Investigation

5.3.1 National entomology laboratory

Bolivia has a national entomology laboratory in Cochabamba which is
now fully functional. The technical staff consists of an entomologist, Dr.
Hernan Bermudez, two entomological technicians and two laboratory
assistants. The technicians have been trained to identify triatomines
captured in the field and to conduct insecticide susceptibility testing of
triatomines by the standard WHO procedures. Bioassay tests are per-
formed on sprayed test panels as well as on sprayed surfaces of houses in
experimental areas. To facilitate this testing, and for other biological
investigations, laboratory colonies of Triatoma infestans and T. sordida
are permanently maintained.

Dissections of triatomines to determinate infections with Trypanosoma
cruzi are done in the laboratory, but under somewhat crowded conditions
in the same space with other laboratory procedures. It would be better,
for safety considerations, to carry out these dissections in a separate
room or space equipped with a hood and air exhaust system. The techni-
cians seem to the well trained and competent, and all of the dissections
of triatomines captured during the baseline survey were done at this
laboratory. The national entomology laboratory has also been the base
for field trials carried out in nearby study areas, such as the trials of the
insecticides RODY, CYPERATOR, POLYTHRIN, TEMPO and ICON.

The laboratory is also serving as a base for the entomological and
epidemiological studies of the sylvatic foci of Triatoma infestans and
Trypanosoma cruzi known to exist in the Cochabamba Valley. Some
preliminary studies have already been done, but a great deal remains to
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be discovered about these sylvatic foci and their importance in the
transmission of Chagas’ disease. These investigations will be discussed in
more detail in a following section of this report.

Protocols have been prepared for trials of some alternatives methods
of vector control. These methods include the use of insecticide paints and
fumigant insecticide dispensers for the control of triatomines in houses.
Both of these control methods have promise, but must be field tested
under Bolivian conditions. Field areas in the Cochabamba Valley have
already been selected, and the trials can start immediately upon receipt of
fuading from the project headquarters. It is important to begin these
trials soon, so that the results will be available to the planners of future
Chagas’ disease control operations in the country. In addition, field
observations are to be carried out this year on alternative entomological
evaluation techniques. Examples are the use of the Maria sensors devel-
oped in Argentina and the use of sticky tapes for the detection of triato-
mines in houses.

The National Entomology Laboratory is a well organized unit, fully
capable of carrying out the operational research essential for the future
development of a Chagas’ disease control program. The laboratory is
also prepared to collaborate with other research institutions in projects
involving the control of triatomines. The entomology laboratory is in a
good position to offer this collaboration because of the knowledge staff
members have of the distribution and biology of Chagas’ disease vectors
in the country.

5.3.2 Sylvatic foci of Triatoma infestans

Sylvan foci of Triatoma infestans in the Cochabamba Valley have
been identified and studied by several investigators. These sylvatic foci
of the vector could play an important role in the epidemiology of
Chagas’ disease as a source for reinfestation of houses previously cleared
by house improvement and spraying. If sylvatic triatomines are infected
_ with Trypanosoma cruzi from wild mammal reservoirs, the epidemiologi-
cal situation is even more complex. We do know, from investigations
carried out to date, that the wild 7. infestans are associated with wild
guinea pigs, which have their nests in rock piles. Both the wild guinea
pigs and triatomines have been found infected with T, cruzi. Several
questions come to mind:
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a.  Are the wild populations of T. infestans morphologically and
genetically distinct from the domestic populations?

This question could be studied with available taxonomic and genetic
techniques. There may be behavioral differences to be discovered as
well.

b.  What animals do the wild T. infestans feed on?

This question could be investigated by performing ELISA tests on the
blood meals of triatomines captured in the wild foci. The serology
laboratory is fully equipped to carry out the ELISA tests, and works
closely with the entc..iology laboratory.

c. Do the triatomines of the sylvan populations invade houses?

This question could be studied by placing sentinel chicken coops at
varying distances between rock piles and occupied houses. Another
approach would be to determine flight range of the adults by a mark-
release-recapture experiment.

All of the questions above could be investigated by national entomo-
logical laboratory personnel and their scientific collaborators. At this
point we have little precise information on the geographic distribution of
sylvatic populations of T. infestans in Bolivia. There is a recent report
from Chuquisaca of the finding of T. infestans under tree bark at some
distance from houses. There are many unknowns, and we believe that
research in this area should receive a high priority.

5.3.3 Current entomological research and future needs

The insecticide testing program carried out in 1992 concentrated on a
comparison of the efficacy of several pyrethroid insecticides in the
control of T. infestans. Five synthetic pyrethroid compounds (RODY,
CYMPERATOR, POLYTHRIN, TEMPO and ICON) were tested by
bioassay of sprayed wall surfaces. Of the five insecticides tested, TEM-
PO and ICON demonstrated the best knock-down effect and residual
action. Mortalities of the test insects were lower than expected with all
of the pyrethroids, and future tests with higher application rates might
give valuable information. Evidently the dosages recommended by the
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manufacturers and the test papers available from WHO are based on
trials for mosquito control, and may be too low for good control of T.
infestans.

It has not been possible to start the field trials of insecticide paint and
fumigant insecticide dispensers that were programmed for early 1992
even though all of the preliminary work has been done. We were told
that there had been delays in arrival to the project of the necessary in-
country funding. It is important that these trials proceed as soon as
possible.

Additional operational research is needed on methods of detecting
reinfestation of houses by T. infestans. The man/hour collection method
was the standard technique used during the baseline survey to measure
infestation, and will probably continue to be used to detect reinfestation.
Different and simpler methods have been described in recent years for
this type of evaluation. One is the Maria sensor, a simple box device that
can be manufactured locally.

Other workers have used sticky tapes to capture triatomines that have
reinfected houses. Another method is to fix a clean sheet of paper over
one bed in a bedroom, and to periodically check this paper for fecal
stains made by T. infestans. All of these methods should be evaluated for
future use in the Chagas’ disease control program.

A field of investigation that has been neglected in recent years is the
biological control of Chagas’ disease vectors. There is a body of pub-
lished work concerning predators and parasites that could help control
natural populations of triatomines. The national entomology laboratory is
in a good position to enter agreements with other institutions to carry out
laboratory and field studies of biological control agents for Chagas’
disease vectors.

5.4 Housing Improvement

The housing improvement component of the pilot Chagas’ disease
control program is comprehensive and integrated with health education,
community participation, insecticide spraying and vector reinfestation
surveillance.
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The housing improvement component is based on several subcom-
ponents:

Community motivation for house improvement through health
education of all family members;

Establishment of written agreements with each community to
conduct its own housing improvement under the guidance of locally
selected and trained promoters and project staff:

Organization of a Chagas’ disease control committee in each com-
munity;

The community’s selection of promoters, who are trained by the
health educators and project staff:

Gathering and recording baseline data (by the promoter) of the
physical conditions of extant houses and their peridomestic environ-
ments (corrals, small animal shelters, outdoor ovens, etc.);

Identification of abandoned and seasonally closed houses, as a part
of the baseline;

Repair or replacement by the family of occupied houses (walls,
ceiling, roof, windows, door) and peridomestic structures (corrals,
animal shelters, outdoor ovens) that may harbor the vector, using
community participation and local materials wherever feasible:

Residual insecticide spraying to eliminate any remaining vectors
after housing improvement is completed;

Destruction of abandoned houses and unused or unrepairable perid-
omestic structures:

Periodic surveillance of housing improvements by the family and
the promoter to detect deterioration and reinfestation; and

Repair and respraying of reinfested houses as needed.
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5.4.1 Accomplishments in housing improvement

In 1991, 1,030 houses were improved in 13 different communities in
three distinct regions in Bolivia (Cochabamba, Tarija, and Chuquisaca).
Housing improvement guided by the project continues apace in these
three areas. The very high level of community participation and the large
number of improved houses is a remarkable achievement by any stan-
dard. Project staff plan to continue housing improvement as funds
permit, and hope the improvements will be sustainable.

The project staff has very appropriately focused the housing improve-
ment effort on both intradomiciliary and peridomiciliary environments,
including their human and animal residents, which Triatoma infestans
populations utilize for food (blood meals), shelter and reproduction.
Commendably, promoters have given improving animal shelters and
outdoor ovens almost as much emphasis as housing improvements.
Within the house, the emphasis on improvement of ceilings (a more
difficult site to improve) as well as walls is most appropriate. The
provision of one standardized door and two standardized windows (one
each for bedroom and main room; with two glass panes and a polypro-
pylene or metal screen) for each house is an important, cost-effective
vector control measure, and is welcomed by householders.

The emphasis on the use of local building materials for housing
improvement is important. There is an intentional preference for the use
of locally available building materials. Examples of these materials are:
local soils, animal dung and straw for adobe bricks; Eucalyptus poles for
roof supports; and in some areas, locally-made roof tiles. Their use
represents an appropriate technology: it is more cost-effective for both
the householder and project, promotes local self-reliance, reduces depen-
dency, supports local artisans, and strengthens local markets and the
local economy. Project staff also recognize that not all building materi-
als, particularly cement, lime and plaster, are locally available, or that a
better price may be negotiated with a large regional manufacturer or
vendor of these materials. Cement in particular is an expensive material,
in terms of its street price, transport costs, and the energy-intensive
nature of its production; however, a more suitable and equally durable
substitute material has not been found in Bolivia, and the project will
continue to rely on cement.
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The project uses local craftspeople, particularly masons, or trains
community members in masonry if these skills are not available in a
particular community. Another laudable practice of project staff is its
encouragement of community members to use their indigenous knowl-
edge of the local environment to make technological advances in housing
improvement. A prime example is the use of the juice of the prickly pear
cactus "leaf" to thicken the mixture used to plaster walls (revoque) and
to thicken and make more adhesive the lime-water paint mixture applied
to the external walls of some houses after wall improvement has been
completed.

The project’s housing improvement efforts do not stop with the
completion of construction and repairs. An integral part of the goals of
the project is the "raising of consciousness" of householders to keep
houses and storeroom interiors (floors, walls, ceilings) and belongings
(clothing, beds, furniture, stored foods) in a clean, tidy state. This task
falls particularly to women and children, whose traditional role is to
maintain the house in good order, but men are educated simultaneously
with women. In addition, all householders are educated to participate in
surveillance for vector reinfestation and to keep houses and other struc-
tures in good repair through the years.

5.4.2 Intersectorial Cooperation: Linkage of Potable Water
Provision with Housing Improvement.

The lack of sufficient potable water supplies is one of the greatest felt
needs of rural communities throughout Bolivia, from the altiplano to the
valleys and plains. In housing improvement for Chagas’ disease control,
water is used for the following important purposes: as the medium in
which adobe bricks are made; to mix the revoque plaster, cement and
limestone-based white plaster used on walls, ceilings and floors; to wet
the walls of houses and other structures before revoque can be properly
applied; to heat and ferment the prickly pear cactus "leaves" that are
mixed in the revoque and in the limestone-based white "paint" used to
decorate some houses after improvement; and, finally, to help household-
ers properly cleanse themselves and their clothing and tools