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ABSTRACT
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This thesis analyses several ecological factors affecting the control of triatomines in 
Guatemala. There are three synanthropic triatomines in Guatemala, i. e., Rhodnius prolixus,
Triatoma dimidiata and T. nitida. Their distribution is mainly at an altitude between 800 and 
1500 m. a. s. l. R. prolixus and T. nitida have localized but scattered distributions while T.
dimidiata is present in 21 of the 22 departments in the country. Several investigations have 
shown that R. prolixus could be relatively easily eradicated while T. dimidiata may be more
difficult to control, since it is present in domestic, peridomestic and sylvatic environments
showing high diversity and a variety of epidemiological characteristics. Based on the 
incidence of Trypanosoma cruzi infection in humans in the distributional areas of the 
triatomines, R. prolixus appears to be a more competent vector than T. dimidiata. This is 
despite the fact that these vectors have similar infection rates. Inside houses, R. prolixus and
T. dimidiata and in artificial environments, T. ryckmani and T. dimidiata, preferred the 
northern side of the walls. Therefore, selective application of insecticides should focus on 
walls and furniture located in the northern part of the house. House improvements reduced the 
infestation of triatomines, and could be used as a complement to insecticidal spraying.
Although T. dimidiata is not an efficient vector its wide distribution, versatility in occupying 
different habitats and capacity to disperse render this species difficult to control in Central 
America. Thus, only few months after insecticidal spraying T. dimidiata had reinfested the 
domestic environments. Morphometric methodology and genetic markers have been 
developed to differentiate within-species populations of T. dimidiata and T. nitida. Studies on 
the migration pattern of sylvatic T. dimidiata and T. ryckmani have been performed in order to 
clarify the colonization patterns. The adults migrate, in particular, in the dry part of the year. 
This finding may be of help in attempts to control T. dimidiata. 
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1. INTRODUCTION 

1.1 Chagas disease 
Chagas disease is ranked by the World Bank as the most serious parasitic infection of the 
Americas, outranking the combined burden of malaria, schistosomiasis, leishmaniasis and 
others in terms of economic impact (Schofield 2001). In 1909 Carlos Chagas recognized and 
described the American trypanosomiasis in the state of Minas Gerais, Brazil.  Between 1913 
and 1924 it became evident that the disease was not confined to Brazil, but was present in 
several Latin American countries. In 1991 the World Health Organization (WHO) estimated
that about 16-18 million persons were infected with Chagas disease (CD) and more than 100 
millions were at risk to the infection (Schofield 2001). 

CD generally passes through successive stages (acute, indeterminate, chronic). The 
acute phase usually lasts 6-8 weeks with few symptoms noticeable; most infected patients 
appear healthy and no evidence of physical damage can be found; parasitological diagnosis is 
required. In the indeterminate phase the infection can be detected only by serological or 
parasitological tests, and many patients remain in the indeterminate form for the rest of their 
lives. Several years after the chronic phase has started 10-40 % of the infected individuals will 
develop lesions of various organs, mainly the heart and the digestive system. This condition is 
called the cardiac or digestive chronic form of CD. In Central America the cardiac form is 
more frequent. For practical purposes the chronic form is incurable due to irreversible damage
of the heart (WHO 2002). 

The main clinical manifestation of chronic chagasic cardiomyopathy is heart failure, 
cardiac arrhythmias, and thromboembolism. Heart enlargement leads to mitral and tricuspid 
insufficiency. The finding that autoantibodies are present before cardiomyopathy develops 
may be an indication, which can be an early marker of heart autonomic dysfunction (WHO
2002). No treatment is currently suitable for large-scale use against CD, but some drugs such 
as nifortimox (a nitrofuran derivative) and benznidazole (a nitroimidazole) have been used for 
the treatment of the acute phase of CD. Recently the WHO recommended the use of 
benznidazole for chronic CD patients. Some studies found a significant decrease in clinical 
deterioration in treated patients. The reduced severity of the disease was associated with 
decreased titers of anti-Trypanosoma cruzi antibodies, suggesting parasitological cure (WHO
2002). Vaccines are not available because of the autoimmune characteristics of the disease. 
Therefore, control relies almost entirely on interruption of transmission, mainly by 
elimination of the domestic insect vectors (Schofield 2001).

1.2 Life cycle of Trypanosoma cruzi and T. rangeli 
Trypanosoma cruzi is a protozoan, which belongs to the phylum Sarcomastigophora, order 
Kinetoplastida, which comprises flagellar organisms with a kinetoplast. This is an organelle 
that contains a fibrous network of DNA. The subgenus Schizotrypanum has been adopted for 
trypanosomes that multiply in vertebrates via intracellular stages. Hence the full taxonomic
name is Trypanosoma (Schizotrypanum) cruzi Chagas. The parasite is included in the 
Stercoraria section, together with other trypanosomes whose infective stages develop in the 
digestive tract of the vector and contaminate the mammalian host through the vector’s feces 
(WHO 2002). 

T. cruzi strains show great diversity in many biological parameters. The parasite infects 
a wide range of vertebrate hosts, and over 100 mammalian species have been naturally or 
experimentally infected. The genetic structure of several strains of the parasite has been 
studied (Zingales et al.1997) and discussed  (Schofield 2000b) in relation to the relatively 
ancient origin of these parasites and the comparatively recent evolution of the blood-sucking 
triatomines.
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T. rangeli Tejera, 1920 was first detected in humans (Del Leon 1949) in Guatemala and 
later found in some Reduviidae vectors and wild reservoirs (Monroy and Koga 1997). T.
rangeli seems not to be pathogenic for humans but it affects the reduviid vectors by the 
migration from the mid-gut to the hemolymph and to the salivary glands (Monroy and Koga
1997). In some Central American areas the prevalence of T. rangeli in the vector was 6-10 
times more than T. cruzi (Sousa 1972).

1.3 Life cycle and biology of the vectors 
The vectors of T. cruzi are insects belonging to the order Hemiptera (Heteroptera), family
Reduviidae and subfamily Triatominae. Currently over 130 species of triatomines are known. 
However only three genera, i. e., Triatoma, Rhodnius and Pantrongylus have important
vectors of CD. These three genera are widely distributed in the Americas, in domestic habitats 
from Mexico to Argentina and Chile. Wild triatomines have an even wider distribution from
the USA to the Patagonia. 

CD is a zoonosis and most species of triatomines live in many different natural habitats 
in contact with birds, mammals and reptiles. Triatomine species with the greatest 
epidemiological importance are those adapted to human environments (WHO 2002). 
The five most important vectors in Latin America are: T. infestans, T. dimidiata, T. 
brasiliensis, R. prolixus and P. megistus.

Triatomines are obligatory blood feeders in all the active stages. They are 
hemimetabolous insects with five nymphal stages and sexual dimorphism in the adult stage. 
They are long-lived insects, usually with one generation a year (Rabinovich 1972). Some
biological characteristics of the domestic triatomines make them particularly vulnerable to 
control. They have a low innate capacity of increase, with a consequently low rate of genetic 
rearrangement and low population variability, exhibiting strong k selection and they seem to 
be poorly adapted to respond to environmental instabilities such as chemical/insecticidal
intervention (Schofield 2001). 

In natural conditions triatomines are associated with different vertebrates. Some
triatomines such as Cavernicola pilosa exhibits a marked blood-preference for certain hosts. It 
is naturally associated only with bats (Zeledón and Rabinovich 1981). Other species are 
opportunistic such as T. dimidiata, which feeds on birds, several mammals, and also on toads 
and snakes  (Zeledón et al. 1973). Triatomines exhibit different degrees of response to a blood 
source; most species prefer to bite at night in the dark. The amount of blood ingested also 
varies with species and instar. In general, the most voracious are the fifth instar nymphs and 
the females (Zeledón and Rabinovich 1981) 

The most efficient vectors are those that defecate while feeding, so that the infective 
feces will become deposited on the skin or mucous membranes of the host. Scratching the site 
of the bite may help the parasite in the feces to penetrate the abraded skin (Schofield and 
Dolling 1996). 

The defecation pattern of a triatomine species is an important determinant of vectorial 
capacity. A comparison of three species showed that R. prolixus has a marked tendency to 
defecate sooner and more frequently after a blood meal than T. infestans. These two species 
are more efficient in these parameters than T. dimidiata (Zeledón and Rabinovich 1981). 

In Central America, R. prolixus, T. dimidiata and R. pallecens are the main vectors of 
CD (Schofield 2000a). R. prolixus is only found in domestic situations while T. dimidiata and 
R. pallecens are found in peridomestic and wild environments. Some other species reported to 
form small peridomestic or domestic populations are: T. nitida  (Guatemala, Honduras, Costa 
Rica, Mexico) and T. ryckmani (Guatemala, Nicaragua, Honduras) (Schofield 2000a). 
Some wild triatomines found in Central America are: Eratyrus cuspidatus, Pantrongylus
geniculatus, P. humeralis, P. rufotuberculatus, T. venosa and T. dispar (Schofield 2000a). 
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R. prolixus Stål 1859 seems to have been  introduced to  Central America from
Venezuela (Dujardin et al. 1998 ). It was quickly eliminated  from northern Costa Rica by 
insecticidal spraying (Zeledón 1972). In El Salvador the species also recently disappeared by 
house improvements (Cedillos et al. 2001). 

T. dimidiata (Latreille 1911) is one of the main vectors  of CD in Latin America. It is 
present in Mexico, all Central American countries, Colombia, Venezuela, Guyana, Ecuador 
and Peru (Zeledón 1981). Along its distributional range, this species presents a high 
variability of intradomiciliary behavior (Zeledón 1981), coloration, proportions in 
morphological parameters and genital structures (Lent and Jurberg 1985). This variability has 
lead many scientists to describe some variants as subspecies or even different species.
However, after a taxonomic revision of 160 individual variants from the entire range, Lent 
and Wygodzinsky (1979) concluded that “T. dimidiata has not segregated into clearly 
separable allopatric populations. The observable differences are roughly clinal in nature, but 
many specimens are difficult to place. The actually known variability of the species does not 
allow the separation of it into subspecies and it is recommended to maintain all forms as one 
single species” (Lent and Wygodzinsky 1979, Zeledón 1981, Lent and Jurberg 1985). 

T. nitida Usinger 1939 is distributed throughout Mexico, Guatemala, Honduras and 
Costa Rica and has been found naturally infected with T. cruzi and T. rangeli (Lent and 
Wydgodzinsky 1979, Blanco 1943, De Leon 1949). In Costa Rica, T. nitida is a sylvatic 
species, with adults occasionally invading domestic habitats but apparently unable to colonize 
these habitats. Therefore it is not considered an important vector in that country (Zeledón 
1983). The species prefers highlands. Morphometric differentiation of populations in 
Guatemala has been described; the species seems not to be an epidemiologically important
vector in Guatemala (V).

T. ryckmani Zeledón  and Ponce 1972 is a sylvatic Reduviidae that occasionally is 
found in human dwellings in Nicaragua ( F. Marín, pers. comm. 2003) and in peridomestic
and sylvatic environments in Guatemala. It has not been found infected with trypanosomes.
The species seems to prefer dry or semiarid forests in Central America (Marroquin et al. 
2003).

1.4 Initiatives to control CD in South and Central America 
In 1991, the Ministers of Health of Argentina, Bolivia, Brazil, Chile, Paraguay and Uruguay 
decided to implement a strategy aimed at the elimination of CD by interruption of vectorial 
transmission and systematic screening of transfusion blood. The elimination of T. infestans in 
several areas was achieved within 10 years by extensive vector control campaigns (WHO
2002). The strategy to eliminate T. infestans was chemical treatment with residual insecticides 
in a 6 monthly cycle based on infestation rates obtained in an entomological surveillance 
system (WHO 2002).

The Central American Initiative for the Control of Vectorial and Tranfusional
Transmission of T. cruzi (IPCA) was launched in 1997 through the Meeting for the Health 
Sector of Central America (RESSCA). This initiative set a goal for the interruption of Chagas 
disease transmission by the end of 2010 through the elimination of R. prolixus, reduction of 
the domestic infestation index of T. dimidiata and elimination of the transmission of T. cruzi 
through blood transfusion.  Under this initiative, in Guatemala the Ministry of Health of 
Guatemala and the Japanese International Cooperation Agency initiated a vector control 
project directed at elimination of Chagas disease transmission in five departments of 
Guatemala (Nakagawa et al. 2002). In order to achieve these objectives, activities such as 
vector surveys, residual insecticidal spraying, and health education were implemented.  In 
2002 the project was extended to four more departments as it had been recommended when 
the distribution of the disease was initially assessed (III).
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1.5 Situation of CD in Guatemala 
Chagas disease is one of the most serious vector-borne diseases in Guatemala. It is estimated
that in the country 4,000,000 inhabitants are at risk of infection, 730,000 people are currently 
infected and 30,000 new cases are expected each year (Schofield 2000a, Nakagawa et al. 
2002).

In Guatemala the first reports of the presence of T. cruzi and T. rangeli in humans were 
in 1932 and 1934 (Reichnow 1933, Blanco 1943, De Leon 1949). At that time three vectors 
were implicated in the transmission. However only few isolated studies were carried out in the 
country until the 90ies when several investigations were done in relation to the insecticidal 
susceptibility of the vectors (Hashimoto et al. 1996, Rodas et al. 1996, Tabaru et al. 1998), the 
parasites (Dorn et al. 1999, Dorn et al. 2001), the reservoirs  (Monroy et al. 1996a), the 
sampling techniques (Monroy et al. 1998, I); vector distribution (Monroy et al. 1996c, III, V),
vector ecology (Monroy et al. 1996b, I, VII, VIII), alternative methods for control (II),
serology (IV), epidemiology (IV, VI) and genetics (Dorn et al. 2003). This whole series of 
systematic research ended in a proposal for control of CD in Guatemala, which at that 
moment fitted perfectly in the Central America Initiative. The proposal was accepted and 
funded by The Japanese International Cooperation Agency (JICA), and the actual spraying 
program started in 2000. In 2003 the vector control campaign was increased to more
departments, including some neighboring areas in El Salvador (Nakagawa et al. 2002).

Even though the vector control programs worked very smoothly, until 2003 serology 
was in Guatemala only performed in very few institutions (mainly universities). The CD test 
was not available in all blood blanks and there was not a standard technique used in all 
institutions, so the country is still far away form the goal of elimination of transmission of T.
cruzi through blood transfusion.

2. AIMS OF THE STUDY 

This thesis describes my attempts to find new data and aspects on the biology of the 
triatomines of Guatemala in order to render the control of Chagas disease more effective. In 
particular my thesis aims to describe the distribution of the vectors, the immunological
situation in the human population, and the ecological and other biological factors that 
facilitate the mobility of the vectors and the transmission of the disease.

2.1 Specific research topics 
*To describe the biology of the vectors of Chagas disease in Guatemala, in particular 

their geographical distributions and their importance in transmission, taking into consideration 
the triatomines’ vectorial capacity and the human population at risk. 

*To analyze the serological situation in human populations in relation to each vector, in 
order to clarify priorities for vector control purposes.

*To understand the basic biological and ecological factors of the vectors such as life 
span, altitudinal preferences, oviposition patterns, migration patterns and other relevant 
information for the control of the vectors. 

*To analyze the presence of T. cruzi and T. rangeli in each vector. 
*To understand the patterns of movement of the vectors in their natural environments

and to relate them to the planned control measurements.
*To analyze the different populations of triatomines using morphometric methods.
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3. MATERIALS AND METHODS 

3.1 Study areas and human study populations
Twenty-two departments of Guatemala were included to assess the distribution of the vectors
(III). For the human populations at risk estimates were based on the last national survey 
performed by the Guatemalan Government in 1994 (III). The search was performed in human
dwellings but also in several natural habitats such as palm trees, piles of stones, bromeliads,
cacti, ancient Maya ruins and caves (Marroquin et al. 2003, Bustamante et al. 2003,V, VII, 
VIII)

Demolition of houses was performed in the villages of San Miguel Huite, Department of 
Zacapa and Villa Canales, Department of Guatemala (I) in order to compare the traditional 
man/hour collection with the true infestation density.

Control trials using wall plasters were performed in the villages of Santa Rosita, San 
Cristobal and Jocotillo, Department of Guatemala (II). Insecticidal trials were performed
under laboratory and field conditions in the village of Santa Maria Ixwatan, Department of 
Sta. Rosa. The serology studies were performed in the villages of San Miguel Huite, 
Department of Zacapa and Primera Sabana, Department of Sta. Rosa (IV).

The sylvatic populations of the vector were studied in Yaxha, Department of Petén and 
Tulumaje, Department of El Progreso. The villages were selected in relation to the objectives 
of each study (VII, VIII).

3.2 Populations of vectors and entomological indices 
Four species of vectors are addressed in this thesis: R. prolixus, T. dimidiata, T. nitida, and T.
ryckmani. All were determined to species level by morphological criteria (Lent and 
Wygodzinsky 1979). Several domestic, peridomestic and sylvatic populations of T. dimidiata
were collected. For R. prolixus only domestic populations were found and for T. ryckmani
only sylvatic populations.  In T. nitida mainly peridomestic and domestic populations were 
found with some few sylvatic specimens found in a cave (V).

The World Health Organization (WHO 2002) recommends the use of entomological
indicators for control and evaluation purposes. The infestation index = number of houses 
infested by triatomines/number of houses examined X 100. The density index = number of 
triatomines captured/number of houses examined. The crowding index = number of 
triatomines captured/number of houses with triatomines. The dispersion index = number of 
localities infested with triatomines/number of localities examined X 100. The natural 
infection index = number of triatomines with Trypanosoma cruzi/number of triatomines
examined X 100 (III, VI).

3.3 Methods of sampling the vectors 
Comparison of the traditional method of man/hour collection with the house demolition
search technique was performed (I). The demolition experiment included six houses that were 
measured into one square meter pieces; each square meter was carefully dismantled, placed 
on a white plastic sheet and checked for bugs. The palm-thatched roofs were also measured
into one square meter pieces and the small pieces of palm were screened through a mesh and 
put into a white bath tub to facilitate collection of smaller triatomine nymphs.

Dispersion, invasions and colonization capacity were investigated by experimental
chicken coops installed in the wet and hot subtropical forest in Petén and in the semi-arid
region of the country (VII, VIII). Chicken coops were constructed from wood and wire mesh
with four walls and roof of dimensions 2.5 m x 2.5 m. Inside each coop, a shelter of 1.5 m x 
1.5 m was constructed with local material from the forest. Before use this construction 
material was carefully inspected for presence of arthropods.  Inside each coop live chickens 
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were permanently present as potential baits to triatomines. The presence of triatomines was 
monitored every month.

Active search for one hour (man-hour collection) in each house was performed by well-
trained personnel (I, II, III, V, VI). Houses were searched with the help of torches for 30 
minutes by a team of two persons, clockwise movements thorough the whole houses were 
performed. Bugs were captured with forceps and kept alive in darkness and high relative 
humidity inside plastic vials.

3.4 Parasites and serology 
In preliminary studies two antigens were compared, the first one was a local Guatemalan
strain isolated by Carmen de Tercero and the second one a T. cruzi isolate from Brazil, strain 
X10 clone 6. The titres obtained with the two antigens correlated closely. The Brazilian 
antigen was used for the ELISA test (IV).

A cross-sectional serosurvey was performed in two villages with different vector 
species.  House to house visits were performed. After explaining the voluntary nature of the 
study and verbal consent had been obtained, blood samples by finger pricks were collected on 
filter paper. Circles of 1.4 cm diameter were cut from the filter paper to elute the serum
sample. Enzyme linked immunosorbent assay (ELISA) was the technique used.  Phosphate-
conjugated goat antihuman IgG was used as conjugate and o-phenylenediamine hydrochloride 
solution as substrate.  All samples were tested twice, with the duplicates on separate plates; 
the average of the two values was taken to define seropositivity. The cut-off value for ELISA 
positivity was taken as the optical density reading corresponding to the mean plus two 
standard deviations of a panel of negative sera (VI).

3.5 Morphometrical methods 
Three populations of T. nitida were compared using traditional morphometric methods. The 
left hemelytra (front wing) of the insect was removed and mounted on a microscope slide.
A digital image of each wing was obtained using a dissection microscope (at 24 X) connected 
to a computer by means of a camera.  The images were acquired by the tpsDig 1.27 program,
where the locations (x, y coordinates) of six landmarks were marked for each wing.  The same
investigator did the whole procedure.  From the coordinates, six inter-landmark distances 
were calculated in an electronic sheet by means of the Pythagoras theorem. The distance 
values were transformed into log values and size correction procedures were applied to the 
data matrix with the purpose of reducing the individual variation within the populations. The 
size effects were corrected based on the common model of linear growth (Common Principal 
Components Analysis or CPCA). The CPC scores are considered as an estimate or within–
group variation and were used as variables in a canonical discriminant analysis (CDA). The 
results were graphically represented in a scatter plot using the first two canonical discriminant
functions as axes. The individual belonging to the same group were enclosed in a polygon 
(V).

3.6 Statistical analysis 
Chi-square analysis of the data (infection rates with T. cruzi among three species of vectors, 
abundance of bugs in different seasons, abundance of males or females of different species, 
trypanosome infection in bugs in different houses in the same village and seroprevalence of T.
cruzi antibodies in two villages) was generated using Epiinfo 6 (IV, V, VI, VII). 

Correlation was calculated between the diameter of the palm trees and the number of 
triatomines inside the trees and between the infection rate of T. cruzi and the age of the 
triatomines (VI, VII). The Sign rank test was applied to compare the entomological indices 
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before and after wall plastering (II). Odds ratios (OR) and confidence intervals (CI) were 
calculated for the analysis of the population’s seroprevalence (IV).

In the serological data, regression analysis was performed in a generalized linear model
(GLIM) using maximum likelihood methods. Fitting a transmission model to the age-
prevalence curves by maximum likehood methods was by using the equations in (IV).
For the morphometric analyses the statistical significance of the canonical discriminant
analysis (CDA) was estimated by the Wilks’ Lambda statistic and the agreement between the 
observed and expected classification was measured with the Kappa Statistic.  SPSS for 
windows 10.1.0 (SPSS Inc. 1999) software was used to perform de CDA analysis.  For CPCA 
calculations the NTSys pc. 2.2j software was used (V).

4. RESULTS AND DISCUSSION 

4.1 Comparison of methods for collecting vectors 
The man-hour collection method is widely used in control and evaluation programs for 
triatomines. The method depends on the ability and experience of the collector, and the 
number of collected specimens did not accurately reflect the population density in the houses
(I).  Several devices and techniques have been proposed as alternatives (Mejia et al. 1996, 
Monroy et al. 1998) but the man/hour collection methods is still widely used. When we 
compare house demolition with the traditional man/hour collection there is no relation of the 
amount of specimens collected by the man/hour technique and the real number of bugs in the 
houses  (I). The demolition experiments showed the low densities prevailing in T. dimidiata-
infested houses (a few hundred) and also that the densities reported in Guatemala for R.
prolixus were lower than the ones reported (several thousands) in other neighboring countries 
such as Honduras (Ponce and Ponce 1990).

The comparison of the two sampling methods pointed out that triatomines are not 
distributed at random inside the house. They prefer the northern wall of the house and locate 
them selves near the bed or near a blood source. Both T. dimidiata and R. prolixus had a 
similar attraction for the northern walls, but such a pattern was not clear for T. nitida. This 
behavior could be influenced by the sunlight and/or the general direction of the wind. The 
northern part of a construction usually receives less heat and wind. The data could be useful 
for control purposes. In one house T. dimidiata and T. nitida were found together and it 
seems that there was a kind of competition for hiding places and that T. nitida was pushed out 
of the northern hiding places. We suggest that the most efficient application of insecticide 
would be to spray walls and roofs that are close to beds at the northern side and near chicken 
nests (I).

4.2 Vectors 
4.2.1 Rhodnius prolixus 
The actual distribution of R. prolixus in Guatemala is localized but scattered. The departments
affected by this vector are mainly Chiquimula and Zacapa. A few populations have been 
found in the departments of Progreso and Jalapa (III). One or two specimens were recently 
found in Quiche, Jutiapa and Santa Rosa (III, Nakagawa et al. 2002). The original distribution 
of the species stated by Blanco (1943) was broader. It is clear that a reduction of the 
distribution of this species has taken place without any spraying activity. The reduction could 
be explained by house improvements. The species needs dry plant material onto which the 
bugs can glue their eggs. So by changing the construction material the reproduction of the 
species could be prevented (Monroy et al. 1996, I). The disappearance of R. prolixus in El 
Salvador may also be related to house improvements; by taking out the palm roof and 
changing it to metal roofs (Cedillos et al. 2002). 
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T. cruzi was found in 20.6% of the R. prolixus (N = 2344) nymphs and adults. This
infection rate is not significantly different (19.1%) from the one found in T. dimidiata (N = 
1675) (VI). Only R. prolixus showed infection with trypanosomes in the first nymphal stage. 
A tendency of an increased infection rate with older stage of the vector is evident (VI). The 
vectorial capacity of R. prolixus is considerably higher than it is for T. dimidiata  (IV). This is 
due to its greater defecation on the host but also due to the behavior or tendency to move to 
the roof where the defecation could be more effective for transmission of T. cruzi, acting as a 
rain of feces. This is presumably the reason why we found higher infection rates in humans in 
areas where this species is the main vector (IV). There was no difference in infection rate 
between males and females of R. prolixus (VI). The sex ratio in the species is interesting; 
more females than males were found (VI). It is the same sex ratio that T. ryckmani exhibits in 
the dry forest of Guatemala (VIII), but completely different from the sex ratio observed in T.
dimidiata and T. nitida in which more males than females are found (IV).

The finding of only domestic populations of R. prolixus (VI) and its restricted 
geographic distribution (III) makes the species susceptible to eradication. Actually, the 
Department of Zacapa seems to be the first one to have eradicated the species by insecticidal 
spraying. No bugs have been found two year after the last spraying (Nakagawa et al. 2002).

The non-pathogenic T. rangeli was rarely (1.4%) found in the salivary glands of R.
prolixus. No significant difference was found in the rates of flagellate infection between 
different houses in the same village (VI).

4.2.2 Triatoma nitida 
The intradomestic presence of T. nitida in Guatemala was proven to be rare (0.4%) inside 
human houses (N = 3726), and in most cases only one bug per house per village was found 
(V). The biology of T. nitida has been studies under laboratory conditions; this species has 
one of the longest life cycles among the triatomines (898 days). It seldom defecates 
immediately after blood a meal (Galvão et al. 1995). 

As indicated by its rare presence in domestic habitats and its defecation pattern, T.
nitida appears to have a minor importance as a Chagas disease vector in Guatemala (V). The 
species is present in mild climates at altitudes from 960 to 1500 m. The species was often 
found in conjunction with other triatomines (T. dimidiata and R. prolixus) in the same house 
(V). It seems that in competition with other species of triatomines for the same blood source, 
the species is less capable of getting the most optimally located hiding places (I). The 
dominance of T. dimidiata in houses shared with T. nitida is evident in the demolition study 
(I, VI).

Fourteen percent of the intradomestic T. nitida were infected with T. cruzi (N= 109)(V,
VI). There was not a clear increase of infection rate with the increasing nymphal stage of the 
vector such as seen in the other species (VI). The feces of this species are small and deposited 
near the hiding places making its transmission potential low (V).

Environmental conditions commonly affect the expression of morphological traits as in 
the overall body size. With the allometry-free analysis we remove the side effects to reveal 
patterns of variation that would be less influenced by environmental factors. Size correction 
procedures were applied to our morphometric data following Klingenberg (1996) based on the 
common model of linear growth  (Common Principal Component Analysis or CPCA). 
The allometry-free analysis showed that there is a clear differentiation between the three T.
nitida populations. After the removal of allometry effects over metric characters (with the 
purpose of reducing the individual variation within the population) we intended to reveal 
patterns of variation that would be more related to evolutionary divergence (Dujardin and Le 
Pont 2000). The observed quantitative differences between the populations can be the result 
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of evolutionary processes triggered by isolation derived from the altitudinal restriction in the 
distribution of the species (V).

 TABLE  I.  Some characteristics of the four triatomines described in this thesis.

Triatomine
species

T. cruzi
infection
index

Distribution
in
Guatemala

Defecation
pattern in 
houses

Epidemiological
importance of 
the species 

Control
possibilities

R. prolixus 20.6% Restricted. *
 2-4  Dps 

Abundant
from the roof 

High Feasible

T. nitida 14.0 % Highland
focalized
4-5 Dps 

Hidden
scattered

Low Feasible

T. dimidiata 19.1% Wide spread
21 Dps 

Abundant
on walls

High Difficult,
migration

T. ryckmani 0 % Dry forest 
Restricted
2 Dps

No data Low Not needed 

 *dependence of vegetal material for oviposition
Dps = departments with the species.

4.2.3 Triatoma dimidiata 
T. dimidiata is entirely indigenous to the Central America region (Schofield 2000). It has been 
recorded from a wide range of sylvatic habitats (Zeledón 1981, VII), as well as inside houses 
and in various outdoor habitats. The first specimen collected was in 1932 in British Honduras 
(Petana 1971) where the species seems to be essentially a “forest bug”, preferring densely 
forested areas and caves (Petana 1971). This situation is very similar to the one reported in 
Petén, Guatemala (VII) where the species is mainly found in the primary forest and seldom
invades human dwellings (VII, III), but is different from the situation reported in the Yucatán 
peninsula of Mexico in which the bugs enter houses in a seasonal pattern (Dumonteil et al. 
2002). The flying adults bugs invade houses in the hot dry part of the year, which is the same
time that T. dimidiata adults in Petén have their dispersal and invasion to different ecotopes in 
the forest (VII). It would be interesting to study if the primary forest is preventing the house 
invasion of sylvatic T. dimidiata in Petén and British Honduras.

The population movement of T. dimidiata seems not to be restricted to sylvatic 
situations. The panmictic situations within and among adjacent villages in Guatemala have 
been documented using molecular techniques (Dorn et al. 2003). The morphometric variations 
among geographic populations of T. dimidiata have also been documented. The intra-species 
comparison revealed significant head shape differences between the populations (Bustamante
et al. accepted).
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In Guatemala the species is present in 21 out of the 22 departments in the country; it is 
absent only in Totonicapan (VI). It is most abundant in localities from 800 to 1000 m but it 
can also be found from the sea level as well as up to 1750 m in the department of Quiche. The 
species is frequently found in peridomestic environments as well as in urban dwellings even 
in major cities such as Tegucigalpa, San Jose and Guayaquil (Schofield 2000). However, 
domestic populations are rarely very numerous (Schofield 2000, I) usually 300 hundred T.
dimidiata could be found in a 10-20 square meter rural house (I). With such low densities it is 
strange that the species is capable of transmitting the disease. 

The infection rate with T. cruzi is very similar (19.1%) to the one reported for R.
prolixus (20.6%) but the densities of the species are different. The crowding index in houses 
with T. dimidiata is lower than the one for R. prolixus (III, VI). Traditionally, the detection of 
T. cruzi has been performed by microscopic examination. In Guatemala when we compared
the polymerase chain reaction  (PCR) technique with the microscopic T. cruzi detection, for T.
dimidiata there was no significant difference between these techniques. However, in R.
prolixus, the PCR proved significantly more sensitive than microscopy (Dorn et al. 1999). 
T. dimidiata males have a significantly higher infection rate than females (VI). Also, males
seem to have a greater tendency than females to fly (VII) and they are more abundant (VI).
The epidemiological role of the males should be carefully analyzed.

4.2.4 Triatoma ryckmani
T. ryckmani is a sylvatic Reduviidae associated with the dry forest in Central America. It is 
seldom found in human dwellings (VIII) but is frequent in bromeliads and cacti (Marroquin 
et al. 2003). The colonization capacity and mobility of the species were investigated by means
of experimental chicken coops installed in the semiarid region of Guatemala (VIII). High 
dispersion and colonization capacity of T. ryckmani was evident. Adult dispersal occurs 
mainly in the dry coolest season (November, December). Full colonization took place four 
months after the female’s arrival. Most of the triatomines rested in the northern (43%) or 
eastern (35%) part of the shelter inside the chicken coops (VIII).

TABLE II. Some characteristics of the four triatomines described in this thesis.

Triatomine
species

Adult
abundance

Life cycle Adaptation to habitat Dispersion,
invasion,
colonization

R. prolixus  Females Short Specific: entirely 
domestic

Poor

T. nitida  Males Very long Peridomestic ND

T. dimidiata  Males Long Versatile: sylvatic, 
domestic,
peridomestic

Good

T. ryckmani Females Short Specific: cacti,
bromeliads, dry forest 

Very good 

ND = No data available
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In Table III we compare the dispersion, invasion and colonization ability of T. ryckmani
with T. dimidiata. The experiments were performed in different years, in completely different 
forests and the number of chicken coops was greater in the case of T. dimidiata  (VII, VIII).
The objective was to see if there is a specific migration period for each species and if so, that 
it might be related to the weather conditions. In the case of the dry forest the coolest dry 
season is suitable for T. ryckmani (the dry forest is usually above 40º C in the hot dry season) 
but for T. dimidiata the hot dry season seems to be appropriate in the wet and hot subtropical 
forest. The information on the migration period is very important for control purposes. We
recommend spraying insecticides before the migration period in the dry season. 

TABLE III. Comparison of T. dimidiata and T. ryckmani found in artificial chicken
coops in the subtropical forest and the semiarid forest in Guatemala. 

Month T. ryckmani 
Nymphs     Females    Males    Eggs     Total 

T. dimidiata 
Nymphs Females Males   Total 

August 1 1 1 1
September 0 4 4
October 1 2 3 3 3
November 9 1 + 10 ND ND ND ND
December 110 17 7 ++ 134 5 5
January 62 4 3 ++ 69 3 3
February 101 6 1 ++ 108 3 3
March 110 2 1 +   113 1 1 2
April 32 4 4 + 40 2 2 2 6
May 62 2 0 64 5 4 9
Jun 56 6 2 64 1 8 9
July ND ND ND ND 4 4
August 36 2 4 42 1 1
September 8 0 0 8 4 4
October 9 4 3 + 16 3 3
Total 588 56 28 672 34 8 15 57

ND = No data available 

4.3 Serology in two villages of Guatemala with different vectors.
The prevalence of human infection by T. cruzi was assessed using an enzyme-linked
immunosorbent assay (ELISA) in a serological survey in two rural communities, one mainly
infested with R. prolixus and the second one with T. dimidiata (IV). In the first village a 
seroprevalence of 38.8% was found and in the second one 8.9%. The overall prevalence of 
seropositivity was higher in females than in males in both villages, although this difference is 
significant only in the second village where the main vector is T. dimidiata. There is evidence 
of a significant gender-related difference in incidence in the village with T. dimidiata
infestation of 0.63% per year in females compared to 0.22% in males. The estimated
incidence rate was 8 times higher in the village infested mainly with R. prolixus than in the 
one infested with T. dimidiata (3.8% vs. 0.46% per year). It is clear that R. prolixus is a more
effective vector, since it defecated more quickly when feeding and also its behavior of 
climbing to the roof may help in the transmission of the parasite. Although T. dimidiata is a 
more widespread vector it appears to be associated with lower levels of human seroprevalence 
as pointed out by Ponce et al. (1995) in Honduras.
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4.4.Vectorial mobility, dispersion and colonization
Dispersion, invasion and colonization capacity of sylvatic populations of T. dimidiata and T.
ryckmani were investigated by means of experimental chicken coops installed in the wet 
subtropical hot forest and in the semi-arid forest, respectively. Dispersal of T. dimidiata was 
most apparent at the end of the dry season while in the case of T. ryckmani it was at the 
beginning of the dry season (VII, VIII). In the case of T. dimidiata colonization was not 
proven; no eggs were found and only a small number of bugs were collected. With T.
ryckmani a full colonization, i.e. presence at the same time of all stages from eggs to adults, 
had taken place four months after the first females’ arrival and a high dispersal and 
colonization capacity of T. ryckmani was evident (Table III). T. dimidiata quickly invaded the 
chicken coops installed in the primary forest, although at very low densities. However, only 
one bug was encountered in the coops installed in the secondary forest (VII).

In both cases the presence of nymphs before the arrival of the adults suggest a dispersal 
activity by the nymphs. The possibility of active invasion by walking nymphs was also 
suggested by the finding of human blood in nymphs found outside human dwellings (Zeledón 
et al. 1973). More females than males were found throughout the year in the case of T.
ryckmani while with T. dimidiata the opposite was true. In both species, males arrived before 
the females to the coops. Some evidence of walking nymphs was seen in both experiments
(Table III).

4.5 House improvements as a control method
Wall plastering and paints were evaluated in 29 houses for the control of triatomine
populations by assessing vector numbers in a man-hour collection method, before and after 
the modifications. In the houses covered with plaster of cement and lime, we found a 92% 
reduction of the total vector population in the following year. Houses with partial 
modification and painting with lime showed a reduction of 53% and 35%, respectively. In 
houses without improvements, the numbers of vectors remained the same (II). Housing 
improvements not only improves people’s health and quality of life but also protect against 
Chagas disease (WHO 2002). Improvements are indicated in areas where native species with 
proven vectorial capability are present in the wild (WHO 2002) as is the case in areas with T.
dimidiata and T. nitida in Guatemala (V, VI, VII). House improvements with local labor and 
construction material have been used in Venezuela. Experience demonstrated the importance
of community participation for low-income families (WHO 2002). The cleaning of the inside 
and outside of houses as well as of places where animals are kept must be encouraged. This 
was shown by results with T. nitida that was easily controlled simply by cleaning the houses 
and removing litter (V).

4.6. Challenges for control
Control campaigns using residual insecticides against domestic triatomines have been 
successful in many regions of Latin America. However, when the continuity of such control 
campaigns is interrupted, there is a risk that the bug populations may recover and spread back 
to their original levels. In some cases, it has been the original vector species that has returned, 
but sometimes a different species has replaced the original one (Schofield and Dolling 1996). 
In Guatemala, residual house spraying can readily eliminate R. prolixus, as only domestic
populations have been found in Guatemala (VI) in scattered and restricted regions (III).
         For T. dimidiata there is some evidence that residual populations remain after chemical
control (Cordon-Rosales 2002). The origin of such residual populations must be clarified. The 
presence of T. dimidiata in peridomestic and sylvatic environments (VII, VIII) complicates
the scenario. 
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Also, the epidemiological and morphological differences of the populations of T.
dimidiata deserve more research for control-target definitions (Bustamante et al. in press).
Since T. dimidiata is a native species of Guatemala and is classified in a group that frequently 
colonizes dwellings with moderate infection rates (WHO 2002) it is recommended that an 
entomological survey should be done every two years, with selective chemical treatment of 
localities when intradomiciliary colonies of the vector are found (WHO 2002). We suggest 
that a system of community-based surveillance should be developed to detect new 
infestations, not only in the known endemic areas but also in the sylvatic regions where there 
is a risk for invasion by sylvatic T. dimidiata (VIII).

Detection methods for T. dimidiata showed that there is a correlation between the 
number of bugs detected by the man-hour collection methods and the number of excrement
spots of the vector on white paper placed on the wall of a house (Monroy et al. 1998). We
recommend using the white paper piece method for monitoring purposes.

The effectiveness of house improvements has been proved to be useful for T. dimidiata
control (II). We recommend the use of local material for wall plaster and paints in areas 
where T. dimidiata has not been eliminated after two spraying cycles. In Honduras, 
insecticide application was followed by house improvements and education (WHO 2002).
Experience has demonstrated the importance of community participation in house 
improvements (WHO 2002, II, VII).

Human settlements have dramatically changed the natural environments through 
extensive deforestation. The simplification of the habitat by agricultural development has lead 
to a considerable reduction of natural foci of triatomines. However, where human activities 
extend into the pristine forest in which sylvatic species are present, vectorial transmission of
T. cruzi may occur (WHO 2002, VII). Also, some populations of T. dimidiata may prefer to 
inhabit pristine forested areas as in Petén and British Honduras (Petana 1971, VII).

5. MAIN FINDINGS AND CONCLUSIONS 

1. Triatomines are not randomly distributed inside the houses, but prefer the northern 
walls of the houses and hiding places near beds or near blood sources. 

2. The man-hour collection method did no accurately reflect the triatomine density in the 
houses.

3. R. prolixus is an efficient vector of T. cruzi, and is an important vector in at least two 
departments in Guatemala. Since only domestic populations have been found it may
be possible to eradicate the species by insecticidal spraying.

4. T. nitida is seldom found inside human dwellings. It appears to have a minor
importance as a Chagas disease vector and is distributed mainly in the highlands of 
Guatemala.

5. A process of population differentiation, due to geographical isolation in the 
Guatemalan highlands, seems to occur in T. nitida.

6.   The sex ratio in natural populations of triatomines is not one female per one male.
More males than females are found in T. dimidiata and T. nitida, and more females
than males are found in R. prolixus and T. ryckmani. 

7.   There are no significant differences in the infection rates with T. cruzi in the three 
species of triatomines T. dimidiata, T. nitida and R. prolixus.

8.   Although T. dimidiata is a more widespread vector it appears to be associated with 
lower levels of human T. cruzi seroprevalence.

9. R. prolixus is a more effective vector compared with T. dimidiata, presumably due to 
different defecation behaviors. 
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10.  There was evidence of a significant human gender-related difference in Chagas 
disease seroprevalence in villages with T. dimidiata infestation.

11. Wall plasters and paints reduced the densities of T. dimidiata inside houses and are
recommended as part of a long-term control program.

12.  Community surveillance is important for successful control of T. dimidiata.

6.  ACKNOWLEDGEMENTS 

To my God who guides me, gives me the strength to keep on going and the opportunity for a 
new life. Blessed be the Lord.

I want to thank all past and present friends and colleagues at San Carlos University, at 
the Japanese International Cooperation Agency and the Department of Systematic Zoology at 
Uppsala University. Especially to Yuichiro Tabaru, Antonieta Rodas, Regina Rosales, Dulce 
Maria Bustamante, Thomas Jaenson and Katinka Pålsson. Each one of them contributed to 
this thesis in different ways.

The funds for doing the different investigations were obtained from the Japanese 
International Cooperation Agency (JICA), The World Health Organization  (TDR-WHO
grants), San Carlos University Grants by the Dirección General de Investigación and IIQB, 
Central America Network for research in Tropical Diseases (Netropica), Uppsala University 
and the Swedish Institute. 

Thanks to all the Swedish people who helped me to obtain the funds for studying in 
Sweden.

To all the staff of LENAP in Guatemala who maintained the laboratory while I was 
absent.

To my family for the love and encouragement that they always provided to me.

7. REFERENCES 

Blanco, E. 1943. Contribución al estudio de los reduvidos hematófagos de Guatemala. Thesis, 
Universidad de San Carlos, Guatemala 54 pp.

Bustamante, D. M., Monroy, C., Menes, M., Rodas, A., Salazar-Schettino, P.M., Rojas, G., 
Pinto, N., Guhl, F., Dujardin, J.P. 2004. Metric variation among geographic populations of 
Triatoma dimidiata (Hemiptera: Reduviidae: Triatominae) and some related species. J. Med. 
Entomol. (in press) 

Cedillos, R.A., Francia, H., Soundy, J., Ascencio, G., Volcárcel-Novo, M. 2001. Estudio 
epidemiologico de Trypanosoma cruzi en el Salvador. Universidad de El Salvador, El 
Salvador. 17 pp.

De Leon, R. 1949. El Trypanosoma rangeli observado en seres humanos en Guatemala.
Instituto de Investigaciones Cientificas, Universidad de San Carlos, Guatemala. 32 pp. 

Dorn, P.L. Engelke, D.  Rodas. A. Rosales, R. Melgar, S.  Brahney, R.  Flores, J., Monroy. C. 
1999. Utility of the polymerase chain reaction in detection of Trypanosoma cruzi in
Guatemalan Chagas’disease vectors. Am. J. Trop. Med. Hyg. 60: 740-745. 

Dorn, P.L, Flores, J., Brahney, B., Gutierrez, A., Rosales, R., Rodas, A., Monroy, C. 2001.
Comparison of polymerase chain reaction on fresh tissue samples and fecal drops on filter 

18



paper for detection of Trypanosoma cruzi in Rhodnius prolixus. Mem. Inst.  Oswaldo Cruz.
96: 503-505. 

Dorn, P., Melgar, S., Rouzier, V., Gutiérrez, A., Combe, C., Rosales, R., Rodas, A., Kott, S., 
Salvia, D., Monroy, C. 2003.  The Chagas vector, Triatoma dimidiata (Hemiptera:
Reduviidae), is panmictic within and among adjacent villages in Guatemala. J. Med. Entomol.
40: 436-440. 

Dujardin, J.P., Munoz, M., Chaves, T., Ponce, C., Moreno J., Schofield, C. 1998. The origin 
of Rhodnius prolixus in Central America. Med. Vet. Entomol. 12: 113-115. 

Dujardin, J.P., Le Pont, F. 2000. Morphometrics of a neotropical sandfly subspecies, 
Lutzomyia carrerai thula. CR Acad. Sci. Paris Life Sciences 323: 273-279. 

Dumonteil, E., Gourbiére S., Barrera-Pérea, M., Rodriguez-Félix, E., Ruiz-Pina, H., Banos-
Lopez, O., Ramirez-Sierra, J., Menu, F., Rabinovich, J.E. 2002. Geographic distribution of 
Triatoma dimidiata and transmission dynamics of Trypanosoma cruzi in the Yucatan 
Peninsula of Mexico. Am. J. Trop. Med. Hyg. 67: 176-183. 

Galvão, C., Jurber, J., Cunha, V., Pinto de Mello, R. 1995. Biologia do Triatoma nitida
Usinger 1939 em laboratorio (Hemiptera: Reduviidae). Mem. Inst. Oswaldo Cruz 90: 657-
663.

Hashimoto, T., Mejía, M., Rodas, A., Monroy, C., Tabaru, Y. 1996. Laboratory test of 
insecticidal efficacy against a vector of Chagas disease, Triatoma dimidiata (Hemiptera:
Reduviidae). Med. Entomol. Zool. 47: 238-245. 

Klingenberg, C. P. 1996.  Multivariate allometry.  pp. 23-49. In L. F. Marcus, M. Conti, A. 
Loy, G. J. Naylor, and D. E. Slice (eds.), Advances in Morphometrics:  Proceedings of the 
NATO-ASI on Morphometrics. Plenum Pres, New York. 

Lent, H., Jurber, J. 1985. Sobre a variação intra especifica em Triatoma dimidiata (Latreille) e 
Triatoma infestans (Klug) ( Hemiptera, Reduviidae). Mem. Inst. Oswaldo Cruz 80: 285-299.

Lent, H., Wygodzinsky, P. 1979. Revision of the Triatominae (Hemiptera, Reduviidae) and 
their significance as vectors of Chagas disease. Bull. Am. Mus. Nat. Hist. 163: 125-520. 

Mejía,  M., Rodas, A., Monroy, C., Hashimoto, T., Tabaru, Y. 1996. Methods of evaluation in 
the control of Chagas disease in Guatemala.  Abstracts of XIV International Congress for 
Tropical Medicine and Malaria, Nagasaki, Japan. pp. 0-30. 

Monroy, C., Mejía, M., Rodas, A., Koga, M., Tada, Y., Tabaru, Y. 1996a. Marsupiales en la 
enfermedad de Chagas en Guatemala. Informe GJET-106 del Proyecto de Cooperación 
Guatemala-Japón. pp. 80-83. 

Monroy, C., Mejía, M., Rodas, A., Tabaru, Y. 1996b. Intradomiciliary ecology of  Triatoma 
dimidiata (Reduviidae: Triatomine) in Santa María Ixhuatan. Abstract of XIV International 
Congress for Tropical Medicine and Malaria, Nagasaki, Japan. pp. 0-30 

19



Monroy, C., Mejía, M., Rodas, A., Tabaru, Y.  1996c.  Resultados preliminares de la situación 
actual de la distribución de los vectores de la enfermedad de Chagas a nivel nacional. Informe
Anual No5 ( GJET -106) del proyecto de cooperación Guatemala-Japón para la investigación 
de Enfermedades Tropicales. JICA. pp. 137-142. 

Monroy, C., Koga, M. 1997. Trypanosoma rangeli: SEM profiles during the migration from
the mid-gut to the salivary glands of a Reduviidae bug Rhodnius prolixus via dorsal vessel. 
Jpn. J. Trop. Med. Hyg.  25: 191-195. 

Monroy, C., Mejía, M, Rodas, A., Hashimoto, T., Tabaru, Y. 1998. Assessing methods for the 
density of Triatoma dimidiata, the principal vector of Chagas disease in Guatemala. Med. 
Entomol. Zool. 49: 301-307. 

Marroquin, R., Bor, S., Monroy, C. 2003.  A mass collection of Triatoma ryckmani
(Hemiptera: Reduviidae), in dried portions of Stenocereus eichlamii (Cactaceae) in the 
semiarid region of Guatemala. Rev. Biol. Trop. (in press) 

Nakagawa, J., Marroquin, L., Juarez, J. 2002. Evaluation Report of the Project Chagas 
Disease Control in Guatemala. Ministry of Health, Guatemala. 15 pp.

OPS/OMS. 1999. Organización Panamericana de la Salud/Organización Mundial de la Salud.
1999.  Primera Reunión de la Comisión Intergubernamental de la Iniciativa de Centroamérica
y Belize para la Interrupción de la Transmisión Vectorial de la Enfermedad de Chagas por 
Rhodnius prolixus, Disminución de la Infestación Domiciliaria por Triatoma dimidiata, y 
Eliminación de la Transmisión Transfusional del Trypanosoma cruzi.  OPS/OMS, 
OPS/HCP/HCT/145/99, Ciudad de Guatemala, Guatemala.

Petana, W.B. 1971. American trypanosomiasis in British Honduras. X: Natural habitas and 
ecology of Triatoma dimidiata (Hemiptera, Reduviidae) in the El Cayo and Toledo Districts, 
and the prevalence of infection with Trypanosma ( Schizotrypanum) cruzi in the wild-caught 
bugs. Ann. Trop. Med. Parasit. 65:169-178.

Ponce, C., Ponce, E. 1990. Indices de infecion por Trypanosoma cruzi en triatominos de 
Honduras: Boletín de la dirección de Malariología y Saneamiento Ambiental 33 (Supp 1): 92-
98.

Ponce, C., Ponce, E., Avila, M.F., Bustillo, O. 1995. Ensayos de intervencion con nuevas 
herramientas para el control de la enfermedad de Chagas en Honduras. In Nuevas estrategias 
para el control de la enfermedad de Chagas en Honduras. Ministerio de Salud de Honduras 
pp.1-7.

Rabinovich, J.E. 1972. Vital statistics of Triatominae (Hemiptera: Reduviidae) under 
laboratory conditions I. Triatoma infestans Klug. J. Med. Entomol. 9: 351-370. 

Rodas, A., Mejía, M., Monroy, C., Tabaru, Y. 1996. Preliminary studies on the chemical
control of Triatoma dimidiata (Reduviidae: Triatominae). Informe Anual No.5 (GJET-106) 
del proyecto de cooperación Guatemala-Japón para la investigación de Enfermedades
Tropicales. JICA. pp. 143-150. 

20



Schofield C.J., Dolling, W.R. 1996. Bedbugs and kissing-bugs (bloodsucking Hemiptera) In
Lane, R.P. and Crosskey, R.W. (eds.), Medical Insects and Arachnids. Chapman & Hall, 
London. pp. 483-516.

Schofield, C.J. 2000a. Challenges of Chagas disease vector control in Central America.
WHO/CDS/WHOPES/GSDPP/2000.1 Word Health Organization, Geneva. 36 pp. 

 Schofield, C.J. 2000b. Trypanosoma cruzi. The vector-parasite paradox. Mem. Inst. Oswaldo 
Cruz  95: 535-544. 

Schofield, C.J. 2001. Global collaboration for development of pesticides for public health 
(GCDPP). Field-testing and evaluation of insecticides for indoor residual spraying against 
domestic vectors of Chagas disease. WHO/CDS/WHOPES/GCDPP/2001. 59 pp. 

Sousa, O.E. 1972. Anotaciones de la enfermedad de Chagas en Panamá. Frecuencia y 
distribución de Trypanosoma cruzi y Trypanosoma rangeli. Rev. Biol. Trop. 20: 167-179. 

WHO. 2002. Second report of the WHO Expert Committee. Control of Chagas Disease. 
WHO technical Report Series 905. Geneva. 109 pp. 

Tabaru, Y., Monroy, C., Rodas, A., Mejía, M., Rosales, R. 1998. Chemical control of 
Triatoma dimidiata and Rhodnius prolixus (Reduviidae: Triatominae), the principal vectors of 
Chagas disease in Guatemala. Med. Entomol. Zool. 49: 87-92. 

Tabaru, Y., Monroy, C., Rodas, A., Mejía, M. 1999. Chagas disease vector surveillance in 
various residences in Santa María Ixhuatan, Department of Santa Rosa, Guatemala. Med. 
Entomol. Zool. 50:19-25. 

Zeledón, R. 1972. Los vectores de la enfermedad de Chagas en America. In: Simposion
internacional sobre enfermedad de Chagas, Buenos Aires, Sociedad Argentina de 
Parasitologia. pp. 327-345. 

Zeledón, R., Solano ,G., Zúñiga, A., Swarzwelder, J.C. 1973. Biology and ethology of 
Triatoma dimidiata (Latreille 1811) III. Habitat and blood sources. J. Med. Entomol. 10: 363-
370.

Zeledón R. 1981. El Triatoma dimidiata (Latreille, 1811) y su relación con la enfermedad de 
Chagas. EUNED. San Jose, Costa Rica. 164 pp. 

Zeledón, R., Rabinovich, J.E. 1981. Chagas disease: an ecological appraisal with special 
emphasis on its insect vectors.  Ann. Rev. Entomol.  26: 101-133. 

Zeledón R. 1983. Vectores de la enfermedad de Chagas y sus caracteristicas ecofiológicas. 
Interciencia 8: 384-394. 

Zingales, B., Pereira, M.E., Oliveira, R.P., Almeida, K.A,. Umezawa, E.S., Souto, R.P., 
Vargas, N., Cano, M.I., da Silveria, J.F., Nehme, N.S., Morel, C.M., Brener, Z., Macedo, A.
1997. Trypanosoma cruzi genome project: biological characteristics and molecular typing of 
clone CL. Brener. Acta Trop. 68: 159-173.

21



ERRATA

Paper I page 197 Fig 1. reads:  Lamina; should read: metal roof. 
Paper II page 190 line 3 left side reads: T. nitida salivary gland; should read: T. nitida
intestine.
Paper III page 10 line 11 right side, reads: esophagus organs of bugs; should read: 
hemolymph of bugs. Page 14 line 43 right side, read: Jutiapa; should read: Zacapa. Page 16 in 
the acknowledgements reads: Messr. should read: technicians
Paper IV page 96 line 2, reads: R. Tabaru; should read: Y. Tabaru. 
Paper VI page 306 line 27 right side, reads: infection by; should read infection in.
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