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Chagas’ Disease: Risk Factors for House Infestation by

Triatoma dimidiata, the Major Vector of Trypanosoma cruzi in
Costa Rica

Mark D. Starr,*? Julio C. Rojas,® Rodrigo Zeledon,® David W. Hird," and
Tim E. Carpenter’

The reduction of domiciliary infestation by insect vectors, the key to controlling
Chagas’ disease, depends on identification of housing features associated with infes-
tation. In this study, log-linear modeling was used to reanalyze data collected in 1964~
1968 from 371 houses on characteristics potentially associated with infestation by the
vector Triatoma dimidiata in a Costa Rican town with endemic Chagas’ disease. A
possible increased risk of infestation was observed for houses with a dirt floor (as
compared with houses with another floor type) and for houses in poor sanitary condition
(as compared with houses in good sanitary condition). A new risk factor for house
infestation, the presence of roof tiles, was identified; the odds of infestation for houses
with a tile roof were 2.4 times greater than the odds for houses with a galvanized metal
roof. This significantly increased risk is probably due to the harboring of T. dimidiata in
stacks of spare tiles next to house walls rather than to the tile roofs themselves. Am J
Epidemiol 1991;133:740-7.
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Chagas’ disease (American trypanosomia-
sis) has been reported from every country in
Central and South America, as well as from
Mexico, and sporadically from the United
States. It adversely affects the health, wel-
fare, and productivity of large groups of
people, especially those of low socioeco-
nomic status in agricultural regions (1-3).
Recent studies estimate that 19-24 million
people are infected with the etiologic agent

Trypanosoma cruzi and that about 65 mil-
lion people are currently exposed (1, 4, 5).
These represent substantial increases from
the 1960 World Health Organization esti-
mates of 7 million and 35 million, respec-
tively (3). This corresponds to a current
prevalence of 6-8 percent in Latin America,
although prevalence may exceed 40 percent
in endemic areas (6, 7).

The parasitic protozoan T. cruzi has a
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complex life cycle that involves insect vec-
tors (family Triatomidae, subfamily Tria-
tominae) as the major transmission route
between hosts; transfusional and transpla-
cental transmission are infrequent (2, 8).
After a relatively mild, sometimes asymp-
tomatic, acute phase of the disease, there is
generally a long (years) latent period before
affected individuals experience the debilitat-
ing symptoms of the chronic phase—chiefly
heart disease leading to premature heart fail-
ure, but also neurologic and gastrointestinal
disorders (2, 8). Chagasic myocarditis occurs
in at least 40 percent of those infected and
is the most frequent cause of heart disease
in some areas of Latin America (6, 8). The
physical disability and suffering, medical
care, and lost productivity caused by Chagas’
disease make it the second most important
vector-borne disease (after malaria) in Latin
America (5).

The prevalence of human infection is as-
sociated with the degree of adaptation of the
vector insects to a domiciliary existence as
human habitation has encroached on the
insects’ ecologic niche (2, 5, 6, 8-10). While
T. cruzi continues to be maintained in a
sylvatic cycle between sylvatic Triatominae
and small mammals such as rodents and
marsupials, the agricultural practices that
have disrupted the sylvatic cycle have also
provided rural housing suitable for coloni-
zation by the insects and human inhabitants
for their blood meals. While nonhuman an-
imal species can still serve as reservoir hosts,
the domestic cycle between triatomine in-
sects and people is now the primary mode
of infection for humans (2, 6). Of the 114
species of triatomine insects in 13 genera, all
of which are considered potential vectors of
T. cruzi, approximately 12 species are epi-
demiologically important because of their
living, feeding, and defecation behaviors.
With a dispersal range of only 10-20 m,
only those species that have adapted to rural
housing are important. Furthermore, effec-
tive vectors are limited to those species that
defecate during, or immediately after, feed-
ing, since the insects transmit 7. cruzi only
by defecation (an inefficient mode of trans-
mission thought to require repeated expo-

sures) (6-8). Poor-quality housing and living
conditions, such as mud-stick walls,
thatched roofs, dirt floors, wood piles, and
inferior sanitation, provide daytime hiding
places for these insects and have been asso-
ciated with infestations of dwellings. Re-
gional living habits and local vector species
behavior (usually one or two species in a
given region) determine which of these fac-
tors contribute to the risk of house infesta-
tion in a particular area (2, 6, 8, 10-13).
Because no effective treatment or vaccine
exists or is anticipated in the near future,
reducing domiciliary vector infestation is
currently the key to controlling this disease
6, 14-17).

In Costa Rica, where Triatoma dimidiata
is the major vector of T. cruzi, extensive
surveys of a representative town in a Chagas’
disease-endemic area have implicated un-
sanitary conditions, dirt floors, stored fire-
wood, and possibly domestic animals as risk
factors associated with domiciliary infesta-
tion by this vector (11, 12). Statistical eval-
uation of these data was limited to bivariate
tests, which can only evaluate the associa-
tion of each risk factor considered separately
with infestation. The authors of these reports
recognized this limitation, stating that “it is
not easy to separate the effect of each param-
eter studied, since they are commonly asso-
ciated (in 76% of our cases)” (12, p. 234). In
the present study, log-linear modeling, used
in many health-related fields (18-23), was
the multivariate technique chosen to com-
plete the data analysis. The purpose of this
study was to reexamine the survey data pre-
viously collected in Costa Rica by using log-
linear modeling to identify significant risk
factors for house infestation by T dimidiata.

MATERIALS AND METHODS
Background

The procedures used to collect the original
survey data have been described previously
(11). In brief, a census was conducted of an
entire town, San Rafael de Ojo de Agua,
located in a known Chagas’ disease-endemic
area 22 km northwest of San José, Costa
Rica. Information was collected on the char-
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acteristics and infestation status of 512
houses (97.8 percent of those in the town)
in two complete inspection cycles during the
period 1964-1968. These data were coded
and entered onto a computer tape. The data
were then manipulated for this study on a
microcomputer, where all editing and pre-
liminary analysis was conducted using com-
mercially available software packages (Lotus
1-2-3, Lotus Development Corporation,
Cambridge, Massachusetts; and Statgraph-
ics, STSC, Software Publishing Group,
Rockville, Maryland). The edited data were
transferred to a mainframe computer, where
the BMDP4F computer program was used
to form multiway frequency tables and to
carry out the log-linear modeling procedure
(24).

Variable selection and definition

Potential risk factors considered as inde-
pendent variables were first screened for sig-
nificant associations with the dependent
variable, house infestation with 7. dimid-
lata. This variable, hereafter called infes-
tation, was defined as evidence of an estab-
lished colony of T. dimidiata based on the
presence of nymphal stages or exuviae, not
adults only, either inside or immediately
adjacent to the house. The independent vari-
ables were also tested for independence from
each other to evaluate the associations
among them.

All of the potential risk factors that were
identified were categorical variables and
were defined, based on physical and biologic
attributes, as follows: sanitary condition of
the house—bad, regular, or good (estimated
by the general stage of repair and cleanli-
ness); type of floor—dirt (all or part) or other
(cement, brick, or wood); type of wall—
earthen (adobe or mud-stick) or other (wood
or cement); type of roof—tile (all or part) or
galvanized metal; and firewood in the
house—present or absent.

In addition to the chi-square test for in-
dependence, unadjusted relative odds of in-
festation and their 95 percent confidence
intervals were computed from 2-by-2 con-
tingency tables to compare the apparent risk

of infestation between categories for each
risk factor (25, 26). Each of these was then
compared with the corresponding adjusted
relative odds of infestation obtained from
the log-linear model.

Selection of log-linear model

A multiway frequency table was formed
with the observed number of houses for each
cross-classification in the appropriate cell. A
log-linear model was then selected that sum-
marized the structure of the data set by
significant associations among these cross-
classified variables (24, 27, 28). Interactions
that we wished to study because of a sub-
stantive prior interest were not included in
this model but were included in the final
model (29-31). The parameters estimated
by the final model were used to calculate the
relative odds of infestation and the 95 per-
cent confidence intervals for each category
of each risk factor, as well as for combina-
tions of risk factors (32).

RESULTS

Only 16.4 percent of the 495 houses for
which information on infestation status was
available were infested. Houses without a
complete data set for all variables were ex-
cluded from the multivariate analysis, lim-
iting it to 371 houses (72.5 percent). The
number and percentage of houses corre-
sponding to each risk factor category for
both the original and the restricted data sets
are shown in table 1. The percentages of
houses in each category that were infested
are also shown for both data sets. The restric-
tion of data resulted in no significant
changes in the proportion of houses in each
risk factor category or in the proportion
infested for each category (p > 0.7), indicat-
ing that data were not missing in a system-
atic manner. Examination of the unadjusted
relative odds of infestation for both data sets
(table 2) also indicates that no significant
changes were introduced by the removal of
houses without complete information.

The “best-fit” log-linear model chosen
from the six-way frequency table showed
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TABLE 1. Characteristics of houses in the original sample* and the restricted samplet and rates of house
infestation with Triatoma dimidiata, by selected house risk factors, Costa Rica, 1964-1968
Original data set Restricted data set
House risk factor No. of % of No. of % of
houses housest, § % infestedt, § houses houses§ % infested§
Total 512 100.0 16.4 KYA 100.0 15.9
Sanitary condition
of house
Good 105 20.8 6.7 77 20.7 6.5
Regular 292 58.0 16.2 211 56.9 16.6
Bad 107 21.2 26.9 83 22.4 229
Missing data 8
Floor type
Other 153 353 8.0 134 36.1 8.2
Dirt 281 64.7 19.6 237 63.9 20.3
Missing data 78
Wall type
Other 306 737 138
Earthen 109 26.3 21.0 —
Missing data 97
Roof type
Galvanized metal 150 36.1 6.8 139 37.5 7.2
Tile 265 63.9 209 232 62.5 21.1
Missing data 97
Firewood indoors
Absent 95 20.2 10.8 77 208 13.0
Present 376 79.8 17.9 294 79.2 16.7
Missing data 41

* Data on 97.8 percent of the houses In San Rafael de Ojo de Agua, Costa Rica, coacted by census In 1964—1968.

1 The original sample excluding houses without complete data for all variables.

} Percantage was calculated after subtracting missing data for that category.

§ For each category, no significant difference existed between the proportions of houses or the proportions infested before and

after exclusion of missing data (p > 0.7).

| Wall type was not included as a risk factor in the final log-inear model.

that wall type was not a significant compo-
nent of the model. Since this variable was
also not significant in previous work with
this vector (11), we excluded it (27, 29). We
could have similarly omitted the variable
“firewood in the house” but chose to keep it
in the model since its potential biologic role
as a risk factor has been reported from Costa
Rica (11, 12). When we used the remaining
variables to form a five-way frequency table,
the final model fitted the tabular data well
(n =371, G* = 28.77, 29 df; p = 0.48) and
contained the five main effects—sanitary
condition, firewood indoors, type of floor,
type of roof, and infestation—as well as
several interaction effects among the main
effects.

Comparison of the proportions of houses
with infestation (table 1) and the unadjusted
relative odds of infestation (table 2) for the

risk factor categories suggests that all five
independent variables might be considered
potential risk factors for infestation. How-
ever, consideration of all possible two-way
interactions between independent variables
demonstrated a significant association (p <
0.05, chi-square tests for independence) be-
tween every pair of variables, with the ex-
ception of the association between type of
wall and firewood in the house. For each
risk factor, the adjusted relative odds of in-
festation (table 2) represent a substantial
decrease from the unadjusted relative odds.
Most notably, dirt floor and bad sanitary
condition each dropped from unadjusted
relative odds with 95 percent confidence
intervals that excluded 1.0 (unadjusted rel-
ative odds = 2.8 and 4.3, respectively) to
much smaller adjusted relative odds with 95
percent confidence intervals that included
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TABLE 2. Relative odds of house infestation by Triatoma dimidiata in a Costa Rican town, by selected

house risk factors for infestation, 1964-1968

Relative odds of infestation
House rsk facior Categories (95% confidence interval)
compared* Unadjusted Unadjusted Adjusted
(n = 495)t (n =371 (n=23714¢
Sanitary condition Bad/good 5.1 43 19
of house (2.1-12.3) (1.5-12.1) 0.5-7.1)
Floor type Dirt/other 2.8 2.8 17
(1.5-5.5) (1.4-5.7) (0.8-3.8)
wall type Earthenjother 1.7 1.6 —§
(0.9-3.0) (0.8-2.9)
Roof type Tile/galvanized 36 35 24
metal (1.8-7.3) (1.7-7.1) (1.1-5.4)
Firewood indoors Present/ab- 1.8 1.3 1.0
sent (0.9-3.7) (0.7-2.8) (0.4-2.1)

* We compared the first category fisted with the sacond category (the reference category) to calkculate the relative odds.

1 There were 495 houses with information on infestation status. For each varlable, the number of houses (with information on
infestation status and that varlable) was: sanitary condition, 492, floor, 420; wal, 403; roof, 401; and firewood, 462.

1 There were 371 houses in the restricted data set (those with complete data for afl variables studied).

§ Wall type was not included as a risk factor in the final log-inear model.

1.0 (adjusted relative odds = 1.7 and 1.9,
respectively). For tile roof, the adjusted rel-
ative odds were 2.4 and remained significant
(95 percent confidence interval 1.1-5.4),
while for the presence of firewood, the ad-
justed relative odds were equal to 1.0.

Comparison of houses with combinations
of the high-risk categories with houses with
lower-risk combinations suggests a greater
risk of infestation when multiple risk factors
are present (table 3). For example, houses
with a tile roof, a dirt floor, firewood in-
doors, and a bad sanitary condition have
adjusted relative odds of infestation of 7.7
when compared with houses having the op-
posite profile. Table 3 highlights the useful-
ness of multivariate analysis—the relation
of the adjusted relative odds between cate-
gories of any risk factor remains consistent,
regardless of the combinations of other risk
factors. For example, there are only trivial
differences throughout the table between the
relative odds of infestation associated with
the presence of firewood.

DISCUSSION

In this study, the exclusion of approxi-
mately one fourth of the original data set
because of missing data could be a poten-
tially large source of bias. If there was any

pattern of data collection, house inspection
procedures, resident cooperation, etc., that
accounted for the missing data, the differ-
ential proportion of missing values by risk
factor and/or infestation could have resulted
in systematic biases in the multivariate
analysis. We examined the distribution of
houses by risk factor category, the propor-
tion of houses infested by risk factor cate-
gory, and the unadjusted relative odds of
infestation for each risk factor in both the
original and restricted data sets and found
no evidence that data were missing in a
systematic manner (tables 1 and 2).

Two previously identified risk factors, the
presence of a dirt floor and bad sanitary
condition, each had adjusted relative odds
of infestation that approached 2.0. Although
the 95 percent confidence interval for each
includes 1.0, these two factors should still be
considered potentially important risks for
house infestation on the basis of the magni-
tude of their relative odds and the biology
of T. dimidiata. Dirt floors provide the in-
sects with the opportunity to cover them-
selves with dirt (instinctive camouflage be-
havior in this species), while the poor state
of repair and cleanliness of a house in bad
sanitary condition provides numerous hid-
ing places where the insects have been ob-
served (11, 12).
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TABLE 3. Adjusted relative odds of house infestation by Triatoma dimidiata in a Costa Rican town, 1964-
1968, for each combination of major risk factor categories

Sanitary Adjusted
Roof type Floor type m condition re{an‘ve

of house odds*

Galvanized metal Other Absent Good 1.0
Reguiar 15

Bad 19

Present Good 1.0

Regular 1.4

Bad 1.9

Dirt Absent Good 1.7

Regular 25

Bad 33

Present Good 1.7

Regular 24

Bad 3.2

Tie Other Absent Good 24
Regular 3.6

Bad 4.7

Present Good 24

Regular 35

Bad 45

Dirt Absent Good 41

Regular 6.0

Bad 7.9

Present Good 4.0

Regular 59

Bad 7.7

* Adjusted for the effects of the other risk factors in this table.

A previously unidentified risk factor, the
presence of a tile roof, was discovered in this
study (adjusted relative odds = 2.4). Roof
type was a risk factor not previously inves-
tigated in these data, since T. dimidiata is
rarely found more than 1 m above the
ground in Costa Rica (11). Even though tile
roofs were relatively cheap and were com-
mon among poorer houses at the time of the
survey, it is still difficult to imagine how the
roof itself could influence house infestation
by such a vector. However, a review of the
original data cards and recent interviews
with residents present during the original
study revealed a possible explanation: Spare
roof tiles were commonly stored in stacks
against outside walls of houses, and occa-
sional reports of finding vector insects in
these piles appear on the original data cards.
We recently visited a house from the study
area that was still infested and found nymph-
al stages of the vector under tiles in such a

stack. We suggest that these stacks of tiles,
and not the tile roof, provided an excellent
refuge for the insects that was still close to
their human hosts located indoors. It is
known that T. dimidiata living close to out-
side walls often enter the house for human
blood meals (33).

The lack of association of infestation with
the presence of firewood indoors (adjusted
relative odds = 1.0) was unexpected, since
firewood’s biologic role of carrying and har-
boring the insects was directly observed in
the oniginal survey (11, 12). However, the
location of stored firewood was probably the
key risk—not just its presence indoors,
which may be temporary. In some houses,
the firewood was stored indoors or against a
wall outdoors (allowing the harbored insects
access to human blood meals), while in other
houses the firewood was stored outdoors
away from the house and was only brought
indoors in small amounts when needed. An
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evaluation of the effect of stored firewood
on infestation will require the availability of
more specific data. Many other potential risk
factors for house infestation in endemic
areas of Costa Rica and other parts of Latin
America have been suggested. These include
family size (i.e., host density), house age,
hygiene, and the presence of domestic or
peridomestic animals (8, 17, 34). As larger
data sets become available, the effects of
additional risk factors can be investigated.
The three major strategies currently being
applied to the control of Chagas’ disease
vectors are insecticide use (a short-term
strategy), housing improvements, and health
education and community participation (2,
6, 15, 17, 35, 36). Long-term control of this
disease requires the identification, for the
epidemiologic situation in each locale, of the
most economical, effective, and culturally
acceptable methods of reducing or eliminat-
ing domiciliary infestation by the insect vec-
tors (6, 17, 35). This in turn requires accu-
rate identification of socioeconomic factors,
specifically housing characteristics, that are
risk factors for house infestation. The biol-
ogy of domestic Triatominae makes them
especially vulnerable to control; there are no
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