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Abstract 

Introduction: This study aims to evaluate the current vector control against Triatoma 
infestans in a hyperendemic community in the Gran Chaco, and to pilot experiments towards 
its improvement. Methods: Four studies were conducted: (i) Assessment of Indoor Residual 
Spraying (IRS); evaluating householder compliance to empty their houses, the IRS application 
routine, and insecticide delivered dose; (ii) Mark-released recapture (MRR) to investigate the 
accuracy of methods to estimate infestation density, conducted in experimental huts; (iii) 
Evaluation of an educational intervention to improve Chagas disease  Knowledge, Attitudes 
and Practices (KAP); (iv) Pilot study to test efficacy of housing improvement as a complement 
to vector control, comparing vector infestation and density in 3 treatment groups: House 
improvement + IRS (HI), Assisted IRS (AS), and Routine IRS (RS). Results: (i) Only 26% 
(15/58) of notified householders prepared their house to receive IRS; 19% (11/57) of houses 
presented median insecticide concentration at target dose; median insecticide concentrations 
were positively related to time spent spraying the house. (ii) Use of flushing-agent did not 
improve triatomine capture in artificial huts; increasing effort to 1 person/hour improved 
estimates of infestation in adobe huts; (iii) Baseline knowledge was considered deficient in 
disease transmission and moderate in vector ecology and biology. The educational 
intervention resulted in a moderated improvement of questionnaire scores for transmission 
and disease (d=0.63) and vector biology and ecology (d=0.70). However, the overall impact 
in scores improvement was considered large (Cohen d=0.88); (iv) In longitudinal analysis, all 
treatments presented reduction in triatomine density from baseline to a mean of 10 months 
post-treatment (GLM neg binomial: b=-0.006; z=-4.36; p<0.001). However, HI treatment 
presented the highest reduction. In the same period, infestation rates decreased from 58% to 
5.3% in HI; from 45% to 20% in RS; and from 74% to 23% in AS. Assessment conducted in 
mean 4 months post- 2nd IRS application, registered infestation rates of 0%; 18% and 20%, 
respectively. Conclusions and future work: (i) Quality of IRS application is hampered by 
the lack of health worker training, particularly in insecticide mix preparation and spray rate, 
which contributes to the low delivery dose. Health worker continuous training and IRS 
monitoring are key elements to minimize technical gaps during insecticide application, and 
the calibration of a field kit to assess the insecticide delivered dose in situ is a promising tool 
to improve the quality application. Community is not engaged in vector control activities, and 
educational programs to promote awareness regarding the relevance of community 
participation is highly recommended. (ii) TMC performance differed according to wall 
materials, and the combination of increased TMC to 1 person/60 min, for 2 days of searches, 
and application of MRR Lincon-Petersen model provided better estimates of the infestation. 
Overcoming technical issues regarding sample size and study design, future experiments to 
improve surveillance should be focused in monitoring re-infestation, using artificial huts to 
investigating pull-push effects, testing the imoact of combined vector control strategies in the 
triatomine behaviour and biology; (iii) An educational intervention has a potential to improve 
students’ knowledge, and long-term educational projects managed by school community are 
recommended to develop entomological surveillance strategies according to each community 
reality. The adoption of different pedagogical approaches, as theatre and music, for example, 
are highly recommended to present information available in the educational materials in order 
to sensitive the community. The involvement of different actors, as doctors, nurses, and health 
worker, in educational activities is also recommended, as they also play an important role in 
information dissemination in the community; (iv) HI resulted in a greater reduction in 
triatomine density compared to AS and RS groups. However, the mean costs associated to 
housing improvement was about $662 USD per house, and the Bolivian municipalities cannot 
afford this strategy. Still, our results suggest that only IRS application in non-improved 
houses, conducted twice in a year, is only able to reduce infestation rates between 18%-20%. 
Nevertheless, as triatomines can survive hiding in house contents, the design of integrated 
vector control measures is recommended for Bolivian Chaco communities, including the 
impact of animal management in peridomicile in human’s exposure to vector. 
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 “Evaluation of current and potential Triatoma infestans vector control practices in 

the Bolivian Chaco” 

 

Chapter 1: Introduction 

 

1.1 Chagas disease epidemiology: prevalence, incidence and disease burden 

Chagas disease (American trypanosomiasis) is a potentially chronic and life-long infection of 

humans caused by the protozoa Trypanosoma cruzi (Kinetoplastea: Trypanosomatida). The 

main route of transmission in endemic countries is by infection with T. cruzi contained in the 

feces of triatomine (Hemiptera: Reduviidae: Triatominae) vectors. Being hematophagous 

insects, they come into close contact with humans and other mammals to feed. Additional 

routes of transmission are discussed below. Vectorial transmission is endemic in all Latin 

American countries and in the southern United States. (WHO, 2002).  

There is estimated that approximately 6 million people are infected by T. cruzi sin 21 out of 

the 33 endemic Latin America countries, based on 2010 epidemiological records. Argentina 

(1 505 235) and Brazil (1 156 821) were the countries with highest estimated number of 

infected people, while Bolivia (607 186) occupied the 4th position. Argentina and Bolivia 

together corresponded to 31% of all new cases in Latin America (WHO, 2015). In the Gran 

Chaco ecozone, a seasonal dry forest ecosystem that straddles borders of Argentina, Bolivia 

and Paraguay, a region of extreme poverty, the highest prevalence of infection in the Americas 

is reported (Chippaux et al., 2008; Gurtler, 2009).  

Estimates of economic burden of Chagas disease published in 2013, have calculated the 

Disability-Adjusted Life Years (DALYs) in 772 304 (396 255, 1 063 932 95%C.I.) for Latin 

America, and annual DALYs of 0.51 (0.38, 0.60 95%C.I.) per person with chronic Chagas 

disease. Brazil presented the highest annual health-care cost related to Chagas disease (mean 

$129 211 209). Human migration also increased the burden of Chagas disease in countries 

were vectorial transmission does not occur. In Europe, the country with the highest health 

costs attributed to Chagas disease is Spain, with an estimated mean of $9,330,354, followed 

by UK, with an estimated mean of $3,018,583 (Lee et al., 2013). Global all-age DALYs in 

Chagas disease, estimates for 2015, was 236.1 thousand (211.8, 265.3 95% U.I) (GBD, 2016).  

 

1.2 Chagas disease transmission routes and T. cruzi life cycle 

Transmission of T. cruzi to humans is predominantly caused through contact with triatomine 

feces that are infected with the parasite. Additional routes of transmission comprise 

congenital, transfusion of infected blood and organs, and by oral consumption of 

food/beverages contaminated with triatomine infected faeces (Bern, 2015).   
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Vectorial transmission is the main route of infection in Latin American countries. Parasite 

trypanomastigotes forms are ingested by triatomines during blood-feeding on an infected host. 

In the triatomine mindgut, the trypomastigotes forms differentiates into epimastigotes, and 

migrates to the insect hindgut, where it attaches to the epithelium of the faecal glands 

(Stercoraria section). After successive binary fission, the parasite moves to the lumen in the 

insect’s rectum, and the parasite differentiates into metacyclic trypomastigotes, which are the 

infective form for transmission via the triatomine faeces (Garcia & Azambuja, 1991). The 

parasite invades the human body through faecal contact with host mucosa (eyes and mouth), 

facilitated through skin scratches or through the bite wound provoked by the triatomine when 

taking the bloodmeal. In the bloodstream, the trypomastigotes forms attract macrophages and 

other phagocytic cells which internalise the parasite, at which point it differentiates into the 

amastigote form and replicates by binary fission. Escaping the cytosol, the parasite lyses the 

cell membrane, with a proportion differentiating into trypomastigotes, infecting new cells (and 

transforming in amastigotes) or remaining in the bloodstream, available for transmission to 

the next biting vector (Bogitsh et al., 2005).  

Blood and organ donations are the second most frequent route of transmission, and the main 

route for Chagas disease to become prominent as a public health problem in non- endemic 

countries. Over the last few decades, international efforts to control Chagas disease in the 

Southern Cone countries (INCOSUR), has included screening of blood banks for T. cruzi 

which has contributed to a substantial decrease in this form of transmission (Coura, 2015).  

Congenital transmission is receiving growing attention as infected women of reproductive age 

can transmit the parasite in successive pregnancies. Estimates for 2010 indicate that about 

22% of new cases in South America occur by congenital transmission (WHO, 2015), and in 

Bolivia, the 2010 reported incidence of congenital transmission is 0.235/100 live births, and 

616 children born infected with T. cruzi per year (WHO, 2015). Prevalence in pregnant women 

differ between countries and between urban and rural settings. Studies in the current study 

region, for example, show substantially higher rates in the rural hospital (Camiri) (47.4%) 

compared to in the city hospital (Santa Cruz de la Sierra) (18.7%) (p < 0.0001). The difference 

in prevalence changes within age groups, being more prominent in younger mothers than in 

women >40-years-old (Kaplinski et al., 2015).  

Oral transmission, associated with intake of contaminated food with feces and/or pieces of 

vector, is a route of transmission that causes acute cases of infection with outbreaks reported 

in Venezuela (Munoz-Calderon et al., 2013), the Brazilian Amazon region (Shaw et al., 1969; 

de Souza-Lima et al., 2013), and other regions of Brazil (Shikanai-Yasuda & Carvalho, 2012).  

In the Amazon basin between 2000-2010, one thousand acute cases of Chagas disease were 

reported in 138 outbreaks, mainly in Brazil. Of these, 776 were associated with intake of food 
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or beverages contaminated with triatomine feces infected by T. cruzi. The role of palm fruits 

in the rural diet, and the presence of dwellings close to sylvatic cycles, are factors related to 

the increase in the risk of transmission by this route (Shikanai-Yasuda & Carvalho, 2012). In 

the Bolivian Amazon region an outbreak of 14 cases was registered in 2010, the source of 

infection was consumption of juice made from palm tree fruit (Santalla-Vargas et al., 2011). 

Contamination of food by T. cruzi metacyclics might occur in diverse stages of food 

production, e.g. during collection of raw ingredients, transport, preparation, and at location of 

sale. 

 

1.3 Pathology, diagnosis and treatment 

Trypanosoma cruzi infection in humans can progress from an acute to chronic disease. The 

acute phase develops between 4-8 weeks after infection, and it is generally asymptomatic. 

Mild and nonspecific symptoms (fever, malaise, headache) might be observed and dissipate 

spontaneously. In this phase diagnosis can be performed by microscopic detection of the 

trypomastigote parasite in fresh blood samples, or in the buffy-coat after haematocrit 

centrifugation; the latter is the diagnostic choice for new-born babies as only small amount of 

blood are required (WHO, 2002). Treatment of patients in the acute phase presents high 

success rates (Pinto et al., 2009). Lethal outcome is observed in less than 1% of acute cases, 

usually due to myocarditis and to meningoencephalitis (Bern et al., 2011).  

In 70%-80% of infections, disease progresses to an indeterminate form, where no 

complications or symptoms are observed. These patients present positive IgG antibodies 

against T. cruzi, but echocardiogram and radiology for heart, oesophagus and intestine are 

normal (Rassi & Rassi, 2010). About 30% of infections are not controlled and progresses into 

a chronic phase where both parasites and host immune responses eventually cause organ 

damage, heart failure, and loss of function 10-30 years or more later.  

The chronic phase can present in three main forms: cardiac, digestive, or a mix of both. 

Digestive forms affect the oesophagus and/or the colon. The enlargement of the oesophagus 

causes pain and difficulty swallowing, provokes regurgitation, and affects the patient’s 

nutritional status. Enlargement of the colon results in severe constipation and intestine 

obstruction (Rassi & Rassi, 2010; Bern, 2015). The cardiac form is, however, the most 

frequent manifestation of chronic Chagas disease. It is characterized by dilated and severe 

cardiomyopathy, resulting in fibrosis of hearth cells, leading to failures in rhythm and 

conduction. Strokes, thrombosis and sudden death are reported (Andrade et al., 2011; Bern, 

2015). It is suggested that the persistent parasite infection (resulted from recurrent re-

infections, due to long-term exposure to vectors), might triggers a permanent inflammatory 

response in the host leading to cardiomyopathy (Dutra et al., 2014). In an investigation about 
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congenital transmission in the Bolivian Chaco, cardiomyopathy was significantly higher in 

women who reported long-term residence in an infested house than in women who reported 

not having lived in an infested house (Kaplinski et al., 2015).  

In the chronic phase, diagnosis is usually restricted to detection of anti-T.cruzi specific 

antibodies, using serological methods, current including an enzyme-linked immune-sorbent 

assay (ELISA), indirect immunofluorescence and indirect hemagglutination. Parasitological 

methods (haemoculture and xenodiagnostics) have lower sensitivities compared to serology 

in the chronic phase due to the scarcity of blood and tissue parasites, and is often only 

conducted for research or laboratory reference collections (Gomes et al., 2009).  

 

1.4 Treatment 

Anti-trypanosomal treatments are recommended for all acute cases, congenital, reactivated 

infection in immune-supressed patients, and for all children and patients up to 18 years (refs). 

Advanced and irreversible cardiomyopathy are not indicated for treatment (refs). 

Benzinidazole (nitroimidazole) and nifurtimox (nitrofuran) are the only two drugs available 

with proven efficacy against Chagas diseas. Benzinidazole is the first line drug presenting less 

side-effects (e.g. treatable cutaneous rashes), whereas Nifurtimox can result in more serious 

gastrointestinal and neurological side effects (Bern et al., 2015). The treatment management 

scheme takes between 20-90 days, and both drugs are better tolerated in children and in 

adolescents than in adults (Pinazo et al., 2010). However, there are difficulties in measuring 

drug efficacy as there are no robust methods of definitive cure: low parasitaemia levels risk 

missing detection by parasitological methods, and seroconversion to negative can take 

decades. Notwithstanding, rates of seroconversion to negative are higher in children than in 

adults suggesting that treatment success is inversely proportional to time of infection (Bern et 

al., 2015), leading to the agreement that treatment of children is priority (Maguire, 2015). 

Recent results of the Benznidazole Evaluation for Interrupting Trypanosomiais (BENEFIT) 

trial, showed that in patients with cardiomyopathy, treatment does not interrupt disease 

progression (Bern, 2017).  

In Bolivia, treatment is free, however national guidelines dictate that treatment of children is 

only valid if living in a community under successful vector control, defined as <3% prevalence 

of community houses infested with vectors, and 0% intradomicile infestation (presence of 

nymph) in the house of the persons requiring treatment (Bolivia, 2007).  

 

1.5 Trypanosoma cruzi  

Trypanosoma cruzi is a digenetic protozoa that infects different species of mammals and 

triatomine vectors. The parasite genoma shows high diversity, a result of both clonal and 
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sexual reproduction (Lewis et al., 2011). Current nomenclature recognizes six linages 

(Discrete Typing Units TcI-TcVI) (Zingales et al., 2009), based on the biogeographic 

distribution, ecological niches, transmission cycles (Miles et al., 2009), and clinical outcomes 

in disease (Zingales et al., 2009).  

TcI is the predominant lineage from the North of Amazon basin, being the principal human 

infection agent in Venezuela and Colombia, and associated with the cardiac form of the 

disease (Bhattacharyya et al., 2014; Ramirez et al., 2010). This lineage is isolated from 

Didelphis species, and circulates in the mammal’s arbory niche in palm trees, and where 

Rhodnius prolixus (Stal 1849) is the main vector (Gaunt & Miles, 2000). Its presence in a 

domestic transmission cycle is explained by the invasive habit of the vectors, and the use of 

palm trees (carrying vectors eggs) to thatch houses (Yeo et al., 2005). 

Linage TcII is the principal etiological agent of Chagas disease in the Southern Cone 

countries, and associated with all forms of the disease. It circulates amongst rodents and 

armadillos (Gaunt & Miles, 2000; Yeo et al., 2005). Introduction of this lineage in the 

domestic cycle is suggested in two ways: invasion of human dwellings by Panstrongylus 

geniculatus (Latreille, 1811) attracted by lights, or by hunting practices (keeping live infected 

armadillos inside houses until their consumption) (Yeo et al., 2005).  

TcIII was found associated with the armadillo Dasypud novemcintus (Linnaeus, 1758) but is 

rarely isolated from humans; while TcIV is a secondary aetiological agent in Venezuela 

(Bhattacharyya et al., 2014).  

Linages TcV and TcVI are hybrids of TcII and TcIII, and located in Southern Cone countries. 

These lineages are found in the domestic transmission cycles in the Gran Chaco, and all forms 

of Chagas disease result from infection with this lineage (Miles et al., 2009). Linage TcV is 

the main cause of human infections in Bolivia, and the predominant lineage in congenital 

transmission (Virreira et al., 2006). It is hypothesised that TcV and TcVI originated from the 

Gran Chaco and the Andean Valleys, as is its vector, Triatoma infestans Klug, 1834. These 

parasite lineages and vector species probably spread geographically in parallel, not least, 

owing to the vector’s successful adaptation to colonize human dwellings (Cortez et al., 2010). 

This hypothesis is also supported by the high prevalence of hybrids in circulation in this 

region, where different lineages of the parasite can be isolated from the same vector (Perez et 

al., 2013). 

 

1.6 Chagas disease vectors 

There are more than 140 species of triatomines described, and those of epidemiological 

interest for Chagas disease transmission, are the species belonging to genus Triatoma, 

Rhodnius and Panstrongylus. The most important vector species for human infection are the 



 6 

 

ones that are adapted to human dwellings, including Tri. infestans, R. prolixus, Tri. dimidiata 

(Latreille, 1811), P. megistus (Burmeister, 1835), Tri. brasiliensis (Neiva, 1911) (WHO, 2002; 

Schofield & Galvão, 2009).  

 

Triatoma infestans is probably the most widespread species well adapted to colonising houses 

and principal vector throughout the Southern Cone countries. It demonstrates great capacity 

to (i) adapt to stable environments such as humans’ dwellings; (ii) breed colonies close to the 

carry capacity of their habitat; (iii) quickly recover to population levels if only a few 

specimens survive changes in the environment (such as perturbation by chemical treatments) 

(Schofield et al., 1999). This specie can survive in the wide variety of climate conditions found 

in the tropics and in cold temperate regions, ingests large blood meals, and requires less time 

to complete its life cycle when compared to other triatomine vectors (Pereira et al., 2006), 

with a short time between consuming the blood meal and defecation (Lent & Wygodzinsky, 

1979). Furthermore, of all species within the genus Triatoma, Tri. infestans produces the 

highest percentage of infectious trypomastigotes (Perlowagora-Scumlewicz & Moreira 1994), 

These superior attributes of Tri. infestans no doubt contributes its enhanced vectorial capacity, 

and to its ability to displace other vectors species observed for P. megistus, Tri. sordida (Stal, 

1859), Tri. brasiliensis and Tri. pseudomaculata (Correa & Espínola, 1964) (Pereira et al., 

2006). For example, in experimental huts, the interspecific competition between seeded Tri. 

infestans and Tri. sordida populations resulted in the latter’s elimination within 6 months 

(Oscherov et al., 2004).  

 

 1.7 Chagas disease vector control  

The Chagas Disease National Control Programs were implemented in South American 

countries in the 1960s, however the earliest initiatives on vector control dated from the early 

1940s, when Brazil and Venezuela started to perform indoor residual spraying (IRS) following 

the example of national Malaria programs, applying organochlorinated Dicloro Difenil 

Trichloroethane (DDT) (Feliciangeli et al., 2003; Dias, 2007). This was not successful as 

several triatomines species are resistant producing enzymes able to catalyse DDT (DDT-

dehydrochlorinase and DDT-hydroxylase) (Zerba 1999). Organochlorinated DDT was then 

substituted by the organochlorinated g-BHC (Lindane), applied in field trials and public health 

campaigns in Argentina and Brazil, and also by BHC (Dieldrin), applied in Venezuela against 

the vector R. prolixus (Zerba, 1999; Dias, 2002).  

 

In Venezuela, the first large-scale vector control program conducted over some 50 years 

comprised of housing improvement to reduce triatomine refuges and Insecticide Residual 
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Spraying (IRS), which had a large impact against vectorial transmission. Between 1958 and 

2000, the National Housing Program replaced 443,522 rural houses (mud walls and palm 

roove) with new government housing (cement, bricks and zinc roove), through government 

loans to householders (Feliciangeli et al., 2003). However, the poorest and inaccessible rural 

populations did not benefit from this scheme. By the 1980s, progress was slower with an 

estimated 38% of government houses either unfinished or constructed using inadequate 

materials. A subsequent project between 1986 and 2000, improved >8,776 houses through the 

replacement of palm rooves with corrugated metal sheets, and plastering adobe walls 

(Briceño-Leon, 1987). In 1966, with the organization of the Chagas Disease Control Program, 

IRS campaigns started in earnest. Although the Venezuelan national survey data are not 

systematic in collection, they claim a decrease of household infestation prevalence’s from 

60%-80% in 1958-1968, to 1.6%-4% in 1990-1998; accompanying seroprevalence data 

suggests a decrease from 44% (1958-1968) to 8% (1990-1999) (Feliciangelli et al., 2003).  

 

In Bolivia, integrated vector control management conducted for 13 years (1986-1999) in 

Tupiza region, southern Bolivia, presented a unique and positive experience of community 

engagement in vector control activities, including housing improvement, animal management 

in the peridomicile and a rigorous monitoring and assessment of IRS. At the beginning of the 

program, 85% of houses were infested, and vector infection rates of T. cruzi between 33% and 

77%.  By the end of the program, domestic infestation decreased to undetectable levels in 

most communities in the region, with household infestation prevalence of 3% a few 

communities in 1998 (Guillén et al., 1999) 

After the 1980s, a general improvement in vector control activities was observed, when IRS 

coverage was amplified, the methods were systematized, and the first generation of synthetic 

pyrethroid insecticide replaced the organochlorines and organophosphates (Dias et al., 2002). 

The higher insecticidal activity achieved at lower application rates, the relative toxicological 

safety for mammals, and its rapid environmental degradation, made pyrethroids the first 

choice for vector control initiatives. In the 1990s, the appearance of third generation 

pyrethroids (such as deltamethrin, cypermethrin, beta-cypermethrin; lambda-cypermethrin, 

beta-cyfluthrin) provided more cost-effective, and odourless, options. These factors, and in 

particular, improvements in their photovolatibility, made that these insecticides more suitable 

for substrates exposed to sunlight (Dias 2002; Zerba, 1999).  

 

1.8 The Southern Cone Initiative (INCOSUR) 

A milestone in Chagas disease vector control was in 1991, when the Ministries of Health of 

the South American endemic countries launched an international initiative to interrupt T. cruzi 
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transmission - The Southern Cone Initiative (INCOSUR). The main goals were to eliminate 

Tri. infestans from domestic and peridomestic sites based on the application of IRS using 

pyrethroid insecticides, supported by continuous surveillance; and to reduce risk of 

transmission by blood donors, improving quality and safety of blood and blood compounds. 

The initiative achieved a significant impact on decreasing vectorial transmission by Tri. 

infestans in many areas of Brazil, Argentina and Paraguay, and Chile and Uruguay were 

certificated as “free” of vectorial transmission (Schofield, 2006; Dias, 2007). 

 

The impact of the INCOSUR vector control activities were reflected in the decrease of T. cruzi 

transmission, prevalence of human infection, and on the medical costs associated with the 

disease (Dias, 2007). In practice, individual countries were responsible for planning and 

implementation of the programme with technical assistance provided by the Pan-American 

Health Organization (PAHO). Following INCOSUR, the Andean Pact and Central American 

initiatives to control Chagas disease were launched, focussing on combatting vector-borne and 

transfusional transmission (WHO, 2002). 

 

In Bolivia, the Chagas Disease National Program was launched in the early 2000s. Analysis 

of ten years of vector control activities was performed in the Department of Cochabamba, in 

valleys considered highly endemic area for Chagas disease. Using secondary data, large IRS 

campaigns were conducted between 2001 and 2005 (except in 2002), associated with 

decreased domestic infestation rates from 70% to 80% at baseline assessment (2001-2003), to 

3% between 2004-2011. However, this failed to eliminate vector colonies, and residual 

infestation is still present in urban and rural areas, particularly in dry forest zones, indicating 

the importance of integrated vector control management and long-term surveillance (Espinoza 

et al., 2014).  

 

1.9 General challenges to control domestic infestation by triatomine vectors  

Decreased susceptibility of triatomines to insecticides is one of the challenges to control 

domestic infestation. First reports of resistance in triatomines species were published in the 

1970’s, when Venezuelan populations of R. prolixus from different areas showed reduced 

susceptibility to BHC (Dieldrin) (WHO, 1971). Following, cross-resistance between 

organophosphate and carbamates, assessed by contact bioassays using insecticide 

impregnated papers, were also reported (WHO, 1972). However, impregnated papers and 

exposure bioassays to treated surfaces are considered blunt tools to measure insecticide 

resistance (Mougabure-Cueto & Picollo, 2015). In 1975, an expert committee assessed 

protocols to test resistance in the Reduviidae by methods of direct topical application of 
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insecticide to the bugs, with distinct advantages in knowing the contact concentration (WHO, 

1979). In 1994, with development of standard protocols to evaluate Tri. infestans 

susceptibility to insecticides, studies of resistance were conducted in triatomine populations 

across South America (Vassena et al., 2000). However, associative field information on the 

efficacy of vector control activities were not available.  

In the 2000s, Argentina’s MoH reported 80% domestic infestation prevalence post-IRS 

campaigns, followed by investigation of Tri. infestans populations from North Argentina and 

southern Bolivia that identified high degrees of resistance (Picollo et al., 2005). Subsequent 

investigations of different populations of Tri. infestans in a large region of Bolivian and 

Argentinean valleys, and the Gran Chaco, confirm a high variability in degrees of 

susceptibility, and resistance, to pyrethroids (Capriotti et al., 2014; Toloza et al., 2008; 

Lardeux et al., 2010; Roca-Azevedo et al., 2013). 

Susceptibility to pyrethroids varies according to the triatomine development stage. Tri. 

infestans eggs collected from southern Bolivian populations presented more susceptibility to 

deltamethrin than 1st instar nymphs (Toloza et al., 2008; Roca-Azevedo, et al., 2013). In 

Argentinean populations, beta-cypermethrin was more effective against 5th instars, while 

deltamethrin was more effective in adults (Zerba et al., 1997). The widespread distribution of 

resistant populations and the confirmed resistant profiles in wild populations (Echeverria et 

al, 2018), in the absence of consistent IRS programmes, are claimed as evidence that resistance 

was not only driven by insecticide pressure, but also by a natural tolerance to pyrethroids 

present in Tri. infestans populations (Siera et al., 2016; Flores-Ferrer, 2017). 

 

Different proposed mechanisms of insecticide resistance have been identified in triatomine. 

However, mutations in the sodium channel genetic alleles which is the target of pyrethroid 

neurotoxins (knockdown resistance in sodium channel genes - kdr) are always observed when 

resistance is confirmed. Single mutations have been shown to modify its function resulting in 

a reduced sensitivity to pyrethroid neurotoxins (Dong et al., 2014). Mutations in kdr are 

observed in different Tri. infestans populations from the Argentinean and the Bolivian Chaco 

(Capriotti et al., 2014). 

 

1.10 Specific challenges to vector control in the Gran Chaco 

In the Gran Chaco ecozone, the effectiveness of vector control measures has not succeeded in 

having the same impact on household infestation or Chagas transmission as in other regions 

(Gurlter et al., 2007). Proposed reasons for this are multiple including, political, economic, 

socio-cultural, and technical issues. Certainly, the characteristics of this epidemiological 
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setting do not facilitate effective vector control deployment, as domestic infestation persists 

even in areas under IRS campaigns (Gurtler, 2009).   

One main challenge relates to substandard housing which are usually constructed of mud, 

using unfired homemade adobe bricks (adobe) or wattle and daube (tabique) (Samuels et al., 

2013; Lardeux et al., 2015). Apart from economic reasons, traditional mud-based 

constructions confer advantages including thermal comfort (Nieto-Sanchez et al., 2015). 

However, unplastered mud surfaces with multiple gaps and crevices provide substantial 

refuges for invading and resident triatomine colonies. In addition, thatched rooves and even 

clay tile rooves, are suitable refuge sites for triatomines (Samuels et al., 2013; Lardeux et al., 

2015).  

Unfired bricks and plastered walls are porous such that insecticide active ingredients or/and 

formulation compounds vary in absorption, affecting the availability of the active ingredients 

on wall surfaces for triatomone exposure. Pyrethroids also presents lower efficacy at high 

temperatures (Alzogaray & Zerba, 1993). These and other factors determine the effective 

residual longevity of IRS applications. In Chaco endemic communities, application of IRS is 

usually unsystematic and infrequent, and at best only twice per year, regardless of the residual 

activity of the insecticide (Gurtler, 2009).  

 

Another important challenge to control household infestation in the Chaco are related to 

peridomestic structures. The Guarani (as other indigenous groups in this region) live in 

housing compounds, constituted by the house variably surrounded by other constructions of 

similar building materials, including the kitchen, food stores, corrals, chicken sheds and other 

animal shelters. Consequently, these buildings can harbour high densities of triatomine 

vectors, especially in animal shelters where triatomines have direct access to blood-sources. 

The importance of these as potential sources for household reinfestation is unclear. In the 

Argentinean Chaco, trials comparing effectiveness of different insecticide products, applied 

at standard and double doses, showed that the standard dose is not able to control peridomestic 

infestation, and “reinfestation” could thus be attributed to residual populations that survived 

the treatment (Gurtler et al., 2004; Gurevitz et el., 2013). 

 

Regarding animal management, chickens are valuable assets to rural populations, and 

allowing chickens to roost and to have nests inside bedrooms, to avoid predation, is a common 

practice in the Chaco. In one Bolivian study, 80% of householders declared that they keep 

chickens and chickens’ nests inside their bedrooms (Lardeux et al., 2015). In the Argentinean 

Chaco, the density of infestation was higher in houses where chickens sleep inside bedrooms 

than not, and the density of infestation was related to the presence of indoor chicken nests 
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considered a safe refuge for vectors (Cecere et al., 1997). Cultural traditions are difficult to 

overcome: Quechua communities in the Bolivian valleys and in Guarani communities in the 

Bolivian Chaco, proposed plastering and lime coating housing improvements were socially 

accepted, whereas removing chickens (and other animals) from houses was not (Lardeux et 

al., 2015).  

In studies in Arequipa, Peru, in experimental arena, moving out guinea-pigs resulted to 

triatomine redistribution and dispersion patterns. Thus, removing animals from houses could 

divert vectors to feed on humans instead of animals, thus it remains an important question for 

integrated vector control studies (Castillo-Neyra et al., 2015). In one study, when humans 

sleep inside bedrooms in winter months, about 51% of triatomines evaluated fed on human 

blood, whereas during summer months, when humans sleep outside and the chickens were 

sleeping inside, 54% of investigated triatomines fed on chickens (Gurtler et al., 1996). 

 

1.11 Entomological surveillance in Chagas disease 

The broadly accepted approach to vector control is based on 3 steps, a preparatory, attack and 

surveillance, phase, where entomological notification data are the main indicators to classify 

risk areas for planning vector control activities (Dias et al., 1999).  

In order to standardize measures of domestic infestation, the recommended technique is to 

perform an active search for triatomines by timed manual capture (TMC) for 30 minutes by a 

single trained health worker (Gorla et al., 2015). TMC is known to have low sensitivity for 

detection of household infestation, at low triatomine densities, detecting infestations post IRS 

application can be even more challenging (Schofield, 1978; Abad-Franch et al., 2014). The 

quality of detection method thus impacts on decisions to perform community IRS, the status 

of the control phase, and decision to treat infected individuals, as described above. Improving 

triatomine detection methods is one of the pressing issues in Chagas disease control.  

Different approaches to compliment of replace TMC for vector surveillance are suggested, 

including the use of pyrethroids at very diluted concentrations aimed to cause irritation to 

dislodge triatomines from inside wall crevices (“flushing agents”); the use of sensor-boxes; 

householder manual collection and reporting; and sampling design modifications (Pichin et 

al., 1980; Gurtler et all., 1999; Abad-Franch et al., 2014). Field trials comparing the 

sensitivities of householder manual collection, sensor-boxes, flushing agents, and health 

worker TMC in the Argentinean Chaco report that householder collection combined with 

sensor boxes is the most cost-effective method to detect infestation (Gurtler et al., 1999). 

However, sustainable householder participation in vector control activities requires well 

established educational program supporting vector control (Lardeux et al., 2015). 
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1.12 Education in health to promote community awareness in Chagas disease and engagement 

in vector control activities  

The idea that communities need to engage in vector control activities as a “bottom-up” 

approach comes from seeking sustainable long-term solutions where governments fail to 

deliver. In reality, communities are rarely consulted and invited to plan strategies. As a result, 

external solutions are broadly implemented and community contributions to planning are 

small (Winch et al., 1992).  

Community health education programs supporting Chagas disease vector control are active 

across Latin America, but quite diverse in approach. For example, in the Argentinean Chaco, 

aiming to improve community surveillance, students and teachers were trained to classify 

houses according to risk factors for domestic infestation, and to perform active searches for 

triatomines to identify infested houses (Crocco et al., 2005). As noted by the authors of that 

study, local governments still need to organize an appropriate response to the surveillance data 

generated by the community, and to open communication channels between the Ministries of 

Education and Health (Crocco et al., 2005).  

 

In the Paraguayan Chaco, the National Control Program of Chagas Disease Control 

(PNCEChPy) designed an entomological surveillance program conducted over three years, 

covering 90% of the housing, in three endemic departments. Community leaders were trained 

to promote active school participation in triatomine surveillance, whereby secondary school 

students searched for triatomines in their houses and peridomestic structures, taking captured 

bugs to school, which in turn, notified the municipality authorities. These actions supported 

the educational materials to improve student knowledge and awareness, and initiated IRS by 

the local program. Apart from identifying infested localities, the program was also responsible 

for the notification of Tri. sordida infestation in localities were Tri. infestans was under control 

(Rojas de Arias & Russomando, 2002). 

 

1.13 This thesis 

This PhD study was designed in general terms to understand and evaluate the current vector 

control practices in a typical endemic community in the Bolivian Chaco. This was followed 

by a series of observational and experimental field studies to identify conditions influencing 

triatomine surveillance accuracy, and potential methods for their improvement. Pilot 

intervention studies were performed to improve local knowledge about Chagas disease, and 

to test the potential of housing improvement to reduce house infestations. 
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In Chapter 2, the main aims are: 

1. To assess the IRS application at house compound, and the householder compliance to the 

IRS program; 

2. To quantify the IRS insecticide delivered dose and to explore the factors that may cause 

incorrect delivery.  

The objectives of this chapter comprises the evaluation of the spraying effort and the 

insecticide delivery dose according to the householder compliance to prepare their houses to 

receive the IRS; to quantify the insecticide active ingredient sedimentation rate; to investigate 

the relationship between the insect delivered dose and the solution mix inside the spray tank, 

and the relationship between spray effort and insecticide delivered dose, and to explore if the 

presence of filter paper on the walls influences the spray effort.  

 

Considering vector surveillance, Chapter 3 presents entomological experiments conducted to 

test the accuracy of methods to estimate infestation density. The main aims on this chapter 

are: 

1. To test the accuracy of four different approaches to estimate infestation (TMC at PAHO 

recommended effort; TMC at increased effort; TMC + flushing-agent product; MRR model), 

accounting for wall materials and differences in density of infestation 

2. To investigate if the house construction materials and density of infestation influences on 

triatomine location of captures and feeding status. 

The objectives of this chapter are: to test a flushing-agent concentration to capture triatomines 

in tank experiments and in artificial huts that dislodge them without kill; to compare the final 

recaptured seeded triatomine population in each hut; to estimate sensitivity of TMC in 

artificial huts at experimental conditions; to identify the main location of captures in each hut, 

to compare feeding status amongst artificial huts and densities of infestation, and to test a 

MRR model to estimate infestation densities based in TMC data conducted in artificial huts. 

 

Chapter 4 evaluates the effect of a pilot educational intervention to increase knowledge of 

Chagas Disease biology in secondary school students, to identify knowledge gaps, and to 

provide recommendations to improve the current Bolivian MoH educational material to be 

provided to schools. The main aims on this chapter are: 

1. To measure secondary school students’ baseline knowledge of Chagas disease, vector 

biology and transmission through KAP questionnaire; 

2. To evaluate the impact of the school-based educational intervention to improve follow-up 

KAP scores;  

3. To evaluate the different subject contents of the educational material, to identify content 
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gaps and other issues of delivery;  

4. To provide recommendations to the Bolivian MOH program regarding potential 

improvements to their educational content. 

The objectives of this chapter are: to identify the explanatory variables associated with student 

knowledge scores in pre- and post-intervention questionnaires, and in difference of scores; to 

identify in which knowledge topic the intervention materials need improvement, and to 

explore students baseline beliefs, attitudes, practices regarding vector control. 

 

Chapter 5 presents a pilot housing improvement intervention study to assess the impact on 

household infestation and changes in triatomines densities. The main aims in this chapter are: 

1. To test the impact of the interventions on infestation rates and on Tri. infestans abundance, 

in 12 months follow-up. 

2. To test the effect of insecticide treatment of plastered and unplastered adobe bricks on 

triatomine morbidity, egg hatch rates, and nymph survival using contact bioassays. 

The objectives of this chapter are: to compare the number of triatomines, the presence of 

nymphs’ development stage, and the number of infested houses amongst the treatment arms 

through time post-intervention; and to observe the treatment effects in triatomines morbidity 

in a controlled environment conducting contact bioassays. 

 

1.14 Study site  

The study was conducted in a Guarani indigenous community of Itanambikua (20º1’5.94’’S; 

63º30’41’’W), located in Camiri municipality, Santa Cruz Department, Bolivia (Figure 1). 

This region forms part of the Gran Chaco, an ecozone of 1.3 million km2 that straddles the 

borders of Argentina, Bolivia and Paraguay. It is characterised by seasonal dry forest that 

registers temperatures ranging from 0 ºC up to 49ºC (Pennington et al., 2000).  
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Figure 1: Study site (Itanambikua community) map. 
 

In Guarani communities in the Bolivian Chaco, the recorded prevalence of infection with T. 

cruzi reaches 98% by the age of 30-years-old; the prevalence in children (2-15 years-old) is 

about 20% (Samuels et al., 2013). Vectorial transmission is considered the main route of 

infection. The prevalence of infection by T. cruzi in the triatomine vector Tri. infestans is 50% 

(Perez et al, 2013).  

 

The Itanambikua population comprises about 1,200 people residents in 220 houses. The local 

economy is based on subsistence farming, mainly maize and peanuts, and on small scale 

poultry breeding. Other animal breeding includes pigs, goats, ducks and fish, for personal 

consumption. The short distance from the commercial centre in Camiri (about a 15 minutes’ 

drive), and the availability of public transport, allows the community to sell their surplus 

produce and to work in the city, primarily as builders or housemaids. A small trade of 

handcrafted products, pottery and weavings also contribute marginally to their income.  

The majority of houses are constructed with sun-baked unfired bricks (adobe), and traditional 

wattle-and-daub (locally called “tabique”). Peridomestic outhouses include animal sheds, 

storehouses, kitchen and bathroom. All these structures are contiguous to the house, and are 

made with a range of materials including adobe bricks, tabique, woollen sheets, and wood. 

Household infestation prevalence in the Chaco are high (Lardeux et al., 2015), and 

Itanambikua is no exception.  
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Chapter 2: Assessment of Indoor Residual Spraying (IRS) activity against Triatoma 

infestans 

 

2.1 Introduction  

An international agreement amongst the ministries of health of the South American countries, 

the Southern Cone Initiative against Chagas disease (INCOSUR), achieved substantial success 

reducing Trypanosoma cruzi transmission through the screening of new-borns and blood 

donors, and controlling triatomine domestic infestation (Schofield et al., 2006). Regarding 

vector control, the adopted strategy was Insecticide Residual Spraying (IRS) of community 

households using pyrethroids insecticides, e.g. alpha-cypermethrin, bifenthrin, cyfluthrin, 

deltamethrin, etofenprox and lambda-cyahalothrin (WHO, 2005), followed by longitudinal 

entomological surveillance to maintain the percentage of houses infested less than 5%, which 

was the adopted threshold triggering re-spraying the entire community (Dias, 1987). During 

this surveillance phase, individual infested houses received focal treatment (Dias & Schofield, 

1999). 

The Southern Cone Initiative was considered a success having reduced domestic infestation 

by Tri. infestans sufficiently to certify interruption of vectorial transmission in Uruguay 

(1997), Chile (1999), and some areas in Brazil (2000), and Argentina (2001). Those 

certification were conferred based in (i) prevalence of T. cruzi lower than 2% in children 

between 0 and 15 years-old; (ii) absence of CD acute cases notified in the last three years; (iii) 

analysis of entomological indicators, according to the characteristics of each area, using as 

main indicator the intradomicile infestation indexes lower than 1% (Salvatella et al., 2014). 

Despite the initiative success in many areas, Chagas disease is still highly endemic in the Gran 

Chaco region that expands parts of Bolivia, Paraguay and Argentina (Schofield et al., 2006). 

In the Bolivian Chaco communities, domestic infestation by Tri. infestans persists in areas 

under insecticide application ( Gurtler & Yadon, 2015), with the highest infection prevalence 

by T. cruzi in the world (Samuels et al., 2013). In Chaco region, infestation data are patchy in 

space and time, but previous reports indicate household infestation rates between 31-72% 

(Porcasi et al., 2006; Lardeux et al., 2015; Gaspe et al., 2015).  

The significance of infestation surveillance, and adopted household infestation thresholds 

(Dias, 1987) that triggers IRS, also concerns treatment of infected patients. In Bolivia, 

treatment of infected children is only conducted when the patient’s household is shown to be 

free of infestation, and in communities under vector control presenting level of infestation 

<3% in peridomicile and 0% colonization in intradomicile (Bolivia, 2007). Thus, household 

surveillance to assess IRS effectiveness, is critical to both trigger IRS and to allow treatment. 

Surveillance is based on health officials searching for household triatomines for a limited time 
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[Timed Manual Capture (TMC)]. Recommendations for all the initiatives against Tri. 

infestans is to conduct TMC searches by 2 people, for 15 minutes intradomicile and additional 

15 minutes peridomicile. Results are presented in numbers of triatomines caught by 

person/hour (Gorla et al., 2015). However, TMC presents low sensitivity, and sensitivity 

decreases at low density infestation (Schofield, 1978; Abad-Franch et al., 2014). 

The apparent failures to control domestic infestation in the Chaco region are related to poor 

quality IRS implementation practises by health authorities and public compliance, the 

substandard housing conditions (Gurtler et al., 2007), reduced effectiveness of pyrethroid 

insecticides on porous substrates e.g.  mud surfaces (Rojas de Arias et al., 2003; 2004), and 

insecticide resistance (Picollo et al., 2005). In the Bolivian Chaco communities, houses are 

small, mostly constructed of unfired mud bricks (adobe), or wattle and daube (tabique) 

(Samuels et al., 2013; Lardeux et al., 2015). In the absence of wall maintenance, mud surfaces 

and unfired bricks deteriorate, generating cracks which provide refuges for triatomines and 

their eggs, with the likelihood that they receive a sublethal dose of insecticide (Lardeux et al., 

2015). It also makes surveillance by TMC more difficult. The presence vs absence of cracks 

in walls is a significant risk factor for T. cruzi infection in humans in the Bolivian Chaco 

(Samuels, et al., 2013). In contact bioassays performed using 3rd instar Tri. infestans nymphs, 

exposed to treated mud surfaces at 180 days post-treatment, the comparison of insecticide 

residual effect showed that the best performance was obtained using lambda-cyahalothrin 10% 

wettable powder formulation [WP], which resulted in only 13% nymphs mortality compared 

to 7% mortality in deltamethrin 2.5% [WP], and no mortality using deltamethrin 2.5% 

suspension concentrate formulation [SC];  cyfluthrin 12.5% [SC], or control bricks (no 

insecticide treated) (Rojas de Arias et al., 2003). 

Insecticide formulation, residual effect, and quality control of the delivered dose are some key 

components of successful vector control (Coleman et al., 2015). Synthetic pyrethroids are 

broadly used in IRS vector control programs due to their relatively high efficacy achieved at 

low doses, based usually on assessment against mosquito vectors, and their relative safety to 

humans and other mammals (Zaim & Nakashima, 2000; WHO, 2005). Triatomines are known 

to be susceptible to pyrethroids but not to DDT, resulting in in high mortality under 

experimental conditions (Zerba, 1999). The excito-repellent effect of pyrethroids induce 

behavioural changes such that triatomines evacuate refuges inside the walls, promoting 

exposure to treated surfaces (WHO, 2002). Long insecticide residual longevity is especially 

important to kill blood-searching triatomines that may not crawl on treated surfaces for months 

after treatment (WHO, 1997; 2002).  

The recommended target dose for third generation pyrethroids (alpha-cypermethrin, 

bifenthrin, cyfluthrin, deltamethrin, etofenprox and lambda-cyahalothrin), used in IRS against 
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malaria vectors, varies between insecticide is 0.025 to 0.05g/m2 (WHO, 2015b). However, a 

number of studies indicate that the delivery dose may not achieve the target dose. In the 

Paraguayan Chaco, delivery doses of deltamethrin were applied at 44% of the target dose 

(Rojas de Arias et al., 2004). A larger study, against a related disease leishmaniasis in India 

using DDT, reported that 91% of insecticide capture filter paper samples received doses below 

the target dose of 1g/m2 (Coleman et al., 2015). In contrast, in Tupiza, and surrounding 

Bolivian valley communities, where a concentrated Chagas vector control program was 

initiated, the delivery dose of deltamethrin insecticide showed mean concentration values 

within the target (28mg/m2) (Guillen et al., 1997). Thus, delivery dose quality control is 

important to precisely evaluate IRS achievements.  

Householders’ participation in public health IRS vector control activities require house 

cleaning and tidying house contents to facilitate TMC and infestation notification by 

communities. In preparation of to receive IRS treatment householders are expected to empty 

their houses of all contents (Dias & Schofield, 1999; WHO, 2007). However, community 

compliance can be very low for a variety of reasons (as discussed in Chapter 4). Not fully 

emptying houses or spraying emptied contents runs the risk of residual triatomine populations 

not being removed or killed. For example, in the Bolivian Chaco, the presence vs absence of 

picture frames and other objects hung on walls (e.g. bags, clothes, etc.) were identified as risk 

factors for triatomine household infestation, and bedframes (that are often not removed) were 

recognized as an important refuge for triatomines, registering 46% (110/235) of detected 

triatomines (Lardeux et al, 2015). 

Considering these challenges to control triatomine domestic infestation in the Bolivian Chaco, 

assessment of in situ vector control practices is a starting point to identify the limitations to 

its potential success, with the aim to key areas requiring improvement.  

The overall objective of this chapter is to evaluate the current vector control practices against 

Tri. infestans domestic infestation in a representative community in the Bolivian Chaco 

region. 

 

The specific aims are:  

1. To assess the IRS application at house compound, and the householder compliance to the 

IRS program; 

2. To quantify the IRS insecticide delivered dose and to explore the factors that may cause 

incorrect delivery.  

 

The objectives of this chapter comprises the evaluation of the spraying effort and the 

insecticide delivery dose according to the householder compliance to prepare their houses to 
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receive the IRS; to quantify the insecticide active ingredient sedimentation rate; to investigate 

the relationship between the insect delivered dose and the solution mix inside the spray tank, 

and the relationship between spray effort and insecticide delivered dose, and to explore if the 

presence of filter paper on the walls influences the spray effort.  

2.2 Methods 

2.2.1 Current vector control practices 

2.2.1.1 IRS application effort 

Direct house-to-house observations of the current vector control practices were recorded 

during the routine IRS in March, 2016 (n=39 houses) and November, 2016 (n=25 houses), 

with no interference of the researcher in houses selection. The following variables were 

recorded: (i) house measurements [H x W x L] in order to calculate the total possible spray 

surface area; (ii) time (minutes) that the health worker spent applying the insecticide; and (iii) 

treatment completeness (i.e. if the treatment was applied or not to indoor walls, outdoor walls, 

and in peridomestic structures). Information about the insecticide formulation and spray 

dilutions were also recorded. In order to achieve the target dose, the recommended insecticide 

mix concentration is calculated considering: (i) the volume released by the spray nozzle; (ii) 

the area to be treated (m2); and (iii) the spray rate (m2/min). Considering these specifications, 

guidelines in vector control recommends a spraying rate of 19m2/min (WHO, 1997). Thus, the 

time spent spraying (IRS observed spraying effort) in each house was compared with the 

expected IRS effort in minutes, calculated by dividing the total house surface area (inside and 

outside) to be sprayed by 19, as follows: [(Width x Length) x 4] + [(Width x Height) x 4]/19. 

 

2.2.1.2 Householder compliance  

On the day previous to IRS, the health workers routinely request householders to empty their 

houses of all belongings, including heavy furniture, in preparation for IRS on the following 

day. Householder compliance was recorded on a semi-quantitative scale (0- not emptied; 1- 

partially emptied; 2- totally emptied) based on the quantity of itemized household contents 

that remained inside the house when the health worker arrived to apply insecticide. Individual 

items were broadly categorized to calculate the frequency of items that were not removed from 

the house.  

Investigation of householder compliance effect in surveillance activities was registered in a 

total of 64 houses, monitored between November, 2016 to March, 2017. These houses 

comprise: (i) houses observed during IRS current practices, with no interference of research 

team (n=25); and (ii) houses recruited by the research team to a pilot study for testing two 

intervention treatments, presented on the Chapter 5 of this thesis. Inclusion criteria were: 

houses made with adobe bricks and corrugated iron roof, with up to 3 bedrooms (n=39 
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houses). 

Entomological evaluations were performed by TMC (2 people/hour) intradomicile previous 

to IRS application. Number of triatomines captured and the proportion of positive houses 

(where at least one triatomine was found) were compared between houses completely emptied 

(n=41) and between partially or not emptied (n=23), which were grouped together for this 

analysis.  

 

2.2.2 IRS delivery dose quality assessment 

Analysis of insecticide delivered dose comprises a sample of 32 houses (n=290 filter paper 

samples), recruited for a pilot study for test two intervention treatments (Chapter 5), and an 

additional sample of 25 houses (n=206/496 filter paper samples) observed during IRS in 

November, 2016 during house-to-house observations of the current vector control practices, 

following the health worker with no intervention of the researcher in the houses selection. 

Thus, a total of 57 houses were examined for insecticide delivery dose. 

IRS was performed using alpha-cypermethrin [SC] 20% (Alphamostâ, Hockley International 

Ltd., Manchester, United Kingdom), prepared in a dilution of 0.05L of insecticide to 8L of 

water (1:160), aiming for a final delivery target dose 50mg/m2, following recommendations of 

Chagas Disease Control Program in the Santa Cruz Administrative Department (Servicio 

Departamental de Salud - SEDES) IRS protocol, and as informed by the head of that Program 

(Roberto Vargas, personal communication).  

The equipment used for insecticide application was a knapsack sprayer GuaraniÒ tank, with 

8L capacity and equipped with a flat fan nozzle. To evaluate the IRS insecticide delivered 

dose, 9 filter papers (Whatmman nº1; 5cm diameter) were pinned on the inside walls of houses 

previous to IRS application, placed at three heights (0.2, 1.2, and 2m above ground level), on 

three different walls, selected in an anti-clockwise direction starting from the main door. In 

houses with more than 1 room (14/57), the set of filter papers were divided by the rooms. This 

provided 9 filter papers per house, 3 replicates at each height (WHO, 2006). In addition, the 

peridomestic structures (n=13) present in the observed 57 houses were also examined. A total 

of 16 filter papers were placed at 0.5m above ground level in the 13 peridomestic structures 

(1 filter paper in each of 10 animal shelters, and 2 filter papers in each of 3 kitchen annexes 

according with their respective size). Of a total of 529 filter papers collected, 496 were 

available for testing. 

Immediately after insecticide application, filter papers were collected and left to dry 

horizontally and protected from sunlight. Once dry, filter papers were wrapped in cellotape to 

protect and maintain the insecticide the surface, and then wrapped in aluminium foil, and 

stored in a refrigerator at 8ºC before transport to the UK. 
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Insecticide concentrations in the spray tanks prior to IRS were also quantified. Samples of 2ml 

were collected from the top of the spray tank, immediately after preparation and mixing, from 

28 different tank preparations, which were used to spray 21 houses using a single tank mixture, 

and 7 houses sprayed with an additional refill. From each sample, two replicas were analysed 

and the mean concentration was calculated. The concentrations of these samples were 

compared with delivered doses measured from the filter papers.  

 

To understand the kinetics of the insecticide active ingredient (a.i.) in tank preparations prior 

to IRS, the sedimentation rates of the solutions were quantified in replicate for 4 tanks 

mixtures. Four replicate samples from each tank were vortexed for 5 minutes and a sub-sample 

of 5.2µl collected from the surface at each minute for 15 consecutive minutes to measure the 

change in sedimentation over 15 minutes post mixing. 

 

2.2.2.1 Chemical colorimetric assay IQKTM 

Filter paper concentrations 

Insecticide concentrations were quantified by colorimetric assay based on the chemistry of a 

commercial Insecticide Quantification Kit for Pyrethroids -IQKTM (ASSURE Ciano Pyrethroid 

Insecticides IVCC – AVIMA- Integrated Malaria Vector Control Solutions) designed to 

quantify or semi-quantify cyano-pyrethroid concentrations (Russell et al., 2014; Ismail et al., 

2016).  

Assay protocols and data analysis followed previously published methods (Ismail et al. 2016). 

Briefly, for each filter paper, the active ingredient was extracted from 2 filter paper punches 

(1.3 cm2 each, total area =2.6cm2). To extract the pyrethroid, 800 µl of 0.075% potassium 

hydroxide [KOH] in 90% ethanol (Reagent A) was added to the glass tube containing the 2 

punches, followed by the addition of 800 µl of reagent B to induce the colorimetric reaction. 

Reagent B was previously prepared in two steps. First, diluting 0.4% 2,3,5-

triphenyltetrazolium chloride [TTC] in 95% ethanol, and later mixing it with a solution of 

0.04% 4-nitrobenzaldehyde [PNB] in 95% ethanol (the mixed solution stock was kept in a 

glass bottle and covered with aluminium foil). The solution was then vortexed for 1 minute 

followed by an incubation step of 10 minutes. The reaction was then neutralized by adding 

400 µl of 0.5% acetic acid diluted in 100ml of distillate water (Reagent C). The final reaction 

(200 µl) was placed in a plaque assay well, and the optical density (OD) of the colorimetric 

reaction measured using a photometer calibrated at 480nm wave length. 

Optimisation steps required adapting the described kit protocol by reducing (i) the filter paper 

punch sample area from 4cm2 to 2.6cm2 and (ii) the time of incubation from 15 to 10 minutes. 

OD values were compared to the standard curve, prepared with 18 serial dilutions of alpha-
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cypermethrin a.i., ranging from 0 to 80mg/m2, corresponding to the filter paper sample punch 

area (µg/2.6cm2) (Table 1). 

 
Table 1: Serial dilutions of alpha-cypermethrin stock concentration at 0.5mg/ml to achieve the 
correspondent doses in µg/2.6cm2 and in mg/m2 

 

Dose in mg/m2 Dose in 

µg/2.6cm2 

Volume of alpha-

cypermethrin at 

0.5mg/ml 

0 0 0 

0.625 0.1625 0.325 

1.25 62.4 0.65 

2.5 31.2 1.3 

5 15.6 2.6 

10 7.8 5.2 

15 3.9 7.8 

20 5.2 10.4 

25 6.5 13 

30 7.8 15.6 

35 9.1 18.2 

40 10.4 20.8 

45 11.47 23.4 

50 13 26 

55 14.3 28.6 

60 15.6 31.2 

65 16.9 33.8 

70 18.2 36.4 

75 19.5 39 

80 20.8 41.6 
 

 

Spray tank concentrations 

To quantify the insecticide concentrations in the spray tank preparations, the IQKTM assay was 

conducted as described above for the filter papers. In order to achieve the recommended target 

dose (30-50mg/m2), the insecticide dilution in the spray tank should be prepared at a proportion 

of 1:160 (50ml alpha-cypermethrin at 20% diluted in 8L of water). Alpha-cypermethrin at 

20% is equivalent to 20g of a.i. in 100 ml. Thus, use of 50ml of alpha-cypermethrin at 20% 

diluted in 8L of water, is the equivalent to use 10g of a.i. diluted in 8L, resulting in a final 

dilution of 1.25mg/ml (10g/8L). The insecticide tank preparation needs to be at the 

concentration range of 0.7 to 1.25mg/ml in order to achieve the recommended target dose (30-

50mg/m2). 
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Similarly, for solution quantification, the following conversion were made: 50mg/m2 is 

equivalent to 5µg/cm2. Application of 5µg of a.i. in a filter paper area of 2.6cm2, presented an 

OD equivalent to 20mg/m2, as showed in the filter papers standard curve (Table 1). Thus, the 

reference volume of 5.2µl (necessary concentration to achieve the target dose of 25mg/m2) 

was used to investigated solution samples. 

A standard curve was prepared from 6 serial dilutions: 0.1875; 0.375; 0.75; 1.25; 2.5; 5 mg/ml 

of alpha-cypermethrin using a stock concentration of 10mg/ml. The slope obtained for each 

standard curve was used in the formula to calculate the insecticide concentration (A), as shown 

below. 

 

𝐴 =
𝑂𝐷	𝑠𝑎𝑚𝑝𝑙𝑒 − 𝑂𝐷	𝑐𝑜𝑛𝑡𝑟𝑜𝑙

𝑦	𝑣𝑎𝑙𝑢𝑒
 

 

where: 

A= Alpha-cypermethrin concentration (µg/2.6cm2 for filter papers and at mg/ml for spray tank 

solutions) 

OD= optical density 

y value: obtained from the standard curve with solution samples 

 

2.2.2.2 IQKTM validation by High Performance Liquid Chromatography (HPLC) 

Samples preparation 

To validate the colorimetric assay results, a selection of samples was also tested by HPLC. 

Three houses were randomly selected, using house ID as unique identifier and applying the 

command “sample” in STATA program, without repetition. Filter paper samples from those 

houses (n=27; 9 filter paper from each house) were individually processed through HPLC.  

High performance liquid chromatography was performed following Ismail et al. (2016), where 

2 punches (1.3cm2 each, total area= 2.6cm2) of each filter paper sample were placed inside a 

glass tube.  

Insecticide extraction: extraction solution was prepared using an in-house solvent prepared 

with 100mg of standard dicyclohexyl phthalate [DCP] diluted in 900ml ethanol (at final 

concentration of 100 µg/ml). 5 ml of the extraction solution was added to each glass tube, and 

vortexed for 1 minute. One ml of the solution was then transferred to a new glass tube, and 

vapored to dryness under nitrogen at 60ºC and stored at 4ºC overnight. Four glass tubes 

containing 1ml of the extraction solution alone were prepared as controls (DCP).  

Insecticide resuspension and cleaning: 1ml of methanol was then added to the glass tube and 

vortexed for 1 minute. One ml of this sample was transferred to an Eppendorf tube, and 

centrifuged for 20 minutes at 13,000rpm. A total of 250µl of the supernatant was transferred 
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to an HPLC vial for HPLC analysis, as described below. A standard curve was prepared from 

alpha-cypermethrin dilution series 0, 62.25, 125, 250 and 1000µg/ml.  

 

2.2.2.3 HPLC assay performance 

HPLC performance and interpretation was conducted following Ismail et al (2016). HPLC 

analysis was performed by injection of 10µl aliquots of samples into a reverse-phase Hypersil 

GOLD C18 column (175 Å, 250 x 4.6mm, 5µm, Thermo Scientific, UK) at 23-25ºC. A mobile 

phase of acetonitrile/water 80:20 was used at a flow rate of 1ml/min. Alpha-cypermethrin 

peaks were detected at 232nm with an Ultimate 3000 UV detector (Dionex, Camberley, UK). 

Data was analysed by Dionex Chromeleon software. Final concentrations in grams per square 

meter were estimated from the following equation: 

 

𝐴 = 5
𝐵
𝐶8

𝑥	𝑉	𝑥	𝐸	𝑥	𝐷 

where: 

A= Alphacypermethrin in µg/2.6cm2 

B= Peak Area (mAU*min)  

C= slope value (obtained from standard curve) 

V= Volume of extraction solution added to the samples 

E= Coefficient of extraction for this method and samples (85.9%) 

D= Internal standard correction factor (obtained by dividing the DCP peak area by the average DCP 

area). 

 

2.3 Data analysis  

For analysis of the observed IRS effort (time in minutes treating surfaces) and expected IRS 

spraying effort data (expected time in minutes to treat the surfaces), variables were normalized 

by log10 transformation, confirmed by Levene test statistic (Observed effort: W0 =0.34, Pr>F= 

0.55; W50= 0.41; Pr>F= 0.52; df(1,56)]; Expected effort (W0=2.34, Pr>F= 0.12; W50= 2.23; 

Pr>F= 0.14; df(1,56)]); and Standardized observed effort: W0=0.35, Pr>F= 0.55; W50= 0.33; 

Pr>F= 0.56; df(1,56)]). The Observed effort was standardized by dividing time in 

minutes/surface area in m2. 

In order to investigate if the house measures interfere in the householder compliance to empty 

their houses, means of house surfaces (squared root transformed) where compared between 

householder compliance categories.  

The ratio (log10) between the observed to expected effort, (total minutes spent/expected 

minutes to be spent) were calculated and compared between householder compliance 

categories by Student’s t-test. Medians of these ratios were also tested by Mann-Whitney test. 
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Percentage of houses where the observed spraying effort was lower than the expected effort 

(ratio < 1), was compared between householder compliance categories by chi square test. 

Relationship between IRS observed spraying effort (log10) and expected effort (log10) was 

investigated by the Pearson’s correlation coefficient, for each householder compliance 

category.  

Differences in medians insecticide delivered dose were compared between householder 

compliance categories by the Mann-Whitney test. 

Numbers of infested houses (where at least 1 triatomine was found) were compared between 

householder compliance categories by logistic regression (Generalized linear models- GLM 

binomial distribution 0/1); considering only two possible explanatory variables categories: (i) 

emptied houses and (ii) partially + not emptied houses. 

Correlation between insecticide doses quantified by IQKTM and HPLC were investigated by the 

Pearson correlation coefficient. 

Variation in delivered dose according to (i) wall heights; (ii) wall position; (iii) geographic 

sector and (iv) IRS date of application, were investigated in univariate analysis in negative 

binomial regression model. 

The relationship between median insecticide delivered dose (filter papers) and median 

insecticide mix solution concentration (prepared inside the spray tank collected from the tank 

prior to spray) was investigated by negative binomial regression model. 

Similarly, the sedimentation rate of insecticide a.i. (post- mix with water inside the Guarani® 

spray tank) through time (minutes after mix) was investigated by negative binomial 

regression, clustering on house. 

The relationship between insecticide delivered doses on filter papers and the observed IRS 

effort, were investigated by negative binomial regression, between (i) insecticide delivered 

dose on filter papers and observed spraying time (log10 transformed); and (ii) insecticide 

delivered dose on filter papers and standardize observed effort/surface (log10); both clustering 

on house. 

A one-way ANOVA was performed to observe differences of spray time (min/m2) (square root 

transformed) between houses with and without filter papers placed on the walls. 

 

2.4 Results 

2.4.1 IRS current practices and householder compliance  

Community compliance with IRS activities was recorded in a sample of 64 (29%) of 220 

community houses during the IRS campaign in March and November, 2016.  

Of the observed houses, only 23.4% (15/64) of householders completely emptied their houses 

in preparation for the IRS (Table 2). Of these, 14 houses received IRS applied to the entire 
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surface area (indoors and outdoors) as recommended by WHO (2007). Thus, of the 64 

observed houses, only 14 (22%) were fully emptied and sprayed conforming to the IRS 

guidelines. Of the 14 peridomestic structures recorded in this study, only 3 (21%) were insecti-

cide treated (Table 2).  
 

Table 2: Householder compliance to empty their house in preparation for IRS and health worker 
practices in 64 houses observed during IRS, 2016.  
 

Householder compliance (n=64 houses) n % 

Not emptied  
 

24 22.1 

Partially emptied 19 44.1 

Completely emptied 15 25 

Declined treatment 6 8.8 

Total   64 100 

        

Treatment coverage (n=58 houses) 

Not 

emptied 

Partially 

emptied 

Completely 

emptied 

n (%) n (%) n (%) 

Treated only indoor 3 (12.5) 0 1 (6.6) 

Treated only outdoor 1 (4.2) 1 (5.3) 0 

Treated only one bedroom inside and outside 3 (12.5) 1 (5.3) 0 

Completely treated (sprayed indoor and 

outdoor) 
17 (70.8) 17 (89.4) 14 (93.3) 

Total 24 (100) 19 (100) 15 (100) 

    
Peridomicile (outhouse) coverage  

(n=14 structures) 
  

Structures 

n 

Treated 

n (%) 

Kitchen annex  4 1 (25) 

Animal shed  8 2 (25) 

Store house  2 0 

Total   14 3 (21.4) 

 

Household items that were not removed by householders in preparation for IRS (n=33 partially 

emptied and not emptied observed houses during IRS in March, 2016) were most often the 

larger items of furniture (wardrobe, tables) or kitchen appliances (stove, fridge), though not 

exclusively so (Table 3). Householder compliance tended to decrease in houses with bigger 

dimensions, and in the presence of heavy furniture. Leaving large items in the house was 

expected to reduce the sprayers’ access to the walls for the purpose of effectively delivering 

IRS (Figure 2). 



 27 

 

Table 3. Items that householders left inside their houses during IRS application (n=33 observed houses). 
 

Items 

Number of houses where described 

items were not removed / total 

houses with the item  

Table 15/15 (100%) 

Foam mattress 4/16 (25%) 

Straw mattress 11/16 (69%) 

Personal belongings (small items) 6/33 (18%) 

Fridge 9 /9 (100%) 

Wardrobe 8/8 (100%) 

Clothes  3 /33 (9%) 

Stove  3/3 (100%) 

 

 

 

 

 

 

 

 

 

Figure 2: Current spraying proceedings and householder compliance to empty their houses in 
preparation for IRS. A) Health worker applying IRS in houses were furniture was left inside; B) 
Householder contents placed outside but hampering access to external wall surfaces. 
 

 

2.4.2 Observed and expected IRS spraying effort  

Houses that were completely emptied had significantly smaller average surface areas than 

houses that were not emptied (house surface area square root transformed; t=-3.2, p=0.002), 

whereas there were no statistical differences between houses partially emptied and totally 

emptied (t=-1.2; p=0.2), or between houses not emptied and partially emptied (t=-1.7; p=0.09) 

(Table 4). 

 

 

 

 

 

 

A B 



 28 

 

Table 4: The observed IRS spraying effort compared to the expected IRS effort (in minutes), relative 
to the wall surface area (m2), stratified by householder compliance category to empty their house, for 
the 48 houses completely treated (indoors and outdoors walls).  
 

Compliance 
category 

Mean observed 
IRS spraying effort 

(min) [95% C.I] 

Mean expected IRS 
spraying effort 

(min)* [95% C.I.] 

Mean wall surface area 
(m2) [95% C.I.] 

Ratio observed/ 
expected effort  

[95% C.I.] 
Not emptied 
(n=20) 11.65 [7.94, 15.36] 12.92 [9.66, 16.18] 245.6 [183.53, 307.66] 1.04 [0.71, 1.36] 
Partially emptied 
(n=14) 13.07 [9.38, 16.76] 10.77 [6.84, 14.71] 204.8 [129.94, 279.77] 1.49 [0.95, 2.03] 
Totally emptied 
(n=14) 9.3 [6.04, 12.57] 7.2 [4.61, 9.85] 137.57 [87.68, 187.46] 1.47 [0.97, 1.97] 

 
*Expected IRS spraying effort= house surfaces (m2)/recommended spray rate (19m2/min) 

 

Comparison of the observed vs. the expected time (minutes) to spray houses (Table 4; Figure 

3) suggested that the observed spray time was lower than expected in houses that were not 

emptied compared to those partially or fully emptied. Analysis of these log10 transformed ratios 

did not show statistically significant difference when compared mean ratios between: not 

emptied and partially emptied (t=-1.82; p=0.07); not emptied and totally emptied (t=--1.83; 

p=0.07); or partially emptied and totally emptied (t=-0.01; p=0.0).  
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Median of the observed/expected time (mins) to spray houses relative to the house surface 
area requiring IRS. Ratios shown for each householder compliance category. The horizontal line 
indicates where the observed time was equal to the expected time following the recommended spraying 
rate (19m2 surface area/min) (WHO, 1997). 
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Considering the 58 sampled houses, the observed IRS spraying effort was lower than the 

expected in 43% (25/58) of the houses (Figure 4-A). Where householder compliance was low 

(houses not emptied), the observed effort was lower than the expected in 58% (14/24) of 

houses (Figure 4-B), compared to 31% (6/19) and 33% (5/15) where compliance was higher, 

partially and fully emptied, respectively (Figures 4-C and 4-D). There was a significant trend 

in these 

percentages for houses not emptied compared to partially emptied (Fisher’s exact: F=3.5 

p=0.08), but not for the other pairwise tested categories (F<0.01; p>0.9). 

 
Figure 4: Comparison between expected effort (y- axis) and observed effort (x- axis) in minutes: A) 
Total observed houses (n=58); B) Houses not emptied (n=24); C) Houses partially emptied (n=19); D) 
Houses totally emptied (n=15). 
 

 

These collective results suggest that householder compliance influenced the time that health 

workers spent treating the house, with potential influence on the insecticide dose that was 

delivered. However, no statistically significant differences were observed between the median 

insecticide doses delivered (as measured below) in houses not emptied and in houses either 

partially or totally emptied (Mann-Whitney z=-1; p=0.2), or between houses partially and 

totally emptied (z=-0.39; p=0.6) (Figure 5). 
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Figure 5: Median insecticide delivered dose assessed in 25 houses during IRS November, 2016; 
stratified by householder compliance categories. Horizontal lines represent recommended target dose 
(30-50mg/m2). 
 

Triatoma infestans capture and householder compliance  

Investigation of householder compliance effect in surveillance activities was register in a total 

of 63 houses, monitored between November, 2016 to March, 2017. Householder were asked 

to empty their houses and the category “not emptied” was not observed in this activity. Thus, 

only two compliance categories were assessed: (i) partially emptied (n=23 houses); and totally 

emptied (n=40 houses), were 167 and 171 triatomines were captured (TMC: 2 people/hour), 

respectively. Although a trend was observed, where more triatomines were captured in 

partially emptied houses, no statistically difference is observed (GLM negative binomial: 

Totally emptied b=-0.52; z=-1.87; p=0.06). Neither were there differences in the proportions 

of houses in each category that would have been classified as infested i.e. where at least 1 

triatomine was found: totally emptied houses (26 infested/40 searched), partially emptied (10 

infested/23 searched). 

 

2.4.3 Evaluation of IRS insecticide delivered doses  

2.4.3.1 Assays calibrations 

High performance liquid chromatography (HPLC): Alpha-cypermethrin concentrations in 

field samples were calculated from standard curves produced with known concentrations of 

the analytical grade insecticide a.i ranging from 0 to 100µg/ml, which showed a linear best fit 

of r2 = 0.99 (Figure 6). 
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Figure 6: Standard curve of known concentration of analytical grade alpha-cypermethrin ranging from 
0 to 100µg/ml to calculate sample concentrations obtained by HPLC. 
 

IQKTM colorimetric assay calibration 

Standard curves for alpha-cypermethrin concentration quantification were generated for filter 

paper (Figure 7-A) and solution samples (Figure 7-B). The respective slope values were used 

in the formulas (section 2.2.2.3) to calculate insecticide concentrations in the samples analysed 

by IQKTM.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Alpha-cypermethrin concentrations and the respective OD for A) Insecticide concentrations 
in filter paper (µg/2.6cm2) and B) Solution concentrations (mg/ml). 
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IQKTM results validation by HPLC 

Twenty-seven samples from 3 houses were used to validate the IQKTM kit results compared to 

HPLC, showing a strong correlation (r=0.93; p=<0.001) (Figure 8).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Correlation of the alpha-cypermethrin concentrations between 27 filter paper samples 
processed by HPLC and by IQKTM.  
 

2.4.3.2 Insecticide delivered dose assessed by colorimetric assay (IQKTM)  

A total of 496 filter paper samples were collected including 480 samples collected inside 

houses (n=57 houses) and 16 samples collected inside additional peridomestic outhouse 

structures (n=10 peridomestic structures). 

The alpha-cypermethrin recommended delivery dose is in the range of 30 to 50mg/m2  (WHO, 

1997); IRS in this study was applied aiming 50mg/m2.  Considering all samples, only 16% 

(79/496) presented doses within this target range. The majority of the samples, 74.5% 

(370/496) were below, and 9.4% (47/496) were above (Figure 9).  
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Figure 9: Distribution of alpha-cypermethrin concentrations on filter paper samples (n=496). Vertical 
lines indicate the WHO recommended target dose range limits (30 to 50mg/m2). 
 

 

Variation in delivered dose  

Univariate negative binomial analysis of the variation in insecticide concentrations delivered 

onto the filter papers placed at the different wall heights (0.2, 1.2 and 2.0 metres), showed 

evidence of a difference in delivery concentration with height: where higher doses were 

recorded at 2m compared to at 1.2m (negative binomial [1.2m]: b=-0.14; z=-2.61; p=0.01), 

whereas concentrations at 1.2m tended to be lower than at 0.2m (negative binomial [1.2m]: 

b=-0.12; z=-1.85; p=0.06). There were no differences between wall positions, house 

geographical sector location in the village, or date of IRS (Table 5).  
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Table 5: Univariate analysis (negative binomial regression) to test the association of the variation in 
insecticide delivery concentrations on filter papers with wall heights, wall position, house location, and 
spray date. Analyses included a cluster term on house ID. 
 

Explanatory variables Coef. (SE) z P>z 95% C. I. 

Wall height 0.2 Referent 
    

Wall height 1.2 -0.12 0.06 -1.85 0.06 -0.24, 0.01 

Wall height 2m 0.02 0.07 0.37 0.71 -0.11, 0.15 

Wall height 2m Referent 
    

Wall height 1.2 -0.14 0.05 -2.61 0.01 -0.25, -0.04 

Wall height 0.2 -0.02 0.07 -0.37 0.71 -0.15, 0.11 

Wall position 1 Referent 
    

Wall position 2 0.04 0.09 0.49 0.63 -0.13, 0.22 

Wall position 3 -0.01 0.09 -0.15 0.88 -0.20, 0.17 

Sector 1 Referent 
    

Sector 2 0.02 0.38 0.06 0.96 -0.71, 0.76 

Sector 3 0.06 0.35 0.16 0.87 -0.64, 0.75 

Sector 4 -0.03 0.36 -0.08 0.94 -0.74, 0.68 

IRS application date 0.002 0.001 1.80 0.07 0, 0.003 

 

 

Grouping the 9 filter paper concentrations measured per house (3 wall heights x 3 walls=9 

samples), only 19% (11/57) of houses presented median insecticide delivered dose values 

within the target dose (Figure 10). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Median alpha-cypermethrin concentrations from 9 filter papers per house (n=57 houses). 
Horizontal lines indicate the target dose range (30-50mg/m2). 
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The insecticide preparation inside the Guarani® spray tank was prepared at a concentration of 

10g 20% alpha-cypermethrin a.i. diluted in 8 litres of water (i.e. the equivalent to 1.25 mg/ml) 

intended to deliver 50mg/m2 to wall surfaces. Of the 28 tank preparations (=28 houses) collected 

prior to spraying for testing, only 28.5% (8/28) houses appeared to be the correct concentration 

(Figure 11).  

 

 
 

 

 

 

 

 

 

 

 

 

Figure 11: Median alpha-cypermethrin concentrations in spray tank preparations used to spray n=28 
houses. Horizontal lines (0.75-1.25mg/ml) indicate the equivalent concentrations to achieve the target 
dose range (30-50mg/m2). 
 

 

There was no relationship between the median insecticide concentrations delivered onto 

filter papers per house and the concentrations tank preparations (negative binomial: 

b=2.3; t=0.26; p=0.79). Similarly, for the 8 houses where the spray tank concentrations 

were within the correct target range, no association was observed between the median 

filter paper concentrations and that in the spray tank (negative binomial: b=-23.3; t=-

0.34; p=0.74) (Figure 12).  

 
 

 

 

 

0
.5

1
1.

5
2

[A
lp

ha
-c

yp
er

m
et

hr
in

] m
g/

m
l

1 2 4 5 6 8 10 12 14 26 28 29 32 36 41 53 54 57 58 59 60 61 62 63 64 65 66 67

House ID



 36 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Association between the median insecticide concentrations on household filter papers 
(mg/m2) (n=249 filter papers), and the median concentrations in the corresponding spray tank 
preparations(mg/ml) (n=70 replicate solution samples) in 28 houses.  
  

To assess the sedimentation rate of the insecticide active ingredient in the spray tank 

preparations from the time of initial mixing, samples were extracted from the surface each 

minute for 15 minutes post mixing. Concentration values (3 replicates at each time point) 

regressed against time, and clustering on house, indicated a significant decline in 

concentration with time (negative binomial b= -0.046; z=-5.86; p=<0.001) (Figure 13-A). 

Median a.i. concentrations decreased by 30% within 5 minutes after mixing (from 0.92 to 

0.65mg/ml) (Figure 13-B).  

 

 

 

  

 

 

 

 

 

 
 

 

 

 

 

0
20

40
60

80

[A
lp

ha
-c

yp
er

m
et

hr
in

] m
g/

m
2

0 .5 1 1.5 2

[Alpha-cypermethrin] mg/ml



 37 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Median insecticide a.i. concentrations in 4 spray tanks prior to IRS, measured each minute 
for 15 minutes from the time of tank mixing (A) concentrations in each of 4 spray tanks (used to spray 
4 houses) (B) concentrations grouping all houses together. Horizontal lines indicate the tank 
concentration range to achieve the target dose (0.7-1.25 mg/ml). 
 

Insecticide concentrations and spraying effort 

Insecticide concentrations recorded on household filter papers was positively related to the 

log10 transformed absolute time that the health workers spent spraying the house (negative 

binomial: b=0.66; t=4.21; p=<0.001), and the observed time per log10unit surface area, 

(negative binomial: b=0.56; t=3.46; p=0.001), clustering on house (Figure 14).  
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Figure 14: Insecticide concentrations on filter papers related to log10 transformed time (minutes) spent 
spraying the house. 
 

Effect of the household filter papers on spray team performance  

To test if the visual appearance of the filter papers on the house walls prior to IRS influenced 

the spray team performance, and thus the delivered insecticide concentrations, a one-way 

ANOVA was conducted testing differences in the standardized observed spraying time 

(min/m2) (square root transformed) in houses with (n=57) and without (n=33) filter papers. 

The spraying effort was lower in houses without filter papers compared to in houses with filter 

papers placed on the walls [F (1,88) = 20.44; p=<0.001]. 

 

2.5 Discussion 

Vector control activities against Tri. infestans have not been successful in the Gran Chaco, 

evidenced by domestic infestation persisting in areas under IRS application, in conjunction 

with high densities of Tri. infestans, and some of the highest prevalence of human infection 

with T. cruzi (Schofield, 2006; Samuels et al., 2013; Gurtler & Yadon, 2015; Lardeux et al., 

2015). The evaluation of IRS-related procedures in a typical Bolivian Chaco community have 

identified a number of possible non-mutually exclusive reasons for suboptimal delivery of 

IRS against household triatomine infestation.  

 

Community participation is a key element for the surveillance and interventions phases of 

triatomine vector control programs (Dias & Schofield, 1999; WHO, 2002). Householder 

compliance to empty their houses, as required prior to IRS to facilitate insecticide delivery to 

wall surfaces, was low with only 23% (15/64) of the notified householders completely 
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emptying their houses. The likely reasons for non-compliance or only partial compliance 

appear to include the physical difficulty of removing larger pieces of furniture/kitchen 

equipment, and a lack of confidence in the spraying program.  In all the houses not emptied 

and partially emptied in which householder owned a wardrobe, fridge or stove, one or other 

remained inside the house during IRS (Table 3). In this study site, householders complained 

that these larger items were too heavy to be moved. The state of the furniture might also 

discourage owners to empty their houses, as in some of the houses the wardrobes were 

observed to fall apart during their removal.  

In Chapter 4 of this thesis, questionnaires were applied to the local secondary school students, 

resident in the study houses. Forty-two percent (71/168) responded that wardrobe(s) in their 

house were left inside during IRS (see Chapter 4). Analysis of the motivation and barriers 

behind householder participation in IRS in a different region, in Arequipa, Peru, showed that 

26% (10/38) of interviewed people did not participate in IRS activities because emptying their 

houses was reported to be too difficult (Páz-Soldan et al., 2016). In that metropolitan region, 

only 66% of 9500 households participated in IRS activities, and neighbour participation and 

house infestation levels (identified by entomological survey conducted pre-IRS) were 

identified as important predictors of householder participation: the probability of participation 

increased from 50% to 92% if both neighbours participated in the activity, and increased 10 

times if the house was shown to be infested. Householders who participated in IRS activities 

were also spatially clustered, reinforcing the concept that community consensus or possibly 

peer pressure is an important factor that motivates householder participation (Buttenheim et 

al., 2014).  

 

WHO recommendations for IRS against triatomine vectors is to spray houses including all 

outhouses (peridomestic structures) (WHO, 2007). In this study, during observation of routine 

IRS practice, we recorded peridomicile structures comprising kitchens (n=4), store houses 

(n=2), and animal sheds (n=8), the latter being the most common. Only 25% (2/8) of these 

sheds received IRS. The significance of outhouses, particularly animal sheds, is that they are 

important blood-sources for Tri. infestans. Studies in the Argentinean Chaco reported that IRS 

failed to control infestation by Tri. infestans in peridomestic structures. In the absence of 

effective IRS treatment, these peridomestic sites are recognized as an important source for 

domestic re-infestation after the insecticide residual effect vanishes from the house walls 

(Gurtler et al., 2004; Cecere et al., 2013). 

 

Insecticide concentrations to achieve the target delivery dose are calculated according to the 

volume of insecticide released by the spray tank, spray nozzle specifications, the pressure 
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inside the tank, and the surface area to be treated (WHO, 1997). The recommended time that 

health teams should spend spraying houses (spray rate) to achieve the target dose, in this case, 

of 30-50mg/m2  alpha-cypermethrin [SC] using a flat spray nozzle, is 19m2/minute (WHO, 

1997). The observed average time that observed health workers spent spraying a house in this 

study was lower than expected per unit area in 58% (14/24) of houses that householders failed 

to empty houses, and 31% (6/19) and 33% (5/15) partially and totally emptied houses, 

respectively. Comparison of the observed vs expected spray time ratios indicated that 

householder compliance influenced the spraying effort with significantly lower than expected 

time spent treating surfaces in houses that were not emptied. This is likely due to the limited 

access to walls, which would be expected to reduce both the insecticide coverage of the wall 

surfaces, and the delivered dose/m2. Here the delivered dose was measured on sentinel filter 

papers placed on the walls before spraying, following a standard recommended method for 

IRS quality control (WHO, 2006). Quantification of insecticide concentrations on these filter 

papers, using IQKTM validated by HPLC, showed that 81% (46/57) of investigated households 

contained median insecticide concentrations below the recommended delivery dose. The filter 

paper delivered doses were positively associated with the time that spray teams spent treating 

surfaces, however the median values per house did not significantly differ between the 3 house 

emptying compliance categories, which is attributed to the substantial variation in 

concentrations even within compliance categories.  

Guidelines for IRS assessment recommends sampling of at least 4 filter papers placed on 

different walls and at different heights (WHO, 2006). In the present study, 9 filter papers were 

placed on 3 walls at 3 different heights. Delivered doses differed between the 3 heights with 

filter papers placed at 2m presenting significantly higher insecticide concentrations than those 

placed at 1.2m, and those located at 0.20m tending to receive higher concentrations also than 

those at 1.2m, i.e. higher doses delivered to the walls extremities (near to the roof and near to 

the floor). Nonetheless, the concentrations on the majority of filter paper at all wall heights 

were under the target dose. Lower insecticide concentrations delivered on the lower walls may 

have an added negative impact on the effective exposure to triatomines, as data generated 

from mark-recapture studies in experimental huts, presented in Chapter 3 of this thesis, 

showed that 30-54% of Tri. infestans capture locations in tabique and unplaster adobe huts 

were on the lower walls, and only 10-31% at higher wall heights, irrespective of the seeded 

triatomine density. The importance of full insecticide coverage at all wall heights is clear. 

Studies that have assesses the quality control of IRS against triatomines are few (Guillen et 

al., 1997; Rojas de Arias et al., 2004), the limited sample sizes presumably due to the high 

prevailing costs of HPLC. In the Paraguayan Chaco study (Rojas de Arias et al., 2004), filter 

papers collected from walls and rooves (n=4 filter papers for each of 9 houses) similar to this 
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study, gave high variability in delivered doses from 6 to 35mg/m2  of deltamethrin compared 

to the target dose 25mg/m2. In contrast, in Tupiza, Bolivia, where the Chagas control program 

monitored IRS against Tri. Infestans (n=4 filter papers from each of 5 houses), recorded 

deltamethrin concentrations higher than the target dose (Guillen et al., 1997).  

Using the IQKTM method to measure insecticide delivery as in this study, Russell et al., (2014), 

showed in Vanatu Island, South West Pacific, that 83% (n=27/30) of investigated houses were 

sprayed within the lambda-cyhalothrin target dose (20-30mg/m2) against malaria mosquitoes, 

with no significant variation between different wall heights. Conversely, assessment of IRS 

activities against leishmaniasis vectors in Nepal (Chowdhury et al., 2011), showed that filter 

papers presented mean concentrations of lambda-cyahalothrin at 1.74mg/m2, just 7% of the 

target aimed dose (Chowdhury et al., 2011). Similarly, in Bihar, India, 91% (81/91) of samples 

were under-dose for DDT IRS delivery, resulting in a short period (4 weeks) of decreased 

Phlebotomus argentipes population abundance (Coleman et al., 2015).  

 

One contributing factor to the under-dose delivery of insecticide in the current study was 

insecticide preparation and sedimentation of insecticide in the Guarani® spray tank prior to 

IRS. Analysis of the insecticide concentrations showed that 72% (20/28) of prepared tank 

contents, representing that sprayed to 20 houses, were lower (0.75-1.25mg/ml) than necessary 

to achieve the acceptable target delivery dose range. This was despite the fact that the spray 

technicians were confirmed to follow the insecticide preparation formulae, as observed by the 

author. Sprayers were advised to mix insecticide vigorously both inside the original product 

bottle, and also once diluted in the spray tank. Samples of the diluted insecticide preparations 

collected from the surface of the spray tank after mixing showed rapid sedimentation of the 

insecticide active ingredient within 15 minutes, equivalent of an approximate 30% loss in 

surface concentration after 5 minutes. This fast loss of active ingredient would potentially 

contribute to the observed suboptimal insecticide delivery.  However other sources of 

variation were clearly present as there was no correlation between the tank preparation and 

the filter paper delivered concentrations matched by house.  

Sedimentation of insecticide a.i. is described as an important factor that affects IRS quality 

e.g. for DDT formulated as water-dispersible powders (Coleman et al., 2015; Ismail et al., 

2016).  Suspension concentrates [SC], as one insecticide formulation used by the Santa Cruz 

Departmental Chagas Control program, comprise compound particles dispersed in liquid, and 

depending on the particle size, is prone to settle quickly during the dilution process and even 

after rigorous mixing. The physical stability of SC formulations depends on many factors, 

particularly the ingredients used in the formulation. The development of models to understand 

and to estimate how to control physical stability of the SC formulations is a known issue under 
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investigation (Tan et al., 2004). Incorrect insecticide dilution preparations were observed in 

IRS activities against leishmaniasis vectors conducted in India, where of the 36 spray teams 

assessed in Muzaffar, Vaishali and Samastipur districts, only 29% prepared the DDT dilutions 

in water appropriately, and inappropriate pump filling was observed (Huda et al., 2011). The 

Santa Cruz Departmental Health Service (SEDES) currently recommends the use of alpha-

cypermethrin (SC), but different insecticide products have been distributed by the 

administrative Camiri health office to the 19 local communities in recent years, including 

deltamethrin (EC) and a formulation combining organophosphate and pyrethroid (diclorvos + 

cypermethrin [EC]). The products observed in use during the study period were not consistent 

between years or between communities, the choice depending partially on commercial 

suppliers, who influenced staff in product choice. Indeed, it was difficult to obtain reliable 

information, as both programs at municipality and at departmental level did not keep records 

of past activities or were not willing to share this information.  

In addition to the above, there may be a case of variation in water quality used for tank 

preparations, as the physical-chemical parameters of the water may affect a.i. sedimentation 

rates. In the current study community, the only two sources of water are the Parapety river, 

which holds a high level of sediment especially during the rainy season (November-March), 

and a spring located in the Sararenda hills, both drawn off by pump. The tank preparations 

and IRS evaluation were conducted during the rainy season, when water sediments were 

expected to be high. Water is a scarce resource in Chaco communities, and so options are 

often restricted. IRS activities in those communities needs to account for this extra challenge. 

 

The consequences of successive under-dose IRS application might drive the selection of 

resistant genotypes in a population, promoting resistance (Mougabure & Picollo, 2015). In 

areas in the Chaco region of consistent IRS failure to control domestic infestations Tri. 

infestans populations show, in general, low susceptibility to pyrethroids (Roca-Azevedo et al., 

2013). Initial resistance studies of F1 1stt instar nymphs collected in houses in the Itanambikua 

study site showed a median lethal dose (LD50) 6 times higher than the reference strain, and 

increased enzymatic activity to degrade pyrethroid in non-toxic compounds (7-CP) (Claudia 

Vassena- Centro de Investigaciones de Plagas y Insecticidas (CIPEIN), Argentina, personal 

communication). These results suggest that Tri. infestans populations from Itanambikua 

presents resistance to pyrethroids insecticides.  

 

For these reasons, IRS insecticide quality control is clearly important, but highly technical for 

most endemic countries or regions. HPLC is the gold standard, however it is expensive and 

requires specialist equipment and a high level of staff training. Thus, it is usually not used 
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outside of research facilities and typically not suited to NTD endemic countries.  The IQKTM 

kit used in this study was originally developed to quantify DDT a.i. delivery against 

leishmaniasis vectors, but was adapted to quantify pyrethroids, and additional adaptations 

were made for the purposes of the current study. Comparison of results from the IQKTM kit and 

HPLC in this study showed a strong correlation, validating the use of these kits for a broader 

purpose, and for testing a larger number of samples than feasible by HPLC (Guillen et al., 

1997; Rojas de Arias et al., 2004). The IQKTM kit represents a relatively new approach (Russel 

et al., 2014; Thawer et al., 2015; Ismail et al., 2016), and compared to HPLC is technically 

simple and cheap (approx. 1£ per assay), making it a useful tool to monitor IRS delivery at 

the community level, and to facilitate local training. The dipstick assay version can be 

complete and read in approximately 1.5 hours (Ismail et al., 2016).  The use of filter papers 

for insecticide collection is a logistically easy method, however they are visible to spray teams. 

In this study, significantly higher median concentrations were delivered to houses where filter 

papers were placed on walls. These results imply that incentives for sprayers may be necessary 

to optimize their effort to provide full coverage. Alternatively, methods that do not interfere 

in the health worker behaviour are desirable to obtain non-bias data (Russell et al., 2014; 

Ismail et al., 2016). Work at LSTM is underway to explore the use of Bostick adhesive 

transparent sticky discs as an alternative to filter papers (Ismail et al., 2016).  

 

The study reported in this chapter, had a number of limitations. One of the limitations is that 

the study failed to quantify IRS coverage and delivery across the larger community, or in 

additional regional Chaco communities to generalize the findings of this study. However, the 

community appeared to be a typical endemic community of the region, as evidenced by the 

similarities in the indigenous (Guarani) knowledge, beliefs and practices (see Chapter 4), 

house construction materials (see Chapter 3), persistent domestic infestation (see Chapter 5), 

and failures of vector control activities (Samuels et al., 2013; Lardeux et al., 2015).  

 

A multitude of economic, political and socio-cultural factors influences on IRS quality. 

Investigation of current practices suggest that vector control measures in Bolivian Chaco are 

unlikely to control domestic infestation by Tri. infestans due to a set of technical and 

community issues. Amongst the investigated issues at community level, the low householder 

compliance to empty their houses results in lower spray rate, which was positively associated 

with insecticide delivered concentrations in the walls. Lack of health worker continuous 

training is also decreasing the IRS quality, once they presented limited knowledge in 

insecticide preparation, application, completeness of treatment, and coverage of peridomestic 



 44 

 

sites. Long-term educational activities to engage community in vector control are 

recommended, and investments in continuous health worker training.  
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Chapter 3: Mark-release recapture studies to investigate the accuracy of methods to 

estimate domestic infestation density  

 

3.1 Introduction 

3.1.2 TMC is applied to assess and plan VC activities despite its low sensitivity  

In the ambit of the Initiative of Southern Cone Countries (INCOSUR) to control Chagas 

disease, standardized proceedings were established to plan and assess vector control against 

domestic infestation by Triatoma infestans. Among those, the index of house infestation, 

based in a proportion between infested and searched houses, is the main operational indicator 

to assess implemented actions and to guide decisions making (WHO, 2002). It is 

recommended that at a value up of 5% of house infestation index, a new IRS is conducted for 

entire locality. At lower index values, the recommendation is focal treatment in infested 

houses, and the locality is then classified at surveillance phase, where the notification of 

infestation will trigger vector control activities. The 5% house infestation threshold is based 

in early studies conducted during the 80s in Brazil, where it was estimated that under 5% of 

house infestation transmission would be rare (Dias, 1987). Thus, notification of infestation is 

the main information used to calculate the indexes that trigger the IRS at both the attack and 

the surveillance phases of control (Dias, 1999).  

Infestation detection, as recommended by the Pan American Health Organization (PAHO), is 

conducted by timed manual capture (TMC). It consists of the active search of vectors inside a 

domicile, performed by 2 trained health workers during 15 minutes, and searches in the 

peridomestic structures by 2 health workers during 15 minutes. The results are reported as 

quantity of vectors captured by an effort unit (people/hour) (Gorla et al., 2015). However, the 

probability of an infested place to be identified (sensitivity) by TMC search is low (Schofield, 

1978). Studies in the Brazilian Caatinga biome show that on average, only 28% of the highly-

infested places were identified in the first search (Abad-Franch et al., 2014). Still, sensitivity 

of TMC is decreased at low-density infestation (Schofield, 1978). As this is the expected 

situation after IRS application, a low infested dwelling might not be detected and, 

consequently, not treated, and not notified. Thus, efforts to improve the sensitivity of methods 

to detect domestic infestation, contributing for the construction of indexes that reflects 

infestation measures more accurately, are recognized as important issues for planning and 

assessment of vector control activities (Abad-Franch et al., 2014). 

In the high endemic area of the Bolivian Chaco, infestation detection and triatomine 

infestation density data are patchy in space and time. Still, the available results are difficult 

either to compare or to interpret. Previous studies reported an average of 6 triatomines per 

domicile and a density of infestation of 0.2 triatomines per domicile, in searches performed 
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by 2people/15min (Gorla et al., 2015). In other communities, infestation density is reported 

as a mean 10-13 triatomines per bedroom, overall a mean 7-12 triatomines/domicile, and 

maximum 159 triatomines in one bed, in an effort of 2 people/60-90min (Lardeux et al., 2015). 

Although high infestation rates and densities are interpreted from these results, it gives very 

little information to guide and assess vector control activities in this area. 

Attempts to improve triatomines capture and sensitivity of TMC include the use of flushing-

out agents. The irritant and the insecticide effects of pyrethroids, might cause vector 

dislodgement from inside cracks, increasing captures in field experiments and in bioassays 

(Busvine & Barnes, 1947; Dias & Silva, 1969; Schofield, 1978). In bioassays, comparison of 

flushing-activity of 0.5% tetramethrin and permethrin (both diluted in kerosene), against 

nymphs of Panstrongilus megistrus, presented 52% of flushing-out activity in 5 minutes post 

exposure. However, the effectiveness of the flushing-agent in a real infestation setting is 

difficult to estimate, as the population is not known (Schofield, 1978).  

Flushing-agents have been applied to improve TMC sensitivity in field experiments, 

estimating infestation rates, and assessing interventions in the Argentinean Chaco (Cecere et 

al., 2006; Gurevitz et al., 2013), where the method of application is also recommended by 

MoH CD Program Vector Control Guidelines to confirm eventual TMC negative results (Guía 

para el control vectorial de la Enfermedad de Chagas, Argentina).  

Mark-release recapture (MRR) experiments are a well-established technique used to estimate 

a natural population’s parameters. General assumptions are based upon the relationship 

between the number of marked and unmarked individuals in a recaptured population, where 

multiple recapture events improve coefficient intervals and population estimation measures 

(Begon, 1979; Krebs, 1998). In vector-borne diseases (VBD), MRR has been applied to 

estimate different population parameters, including abundance, dispersal, survival, 

gonotrophic cycle duration, amongst others (Guerra et al., 2014; Garcia et al., 2016; Villela et 

al., 2017). In artificial-hut experiments, application of the MRR technique helped researchers 

to investigate questions regarding population dynamics and characteristic of infested places, 

where level of refuge availability on the walls showed positive relationship with abundance 

of Tri. infestans (Cecere et al., 2003).  

In the highly-endemic area of the Bolivian Chaco, houses are typically constructed with mud, 

and in the absence of maintenance, mud surfaces often crack. Cracks in the walls provide 

uncountable refuge for triatomines to evade the insecticide effect. Presence of cracks in the 

walls was associated with increased risk of infection by T. cruzi in studies carried out in the 

Bolivian and Argentinean Chaco (Samuels et al., 2013; Gurtler et al., 2005). Although failures 

to control domestic infestation in the Gran Chaco have been attributed mainly to housing 

construction materials, including the increased availability of refuge to triatomines and the 
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reduced insecticide residual effect in mud surfaces (Rojas de Arias et al., 2003; 2004; Gurtler 

et al., 2007), the relationship between house construction materials and measures of infestation 

densities estimated by TMC were still not explored. In this sense, the investigation of how 

some of the variables affects measures of detection and estimations of infestation, as the house 

construction material, e.g., might contribute to generate more realistic measures of infestation, 

improving entomological indicators, assessment, and planning of vector control activities 

according to the characteristics of each epidemiological setting (Abad-Franch et al., 2014). 

Although cracks on the walls have been recognized as the main refuge for Tri. infestans, house 

contents, such as furniture, clothes, mattresses, e.g., are also important refuge places for 

triatomines. In Guarani communities in Bolivian Chaco, 47% of investigated mattresses were 

infested, and the presence of clothes and bags hung on the walls was identified as a risk factor 

for domestic infestation (Lardeux et al., 2015). As residual vector populations are able to 

evade the insecticide effect on the walls, surviving hidden in the house contents (Schofield & 

Marsden, 1982), the knowledge of triatomines preferred hide places can provide useful 

information to design integrated vector control strategies. 

 

Specific aims:  

1. To test the accuracy of four different approaches to estimate infestation (TMC at 

PAHO recommended effort; TMC at increased effort; TMC + flushing-agent product; 

MRR model), accounting for wall materials and differences in density of infestation 

2. To investigate if the house construction materials and density of infestation influences 

on triatomine location of captures and feeding status. 

 

The objectives of this chapter are: to test a flushing-agent concentration to capture triatomines 

in tank experiments and in artificial huts that dislodge them without kill; to compare the final 

recaptured seeded triatomine population in each hut; to estimate sensitivity of TMC in 

artificial huts at experimental conditions; to identify the main location of captures in each hut, 

to compare feeding status amongst artificial huts and densities of infestation, and to test a 

MRR model to estimate infestation densities based in TMC data conducted in artificial huts. 

 

 

3.2 Methods 

 

3.2.1 Construction materials survey and experimental huts  

A convenience sample of community houses (95/220) was surveyed to record the used house 

construction materials in order to design and construct experimental huts, using the 3 most 
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common materials.  

 
3.2.2. Validation of a product to mark triatomines 

Two products were tested to individually mark triatomines with the desired attributes (i) to 

remain visible; (ii) to not impede triatomine movement, (iii) to not induce additional mortality, 

each other the duration of the intended mark-recapture experiments of approximately 15 days. 

Cohorts of triatomines were marked with nail varnish (Brèmond et al., 2014), or water-based 

acrylic paint (Schoefield, 1978; Cecere et al., 2003), and compared to unmarked controls 

(Figure 15). Two replicas of each marking product were tested, using adults and 3rd, 4th and 5th 

instars nymphs. One replicate was performed comparing the control group (n=9) with the two 

treatments (nail varnish n=9; acrylic paint n=15). 

 

 

 

 

 

 

 

 

 
Figure 15: Triatomine individually marked with nail varnish, for experiments validating marks. 
 

3.2.3 Mark-released recapture studies 

Two mark-release-recapture experiments were performed in 3 experimental huts. In the first 

experiment, 95-97 individually marked Tri. infestans were seeded, and in the second 

experiment, 50 Tri. infestans were seeded. These population sizes intended to represent high 

and low-infestation densities respectively, roughly estimated, based on the number of hosts 

available as food source in the huts (2 chickens in each hut).  

 

The population structure of seeded populations was based on age structures in natural 

household infestations reported in the Chaco, where about 60% of the population was 

recaptured in domiciles, and where storerooms and kitchens were composed of nymphs and 

40% of adults (Gurtler et al., 2014). Here, nymphs comprised 63% (high density) and 66% 

(low density) of the seeded populations, respectively. Age structure in colonies reports the 

same proportion of nymphs, but a higher proportion of eggs (38%) instead of adults (2%) 

(Rabinovich, 1972). A sex ratio of 1:1 in adults was observed in the experiment. All insects 

used in these experiments were collected in community houses with support from the 
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householders so their individual precise age was unknown.  
 

At the beginning of each experiment, before release, the triatomine population was marked 

individually using different colour combinations of commercial, water-based acrylic paint, as 

validated by ourselves (see Results) and others (Schofield, 1978; Cecere et al; 2003). For each 

experiment a new colour code was generated. Triatomines were released on the floor of each 

hut and left undisturbed for 24 hours for the insects to freely distribute themselves. To avoid 

bug starvation, two chickens were placed in each hut, untethered, provided with food and 

water replaced daily, to allow bugs to feed freely.  

 
3.2.4 Sampling regime 

Timed Manual Capture (TMC) was performed in 4 periods of 15 consecutive minutes inside 

the huts, and an additional 15-minute-period on the external walls of the huts (i.e., 75 minutes 

capture effort per hut per day). Captures were conducted daily over 14 days. Each captured 

triatomine was assigned to a different , labelled jar according to the 15 minutes capture period 

and the defined location of captures: (i) inside crevices in lower walls [<1.5m]; (ii) inside 

crevices in upper walls [>1.5m]; (iii) on the walls behind hung clothes and bags; (iv) on the 

wall behind posters; (v) under mattresses; (vi) inside bags and clothes hung on walls; (vii) 

roof; (viii) ground; (ix) outside walls. Unmarked triatomines (marked triatomines that moulted 

or that potentially lost their marks), were re-marked with a new colour and recorded 

appropriately. During the experiments, no recaptured triatomines initially released as adults 

had lost their marks, i.e. in those that could not be attributed directly to moulting. Recaptured 

triatomines were recorded regarding: (i) identity=colour code; (ii) developmental stage; (iii) 

feeding status; (iv) sex (adults only); (v) location of capture. At the end of each capture day, 

insects were re-released at the same location where they were captured.  

 

Two trained workers received instructions to conduct the manual searches for triatomines in 

the huts. The workers were rotated between the three huts on a daily basis. The collectors were 

blinded to the re-release location in the huts of each day of capture.   

Huts were constructed on the outskirts of an endemic village, each hut enclosed within a bio-

secure nylon net (1m gap between the hut and netting), to ensure no immigration or 

emigration, making the released population a closed one.  

 

Experiments at high and low density seeded populations were performed between January and 

February, 2016, and January and February, 2017, respectively. During the 12 month interval 

between the two experiments, chickens were removed, and all huts were sprayed twice with 

deltamethrin 1.5g/L (GlacoXan Delta T® deltamethrin 1.5g [EC] (1.5g deltamethrin+ 1g 
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tetramethrin+ 5g butoxide piperonile 5.g) at a dilution of 0.003% at an interval of 45 days. 

The aim was to clear the huts of seeded triatomines completely while avoiding long-term 

insecticide residual effect.  

 

3.2.5 Validation of insecticide flushing-agent to enhance triatomine capture: tank experiments 

The effectiveness of low-concentration pyrethroids as irritants (“flushing-out agents”) to 

increase triatomine detection and capture from wall crevices, was tested in a glass tank [80(L) 

x 30(W) x 40(H) cm] containing miniature adobe bricks stacked in a single thick layer 

approximately 5 rows high and 5 rows long [50(L) x 30(H) cm], positioned >7cm from glass 

walls on all sides to allow access and visual detection of displacement along the miniature 

wall (Fig. 5). In each replica, 25 triatomines were released and left for 1 hour to disperse 

naturally. In Phase I, TMC was performed for 30 minutes [2 x 15 minutes] using torch and 

forceps positioned on only one side of the wall to imitate searches inside houses. All captured 

bugs were recorded. The first 10 captured insects were placed in a jar (Jar 1) as controls for 

measuring the mortality effect of the subsequent application of flushing-out agent in Phase II. 

Any excess bugs captured within the 30 minutes capture in Phase I were replaced back into 

the tank and allowed to re-disperse for 1 hour. Thus, 15 bugs were in the tank for Phase II of 

the experiment.  

After dispersion, the wall was sprayed on one side (the collection side) with a solution of 

permethrin 10% [EC] (Depe®, Chemotecnica, Buenos Aires, Argentina; validity 12/2016, 

batch number: 35447), diluted to a final water-based concentration of 0.3% (experiment 1) 

and 0.7% (experiment 2), spraying approx. 100mL in total using a miniature spray device. 

These concentrations represent commonly used flushing-out agent concentrations following 

others (Schofield, 1978; Pinchin et al., 1980; WHO, 1997). In Phase II, TMC was then 

performed as above for 30 minutes, and captured triatomines were placed in a second marked 

glass jar (Jar 2).  

At the end of each experiment all remaining triatomines in the tank were retrieved by 

dismantling the brickwork and placed in a third marked jar (Jar 3). All bugs were characterized 

and recorded as they were placed into the respective jars. Triatomine mortality in the 3 jars 

was observed at every 24-hrs over 7 days. 

 

3.2.6 Flushing-agent effectiveness in experimental huts 

To test the effectiveness of applying the flushing-out agent to the mark-recapture rates in 

experimental huts, on day 15 of mark-recapture, permethrin (as described above) was applied 

to the internal and external walls of the huts at a concentration of 0.3% (Schofield et al., 1978), 

500ml on day and TMC performed over for 6 days.  
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Figure 16 presents a schematic diagram of the whole mark-recapture experiment timeline.  

 
 

 
Figure 16: Schematic diagram of the experiments and timeline. 
 

3.3 Data analysis 

Validation of marking products (nail varnish and acrylic paint) was assessed by logistic 

regression Generalized Linear Models (GLM- binomial) considering the outcome variable 

(alive/dead) at 15 days post-treatment and at 21 days post-treatment, accounting for 

experiment' cohort and triatomines development stage. 

Comparison of number of triatomines captured by TMC vs TMC+ flushing-agent, and the 

mortality rates of triatomines captured by each technique, conducted in the glass tank 

experiments, was investigated similarly (GLM-binomial), considering experiment' cohorts, 

and flushing-agent concentrations (0.3% and 0.7%). 

Reduction in triatomine recaptures over the experiment, estimating triatomine losses, were 

investigated for each hut and seeded infestation density by One-way ANOVA. Recaptures 

(log10 normalized) were regressed against time (days of recaptures; from day 2 to day 14).  

In the huts and densities that regression analysis showed significative reduction in recaptures 

over the experiment, the regression coefficient (exponentially reversed) was subtracted from 

the total seeded triatomines, generating a corrected denominator for each day of experiment. 

Daily estimated denominators were used to calculate proportion triatomine recaptured in all 

subsequent analysis. 

Differences in percentage cumulative recaptures between TMC effort were compared by GLM 

binomial for each seeded infestation density, accounting with an interaction term between hut 

material and TMC effort. 

Sensitivity of TMC (probability of detect an infested site), following PAHO effort 

recommendations, compared between high and low seeded infestations densities in each hut, 

was conducted by logistic regression (GLM binomial), considering the outcome 

(positive/negative) for each day of search. 
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Comparison between triatomines captured by TMC vs TMC+ flushing in experimental huts, 

accounting only with the first event of capture for each triatomine, was conducted by GLM 

binomial regression. For this analysis, TMC was assessed during the last 6 days of experiment 

(from day 9 to 14), previous to the flushing-agent application. Denominator for plastered hut 

was adjusted for both techniques. For TMC, denominator was obtained by an average of 

estimated adjusted population in the hut between days 9 to 14 (n=88), while for 

TMC+flushing-agent, denominator was the estimated population in the hut at day 14 (n=86). 

Proportions of triatomine recapture events between locations were compared by logistic 

regression (GLM -binomial) in each hut, where the denominator was the total recapture events 

for each seeded infestation density. Proportion of triatomine feeding success (partially fed+ 

fully fed) was investigated similarly by GLM binomial, compared in each hut material 

between seeded infestation densities, and regressed against days of experiment, investigating 

the probability to feed (vs. do not feed). 

Relationship between the median percentage of triatomines recaptures at each TMC effort 

fraction was tested by GLM binomial, for each density of infestation, across hut materials. In 

order to test difference between slopes, an interaction term between effort and hut wall 

material was also conducted. 

The Lincoln (1930)-Petersen (1896) model, based on one event of mark and one event of 

recapture, was used to estimate population infestation, following PAHO effort 

recommendations (1 person/30 min.) and increased effort (1person/60min). As the numbers 

involved were small, the modified formula proposed by Bailey (1951) to avoid bias was 

applied: 

𝑁 =
𝑟(𝑛 + 1)
(𝑚 + 1)

 

Where: 

N= estimated population 

r= captures on first day 

n= total captures on day 2 

m= recaptures on day 2 

 

The Bailey (1951) derivate formula to calculate standard error for this estimate was also 

applied: 

 

SE = C
𝑟D	(𝑛 + 1)(𝑛 −𝑚)
(𝑚 + 1)D(𝑚 + 2)
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3.4 Results 

3.4.1 Housing construction materials and experimental huts construction 

A convenience sample of 43% of community houses (95/220) was surveyed to identify the 

most frequent construction materials used in the endemic area. The most common (~70% of 

houses) wall material was adobe brick, which are unfired sun-dried mud and straw prepared 

blocks (Table 6). Fired bricks were less commonly used (5%). Adobe was generally either 

rendered with mud (53%), as a type of mortar, hereafter labelled as “plastered adobe” (Figure 

17-A) or left un-rendered (17%), hereafter “unplastered adobe” (Figure 17-C). The third most 

common type of wall construction was wattle and daube (sticks and mud) (12%), locally called 

“tabique” (Figure 17-B). In ascending order of wall construction material most likely to result 

in crevices as potential refuges for triatomines, is tabique, unplastered adobe, and plastered 

adobe.  Seventy-nine percent of houses were roofed with corrugated iron sheets (Table 6).  
 

Table 6: Survey of housing construction materials (n= 95) and techniques used in Guarani communities 
in the Bolivian Chaco community. 
 

Wall material % (n) 

Plastered adobe 52.6 (50) 

Unplastered adobe 16.8 (16) 

Tabique  11.6 (11) 

Plastered bricks 6.4 (6) 

Unplastered bricks 6.3 (6) 

Bricks and adobe  5.3 (5) 

Adobe and tabique 1.1 (1) 

Roof material   

Corrugated iron 79 (75) 

Tile clay 13.7 (13) 

Half corrugated iron and half tile clay 5.3 (5) 

Others 2.2 (2) 

 

 

 
 
 
 
 
 
 
 
 

A B 
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Figure 17: The most common house construction in the endemic area. A) Adobe rendered with mud 
[here called “plastered adobe”]; B) Tabique; C) Unplastered adobe. 
 
Based on these results, three experimental single room huts were constructed [2 m (H) x 1.6 

m (W) x 1.8 m (L)], one of each tabique, unplastered adobe, and plastered adobe, wall 

construction with corrugated roof (Figure 18). Of the three materials, tabique is the one that 

provides the highest availability of refuge. 

Figure 18: A) Experimental huts construction; B) Unplastered adobe hut; C) Tabique wall detail; D) 
Unplastered adobe wall detail; E) Plastered adobe wall detail. 
 

A B 

C D E 

A B 

C 
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3.4.2 Validation of methods 

3.4.2.1 To mark individual triatomines for mark-release-recapture experiments 

To validate the use of nail varnish and acrylic paint for MRR experiments, comparisons were 

made between the mortality at 15 days after treatment, in marked and unmarked (control) 

triatomine cohorts. Logistic regression showed significant difference between mortality of 

triatomines marked with nail varnish and control (GLM binomial: RR= 2.43; z=2.0; p=0.04 

[95% C.I. 1.01, 5.82]). Mortality in the group marked with acrylic paint was not significant 

when compared to controls (GLM binomial: RR= 1.4; z=0.67; p=0.5 [95%C.I. 0.46, 4.70]). 

Variables “cohort” and “stage” did not present significant statistic difference values (Table 7). 

Risk of mortality, assessed at 21 days post-mark, time expected to conclude the flushing-agent 

experiment, presented similar results, where risk of mortality was 2.7-fold higher in 

triatomines marked with nail varnish than in controls (GLM binomial: RR=2.74; z=3.18; 

p=0.001 [95% C.I. 1.47, 5.10]). No difference was observed in risk of mortality between 

triatomines marked with acrylic paint and controls (GLM binomial: RR=1.47; z=0.96; p=0.33 

[95% C.I. 0.66, 3.27]). 
 
Table 7: Percentage of triatomines mortality in groups exposed and unexposed (controls) to two 
different treatments (NV: nail varnish; AP: acrylic paint), assessed at 15 and 21 post- treatments.  
 

Cohort Treatment 
Development 

stage 

Nº 

insects 

Percentage 

of mortality 

at day 15 

post- marks 

Percentage 

of mortality 

at day 21 

post- marks 

1 Control Nymphs 6 50 50 

  Adults 5 0 0 

 NV Nymphs 7 57 71 

    Adults 5 40 40 

2 Control Nymphs 10 0 0 

  Adults 4 0 33 

 NV Nymphs 11 45 82 

    Adults 3 0 0 

3 Control Nymphs 5 0 40 

  Adults 4 75 100 

 NV Nymphs 5 20 40 

  Adults 4 25 50 

 AP Nymphs 6 0 33 

    Adults 5 20 40 

4 Control Nymphs 15 7 7 

  AP Nymphs 15 27 27 
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3.4.2.2 Tank experiments to validate a flushing-agent concentration 

Table 8 presents the number and percentages of triatomines captured by TMC and TMC+ 

flushing-agent in the tank experiments.  Logistic regression did not present a statistically 

significant difference between treatments (GLM binomial: RR=1.11; z=0.83; p=0.40 [95% 

C.I. 0.85, 1.46]), cohort (GLM binomial: RR=1.16; z=<0.67; p=0.50 [95% C.I 0.74, 1.83]), or 

concentration either (GLM binomial: RR=0.89; z=-0.6; p=0.55 [95% C.I. 0.60, 1.20]). 
 

Table 8: Percentage of triatomines captured by TMC and by flushing-agent at different concentrations, 
in tank experiments. 
 

Cohort Concentration 
Captured by TMC 

n/total (%) 
Captured by flushing-agent 

n/total (%) 
2 0.3% 15/24 (62.5) 10/15 (66.6) 
3 0.3% 17/26 (65) 10/16 (62.5) 
1 0.7% 11/23 (48) 6/12 (50) 
2 0.7% 10/22 (45.5) 9/12 (75)  

 

No statistical difference was observed in triatomine mortality (at 7 days post-experiment) 

between triatomines captured by TMC (control) and triatomines captured by flushing-agent 

application at 0.3% (GLM- binomial: RR=1.23; z=0.88; p=0.3 [95% C.I. 0.77, 1.94]). 

However, triatomines captured by TMC+ flushing-agent at 0.7% presented 3.5 higher risk of 

mortality than those captured by TMC (GLM- binomial: RR= 3.5; z=2.65; p=>0.008 [95% 

C.I. 1.38, 8.83]). No statistical difference was observed in mortality between cohorts (GLM- 

binomial: RR=1.2; z=0.9; p=0.3 [95% C.I. 0.79, 1.82]). 

 
Table 9: Percentage of triatomines’ mortality in groups captured by TMC (control) and captured by 
flushing-agent, assessed at 7 days after experiment. 
 

Cohort Concentration 
TMC  

n/total (%) 
Flushing-agent  

n/total (%) 
2 0.3% 4/9 (44) 13/15 (87) 
3 0.3% 8/10 (80) 9/16 (56) 
1 0.7% 3/10 (30) 8/12 (67) 
2 0.7% 0/10 (0) 8/12 (67) 

 

3.4.3 Flushing-agent to enhance capture in the experimental huts 

No statistically significant difference was observed in triatomine captures between TMC and 

TMC+flushing agent in tabique and unplastered huts. In the plastered hut, statistically 

significant more triatomines were captured during TMC than with TMC + flushing-agent 

(Table 10). 
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Table 10: Percentage of seeded population captured during 6 days (effort 1 person/75min), with TMC 
and TMC+ flushing-agent and multivariate analysis (GLM binomial) coefficients between proportion 
of captures in each treatment. 
 

Hut TMC 
TMC+ 

flushing 
Coef z p 95% C.I. 

Tabique 7/96 (7%) 11/96 (11%) 0.49 0.98 0.32 -0.49, 1.49 

Plastered 
26/88 

(29.5%) 
12/86 (14%) -0.95 -2.44 0.01 

-1.71, -0.18 

Unplastered 31/87 (36%) 35/87 (40%) 0.19 0.61 0.54 -0.41, 0.78 

 

 

3.4.4 Mark-release-recapture studies (MRR) 

3.4.4.1 Triatomine seeded population 

The composition of the Tri. infestans populations seeded into each experimental hut at high 

and low densities are presented in Table 11.  
 

Table 11: Population structure seeded in each hut in experiments at high and low seeded infestation 
density. 
 

Hut wall 

material 

Seeded 

density 

Total 

seeded 

3rd 

instar 

4th 

instar 

5th 

instar 

Total 

nymphs 

Total 

adults 

♀ 

Total 

adults 

♂ 

Total 

adults 

Tabique High 97 21 25 16 62 17 18 35 

Plastered High 96 22 25 14 61 18 17 35 

Unplastered High 95 21 24 15 60 17 18 35 

Tabique Low 50 11 14 8 33 8 9 17 

Plastered Low 50 11 14 8 33 8 9 17 

Unplastered Low 50 11 14 8 33 8 9 17 

 

 

3.4.4.2 TMC capture composition 

Table 12 presents the structure of seeded and recaptured populations in each hut, categorized 

by development stages (nymphs and adults).  
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Table 12: Percentage of the population recaptured at the end of each experiment, according to 
development stage (nymphs and adults) categories, in each hut, in experiments at high and low seeded 
infestation density.  
 

  High seeded infestation density Low seeded infestation density 

Tabique 
Nº 

recaptured 

Nº 

seeded 

% Nº 

recaptured 

Nº 

seeded 

% 

Recaptured Recaptured 

Nymphs 20 62 32.3 10 33 30.3 

Adults 13 35 37.1 1 17 5.9 

Totals 33 97 34 11 50 22 

Plastered 
Nº 

recaptured 

Nº 

seeded 

% Nº 

recaptured 

Nº 

seeded 

% 

Recaptured Recaptured 

Nymphs 49 61 80.3 23 33 69.7 

Adults 27 35 77.1 6 17 35.3 

Totals 76 96 79.2 29 50 58 

Unplastered 
Nº 

recaptured 

Nº 

seeded 

% Nº 

recaptured 

Nº 

seeded 

% 

Recaptured Recaptured 

Nymphs 53 60 88.3 22 33 66.7 

Adults 32 35 91.4 6 17 35.3 

Totals 85 95 89.5 28 50 56 

 

 

3.4.4.3 Frequency of recaptures 

Figure 19 presents the frequency of (re-)captures in each hut in experiments at high and low 

seeded densities of infestation. At high density, the maximum number of recaptures was 

observed in the plastered hut (n=14), while at low density the maximum number of recaptures 

was observed in the unplastered hut (n=8). 
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Figure 19: Frequency of recaptures in each hut at A) High; B) Low density of infestation. 
 

3.4.4.4 TMC effort to estimate the seeded population  

Frequency that triatomines were (re-) captured per day is shown on Figure 20. At high density 

infestation, the first capture events decreased after day 5, while at low density, first events of 

capture were more frequent during days 1 and 2. 
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Figure 20: Frequency of triatomine (re-) captures through time (days of experiment): A) First captures 
events at high seeded infestation density; B) Recaptures at high seeded infestation density; C) First 
captures events at low seeded infestation density; D) Recaptures at low seeded infestation density. 
 

A significant reduction in triatomine recaptures over the experiment was observed in the 

plastered hut at both densities, and marginally significant in the unplastered hut at high density 

infestation (Table 13). Based on these results, for the following analysis, population in 

plastered hut at both densities of infestation were calculated with adjusted denominators, 

according to regression coefficient result. 

 
Table 13: Linear regression coefficients (One-way ANOVA) of the number of recapture events 
regressed against time (days of recaptures: from day 2 to day14) in each experimental hut, at high and 
low seeded infestation densities.  
 

Seeded 
infestation 
density 

Hut wall material Coef. t p F 

High Tabique -0.028 -0.7 0.505 F(1,7)=0.49 

 Plastered -0.065 -3.16 0.009 F(1,11)=10 

 Unplastered -0.065 -2.01 0.069 F(1,11)=4.05 

Low Tabique -0.065 -0.8 0.462 F(1,5)=0.63 

 Plastered -0.118 -2.74 0.023 F(1,9)=7.52 

 Unplastered -0.053 -1.65 0.128 F(1,11)=2.71 
 

0
1
2
3
4
5
6
7
8

2 3 4 5 6 7 8 9 10 11 12 13 14To
ta

l o
f t

ria
to

m
in

es
 re

ca
pt

ur
ed

Days of capture

Recaptures - Low seeded infestation density

Tabique Plastered Unplastered

D

0

5

10

15

20

25

1 2 3 4 5 6 7 8 9 10 11 12 13 14To
ta

l o
f t

ria
to

m
in

es
 c

ap
tu

re
d

Days of capture

1st event of capture -Low seeded infestation 
density 

Tabique Plastered Unplastered

0

5

10

15
20

25

30

35

1 2 3 4 5 6 7 8 9 10 11 12 13 14To
ta

l o
f t

ria
to

m
in

es
 c

ap
tu

re
d

Days of capture

1st event of capture- High seeded infestation 
density

Tabique Plastered UnplasteredA

0

5

10

15

20

25

30

35

2 3 4 5 6 7 8 9 10 11 12 13 14To
ta

l o
f t

ria
to

m
in

es
 re

ca
pt

ur
ed

Days of capture

Recaptures - High seeded infestation density

Tabique Plastered Unplastered
B

DC



 61 

 

Figure 21 presents a fitted regression line between the number of recapture events and days 

of recapture (from day 2 to day 14).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 21: Fitted regression line between number of recaptures and days of capture in each hut and 
seeded infestation density: A) Tabique, B) Plastered C) Unplastered at high-seeded infestation density, 
and D) Tabique, E) Plastered, F) Unplastered at low-seeded infestation density.  
 

 

Table 14 presents the days that the captures achieved a plateau, and the percentage of captured 

triatomines at this point, in comparison to the final cumulative frequency of captured. 

Comparison of final cumulative captures between huts (at 1 person/75min effort) showed 

significant difference between tabique and plastered (x2=55.9; p<0.001) and tabique and 

unplastered (x2=62.3; p=<0.001) at high seeded infestation density. No statistical difference 

was observed in cumulative captures between plastered and unplastered huts (x2=0.05; p=0.81) 

(Figure 22-E). Similarly, at low seeded infestation density, statistically significant differences 

A B 

C D 

E F 
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were observed in cumulative captures between tabique and plastered (x2=6.53; p=0.01). No 

differences were observed comparing cumulative captures between tabique and unplastered 

(x2=1; p=0.31), nor between plastered and unplastered (x2=2.66; p=0.1) at low seeded 

infestation densities (Figure 23-E). 
 

Table 14: Day of capture when the cumulative frequency reached a peak, and final cumulative 
percentage of capture for each hut, in experiments at high and low seeded infestation densities.  
 

High seeded infestation density Low seeded infestation density 

Hut wall 

material 

Peak of 

capture 

(day) 

% 

captured 

at peak 

Cumulative 

final % 

captures 

Peak of 

capture 

(day) 

% 

captured 

at peak 

Cumulative 

final % 

captures 

Tabique 10 32 34 7 22 22 

Plastered 13 88 89 14 71 71 

Unplastered 8 89.5 89.5 11 54 54 
 



 63 

 

 

 

Figure 22: Percentage of cumulative captures performed by 1 person at different increasing efforts, in 
the experiment at high seeded infestation density.  
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Figure 23: Percentage of cumulative captures performed by 1 person, at different efforts, in huts at low 
seeded infestation density. 
 

Figure 24 presents the median percentage of 14 days of triatomines captures (non-cumulative), 

following the PAHO recommended effort (1 person/30 minutes). Only the first capture event 

for each triatomine was considered, with no replacement. Median percentage of seeded 

population captured was 4.2% in plastered, 2% in tabique and 5.2% unplastered hut at high 

seeded infestation density. At low density, 6% was captured in tabique, 2.1% in plastered, and 

4% in unplastered.  
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Figure 24: Median percentage non-cumulative of triatomine population captured following PAHO 
recommended effort (0.5 person/hour).  
 

Median cumulative percentage captures at different TMC effort fractions 

Median cumulative percentage triatomine captured (1st event capture) at each TMC effort 

fraction is presented on Table 15. Comparison of median percentage captures at PAHO 

recommended effort (1 person/30 minutes) in each hut between densities, presented 

marginally difference in tabique hut (Mann-Whitney: z=1.84; p=0.06), and statistically 

significant different for plastered (Mann Whitney: z=-4.2; p<0.001) and unplastered (Mann 

Whitney: z=4.16; p<0.001).  

Comparison between percentage captures between plastered and unplastered adobe huts 

showed statistically significant difference for high (Mann Whitney: z=-3.23; p=0.001), were 

higher proportional captures were registered in unplastered hut, and at low seeded infestation 

density (Mann Whitney: z=4.51; p<0.001), were higher proportional captures were registered 

in plastered hut (Table 15; Figure 25). 
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Table 15: Median percentage cumulative captures (14 days) at TMC effort (0.5-1.15 person/hour) in 
each hut and seeded density infestation. 
 

    

High seeded 

infestation density  

Low seeded infestation 

density 

Hut wall 

material 

TMC effort 

(min) Median 95% C.I  Median 95% C.I  

Tabique 15 14 (13, 16) 10 (10, 10) 

 
30 19 (18, 22) 18 (14, 19) 

 
45 26 (21, 28) 20 (18, 20) 

 
60 26.5 (23, 31) 20 (18, 20) 

  75 28 (23, 33) 45 (34, 50) 

Plastered 15 22 (16, 24) 56.5 (51, 61) 

 
30 41.5 (32, 46) 61.5 (53, 66) 

 
45 63.5 (52, 69) 61.5 (53, 66) 

 
60 76.5 (62, 82) 63.5 (53, 68) 

  75 79 (64, 85) 63.5 (53, 68) 

Unplastered 15 26 (20, 27) 14 (12, 18) 

 
30 57.5 (45, 60) 25 (20, 34) 

 
45 66.5 (49, 69) 31 (26, 40) 

 
60 81.5 (59, 84) 45 (38, 54) 

  75 86.5 (61, 89) 47 (40, 56) 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25: Median percentage of cumulative captures (1st event of capture without replacement), 
conducted by one person at 15, 30, 45, 60 and 75 minutes search, in experiments at high and low seeded 
infestation densities. T= Tabique; P=Plastered; U=Unplastered. 
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Differences in recaptures rates with increased TMC effort fractions 

In experiments at high seeded infestation density, comparison of cumulative percentage of 

population recaptured increased with time (TMC effort) in all huts. In plastered hut, more 

recaptures occurred within increased effort than in tabique and unplastered huts (hut vs effort 

interaction term: z< -2.29; p<0.02). Similar results were observed at low seeded infestation 

density, where the median cumulative percentage recaptures increased with time (TMC 

effort). However, at low seeded infestation density unplastered hut presented higher recapture 

rates with time than plastered hut (hut vs effort interaction term: z<-5.04; p<0.001) (Figure 

25). 

 

Sensitivity, as the probability to identify an infested setting, following PAHO 

recommendations, in the settled-up experiment settings is presented in Table 16.  The lowest 

sensitivity was observed in the tabique hut at low seeded infestation density (43%). However, 

logistic regression of sensitivity (days that at least 1 triatomine was recorded) between high 

and low seeded infestation in each hut wall material, did not present statistical significance. 
 

Table 16: Estimated sensitivity for each hut and seeded infestation density, and results from logistic 
regression (GLM- binomial) between proportion of days were at least one triatomine was captured at 
PAHO effort, in experiments, between seeded infestation densities. 
 

Hut wall material 

High seeded 

infestation 

density 

Low seeded 

infestation 

density 

Coef z p 95% C. I. 

Tabique  71% 43% -1.01 -1.20 0.2 -2.66, 0.64 

Plastered 100% 71% -0.87 -1.13 0.2 -2.39, 0.64 

Unplastered 100% 100% -0.28 -0.38 0.7 -1.77, 1.20 

 

 

3.4.5 Location of capture 

Table 17 presents all the recapture events conducted in each hut at high and low infestation 

densities, by location of capture. At both densities, in the unplaster and in tabique hut, the 

highest percentage of capture events occurred inside crevices on the walls. In the plaster hut 

at high density infestation, 30% (92/305) of recaptures occurred inside clothes and bags hung 

on walls. Together, the locations “behind clothes and bags” and “inside clothes, bags hung on 

the walls” and “behind poster on the walls”, accounted to 67% (208/305) of recapture events 

in this hut. 
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To test the importance of the hung items on the walls as increasing availability of triatomine 

refuges across different hut materials and densities, for the following analysis, some of 

categories were grouped: (i) "inside crevices on the lower, (ii) upper and (iii) outside walls" 

were grouped together (new category: “inside crevices on the walls"). The categories (i)"on 

the walls behind hung clothes and bags"; (ii)"inside bag and clothes hung on the walls", and 

(iii) "on the wall behind poster", were grouped together in the category “Hiding in hung items 

on the walls”. The categories "roof", "ground", "under mattresses" were omitted of this 

analysis. 

 

Comparison of proportion of captures between “Hiding in hung items on the walls” and 

“inside crevices in the walls” (GLM- binomial), showed that the last was higher in all huts 

and densities, excepting on plastered hut at high density infestation, were the opposite is 

observed (Table 18). 
 

Table 18: Logistic regression (GLM binomial) coefficients of comparison between proportions of 
recapture events were triatomines were hiding inside and behind items hung on the walls and inside 
crevices in the walls. 
 

Hut wall 
material 

Density  
(n) Locations Coef z p 

Tabique High (47)* Hiding in hung items on the walls Referent   

  Inside crevices on the walls  1.71 3.8 <0.001 

Plastered High (304)* Hiding in hung items on the walls Referent   

  Inside crevices on the walls  -1.57 -9.01 <0.001 

Unplastered High (278)* Hiding in hung items on the walls Referent   

  Inside crevices on the walls  1.68 9.13 <0.001 

Tabique Low (21)** Hiding in hung items on the walls Referent   

  Inside crevices on the walls  1.77 2.79 0.005 

Plastered Low (60)* Hiding in hung items on the walls Referent   

  Inside crevices on the walls  1.9 4.71 <0.001 

Unplastered Low (68)** Hiding in hung items on the walls Referent   

    Inside crevices on the walls  3.51 7.26 <0.001 
* Degrees of freedom (n-1); 
** The categories "roof", "ground", "under mattresses" were omitted of this analysis. 
 

Figure 26 presents frequency of capture in each location, hut wall material and seeded 

infestation density. The categories “on the walls behind hung clothes and bags” and “on the 

walls behind poster” were grouped together in a category “inside clothing”. Locations “inside 
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crevices on lower walls” and “inside crevices on upper walls” were grouped in the category 

“inside crevices on the walls”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 26: Frequency of triatomines captures in each location, for the three experimental huts at high 
and low seeded density infestation.  
 

3.4.6 Feeding status 

Percentage of (re-)captured triatomines in each feeding status category varied according to 

infestation density. In the experiment at high-seeded infestation density, between 29-35% of 

triatomines recaptured in each hut were fully fed. These proportions increased to 60-68% in 

the experiment at low density infestation (Table 19).  

 
Table 19: Triatomines (re-)capture, according to feeding status category, in experiments at high and 
low density of infestation. 
 

 High density infestation- n (%) Low density infestation- n (%) 
Feeding 

status 
Tabique Plastered Unplastered Tabique Plastered Unplastered 

Not fed 11 (23.4) 64 (21) 65 (23.5) 5 (20) 9 (14.5) 14 (19) 

Partially fed 22 (46.8) 135 (44) 108 (39) 3 (12) 13 (21) 15 (20) 

Fully fed 14 (29.8) 106 (35) 105 (37.5) 17 (68) 40 (64.5) 45 (61) 

Totals 47 (100) 305 (100) 278 (100) 25 (100) 62 (100) 74 (100) 
 

Tabique (n=48) Unplaster (n=278) Plaster (n=306)

Tabique (n=25) Unplaster (n=74) Plaster (n=62)

Inside crevices on the walls

Inside clothing

Under mattress

Behind wall hangings

Ground

Outside wall crevices Roof

Unplastered (n=279) Plastered (n=305) Tabique (n=48) 

Tabique (n=25) Unplastered (n=74) Plastered (n=62) 
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For the following analysis, triatomines in the categories “partially fed” and “fully fed” were 

grouped in the same category: “feeding success”. The logistic regression (GLM binomial) 

between proportions of “feeding success” in recaptured triatomines between seeded 

infestation densities presented statistically significant differences for plastered and 

unplastered huts, where “feeding success” in recaptured triatomines was higher at low rather 

than at high seeded infestation density (Table 20). 

 
Table 20: Logistic regression (GLM-binomial) of feeding success in triatomines recaptured in each hut 
wall material compared between high and low seeded infestation densities. 
 

Hut wall material (n) Coef z p 95% C.I. 

Tabique (72) 0.518 1.7 0.089 -0.07, 1.11 

Plastered (367) 0.984 6.25 <0.001 0.67, 1.29 

Unplastered (352) 1.350 8.8 <0.001 1.04, 1.65 
 

The proportion of feeding success in triatomine recaptures during the experiments (days) is 

presented in Table 21. Statistically significant differences are observed in plastered and 

unplastered huts at high seeded infestation density; and in plastered huts at low seeded 

infestation density, showing that in these experimental conditions, triatomines keeping 

feeding through the days of experiment. 
 

Table 21: Logistic regression (GLM binomial) of the probability of a triatomine being fed (vs. not fed) 
through time (days) from initial release into experimental huts, for high and low seeded infestation 
densities.  
 

Hut wall material (n) Coef z p 95% C.I. 

Tabique at high density (15) 0.11 1.25 0.21 -0.06, 0.27 

Plastered at high density (229) 0.10 4.42 <0.001 0.05, 0.14 

Unplastered at high density (194) 0.06 1.94 0.053 -0.0006, 0.11 

Tabique at low density (14) 0.03 0.22 0.828 -0.21, 0.26 

Plastered at low density (33) 0.26 3.47 0.001 0.11, 0.41 

Unplastered at low density (46) 0.08 1.74 0.082 -0.01, 0.17 
 

Figure 27 presents the proportion of feeding success in triatomine recaptures each day of the 

experiment. In the plastered hut at high seeded infestation density, a trend of increased feeding 

success is observed during the length of the experiment.  
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Figure 27: Proportion of feeding success in triatomines recaptured through time (days) in each hut wall 
material, in experiments at high and low seeded infestation density. 
 

3.4.7 Estimates of population size using MRR model for closed population 

Considering the PAHO recommended effort (0.5person/hour), the Lincoln-Petersen model 

was applied to estimate the density of infestation in each hut and the seeded density (Table 

22). As on the second day, no recaptures were observed in the tabique hut, so it was not 

possible to estimate the population, showing a potential weakness of this method to estimate 

density of infestation in tabique houses. 
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Table 22: Lincoln-Petersen model estimates considering (re-)captures conducted following PAHO 
effort recommendations (0.5person/hour) in two days searches. 
 

Density Hut (n) 
Marked 
day 1 

Captured 
day 2 

Day 2 
recaptures 

Estimated 
n 

(SE) 

High Tabique (97) 9 6 0 - - 
High Plastered (96) 15 20 11 26 4 
High Unplastered (95) 23 20 12 37 5 
Low Tabique (50) 4 6 3 7 2 
Low Plastered (50) 21 8 4 38 5 
Low Unplastered (50) 7 8 5 10 3 

 

Table 23 presents the estimates considering infestation data collected by 1person/60min effort. 

With increased effort, estimates are closer to the seeded population density for plastered and 

unplastered huts at high seeded infestation density.  

 
Table 23: Lincoln-Petersen estimates considering (re-)captures conducted at an effort of 
1person/60min. 
 

Density Hut (n) 
Marked 

day 1 

Captured 

 day 2 

Day 2 

recaptures 

Estimated 

n 
(SE) 

High Tabique (97) 12 9 2 40 17 

High Plastered (96) 32 36 14 79 15 

High Unplastered (85) 29 25 9 81 19 

Low Tabique (50) 6 6 3 10 3 

Low Plastered (50) 21 9 5 35 8 

Low Unplastered (50) 14 10 5 28 7 

 

3.5 Discussion  

The standard method of Chagas vector community surveillance is detection of household 

infestation by searches conducted inside and outside household buildings by trained health 

workers for a specified period of time (Time Manual Capture [TMC]), typically for 0.5 person 

/hour, following PAHO recommendations (Gorla et al., 2015). Triatomine detection by TMC 

is meant to both trigger IRS and signal IRS cessation, with a threshold of 5% of households 

infested used to guide decision making. At infestation rates higher than 5%, the 

recommendation is to conduct blanket IRS in all localities, otherwise to conduct focal IRS in 

the locality under surveillance (Dias & Schofield, 1999). However, the sensitivity of TMC is 

known to be low (Schofield, 1978) and to vary according to triatomine ecotype (Abad-Franch 

et al., 2014). Thus, relying on this surveillance method alone is expected to result in 

suboptimal vector control, and improvements to improve surveillance sensitivity is a crucial 
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element of effective vector control (Abad-Franch et al., 2014). Investigations of household 

building materials in relation to estimations of triatomine infestation density are particularly 

relevant, especially in the Gran Chaco where building construction is primitive, and much of 

IRS failure to control household infestation is attributed to the substandard house conditions 

providing refuges for triatomine colonies (Gurtler et al., 2007). 

 

Evaluating the performance of TMC is hindered by not knowing the absolute number of 

triatomine vectors infesting the house. In this study, methods to estimate infestation density 

were conducted by mark-release recapture with replacement of known population sizes of Tri. 

infestans released into experimental huts constructed of local building materials. TMC 

performance on these populations was assessed over a range of capture time periods (1 

person/15 min. to 1 person/75 min.). To enhance capture success, insecticides of low 

concentration reported to act as a triatomine irritant, otherwise known as a flushing-agent 

(Pinchin et al., 1980; 1981), were tested in experimental huts and in glass tank experiments. 

 

The median cumulative percentages of the seeded triatomine populations that were recaptured 

by TMC 1person/30 minutes, as the PAHO standard (Gorla et al., 2015), showed a success 

rate of 19% (95% C.I. 18, 22) in the tabique hut under conditions of high infestation density. 

The comparable estimates for unplastered and plastered adobe huts were 57% (95% C.I. 45, 

60) and 41% (95% C.I. 32, 46), respectively. At low seeded triatomine densities, median 

percentage capture was 18% (95% C.I. 14, 19) in tabique, 25% (95% C.I. 20, 34) in 

unplastered, and 61% (95% C.I. 53, 66) in the plastered hut. These results call attention to the 

low recapture rates in tabique built houses, regardless of the infestation density. In the 

plastered and unplastered huts, the relationship with infestation densities were less clear. 

 

Increasing the TMC effort from 1 person/30min. to 1 person/75 min. per day, as a potential 

option for health workers, showed a significant increase in the cumulative percentage of 

recaptures in all hut types, and at both high and at low seeded infestation densities. At high 

seeded infestation densities, the recapture success in plastered huts increased at a higher rate 

with increasing TMC effort than compared to in the other two hut types. At low seeded 

infestation densities, a similar greater rate was observed in the unplastered huts compared to 

the other hut types. The point of TMC effort where there was no significant improvement in 

the capture success was about 1 person/60 min TMC for plastered and unplastered huts, and 

TMC 1 person/45 minutes for tabique huts at high density infestation. At low seeded 

infestation density, the most efficient TMC effort indicated were similar in unplastered and 

tabique huts, and less (TMC 1person/30 minutes) in plastered huts. Overall, these results 



 75 

 

suggest that adopting a TMC 60 minutes regime would represent an improvement on the 

currently recommended TMC 30mins.  

 

TMC mark-recapture data are amenable to posterior application of population estimation 

models. Here we applied the Lincoln-Petersen model for closed populations, being the most 

time efficient requiring data for only two consecutive days searches (once release, 2 days of 

recapture), and here providing the more accurate estimates of seeded population size than 

other tested models (data not shown). TMC 1 person/60 minutes, conducted for two 

consecutive days, produced population estimates of 79 triatomines (82% of the 96 released) 

in plastered adobe; 81 (85% of 95) for unplastered adobe, and 40 (41% of 97) for tabique hut, 

at high seeded infestation densities.  At low seeded infestation densities these values were 

much lower: 35, 28 and 10 triatomines compared to 50 released in each of plastered, 

unplastered, and tabique huts, respectively. Similar calculations based on the standard TMC 

30 minutes for two consecutive days produced very poorer population estimates ranging from 

14-39% of the known populations’ sizes. By contrast, the maximum TMC 75 minutes effort 

tested in this study produced population estimates within 41-81% of the true population size. 

 

Like all MMR methods, the higher proportion of the marked population captured, the more 

precise the population estimate is likely to be. This partially explains the generally low 

accuracy of this MRR model to predict infestation densities. In practice, the feasibility of 

collecting MRR data for routine surveillance is limited due to the logistics of marking and 

releasing vectors, ethical considerations and expected householder non-compliance 

(Schofield, 1978). Also, households are open not closed populations, though over two days 

capture migration is probably not significant to violate this model assumption. Possible 

specific applications of MMR models, however, might include monitoring changes in the 

density of infestation in peridomestic sites pre-and post- IRS, providing some clues regarding 

efficacy of treatment, or the appropriate moment to re-apply the treatment.  

 

One of the important assumptions to validly model mark-recapture data is that marking does 

not cause behavioural changes to the marked population to affect the probability of recapture 

(Begon, 1979). Of particular concern in this study were potential changes in mobility and 

mortality.  Previous mark-release recapture studies of triatomines have explored a range of 

different marking substances including nail varnish (Bremond et al., 2015), acrylic paint 

(Schofield, 1978; Cecere et al., 2003), fluorescent dust (Dantas et al., 2018), and trace 

elements (Valenca-Brabosa et al., 2016). Here, comparison bioassays of nail varnish and 

acrylic paint vs controls (no marks) prior to the mark-recapture experiments, indicated that 
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acrylic paint did not affect Tri. infestans survival over 21 days post-marking, whereas the 

tested nail varnish increased the mortality risk 2.6-fold to that of controls. However, a small 

number of triatomines was used to validate the products. 

Marked triatomines appeared to be equally mobile, as multiple recapture events were 

registered in all locations in the three experimental huts. MMR also assumes that marks do 

not interfere with triatomine moulting: only 8 unmarked triatomines were captured across the 

three huts in total. As the population was closed within an exterior bio secure net to exclude 

migration, unmarked captured triatomines were assumed to have lost their marks due the 

moulting process.   

Marking seemed not to affect their willingness to blood-feed, as feeding-success in recaptured 

bugs was high for the entire experimental length. As bloodmeal digestion tends to occur at a 

median interval of 4 days (range: 2-4 days spring/summer to 5-7 days winter) (Gurtler et al., 

2014; Ceballos et al., 2005), the feeding status recorded in recaptured triatomines indicates 

constant bloodmeal intake. Comparison of feeding success in the current hut experiments 

showed an increased feeding success of triatomines at low compared to high densities; each 

experimental hut was supplied with two adult chickens; hence low-density infestations were 

associated with a proportionally higher host: Tri. infestans ratio. Previous studies of triatomine 

population parameters suggests that decreases in triatomine population size leads to higher 

bloodmeal intake. Triatomines that intake large bloodmeals digest and defecate sooner than 

ones that those that have taken smaller bloodmeals, suggesting a potentially faster turn-over 

and larger inoculating dose of T. cruzi per capita (Trump & Gorla, 1991). The vectorial 

capacity of a household colony would need to be judged in relation to this and the total 

numbers of vectors. Nutritional status is an important vital parameter that regulates triatomine 

abundance, fecundity, and flight dispersal (Lehane et al., 1992). Tri. infestans is recognized 

as a very competent feeder, and its feeding efficacy is considered the main factor that enables 

this species to colonize domestic environments, competing and displacing other triatomine 

species (Pereira et al., 2006).  

 

Locations of Tri. infestans capture  

The location of Tri. infestans (re)-capture in experimental huts was assumed to reflect their 

predominant hiding location and proximity for potential exposure to insecticide. In the present 

study, the most frequent location of triatomines capture was inside wall crevices (60-75% of 

captures), with a noticeable exception in the plastered hut at high density infestation, where 

less captures occurred inside crevices on the walls (29.4%) and most were in items hung on 

the walls (67.5%), presumably associated with the plastering over of wall crevices. Previous 

studies in Guarani Chaco communities in Bolivia identified the presence of items hanging on 
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the walls as risk factor for infestation (Lardeux et al., 2015). This demonstrates the need to 

search and remove triatomines from all items emptied from the house, not just IRS of the 

empty house as triatomines hiding inside house contents may be less exposed to routine 

insecticide applications (Schofield & Mardsen, 1982). Evaluation of current vector control 

practices in the study site, presented on Chapter 2 of this thesis, showed that only 25% (15/64) 

of notified householders emptied their houses to receive IRS. Previous studies in Bolivian 

Chaco communities also identified mattresses as important refuges for triatomines, with a 47% 

prevalence of infestation, with up to 159 triatomines captured in a single bed (Lardeux et al., 

2015). In the experimental huts, captures under mattresses were more common in the tabique 

hut at low seeded density, but only accounted for 12% of captures. It is possible that this 

location becomes a more important refuge site with time of colonization. The persistence of 

triatomine colonies inside wall crevices alerts the need for housing improvement programs. A 

pilot study to test a housing improvement intervention is presented in Chapter 5 of this thesis. 

 

Effectiveness of flushing-agent 

To increase the capture and surveillance success, health operators have employed flushing 

agents to agitate the triatomines from their daytime hiding locations. For the flushing-agent 

experiments here, permethrin 10% [EC] was selected based on a review of published 

literature, and its commercial availability in the study area. In the glass tank experiments, 

permethrin 10% [EC] water diluted at 0.3% or 0.7%, did not improve triatomine TMC capture 

success compared to not using permethrin, nor did 0.3% concentrations induce increased 

mortality 7 days post-exposure, compared to controls. However, triatomines exposed to 0.7% 

permethrin were 3.5 times [95% C.I. 1.38, 8.83] at greater risk of death compared to controls 

7 days post-exposure. Mark-recapture in the experimental huts using permethrin 10% [EC] 

water diluted at 0.3%, applied from day 15 to 20, similarly showed no significant improvement 

when comparing captures pre- and post-application of the flushing agent.  

 

In many studies including the current one, the flushing-agent induced triatomine mortality, 

albeit not an immediate effect, nonetheless this might counteract the purpose of a flushing 

agent as an irritant to dislodge triatomines from hiding places for household infestation 

evaluation. Dead bugs in crevices are not easily detectable. Achieving the right insecticide 

dose to balance the two effects is likely to be location and population specific. Under 

laboratory conditions, permethrin at 0.5% (kerosene diluted) dislodged 52% of seeded 

Panstrongylus megistus nymphs from artificial crevices, but induced 100% mortality within 

7 days post-exposure (Pinchin et al., 1980) suggesting that an unknown fraction would not be 

available to be counted at this concentration.  
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Triatomine capture success, flushing-agent vs other detection methods, and surveillance 

sensitivities, vary wildly between studies. For example, in Barinas and Portuguesa States, 

Venezuela, comparison of surveillance methods showed that 24% of 55 investigated houses 

were identified infested by householder reporting, while TMC (2 people/15 min) conducted 

by skilled workers, only identified 5.3% of the infested houses, and TMC (2 people/15 min) 

+ flushing-agent (0.1% cypermethrin+0.2% tetramethrin) identified 3% of the infested houses 

(Feliciangeli et al., 2007). In the Argentinean Chaco (Gurtler et al., 1999), infestation detection 

in bedrooms by TMC (1 person/hour) + flushing-agent (tetramethrin 0.2%) only identified 3% 

(3/98), while householders reported 21% (21/98) of the bedrooms infested. In Paraguay Chaco 

communities, the sensitivity of triatomine detection was compared between 3 methods: 

householder notification, TMC 1person/60 mins conducted by skilled professionals, and 

detection of triatomine faecal trails on paper calendars hung on household walls. Data were 

collected in 3 communities post-vector control intervention. At 6 months follow-up of infested 

houses, householder reporting identified 9.3% [4/43], 5.2% [2/38], and 2.9% [1/35]; faecal 

trails were detected in 2.2% [1/45], 5.4% [2/37] and 0% [0/41] of houses; and TMC identified 

0% [0/45], 0% [0/39] and 2.4% [1/42] (Rojas de Arias et al., 1999). In more developed 

communities in Sao Paulo State, Brazil, during surveillance activities of secondary vectors 

(Tri. sordida, P. megistus, R. neglectus) following the control of Tri. infestans, householder 

notification triggered visits from health worker teams to confirm infestation by TMC, and to 

conduct IRS. Reports from 1990 to 1995 registered 13.369 householder infestation 

notifications, of which only 829 (6.2%) where confirmed by TMC (Silva et al., 1999). 

 

These reports generally indicate that householder reporting can be a more sensitive 

surveillance method than TMC, and possibly the most cost-effective approach for rural and 

isolated communities (Abad-Franch et al. 2011). However, it requires community engagement 

and mobilization, and consideration of the cultural context, particularly in the ethnically 

diverse Gran Chaco region. Previous experiences suggest that the involvement of local schools 

in active surveillance, under close supervision of local control programs, can be successful 

(Rojas de Arias & Russomando, 2002). Relevant knowledge, attitudes, and practices, and 

community perceptions of school populations in the study community are explored in Chapter 

4. 
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Study limitations 

One of the main challenges to plan and assess the accuracy of methods to either detect or 

quantify domestic infestation is that both household infestation rates and triatomine population 

size and structure are unknown. It is particularly difficult for the assessment of flushing agent 

application, as insecticide concentration might provoke transitory or deathly effects (i.e. 

dislodging a few insects for a certain amount of time, or do not dislodging insects at all, but 

killing them inside wall crevices). In this sense, experimental designs adopting mark-released 

recaptures methods in closed populations (experimental huts and glass tanks e.g.), are helpful 

methods to investigate triatomines population parameters under controlled environment. 

However, technical issues to conduct such experiments might hampering the quality of the 

results. The acknowledgement of such difficulties is a fundamental step in the discussion of 

design improvements and searching for techniques that allows the researchers to investigate 

the interest question. 

In the present study, limitations regarding logistic and time were limiting factors in field. It 

has provoked a negative impact, reflected in the relatively small sample size used to test 

marking materials, and the flushing-agent activity in the tank experiments, which decreased 

the statistical power of the analysis. Thus, the results of this chapter should be interpreted 

considering these limitations, and future work should consider at first instance the minimum 

sample size necessary to identify differences amongst treatments, and the minimum number 

of replicates, contributing a more realist logistical and schedule plans. As all the triatomines 

used were collected from houses in the community, more attention should be paid to logistics, 

in order to plan experiments considering the availability of triatomines in different season, and 

the population structure, in order to estimate the time necessary to capture the amount of 

triatomines for the experiment, as the appropriated numbers in each development stage.  

Additional limitations of the study are regarding triatomine mortality. In order to avoid 

triatomine starvation, which could trigger emigration behaviour, two chickens were provided 

in each hut to allow triatomines to feed freely. However, chickens also eat triatomines, which 

contributes to the seeded triatomine population mortality, and consequent lower recaptures 

rates though time, as observed in the plastered hut. Thus, even working under a bio-secure 

net, the population was not closed, in the sense that mortality by predation was taking place 

through the experiment. Predation of triatomines by chickens in experimental huts was already 

recorded (Cecere et al., 2003). Future experiments in artificial hut needs to consider solutions 

to minimize this effect, as placing hosts in cages inside the huts (decreasing host free access 

to the walls and other triatomines refuges) or using hosts that are not triatomines predators.  
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Finally, the experimental huts do not accurately represent real household dwellings, neither in 

size/scale or context: although we tried to reproduce the most likely house infestation 

scenarios, precise measures of household infestation densities are rare. 

 

In summary, our experiments suggest that TMC sensitivity to either detect or to quantify 

infestation density might varies according wall materials, and measures of infestation in 

tabique wall material are more challenges to be assessed. Our experiments suggested that use 

of permethrin 10% [EC] diluted at 0.3% as flushing-agent seems do not improve triatomines 

captures. The combination of increase effort to 1person/hour, for 2 days of search, and the 

application of MRR Lincon-Petersen model to the obtained data, might improve estimates of 

infestation in adobe huts at high seeded infestation density. The high frequency of capture 

events in items hung on the walls in the plastered hut at high seeded infestation density 

highlight the necessity to plan integrated vector control measures against Tri. infestans 

domestic infestation in Chaco.  
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Chapter 4: Evaluation of an educational intervention to improve Chagas disease 

Knowledge, Attitudes and Practices (KAP) 

 

4.1 Introduction 

The current strategy to control domestic infestation by Tri. infestans, based on infestation 

surveillance, house preparation and delivery of IRS, requires active participation by endemic 

communities (Dias & Schofield, 1999). In this context, Chagas health education initiatives are 

an important component of vector control programmes. Recruiting school children and 

schools to participate in entomological surveillance has been successful in different 

epidemiological settings in Latin America. Initiatives have tested a diverse set of 

methodological approaches, including design of educational materials, training students to 

monitor domestic infestation, and artistic interventions to improve students’ knowledge 

(Yoshioka, 2013; Falavigna-Guilherme et al., 2002; Crocco et al., 2005). Most cases have 

been developed at the local level and conducted over a short-term period. Few reported 

programmes have been developed in the hyperendemic Gran Chaco region. In the Paraguayan 

Chaco, a community-based notification system to report household infestation proved 

successful and also identified re-infestation by Tri. sordida (Rojas de Arias & Russomando, 

2002). Successful experiences coordinating schools and health workers were also registered 

elsewhere. In Parana State, Brazil, three years of educational project and IRS reported 80% 

reduction in domestic infestation (Flavigna-Guilherme et al., 2002). 

Willingness and comprehension to participate in vector control activities are moderated by 

knowledge of the disease and of transmission, beliefs about the efficacy of local interventions, 

and existing cultural practices. Previous studies assessing knowledge, attitudes and practices 

(KAP) of Chagas disease in endemic areas across Latin America, identified deficient 

knowledge to recognize vector nymph stages, and limited knowledge about transmission. 

Aspects related to vector behaviour and ecology, their preferred ecotopes and hiding places, 

hematophagy and nocturnal habits, are well known by endemic populations (Cabrera et al., 

2003; Rosecrans et al., 2014; Yevstigneyeva et al., 2014; Lardeux et al., 2015; Ferrero & 

Cecere, 2015). Improvement of knowledge regarding identification of both vector 

development stages and signs of infestation, are essential to increase the sensitivity of 

infestation detection by householders. Moreover, the investigation of student’s beliefs, 

attitudes and practices in vector control are important to guide activities in community 

mobilization and engagement in vector surveillance and control activities.  

In many endemic communities in Latin America, cultural aspects, language in particular, are 

additional barriers to affected populations. Typically, local governmental institutions operate 

only in the national language, ignoring linguistic diversity thus restricting population access 
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to health care (Flood & Rohloff, 2018). Moreover, language is the channel to express 

perceptions and to develop cultural concepts of health (Murphy, 2013). It has been argued that 

individual and groups constructs explanatory models of diseases, based on their experiences, 

shared knowledge, and beliefs (Jones, 2015; Forsyth, 2015). As the explanatory models are 

constructed and shared through language, the development of health education activities in 

native languages is fundamental to ensure the complete access to information, and its use to 

fundament such models. Thus, the construction of disease explanatory models based in 

knowledge, will provide the affected population the necessary skills to make decisions freely 

and consciously regarding health seeking behaviour, treatment, and acceptance of health 

interventions. 

Educational interventions have been shown to increase community knowledge, and to change 

attitudes and practices regarding CD management (Ferrero et al., 2015; Lardeux et al., 2015). 

In the Bolivian Chaco, previous studies have focussed on the importance of cleaning and 

tidying houses, and improving house construction, resulting in improved KAP scores and 

positive changes in their beliefs in household triatomine control measures. Conversely, vector 

control activities requiring changes in animal management, in particular, to stop allowing 

chickens to roost inside bedrooms, was not accepted by some communities (Lardeux et al., 

2015). 

The Chaco represents a significant challenge to change behaviour and attitudes towards 

decreasing T. cruzi transmission, once poverty and tradition roots very strong habits and drive 

behaviours (Lardeux et al., 2015). Although the Chagas Disease Control Program educational 

material is available in some districts including the Santa Cruz administrative Department 

(location of this study), there was no records of these materials being applied by the local or 

regional health promoters. Diverse educational materials (audio-visual, pamphlets, puzzles, 

etc.) have been developed in many endemic countries 

(http://www.infochagas.org/es/recursos). On initial inspection, The Bolivian MoH produced 

educational materials on Chagas (“Bolivia libre de Chagas, es nuestro desafío”, Programa 

Nacional de Chagas) lack content on vector biology; and to our best knowledge, these 

resources have not been previously evaluated for their effectiveness to improve KAP 

measures. In the current study locations, the existence of these resources are not known to the 

local educators and the Guarani community leaders reported that had never been applied in 

the schools.  

 

In this chapter, the aim is to evaluate a secondary school pilot educational intervention using 

the Bolivian MoH material supplemented with additional materials designed as part of this 

PhD. This study is intended to complement the community-based housing improvement 
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program (described Chapter 5), with the general aim to improve awareness about CD and to 

promote future community-participatory engagement in vector control activities.  

 

The specific aims were:  

1. To measure secondary school students’ baseline knowledge of Chagas disease, vector 

biology and transmission through KAP questionnaire; 

2. To evaluate the impact of the school-based educational intervention to improve 

follow-up KAP scores;  

3. To evaluate the different subject contents of the educational material, to identify 

content gaps and other issues of delivery;  

4. To provide recommendations to the Bolivian MOH program regarding potential 

improvements to their educational content. 

 

The objectives of this chapter are: to identify the explanatory variables associated with student 

knowledge scores in pre- and post-intervention questionnaires, and in difference of scores; to 

identify in which knowledge topic the intervention materials need improvement, and to 

explore students baseline beliefs, attitudes, practices regarding vector control. 

 

4.2 Methods 

4.2.1 Study site 

The study was conducted in the secondary school “U.E. Juan Pablo Rivera”, located in 
Itanambikua Guarani community (20º 1’7.42’’S; 63º30’43.83’’W), to approximately 8 km of 
Camiri municipality, Santa Cruz Department, Bolivia. Pilot questionnaires were validated at 
“U.E. Comunidad Urundayti”, located in Urundaiti Guarani community (19º 57’43’’S; 63º 
31’ 28’’W), to approximately 8 km of Camiri municipality. 
 
According to the 2016-17 census performed by the Itanambikua local health post, the 
community population is about 1200 people, distributed in 220 houses. In the local school, 
204 students were enrolled at secondary level. Educational system in Bolivia is based in 
bilingual education, where Spanish is the language at the national level and local languages 
are taught according to ethnicity. Guarani is the spoken/maternal language all Guarani 
communities in Camiri municipality, where it is also taught at Guarani community schools. 
 
4.2.2 Knowledge, Attitudes and Practices (KAP) questionnaire development 

The study was designed to measure changes in KAP scores by questionnaires applied pre- and 

post- educational intervention. A Guarani teacher worked permanently with the research team 

to help develop the additional educational material and to translate the questions. In January, 
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2016, teachers from school (n=19) joined a two-day workshop to discuss the study aims, 

protocols and educational materials to be developed, and to obtain their consent to participate 

in the study. All teachers working with secondary school students (n=12) agreed to participate. 

Amongst these, 3 teachers were native Guarani speakers from Itanambikua community, who 

manage Guarani music, Guarani language and sports education.   

At a second workshop (July, 2016), the research team and the Guarani speakers’ teachers, 

including native Guarani teachers from the primary and secondary school (n=7), helped 

develop the draft KAP questionnaire and made amendments to the educational materials in 

line with the KAP questions. 

KAP questionnaires were then piloted in a nearby Guarani community of Urundaiti, chosen 

based on the presentation of similar ethic composition and age-groups, and proximity to 

Itanambikua. The questionnaire was delivered to 48% (58/120) of the school’s students (12-

18 years old) verbally by one-to-one interview by the research team and a Guarani teacher 

from Itanambikua community. Inspection of the answers in Spanish and Guarani helped to 

identify ambiguities and questions requiring alternative translation. 

The content of the Bolivian MoH educational material and the supplementary material 

contents on Chagas disease transmission, vector biology and vector control are summarized 

in Table 24.  
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Table 24: Bolivian MoH educational material and complementary material contents.  

 
Knowledge 

section 
Bolivia MoH material Complementary material 

Transmission 

and disease 

• Routes of transmission: 

vectorial, blood transfusion, 

congenital 

• Morbidity: cardiomyopathy, 

damage in digestive system 

organs 

• Lethality 

• Routes of transmission: vectorial, 

blood transfusion, congenital 

• Morbidity: cardiomyopathy, 

damage in digestive system organs, 

symptoms  

• Lethality 

• Symptoms in acute phase  

• Contact with an infected person 

does not transmit Chagas 

• Infectious disease: contagion vs 

transmission in details 

 
• Treatment, care seeking behavior 

Vector 

biology and 

ecology 
• Triatomine hiding places 
 

• Triatomine hiding places in detail 

• Triatomines morphology, including 

identification of male/female 

• Hematophagy and nocturnal habits 

• Triatomines life cycle in details 

• Triatomine infection by T. cruzi 

 
 

  

Vector control 
 

• Housing improvements, 

animal management, house 

cleaning activities, 

householder infestation 

notification, IRS application 

in internal and external 

surfaces in domicile and 

peridomicile 

• Housing improvements, animal 

management, house cleaning 

activities, householder infestation 

notification, IRS application in 

internal and external surfaces in 

domicile and peridomicile 

• Signals of domestic infestation in 

detail 

• Community engagement in IRS 

activities in details 
 
  

 

In a third meeting (August, 2016), the 12 teachers at Itanambikua school responsible for the 

intervention delivery were provided with the teaching material and agreed a standard method 

of delivery. This was one week before the start of the intervention (Table 25). 
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Table 25: Pedagogic activities and timelines of KAP questionnaire development and delivery. 
 

Activity Date 

Teachers training meeting I: Chagas disease expositive talks, study 

protocol presentation, arrangements for activity application 
30/01/2016 

Protocol submissions and ethical approvals obtained in UK  26/04/2016 

Protocol submissions and ethical approvals obtained in Bolivia 06/07/2016 

School meetings and parents’ consent forms 02-03/08/2016 

Teacher training meeting II: Development of educational material, 

questionnaires and activities. 
08- 12/08/2016 

KAP questionnaire validation (pilot) – Conducted in the Urundaiti 

community secondary school (n=58 children) 
16-26/08/2016 

Teacher training meeting III: Arrangements for intervention 

application 
30/08/2016 

KAP questionnaire pre-intervention - Itanambikua community 

secondary school (n=193 students) 

31/08/2016- 

08/09/2016 

Intervention (3 days)- Itanambikua community secondary school  13-15/09/2016 

KAP questionnaire post-intervention– Itanambikua community 

secondary school (n=197 students) 

28/09/2016- 

07/10/2016 

 
 

The content of the final questionnaire (Table 26) comprised sections on knowledge, attitudes 

and practices in transmission and disease; vector biology and ecology and vector control. 
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Table 26: Topic evaluated and structure of questions in each knowledge section: transmission and 
disease; vector biology and ecology; vector control. 
 

Knowledge 

section 
Topic 

Question 

structure 

 
· Routes of transmission Multiple answer 

Transmission 

and disease 
· Having a family member with disease 

Multiple answer 

 · Direct contact Yes/No 

  · Lethality Yes/No 

Vector biology 

and ecology 

· Vector identification (adult, nymph, 

embryonic early (white) and later (pink) 

stages Multiple answer 

· Vector hiding places sylvatic, 

domestic and peridomestic ecotopes Multiple answer 

· Signals of infestation (eggs and egg 

shells, triatomine moult, faecal trails)  Multiple answer 

  · Feeding habits Yes/No 

 

· Measures to prevent domestic 

infestation Multiple answer 

 
· Items left inside during IRS Multiple answer 

Vector control · Seeing IRS Yes/No 

 
· IRS efficacy Yes/No 

 
· Taking part in IRS Yes/No 

 
· IRS efficacy Open-ended 

  · Taking part in IRS Open-ended 

 

The final version of the questionnaire (translated into English for this PhD evaluation) is in 

Appendix 1. The Bolivian MoH education material content and supplementary materials are 

shown in Appendix 2.  

 

4.2.3 Study Design 

The pre-intervention (baseline) KAP was delivered to 6 classes over 7 school days between 
31/08/2016 and 08/09/2016 (Table 3). Post intervention, the same follow-up KAP 
questionnaire was administered to 197 students between 28/09/2016 and 07/10/2016, over 7 
days. 

4.2.3.1 The intervention 

The educational material was delivered to the classes during three school days, in 3 sessions 

of 30 minutes (90 minutes) each day for 3 consecutive days (total 4,5 contact hours). The 12 
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participating teachers were randomly allocated to each class (drawing papers with class 

numbers for each teacher on the first day), and then observing their class routine and teaching 

times, so that each class received the educational intervention from at least two different 

teachers (Table 27). Teachers agreed to deliver the MoH material during the first day, covering 

general information regarding Chagas Disease, transmission and vector control. On the 

following day, teachers used the complementary material elaborated by the research team to 

present topics in vector biology, ecology and vector control. The last day focused on specifics 

of Chagas disease transmission, disease pathology and treatment. At the end of each taught 

session, the students were given puzzle activities (Appendix 2) to reinforce the taught content. 

 
Table 27: Random allocation of teachers by class group, day of intervention, and knowledge topic. 
 

    Day 1 Day 2 Day 3 

Class Group 
Bolivian MoH 

material 

Supplementary material 

in vector biology, 

ecology and control 

Supplementary 

material in 

transmission and 

disease 

1 A Teacher ID 1 Teacher ID 12 Teacher ID 1 

2 A Teacher ID 2 Teacher ID 2 Teacher ID 3 

2 B Teacher ID 3 Teacher ID 3 Teacher ID 2 

3 A Teacher ID 4 Teacher ID 4 Teacher ID 5 

3 B Teacher ID 5 Teacher ID 5 Teacher ID 4 

4 A Teacher ID 6 Teacher ID 6 Teacher ID 10 

4 B Teacher ID 7 Teacher ID 11 Teacher ID 11 

5 A Teacher ID 8 Teacher ID 7 Teacher ID 8 

5 B Teacher ID 9 Teacher ID 9 Teacher ID 6 

6 A Teacher ID 10 Teacher ID 10 Teacher ID 9 

 

4.2.3.2 Delivery of KAP questionnaires 

KAP questionnaires were delivered by one-to-one interview, by the PhD student (fluent in 

Spanish), a trained Warwick undergraduate student (a native Spanish speaker), and a local 

native Guarani teacher. Students were offered the choice of conducting the questionnaire in 

Spanish or Guarani. The appropriate member of the research team administered the 

questionnaire.  

 

4.2.3.3 KAP questionnaire mark schemes  

Two alternative marking schemes were adopted to evaluate Knowledge questions. The first 

awarded 1 point to each correct answer (mark scheme A). The second awarded points as above 
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but discounted 1 point for each wrong answer question (mark-scheme B). The same applied 

to questions where multiple images were provided as alternative possible answers. Mark 

scheme B was considered the stricter marking scheme, and theoretically could result in 

negative scores. Pearson correlation coefficients associating changes in KAP scores under 

mark scheme A vs. B, indicated that the relative outcome and general conclusions were not 

altered as a result of adopting one or other mark scheme. Here we chose to apply mark scheme 

B as the more conservative. Mark schemes A and B are presented on Appendix 3. 

4.3 Data analysis 

The Knowledge section (Table 26) comprised 10 questions in transmission and disease, and 

in vector biology and ecology, analyzed according to mark scheme B (Appendix 3). 

Comparison of the two mark schemes A and B showed a significant positive correlation in the 

pre-intervention KAP Knowledge scores (r=0.88, p<0.001), the post-intervention Knowledge 

scores (r=0.916; p<0.001), and in the score changes between the two KAP surveys (r=0.9; 

p<0.001). 

Scores were analyzed for Knowledge (10 questions), and by each content section 

(transmission and disease: [n=3 questions]; vector biology and ecology: [n=7 questions]). 

Students’ beliefs, attitudes and practices in vector control (n= 7 questions regarding IRS 

methods, effectiveness, and relevance of emptying houses to receive IRS) were assessed 

through multiple answer, Yes/No, and open-ended questions, analyzed by quantitative 

(changes in frequency of answers) and qualitative methods. For the last, students' quotes were 

read and grouped according to categories, chosen based on published scientific evidences 

regarding IRS challenges to control domestic infestation in Chaco (resistance, failures during 

IRS application, e.g.). Students' empirical knowledge were then compared with published 

worked. 

The primary outcome of the study was the mean change in total KAP scores, by comparing 

the baseline and follow-up KAP scores calculated using mark scheme B. 

The frequency distributions of KAP knowledge scores were shown to be normally distributed 

(Shapiro-Wilk; z=1.1; p=0.1), and thus comparisons of mean scores were tested using 

Student’s t-test for unpaired samples. Non-parametric test (Mann-Whitney) was also 

employed to confirm these results. Absolute changes between individual students’ KAP scores 

were evaluated by Generalized Linear Models (GLM) for Gaussian data with the identity link 

function, and which included school class identity as a categorical variable (approximately 

equivalent to age) as a forced covariate. The effect estimates were then adjusted by inclusion 

of potential confounding variables including student age, sex, language, and if a family 

member had / has Chagas disease (yes/no). For post-intervention KAP questionnaire scores, 

the same explanatory variables were tested in addition to teacher identity. Covariates that 
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presented significant correlation with scores (pre- and post-intervention) or with change in 

scores, where investigated in multivariate analysis (minimum adequate model).  

The intervention impact (effect size) on students’ KAP score changes was evaluated by 

Cohen's Effect size index d statistic (Cohen, 1998), indicating the standardised difference 

between means of the questionnaires applied pre- and post-intervention. Cohen index (d) 

provides score distance in unities of variability describing U measures, where: U1 is the percent 

area covered by the two populations distributions that do not overlap; U2: the highest 

percentage of B population that exceeds the lowest percentage in the population A; U3 the 

percentile of population A that corresponds to the mean of population B. These descriptions 

measure of d values represents the following size effects: small effect size: d=0.2; medium: 

d=0.5; large: d=0.8 (Cohen, 1998). 

Scores of knowledge in transmission, disease and vector biology / ecology sections were also 

analyzed separately in order to interpret baseline knowledge in specific content and to identify 

specific knowledge and teaching gaps. For analysis of the vector biology / ecology section, 

three additional confounding binary (yes/no) variables were included in the models, namely 

if the student: (i) had identified indirect triatomine signs of infestation at home; (ii) had seen 

triatomines at home; and (iii) had seen triatomines under the mattress. Variables (i), (ii) and 

(iii) were not mutually exclusive.  

Open-ended questions about students’ beliefs, attitudes and practices regarding vector control 

and IRS efficacy were reviewed, categorized and frequency of answers is presented. 

Representative (translated) quotes are presented and students baseline empirical knowledge 

regarding IRS effectiveness is analyzed following previous studies in KAP in Chagas disease 

(Rosecrans et al., 2014; Forsyth et al., 2015), and students pre-intervention knowledge is 

discussed with literature.  

 

Ethical approval  

The study protocol was approved by the University of Warwick’s Biomedical and Scientific 

Research Ethics Sub-Committee (REGO-2016-1778), and by the Bolivian local ethical 

committee Comité de Êtica de la Investigación de la Universidad Católica Boliviana “San 

Pablo”, Unidad Académica Santa Cruz (Code 016, 26 de Abril, 2016). In June, 2016, two 

school meetings were arranged with the students’ parents, who received information about the 

study, and were invited to provide informed written consent for their child’s/children’s 

participation. 
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4.4 Results 

4.4.1 Students demography 

The pre-intervention (baseline) KAP was delivered to 193 students in 6 classes over 7 school 

days between 31/08/2016 and 08/09/2016. Post intervention, the same follow-up KAP 

questionnaire was administered to 197 students between 28/09/2016 and 07/10/2016, over 7 

days. Ninety-one percent (187/204) of the total enrolled students participated in both pre and 

post KAP. Student ages overlaps across all classes (Table 28). 

 
Table 28: Number of students who participated in the pre- and post-intervention KAP questionnaires, 
and the ages of students per class. 
 

  Nº students Student age (years) 

Classes 
KAP pre-

intervention 

KAP post-

intervention 

KAP pre- 

and post-

intervention 

Mean  
Range 

(min-max)  

1 31 35 31 12.7 11 - 17 

2 36 33 31 13.6 12 - 17 

3 37 38 37 14.5 13 - 16 

4 30 31 30 15.9 15 - 18 

5 40 41 39 16.4 15 - 18 

6 19 19 19 17.1 16 - 18 

Totals 193 197 187     

 

The distribution of students’ sex and primary languages (Table 29) indicates that although 

Guarani is their first language, only up to 10 (min 1, max 10) students per class chose to 

answer the questionnaires in Guarani. Fifty-five students changed languages between KAP 

pre- and post-intervention, and no statistically significant difference was observed between 

the total students who chosen answer questionnaires in Spanish or Guarani comparing pre and 

post-intervention questionnaires (Chi-square test: x2=2.16; p=0.1).  
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Table 29: Class distributions of students’ sex and selected language to answer KAP questionnaires. 
 

  KAP pre-intervention languages KAP post-intervention languages 

Class 
M: F 

ratio 

Total 

students 

Spanish 

n (%) 

Guarani 

n (%) 

Total 

students 

Spanish 

n (%) 

Guarani 

n (%) 

1 21:14 31 22 (71) 9 (29) 35 30 (85.7) 5 (14.3) 

2 18:15 36 29 (80.5) 7 (19.5) 33 24 (72.7) 9 (27.3) 

3 22:16 37 34 (91.9) 3 (8.1) 38 34 (89.5) 4 (10.5) 

4 10:21 30 27 (90) 3 (10) 31 27 (87.1) 4 (12.9) 

5 18:23 40 30 (75) 10 (25) 41 40 (97.6) 1 (2.4) 

6 08:11 19 15 (79) 4 (21) 19 16 (84.2) 3 (15.8) 

Total 97:100 193 
157 

(81.3) 
36 (18.6) 197 

171 

(86.8) 
26 (13.2) 

 

4.4.2 Summary of knowledge scores pre- and post-intervention  

Comparison of knowledge scores pre-intervention (n=193, mean: 6.08 [95% C.I. 5.63, 6.52]; 

SD: 3.14) and post-intervention (n=197, mean: 8.6 [95% C.I. 8.25, 9.01]; SD 2.69), shows 

statistically greater means in post-intervention scores (t-test for unpaired data: [Pr T > t]: 8.5; 

p<0.001; Mann-Whitney rank-sum: z=-7.5; p<0.001) (Figure 28). Distributions of scores in 

questionnaires pre- and post- intervention presented homogeneous variance (Levene test: 

W50=1.83; Pr>F=0.17; W10=1.89; Pr>F=0.16). 

 

 

 

 

 

 

 

 

Figure 28: Distribution of knowledge scores in questionnaires applied pre- (n=193) and post- (n=197) 
intervention. 
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4.4.3 Pre-intervention KAP questionnaire 

Univariate regression (GLM- Gaussian) conducted to screen each potential covariate / 

explanatory variable, with a fixed term on class ID, showed that in the KAP questionnaires 

applied pre-intervention, reporting a family member with CD was positively associated with 

knowledge scores, when accounting for the observed differences between classes. There was 

observed a general trend of increasing scores with increasing class ID (Wilcoxon runk sum 

for trend across group z=2.39; p=0.017), where students from classes 4 and 6 presented higher 

scores compared to students from class 1. Covariates age, sex and language selected to conduct 

the questionnaire had no apparent effect on Knowledge scores when accounting for class ID. 

Class ID and “family member with CD” were therefore carried forward into multivariate 

analyses (Table 30). 

 
Table 30: Univariate analysis (GLM-Gaussian) with class as forced covariate, conducted with pre-
intervention knowledge scores and reporting have a family member with Chagas disease. 
 

Explanatory variables Coef. (SE) z P>z 95% C.I. 

Class 1 Referent 
    

Class 2 1.04 0.77 1.35 0.18 -0.47, 2.55 

Class 3 -0.12 0.78 -0.15 0.88 -1.64, 1.40 

Class 4 2.23 0.81 2.75 0.01 0.64, 3.82 

Class 5 1.03 0.76 1.35 0.18 -0.46, 2.52 

Class 6 2.51 0.92 2.72 0.01 0.70, 4.33 

Have a family member with 

Chagas disease (Yes) 0.89 0.45 1.97 0.05 0.00, 1.77 

 

4.4.4 Post-intervention KAP questionnaire 

Similar screening of scores post-intervention was conducted controlling for class in univariate 

analysis. Teacher ID who applied the first day of intervention (using the Bolivian MoH 

material), presented statistically significant relationship with scores post-intervention (Table 

31).  
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Table 31: Univariate analysis (GLM-Gaussian) of scores post-intervention and teachers who applied 
the first day of intervention, using Bolivian MoH educational material. 
 

Explanatory variables Coef. (SE) z P>z 95% C.I. 

Teacher ID 1 (Class 1) Referent 
    

Teacher ID 2 (Class 2) -0.39 0.76 -0.51 0.61 -1.88, 1.10 

Teacher ID 3 (Class 2) -1.67 0.81 -2.07 0.04 -3.25, -0.09 

Teacher ID 4 (Class 3) 0.15 0.73 0.20 0.84 -1.29, 1.59 

Teacher ID 5 (Class 3) -1.39 0.76 -1.83 0.07 -2.88, 0.10 

Teacher ID 6 (Class 4) -0.76 0.77 -0.99 0.32 -2.28, 0.75 

Teacher ID 7 (Class 4) -0.43 0.83 -0.52 0.60 -2.05, 1.19 

Teacher ID 8 (Class 5) -1.68 0.75 -2.26 0.02 -3.14, -0.22 

Teacher ID 9 (Class 5) 0.55 0.71 0.77 0.44 -0.85, 1.94 

Teacher ID 10 (Class 6) 1.11 0.75 1.48 0.14 -0.35, 2.57 

 

4.4.5 Intervention effect estimation 

Knowledge scores post-intervention tended to be higher than pre-intervention (Figure 29).  

 

 

 

 

 

 

 

 

Figure 29: Knowledge scores pre- and post-intervention by class ID. Data represent median total 
knowledge scores, whiskers represents the 75th (upper) and 25th (lower) percentiles, adjacent lines 
indicates upper and lower adjacent values. 
 

Changes in total knowledge scores were calculated by subtracting post-intervention 

questionnaire scores from pre-intervention KAP questionnaire scores. The mean change in 

scores across classes was 2.57 [95% C.I. 2.07, 3.07]. Most students (132/187 [70.5%]) 

improved their score, 42/187 (22.5%) had worse scores, and 13/187 (7%) showed no change 

(Table 32; Figure 30). 
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Table 32: Summary of changes in KAP Knowledge scores post-intervention, and general performance 
by class. Positive changes represent higher scores than in the pre-intervention KAP. 
 

Class Nº 
students 

Mean 
change  
in total 

knowledge 
scores 

Std 
Dev 

Range 
(min, 
max) 

Decrease 
n (%) 

No 
change  
n (%) 

Increase  
n (%) 

1 31 3.84 3.61 -3, 11 4 (12.9) 0 27 (87.1) 

2 31 1.94 3.59 -5, 11 9 (29) 1 (3.2) 21 (67.7) 

3 37 3.3 3.1 -2, 11 4 (10.8) 4 (10.8) 29 (78.4) 

4 30 1.13 3.43 -4, 11 11 (36.7) 4 (13.3) 15 (50) 

5 39 2.51 3.57 -4, 11 9 (23.1) 4 (10.3) 26 (66.7) 

6 19 2.58 2.97 -2, 9 5 (73.7) 0 14 (73.7) 

Total 187 2.57 3.47 -5, 11 42 (22.5) 13 (7) 
132 

(70.5) 

 

 
Figure 30: A) Distribution of changes in knowledge scores (n=187 students); B) Distribution of changes 
in knowledge scores by class. 

 

4.4.5.1 Intervention effect size 

The changes in knowledge scores pre- and post-intervention was considered large (Cohen 

d=0.88), where 47% of area covered by the two score distributions do not overlapped (U1); the 

highest 65.5% of post-intervention scores exceed the lowest 65.5% pre-intervention scores 

(U2), and with the mean post-intervention score falling in the 79th percentile of pre-intervention 

scores (U3), (Cohen, 1998). 

 

4.4.5.2 Demographic variation in the intervention effect 

Univariate analyses (GLM-Gaussian) were conducted to identify potential confounding 

variables on changes in the Knowledge scores where class ID was included in each analysis. 

Changes in scores varied significantly between teacher ID, but not sex, age, selected language, 
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analysis teacher ID as covariate only (Table 33), shows similar trend that using class is the 

only covariate (Table 33).  

 
Table 33: Univariate analysis (GLM-Gaussian) conducted with change in scores and teacher who 
applied the Bolivian MoH educational material. 
 

Explanatory variables Coef. (SE) z P>z 95% C.I. 

Teacher ID 1 (Class 1) Referent 
    

Teacher ID 2 (Class 2) -2.02 1.01 -2.00 0.05 -3.99, -0.04 

Teacher ID 3 (Class 2) -1.77 1.07 -1.65 0.10 -3.87, 0.34 

Teacher ID 4 (Class 3) 0.46 0.96 0.48 0.63 -1.41, 2.33 

Teacher ID 5 (Class 3) -1.72 1.01 -1.71 0.09 -3.69, 0.25 

Teacher ID 6 (Class 4) -2.84 1.03 -2.77 0.01 -4.85, -0.83 

Teacher ID 7 (Class 4) -2.55 1.07 -2.38 0.02 -4.66, -0.45 

Teacher ID 8 (Class 5) -3.01 0.99 -3.04 0.00 -4.94, -1.07 

Teacher ID 9 (Class 5) 0.11 0.94 0.12 0.90 -1.73, 1.96 

Teacher ID 10 (Class 6) -1.26 0.97 -1.30 0.20 -3.16, 0.64 

 

Table 34: Univariate analysis (GLM-Gaussian) conducted with change in scores and students’ class. 
 

Explanatory variables Coef. (SE) z P 95% C.I. 

Class 1 (Teacher ID 1) Referent 
    

Class 2 (Teacher ID 2; 3) -1.9 0.87 -2.2 0.03 -3.60, -0.21 

Class 3 (Teacher ID 4; 5) -0.54 0.83 -0.65 0.51 -2.16, 1.09 

Class 4 (Teacher ID 6; 7) -2.71 0.87 -3.1 0 -4.41, -0.99 

Class 5 (Teacher ID 8; 9) -1.42 0.83 -1.72 0.09 -3.03, 0.20 

Class 6 (Teacher ID 10) -1.26 0.99 -1.27 0.21 -3.20, 0.68 

 

4.4.6 Intervention effects on specific educational content 

4.4.6.1 Transmission and disease content 

KAP questions relating to teaching material covering only contents regarding T. cruzi 

transmission and Chagas disease lethality were analyzed on their own to identify baseline 

knowledge and effect of the intervention.  

Baseline students’ knowledge in routes of transmission was considered deficient. Mean pre-

intervention scores (0.99 95%C.I. 0.80, 1.18) represents 14% of the total scores of this section 

(n=7 points). In multiple answer questions about routes of transmission, 17% [32/193] of 

students answered that triatomines transmits Chagas disease; 23% [44/193] answered that 

disease is transmitted through triatomines bites, and only 3% [6/193] answered that Chagas 
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disease is transmitted through contact with triatomines infected feces. Regarding other routes 

of transmission, only 2% [4/193] of students answered that transmission can occurs through 

transfusion of contaminated blood, and congenital transmission was not mentioned. When 

asked in Yes/No question if Chagas disease is transmitted through sharing food with an 

infected person, 53% [103/193] students answered “yes”. In Yes/No questions, 78% [150/193] 

of students answered that Chagas disease is a lethal infection. 

Mean scores generally increased post-intervention compared to pre-intervention (Table35). 

 
Table 35: KAP score (95% C.I.) associated with transmission and Chagas disease by class pre- and 
post-intervention. 
 

Questionnaire Class nº 
students 

Mean 
score (SE) 95% C.I. 

Range 
(min, 
max) 

Pre-

intervention 
 

1 31 0.41 0.16 0.08, 0.75 -1, 3 

2 31 0.77 0.23 0.30, 1.24 -1, 4 

3 37 0.64 0.21 0.20, 1.08 -1, 4 

4 30 1.33 0.25 0.81, 1.85 -1, 5 

5 39 1.35 0.22 0.89, 1.82 -1, 5 

6 19 1.68 0.26 1.12, 2.24 0, 3 

Post-

intervention 
 

1 31 1.51 0.21 1.07, 1.95 -1, 4 

2 31 1.51 0.26 0.97, 2.05 -1, 4 

3 37 1.64 0.22 1.18, 2.11 -1, 4 

4 30 1.93 0.25 1.41, 2.45 -1, 4 

5 39 2.05 0.22 1.59, 2.50 -1, 5 

6 19 3.05 0.32 2.36, 3.74 1, 5 

 

The mean change in score for the transmission and lethality on Chagas disease was 0.88 

[95%CI 0.65, 1.10], and variance was homogeneous across classes (Levene test: W50: 0.49; 

Pr>F=0.78; W10: 0.72; Pr>F=0.60). There were no significant differences in score between 

classes, nor other demographic variables, only teacher ID presented statistically significance 

relationship with change in scores (Table 36). 
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Table 36: Univariate analysis (GLM-Gaussian) conducted with change in scores in transmission and 
disease section and teacher ID who applied the respective content using the research team material. 
 

Explanatory variables Coef. (SE) z P 95% C.I. 

Teacher ID 1 (Class 1) Referent 
    

Teacher ID 2 (Class 2) -0.17 0.50 -0.34 0.74 -1.15, 0.82 

Teacher ID 3 (Class 2) -0.51 0.47 -1.08 0.28 -1.43, 0.41 

Teacher ID 4 (Class 3) -0.33 0.47 -0.71 0.48 -1.25, 0.59 

Teacher ID 5 (Class 3) 0.10 0.45 0.23 0.82 -0.77, 0.98 

Teacher ID 6 (Class 5) 0.09 0.44 0.21 0.83 -0.77, 0.96 

Teacher ID 8 (Class 5) -0.99 0.46 -2.13 0.03 -1.89, -0.08 

Teacher ID 9 (Class 6) 0.27 0.45 0.60 0.55 -0.62, 1.16 

Teacher ID 10 (Class 4) -0.66 0.48 -1.37 0.17 -1.60, 0.28 

Teacher ID 11 (Class 4) -0.31 0.50 -0.62 0.54 -1.29, 0.67 
 

 

The intervention effect size was considered moderate (Cohen d=0.63) in this sub-section, 

where 38.2% of area covered by the two scores distributions do not overlapped (U1); the 

highest 61.8% of post-intervention scores exceeds the lowest 61.8% pre-intervention scores; 

and the mean of post-intervention scores falling in the 73rd percentile of pre-intervention scores 

(U3) (Cohen, 1998). Figure 29 presents the distribution in changes in score for all students and 

for each class. 

 

 

Figure 31: Frequency distributions of change in scores in transmission and disease section. A) All 
students; B) By class. 

 

4.4.6.2 Vector biology and ecology content 

Baseline students’ knowledge in vector biology and ecology was considered moderate. Pre-

intervention mean scores (5.06, [95%C.I. 4,68-5,43]) represents less than 30% of maximum 

score in this section (17 points). Most of students (84% [163/193]) recognized adult vector, 
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but nymphs were less often recognized (75% [146/193]). Only 59% [114/193] of students 

recognized white eggs (early embryonic stage), and 36% [69/193] recognized pink eggs (later 

embryonic stage). Fecal trails are the signals of infestation that students recognize more often 

(77% [148/193]), but triatomines' egg shells (37% [72/193]) and triatomine moult (16% 

[31/193]) are less often recognized. Triatomines preferred hiding places and food habits are 

well known. Table 37 presents the mean of scores in vector biology and ecology section, and 

the 95% C.I. and score range. Mean in scores increased for all classes in questionnaires applied 

post-intervention.  

 
Table 37: Mean in scores (95% C.I.) in vector biology and ecology section, in questionnaires applied 
pre and post-intervention, by class. 
 

Questionnaire Class nº 
students 

Mean 
scores (SE) 95% C.I. 

Range 
(min, 
max) 

Pre-

intervention 
 

1 31 4.70 0.49 3.70, 5.71 0, 10 

2 31 5.35 0.52 4.28, 6.42 -1, 9 

3 37 4.45 0.40 3.63, 5.28 -1, 9 

4 30 5.93 0.43 5.03, 6.83 0, 9 

5 39 4.64 0.41 3.79, 5.48 -2, 11 

6 19 5.84 0.47 4.84, 6.83 2, 9 

Post-

intervention 
 

1 31 7.45 0.39 6.63, 8.26 1, 11 

2 31 6.54 0.42 5.67, 7.42 3, 10 

3 37 6.75 0.33 6.08, 7.43 3, 10 

4 30 6.46 0.43 5.57, 7.35 2, 12 

5 39 6.46 0.33 5.78, 7.13 3, 11 

6 19 7.05 0.46 6.06, 8.03 4, 11 

 

Univariate analysis (GLM-Gaussian) with a fix term on class, showed that in questionnaires 

applied pre-intervention the report of have seen a triatomine at home was positively correlated 

with scores in vector biology and ecology section (Table 38). 
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Table 38: Univariate analysis (GLM- Gaussian) with class as forced variable, conducted with pre-
intervention scores obtained in vector biology and ecology section and report have seen triatomines at 
home. 
 

Explanatory variables Coef. (SE) z P 95% C.I. 

Class 1 Referent 
    

Class 2 0.71 0.64 1.12 0.26 -0.54, 1.96 

Class 3 -0.16 0.61 -0.27 0.79 -1.36, 1.03 

Class 4 1.30 0.64 2.02 0.04 0.04, 2.55 

Class 5 0.01 0.60 0.01 0.99 -1.17, 1.19 

Class 6 1.32 0.73 1.80 0.07 -0.11, 2.76 

Have seen triatomines 
at home (Yes) 2.02 0.61 3.32 0.00 0.82, 3.21 

 

Mean change in scores was 1.69 [95% C.I. 1.27, 2.11], and variance amongst classes were 

homogeneous (Levene test: W50=1.64; Pr>F=0.14; W10=1.65 Pr>F=0.14) (Figure 32). 

 

Figure 32: Frequency distributions of change in scores in transmission and disease section. A) All 
students; B) By class. 
 

Univariate analysis (GLM- Gaussian) with a fix term on class, was conducted with the changes 
in scores in vector biology and ecology section, controlling to report have seen triatomines at 
home (Table 39). Classes 2 and 4 presented statistically significant less changes in scores 
when compared with class 1. Report of have seen triatomines at home is negatively correlated 
to changes in score. 
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Table 39: Univariate analysis (GLM- Gaussian) with class as forced variable, conducted with change 
in scores in the vector biology and ecology section and report of have seen triatomine at home. 
 

Explanatory variables Coef (SE) z p 95% C.I. 

Class 1 Referent 
    

Class 2 -2.17 0.78 -2.78 0.01 -3.71, -0.64 

Class 3 -0.74 0.77 -0.96 0.34 -2.24, 0.77 

Class 4 -2.36 0.78 -3.02 0.00 -3.89, -0.83 

Class 5 -1.19 0.74 -1.60 0.11 -2.65, 0.26 

Class 6 -1.64 0.92 -1.78 0.08 -3.44, 0.17 

Have seen triatomine at 

home (Yes) -1.98 0.77 -2.58 0.01 -3.48, -0.48 

 

Change in scores in vector biology and ecology presented a moderated relation to teacher ID 
(Table 40)  

Table 40: Univariate analysis (GLM-Gaussian) conducted with changes in scores in vector biology and 
ecology section and teacher who applied the respective content using the research team educational 
material. 

Explanatory variables Coef. (SE) z P 95% C.I. 

Teacher ID 2 (Class 2) Referent 
    

Teacher ID 3 (Class 2) -0.09 1.03 -0.09 0.93 -2.11, 1.92 

Teacher ID 4 (Class 3) 1.86 0.94 1.98 0.05 0.02, 3.71 

Teacher ID 5 (Class 3) 0.12 0.98 0.12 0.90 -1.80, 2.03 

Teacher ID 6 (Class 4) -0.67 0.99 -0.68 0.50 -2.62, 1.27 

Teacher ID 7 (Class 5) -0.51 0.96 -0.53 0.60 -2.40, 1.38 

Teacher ID 9 (Class 5) 1.53 0.93 1.64 0.10 -0.30, 3.35 

Teacher ID 10 (Class 6) -0.02 0.95 -0.03 0.98 -1.89, 1.84 

Teacher ID 11 (Class 4) -0.74 1.03 -0.71 0.48 -2.75, 1.28 

Teacher ID 12 (Class 1) 1.51 0.86 1.75 0.08 -0.18, 3.19 
 

Intervention effect size 

Comparison of score means pre and post-intervention estimates a moderated effect in section 

vector biology and ecology (d=0.70); where 43% of area of both score distributions do not 

overlapped (U1); the highest 63.7% of post-intervention scores exceeds the lowest 63.7% of 

pre-intervention scores (U2); and mean of post-intervention scores failing on 76th percentile of 

pre-intervention scores (Cohen, 1988). 
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4.4.6.3 Relationship between the intervention effect on educational content subsections 

There was a poor correlation in score changes between the transmission and Chagas disease 

section and the vector biology and ecology section when analyzed per class (Table 17), or 

when data were matched by individual student (Pearson’s: r=0.109; p=0.14) (Figure 33).   

 

Table 41: Correlation coefficients between scores changes for transmission and Chagas disease section 
and vector biology and ecology section by class ID. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 33: The association between changes in scores for the transmission and Chagas disease and 
vector biology and ecology sections. Data matched by student.  
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answer was “cleaning the house”; followed by “IRS” and “housing improvement” in both pre- 

and post-intervention questionnaires. The post-intervention percent increase in the frequency 

of answers was noticeably for “IRS” (34.2%). Animal management corresponded to 

maximum of 1% of answers at both pre- and post-intervention questionnaires (Table 42). 
 
Table 42: Frequency of answers applied pre (n=193 students) and post-intervention (n=197 students), 
regarding beliefs in methods to control domestic infestation by triatomines.  
 

  n=193 
students 

n=197 
students   

Multiple answer open question:  KAP Pre-
intervention 

KAP Post-
intervention   

"How can we keep our houses free 
of triatomines?" n (%) n (%) X2 

IRS 71 (24.7) 111 (34.2) 6.46; p=0.01 

Cleaning the house 121 (42.1) 128 (39.4) 0.48; p=0.4 
House improvements (plaster, painting, 
cover holes, fixing the roof, etc.) 55 (19.1) 57 (17.5) 0.26; p=0.6 

Organization and moving things 
around 14 (4.8) 22 (6.8) 0.98; p=0.3 

Rubbish management, using rubbish 
smoke, improve ventilation 8 (4.1) 4 (1.2) 1.9; p=0.2 

Use of commercial insecticide spray 5 (1.7) 0 
 

Animal management 3 (1) 2 (0.6) 0.34; p=0.6 

Emptying the house in preparation for 
IRS 0 1 (0.3) 

 
Searching and killing triatomines 10 (3.4) 0 

 
Totals 287 (100) 325 (100)   

 

Detailed questions regarding IRS effectiveness were recorded in response to binary and open-

ended questions. As IRS was not performed in the interval between the pre- and post-

intervention questionnaire, analysis of students’ beliefs regarding IRS effectiveness were 

assessed only in pre-intervention questionnaires.  

When asked “Does IRS kills triatomines?”, in Yes/No questions, 50.5% (96/190) of students 

answered “yes”; 31.5% (60/190) answered “no”; and 15.7% (30/190) answered “maybe”. For 

those who did not answer “yes” [47.3% (90/190)], the next question was an open-ended 

question, “If no, why not?”, stimulating the students to express their beliefs regarding the IRS 

activity. Answers to open-end questions were grouped in categories and frequency of answer 

is presented on Table 43. 
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Table 43: Frequency of answers in each category of student’s beliefs regarding IRS effectiveness. 
 

Yes/No followed by open-ended question: 
“Does IRS kill triatomines? If no, why not?” n (%) 

1. Insecticide under dose application; vector resistance to 
insecticide 29 (32.2) 
2. Persistent domestic infestation; re-infestation; residual 
population after IRS 17 (18.9) 
3. Vector hides, escapes, flies 15 (16.7) 
4. Failures in IRS application 8 (8.9) 
5. Gaps in knowledge construction regarding vector control 3 (3.3) 
6. “I don’t know, but it doesn’t work” 6 (6.7) 
7. “I don’t know” 12 (13.3) 
Total 90 (100) 
  

 

Students’ translated quotes qualitative analysis and discussion 

Following, a sample of students’ translated quotes in each category presented in Table 43, 

analysis and discussion of students’ knowledge, attitudes and believes regarding IRS 

effectiveness in pre-intervention questionnaires. 

 

Category 1: Insecticide under dose application; vector resistance to insecticide 

Sample of students translated quotes: 

a) "Poison is not strong enough." 
b) "It kills some. Some get more poison than others." 
c) "It only affects the older ones the younger ones are more resistant." 
d) "When it is prepared with water some of the vinchucas that are well prepared do not die." 

 

In pre-intervention questionnaires, most of the students who answered that IRS does 

not/maybe not kills triatomines (32.2% [29/90]), believes that either the insecticide is not 

strong enough or the vector is resistant to insecticide. These observations are in accordance to 

results from different studies confirming decreased susceptibility, and resistance, of Tri. 

infestans populations from Bolivian and Argentinean Chaco to pyrethroids insecticides 

(Picollo et al., 2005), including studies conducted in Guarani communities nearby our study 

site (Santo-Orihuella et al., 2017). Different degree of susceptibility to pyrethroids across 

triatomine life stages, was also mentioned by students to explain the IRS low effectiveness. 

This observation is also confirmed by results of bioassays conduct with different populations 

of nymphs and eggs (F1) from North Argentina and South Bolivian, where different degrees 

of susceptibility to deltamethrin were reported to each of the tested development stages 

(Toloza et al., 2008; Roca-Azevedo et al., 2013; Roca-Azevedo et al., 2015). Still, each 
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insecticide affects each triatomines development stage differently. Laboratory bioassays with 

insecticide topical applications showed that beta-cypermethrin is more effective against 5th 

instars nymphs, while deltamethrin presents better performance against adults (Zerba et al., 

1997). 

 
Category 2: Persistent domestic infestation; re-infestation; residual population after IRS 
Sample of students translated quotes: 

a) "Because they have come to my house and they haven’t manage to kill them." 
b) "They only disappear for a moment and then come back.” 
c) “I think it is missing something. They come back after a while” 
d) "Once we fumigated and the vinchucas remained, plus much more appeared." 

 

In open-ended question, about 18.9% [17/90] of students reported observation of persistent 

domestic infestation, re-infestation or residual triatomine population after IRS, as evidence that 

IRS low efficacy against triatomines. Reduced IRS effectiveness is reported at high density 

infestation settings in Gran Chaco. In Argentinean Chaco, rapid re-infestation post-IRS was 

positively related with high infestation pre-IRS (Cecere et al., 2002). A partial effect of IRS, 

resulting in an immediate decrease in triatomine population post-application, followed by a 

subsequent population increased, was also mentioned by students. Triatoma infestans is a 

considered k-strategist specie, and one of its characteristics is that they regulate their population 

density at carry capacity of its environment. Previous studies in the Argentinean Chaco showed 

that infestation density by Tri. infestans is a density-dependent phenomenon, regulated by host 

abundance and availability of refuges (Gorla & Schofield, 1989). In this sense, once part of the 

population is eliminated by the insecticide application, the refuges and food availability 

increase for those who survived, optimizing its feeding success and fecundity rates (Cecere et 

al., 2003). In this context, students’ pre-intervention knowledge reports processes of infestation 

dynamics typical in Chaco region, as the failure of IRS to control domestic infestation.  

 

Category 3: Vector hides, scape, flies. 

Sample of students’ quotes: 

a) “There are some that can hide.” 

b) "It doesn't kill all because they hide in the holes and the smoke doesn't reach them.” 

 

For 16.7% (15/90) of students, IRS effectiveness is low because triatomines are able to escape 

from the insecticide effect keeping hiding inside cracks on the walls. Substandard house 

conditions is the one of the main challenge to control domestic infestation in Chaco, as such 

structures provides uncountable hide places for triatomines avoid contact with treated surfaces. 
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In Guarani communities in Bolivian Chaco, presence of cracks on the walls is recognized as a 

risk factor to domestic infestation (Lardeux et al., 2015). 

 

Category 4: Failures in IRS application 

a) “Some because they have not fumigated properly.”  
b) “They don’t clean all when they fumigate” 
c) “Because it is not well fumigated and they still live inside and under mattress.” 
 

About 8.9% [8/90] of students who answered that IRS does not kills triatomines believes that 

its low effectiveness is related to failures during the application. As observed during the study 

site, IRS is applied unsystematically regarding completeness to treat all surfaces. Still, 

householders presented lower compliance to empty their houses in preparation to receive 

treatment (see Chapter 2). Triatomine residual population surviving hiding inside mattress was 

also mentioned by students. Triatomine populations are able to avoid insecticide effect on the 

walls keeping hiding in household contents (Schofield & Mardsen, 1982), and mattresses were 

identified as important refuge places for Tri. infestans in Bolivian Chaco Guarani communities, 

where 47% of investigated beds were infested (Lardeux, et al., 2015). 

 

Gap in students’ knowledge construction regarding vector control were also observed in 3% 

(3/90) of answers in pre-intervention questionnaires (category 5), where students did not know 

why does IRS is applied. About 6.7% (6/90) of students answered that they did not know why 

IRS is not effective, but they affirm that it does not work (category 6); while 13.3% (12/90) 

answered “I don’t know” (category 7). 

 

Community participation in IRS activities 

In pre-intervention questionnaires, 92.7% (179/193) of students confirmed they have seen IRS 

at their home; 94.5% (172/182) reported that someone in their families emptied the house to 

receive treatment. According to them, “wardrobe” is the most frequent furniture left inside 

house during IRS application [42.2% (71/168)] (Table 44).  

 
Table 44: Items reported to be left inside houses during IRS. 
 

“Which items remained inside the house during IRS?” % (n/total) 

Wardrobe 42.2% (71/168) 

Frames on the walls 8.3% (14/167) 

Clothes 7.7% (13/167) 

Other items (tv, freezer, stove, bags, wood, etc.) 23.8% (46/193) 
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Students' responses to an open multiple-answer question “Why is important to empty the house 

in preparation for IRS?” accounted to a total of 147 answers in pre-intervention questionnaires 

(n=193 students), and 141 answers in post-intervention questionnaires (n=197 students). 

These numbers were used as denominators to calculate frequencies of answers.  

In questionnaires pre-intervention, most of students (52.3% [77/147]) reported that house 

preparation is necessary to improve IRS effectiveness, while 38.7% [57/147] reported that it 

is related to insecticide safety for humans and animals. The post-intervention questionnaires 

present significant changes in frequencies for both categories, increased frequency of answers 

related to improve IRS effectiveness (70.9% [100/141]), and decreased answers about to 

insecticide safety (27.6% [39/141]) (Table 45). 

 
Table 45: Frequency of answers in student explanation for the request to remove household contents in 
preparation for IRS, in questionnaires applied pre and post-intervention. 
 

  
(n=147) 

answers 

(n=141) 

answers   

Open-ended question: “Why is it 
important to remove house 

contents in preparation for IRS?” 

Pre-
intervention 

KAP 

Post-
intervention 

KAP 
X2; p 

To improve IRS effectiveness 77 (52.38) 100 (70.92) X2= 10.44; p=0.001 
Because IRS can be harmful for 
people and/or animals  

57 (38.7) 39 (27.65) 
X2=32.78; p<0.001 

Because the IRS leaves a strong smell 
in the objects 11 (7.48) 2 (1.41) F= 6.14; p=0.02 
I don’t believe it is important 2 (1.36) 0  
Total of students who answered this 
question 

147 141 
  

 

4.5 Discussion  

A school-based verbal KAP survey was conducted to identify areas of understanding and 

misunderstanding of Chagas disease biology and control. An educational intervention was 

then designed, delivered, and a follow-up repeat KAP survey was conducted to measure the 

degree of improvement in Knowledge scores, and to assess the quality of the educational 

materials. At following-up there was a 78.8% positive increase in Knowledge mean scores 

compared to the pre-intervention scores, which was considered a large intervention effect 

(Cohen d=0.88). Inspecting changes in individuals’ scores, 70.5% of 187 students followed 

up improved their Knowledge score.  

Regarding specific subject areas, the students’ baseline Knowledge was considered deficient 

in questions related to disease and transmission, and moderate in questions related to vector 

ecology and biology. 
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Transmission and disease contents 

At baseline, only 41% [79/193] of students reported that Chagas is a vector borne disease, 

congenital transmission was not mentioned, and 53% [103/193] of students believed that 

Chagas disease is transmitted by direct contact and sharing food with an infected person. Our 

results agree with other studies performed in endemic communities, were knowledge 

regarding disease and transmission are considered deficient (Ferrero et al., 2015; Lardeux et 

al., 2015). 

Interviews with Latin American women positive for T. cruzi living in Spain, identified that 

women with lower educational levels believed that Chagas disease was transmitted by closed 

contact with an infected person, while women with better education levels had a better 

knowledge of transmission routes (Blasco-Hernandez et al., 2016). Regarding transmission, 

as the disease has multiple routes of transmission, the construction of Knowledge requires a 

broader understanding of basic epidemiological concepts. In the present study, concepts of 

transmission, contagion, congenital, and genetic inheritance, were not clear to students. Some 

of the confusion was the lack of basic concepts, and also translation as discussed below (see 

Section Language). 

 

Vector biology and ecology contents 

Baseline knowledge regarding vector biology and ecology was considered moderate overall, 

but high in some aspects. For example, 84% [163/193] of students correctly identified 

photographs of the adult triatomine vectors, 75% [146/193] recognized nymphs, and 59% 

[114/193] and 36% [69/193] recognized early (white) and later (pink) eggs, respectively. In 

addition, 77% [148/193] of students recognized triatomine faecal trails as signals of 

infestation, 37% [72/193] recognized egg shells, and 16% [31/193] recognized triatomine 

moults. These results agree with previous studies conducted in different areas across Latin 

America, where triatomines’ ecotopes, hiding places, food habits, and adult forms of vectors 

are well known by affected populations, while vector immature forms are less often 

recognized (Rosecrans et al., 2014; Lardeux et al., 2015; Ferrero et al., 2015). Knowledge 

baseline scores were positively associated to report of having seen triatomines in their home 

(z=3.32; p<0.001), suggesting that living in an infested house contributes to previous 

knowledge construction regarding the vector. 

 

Vector control contents 

In baseline questionnaires, only 25% [71/193] of students reported IRS as a measure to control 

domestic infestation, and 51% [96/190] believed that IRS could control domestic infestation. 
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In open-ended questions, the main reasons given for the low IRS efficacy in students’ houses, 

were triatomine insecticide resistance, operational failures during IRS application, and 

persistent domestic infestation. Negative perceptions about IRS efficacy might discourage 

communities to participate in IRS activities.  

The importance of IRS and vector control was addressed in the educational materials by 

including information regarding IRS proceedings, as the relevance of completeness of 

treatment in all man-made structures, as community participation in the activity. In post-

intervention questionnaires, in open-ended multiple answers regarding vector control 

methods, “IRS” corresponded to 34% (111/325) of answers, representing a significant 

improvement in comparison to pre-intervention questionnaires (x2=6.46; p=0.01), were 

frequency of this answer was 25% (71/287). Students also recognised the importance of 

clearing houses in preparation for IRS. In baseline questionnaires, 52% (77/147) of multiple 

answers stated that clearing homes contributed to successful IRS, and that the wardrobe is the 

most frequent [42.2% (71/168)] furniture item left inside their house during IRS application. 

Post-intervention, 71% (100/141) students acknowledged the need to comply with IRS 

requirements. 

Positive experiences in vector control activities can lead to an increased belief in the 

effectiveness of such measures. In Guarani communities in Bolivian Chaco, the efficacy of a 

vector control intervention, based on mud-coating and house cleaning, increased 

householders’ beliefs that Tri. infestans could be controlled from 37% [34/92] at baseline to 

90% [66/73] post-intervention (Lardeux et al., 2010). In this study region, IRS is conducted 

sporadically, and search for integrated control measures with community engagement are 

fundamental to control infestation. In this sense, an educational material designed to support 

vector control activities in Gran Chaco should approach the specific challenges to control 

domestic infestation in this area, presenting the scientific evidences of success and failures of 

current vector control measures, and the factors that influences in IRS effectiveness, 

stimulating students to search for local solutions. 

In the present study, in multiple answer questions regarding vector control methods, only 1 

student mentioned animal management as part of a vector control practice. Peridomestic sites, 

particularly animal shelters, are one of the main challenges to control domestic infestation in 

the Chaco (Cecere et al., 2002), and harboring animals inside houses is identified as risk factor 

for domestic infestation (Lardeux et al., 2015), despite the fact that the impact of animal 

removal on vector populations and human exposure to vectors are still not well understood 

(Castillo-Neyra et al., 2015). The importance of animal management, surveillance and 

ensuring systematic treatment of peridomestic structures such as animal sheds, should be 

approached in the educational materials. In the materials developed by the research team, we 
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included (i) that animals should sleep outside the house; (ii) and the necessity to treat 

peridomestic structures, particularly animal shelters, during IRS. Changes in behavior in 

traditional communities, where poverty is associated with strong traditional practices, is a 

long-term process (Lardeux et al., 2015). In a multiple intervention study applied in Guarani 

communities in the Bolivian Chaco, the suggestion to avoid poultry nesting inside bedrooms 

was not accept by community (Lardeux et al., 2015). Hence, such messages probably require 

much more community education and motivation, and convincing of community members. In 

Ecuador, studies investigating solutions to avoid triatomine infestation, asked to householders 

to make alterations in peridomicile that suits to each family reality regard animal management. 

Participants actions included remove animal shelters to other places, construction of new 

animals’ shelters innovating in design and materials, allowing dogs and cats visiting bedrooms 

only during the day, and one participant planted papaya trees in order to harbor chickens 

instead of keeping chicken sheds (Nieto-Sanchez et al., 2015). 

 

Language 

The region is being predominantly of Guarani ethnicity, and school students are taught in 

Spanish and Guarani. Only a few students chose to answer KAP questionnaires in Guarani 

(pre: 19% [36/193]; post: 13% [26/197]) rather than in Spanish. No significant differences 

were observed in pre- or post-intervention Knowledge scores, nor in changes in scores, 

between student that selected Guarani vs Spanish. None of the students swapped pre- and -

post-intervention to indicate a discomfort in the chosen language. There was also no language 

effect moderation relating to class ID (student age). However, some specific language issues 

arose.  

In pre-intervention questionnaires, 43% of students identified triatomines as responsible for 

Chagas disease, and that it required some form of direct human contact with vector. However, 

when asked specifically about direct transmission, in yes/no questions, there was confusion 

resulting in low scores. It transpired that the word “transmission” has no direct translation in 

the Guarani language, and consequently there is confusion, as mentioned, with the concept of 

non-contagious and contagious diseases. Concepts as transmission, contagion, congenital, and 

genetic inheritance, were not clear to students. It was observed during the elaboration of 

questionnaires and educational material that “transmission” is either replaced for its equivalent 

in Spanish “transmisión” (which does not necessarily have any meaning for the Guarani 

people) or more often replaced by the Guarani word “ombova”, which is the equivalent to 

“contagious” (Marco Aguari, Guarani teacher, personal communication). As “ombova” is 

used to describe a process of direct transmission, it is likely that the replacement of words 

induces to the misleading knowledge construction that CD is transmitted by direct contact 
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with an infected person. A similar idea is explored for the confusion between “congenital” 

and “hereditary”: when concepts are not assimilated, interchange of words and languages 

might contribute to confusion.  

In preparation of the educational materials, 7 Guarani-speaking teachers participated both in 

translation and in elaboration of complementary teaching materials, aiming to minimize this 

translation issue by ensuring that the educational material illustrated differences between 

indirect vector-borne transmission and directly transmitted diseases, and providing clear 

examples of each one.  

 

Class (age) and sex 

49% of the participants were male and 51% female. No differences in Knowledge scores, or 

changes in scores, were associated with sex. Baseline scores varied between school classes, 

which is a surrogate of student age. In general, pre-intervention knowledge scores increased 

with years in education, and change in scores varied amongst class. Consequently class, as a 

categorical variable, was a forced into all multivariate models.  
 

Teacher 

Between 2 and 4 teachers delivered the intervention materials to each class.  A total of 12 

teachers participated applying the educational material. Amongst them, 3 Guarani teachers’ 

habitants of Itanambikua, managing subjects of Music, Sports, and Guarani. All the teachers 

present a close contact with community. As multiple teachers delivered to each class and the 

same teachers delivered to different classes, it was difficult to attribute variation in Knowledge 

scores, and improvements, to individual teachers. However, it is well established that students 

respond according to teaching quality. Teachers were trained by the research team in two 

different moments: at the beginning of the study, during a 2-days workshop when different 

aspects of Chagas disease were introduced and the study was discussed with the group; and 

later, when the educational material was edited, and details regarding application were 

discussed. 

Teacher ID, in univariate analysis or in multivariate with “class”, presented relationship with 

change in scores. These results suggest that teacher training is an important aspect to be 

considered in educational interventions. In order to test teachers training, we applied a KAP 

questionnaire to all Itanambikua teachers (n=19) at baseline before training, and for the 

teachers who applied intervention (n=11) pre and post application of intervention. This dataset 

will be analyzed, describing teachers’ knowledge scores pre-intervention, and differences in 

scores comparing pre- and post-intervention questionnaires. Additional analysis comprises 

teachers’ knowledge in each topic, and suggestions to improve teachers’ training.  
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Chagas Disease Ministry of Health educational material 

The educational materials applied in this study comprised of information sheets provided by 

the Bolivian MoH and additional materials prepared by the research team (Appendix 2) to fill 

in the identified gaps. In particular, information on vector biology and ecology, and 

community participation in IRS activities, which were either completely absent, very limited 

or vague in the MoH information content. Indeed, the MoH materials even included 

misinformation.  

For example, the only information displayed by the Bolivian MoH material regarding vector 

biology and ecology is: “Vectors lives in cracks on the walls and in dirty places". Previous 

studies investigating socio-cultural attitudes in Chagas disease highlighted that the association 

of the disease with “dirty” generated social stigma, leading people to ignore the risk of 

infection, diagnosis and treatment (Ventura-Garcia et al., 2013; Blasco-Hernandez et al., 

2016). Indeed, the association of infestation with “dirty places” is incorrect information, as 

clean and tidy places can also be infested. 

Regarding vector control, the Bolivian MoH educational material did not refer to the necessity 

to empty houses in preparation for IRS. As the presence of furniture inside the house affects 

spray rate, which in turn affects the insecticide delivery dose (see section 2.4.3.2, Chapter 2), 

and considering that clothes and other objects were identified as important refuge for 

triatomines (Schofield & Marsden, 1982; Lardeux et al., 2015), the development of this 

message should be addressed (see Recommendations below).  

 

Research team material 

During the educational material design and contents selection, the aim was to provide 

scientific information in different aspects of Chagas disease, with special emphasis in vector 

biology, ecology vectorial transmission and community participation in vector control. The 

improvement in students’ knowledge in vector biology and ecology post-intervention, 

suggests that the material is useful to support educational activities in surveillance. As these 

contents were presented only in the research team material, the results in the vector biology 

and ecology section estimating a moderate impact in student knowledge (Cohen d=0.70), is 

assessing the application of our material. 

We also addressed specific information to bridge gaps identified during our routine activities 

in the study site, during the pilot KAP, and the baseline KAP. For example, many of 

Itanambikua habitants (children and adults), often report that they kill triatomines with their 

hands, “smashing” or “taking its head off”. As manipulating triatomines with hands increases 

the contact with insect feces, we addressed specific notes regarding this. We also highlighted 

that Chagas disease is not transmitted from a person to other (apart from congenital 
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transmission), and that people with Chagas needs our respect and support. An English 

translation of both educational materials contents are available on Appendix 4. 

 

Study limitations 

As we decide to elaborate a material covering broader aspects regarding Chagas disease, 

contents in transmission and vector control that were presented in the MoH (either 

superficially or inaccurate) were approached again in the research team material. Thus, the 

assessment of MoH only was not possible.  

Although a set of pictures was used in the educational material to help students to identify 

triatomines life stage and signs of infestations, practical activities in the community are also 

recommended to reinforce knowledge and engagement in surveillance activities. 

 

Social context 

As political and social contexts are important determinants of population behavior in relation 

to health, the design of education interventions aiming to change cultural practices and 

attitudes need to consider the social and economic contexts, and the development of public 

policies designed to support these changes (Kelly & Baker, 2016). 

The current educational system in Bolivia acknowledges the identities of indigenous ethnic 

groups, and through an inter-culturalism approach, allows each ethnicity to construct their 

own educational curricula, based on the “Socio-educational productive projects” model with 

community participation (UNESCO, 2017). Therefore, there are opportunities to sensitize 

Guarani community leaders, teachers and school directors working in the Chaco to the 

relevance and importance of implementing health educational activities. This also provides 

opportunities to develop community-based triatomine surveillance and control initiatives. The 

current intervention was a pilot study to evaluate the ability of school-based education to 

influence students’ outlook. This study recognized the difficulties in engaging students 

through formal teaching. However, school teachers and students appeared be stimulated to the 

use the educational materials applying different pedagogical approaches. About two months 

after the present study, the students from Class 4 and their teacher in Spanish Literature subject 

used the educational material to prepare a theatre play and presented the activity in a 

community event. Following this initiative, a second experiment was applied, testing arts 

(theatre, dance, music, text production, etc.) as a pedagogic methodology, were 40 students 

(actors) where assessed with the same KAP one year post the present study and post- artistic 

activities, and additional 100 students from audience (Itanambikua students assessed in the 

present study) were assessed again, one month post-artistic intervention. This dataset will be 

analyzed comparing difference in students’ knowledge scores between post-intervention 
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questionnaires (data presented in this PhD) and post- artistic intervention (n=100). Additional 

analyzes will explore the effect of the theatre as an educational tool, comparing scores pre- 

and post-artistic intervention for the students who participated in the play (n=40). Additional 

analysis includes difference in scores pre- and post-artistic intervention by knowledge topic, 

and the relationship between knowledge scores and the explanatories variables (teacher ID, 

class, sex, etc), as the recommendations for pedagogic uses of educational materials. 

As Chagas disease is an illness with multiple determinants and impacts, educational activities 

supporting vector control also should be sure to consider different aspects related to the 

disease. An ethnographic study interviewing 35 inhabitants of Bambui, the city where the first 

models of CD vector control were developed in Brazil, the educational activities focussed on 

vector control and prevention of transmission, did not consider the existing attitudes and 

stigma associated with the infection and disease, nor the economic consequences. Infected 

people could not get jobs, and it was the common belief that once infected a person would die 

suddenly, the emotional distress being labelled "Chagas affected" ("chagado") (Magnani et 

al., 2009). In Madrid, interviews conducted with pregnant Latin American women shown to 

be positive for T. cruzi, revealed that they tended not to search for T. cruzi diagnosis as they 

believed that once they discovered the infection, the disease would inevitably progress 

requiring specific educational information about the benefits of treatment (Blasco-Hernández 

et al., 2016). The presentation of information is paramount. In interviews conducted with 

Chagas disease patients in Bolivia, the inaccurate information received from the medical team 

regarding treatment, disease management and cure, led patients to interpret that their best 

choice was to seek alternative treatments (homeopathy), affecting patients' care seeking 

behaviour; the authors also reported that the multiple costs involved in access to treatment, 

the toxicity of medication, and the absence of a test to confirm cure soon after treatment, was 

often summarized by the medical team to the patients, that it is a disease without cure (Forsyth, 

2015). 

 

Recommendations for future educational material design 

Transmission and disease 

1. The publication of a bilingual educational material (Spanish-Guarani)  

2. Development of epidemiological concepts (transmission, contagious, inherited, 

congenital, etc.)  

3. Information of forms of disease, including asymptomatic disease and clinical 

management  
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Vector biology and ecology 

1. Images and contents to support household entomological surveillance (life cycle of 

vector and signals of infestation) 

2. Development of supplementary booklet to training teachers in the conduction of 

practical activities in surveillance  

3. Deconstruction of stigmas related to live in an infested house, and that infestation is 

related to dirty places. 

 

Vector control 

1. Specific content regarding challenges to control domestic infestation in Chaco 

2. Community participation in vector control activities 

3. Animal management 

4. Development of activities promoting debate and stimulating critical analyses of the 

problematic to control infestation in Chaco communities, supporting searching for 

solutions, locally and regionally, as individuals and as community. 

 

Our results suggest that the use of the material elaborated by the research team in an 

educational intervention can improve students’ knowledge in Chagas disease. As teacher 

who applied the materials were associated to change in scores, teachers’ training is an 

important aspect to consider in future experiments. In addition, the inclusion of local 

physicians, nurses and health workers in the training is recommended, as these 

professionals also interact with the community and can act as important source of 

information. The current pedagogic curricula in Bolivia provides a good opportunity to 

test and implement educational activities in Chagas disease surveillance. 
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Chapter 5. Pilot study to test the efficacy of housing improvement as a complement to 

vector control 

5.1 Introduction 

Failures to control domestic infestation by Tri. infestans in Gran Chaco are mainly attributed 

the low standard house constructions, usually made with mud (Gurtler et al., 2007). In the 

absence of maintenance, mud walls crack quite often, providing suitable refuges for 

triatomines evades the insecticide on the walls surfaces. Residual effect of pyrethroids 

insecticides is also decreased when applied in mud porous surfaces (Rojas de Arias et al., 

2003; 2004), and decreased of susceptibility to pyrethroids insecticide have been extensively 

documented in triatomines populations from Argentinean and Bolivian Chaco (Toloza et al., 

2008; Roca-Azevedo et al., 2013; Santo-Orihuela et al., 2017), where persistent domestic 

infestation have been reported even soon after IRS (Picollo et al., 2005; Mougabure-Cueto & 

Picollo, 2015). 

In this sense, previous studies in Chaco and across Latin America have indicated that housing 

improvement combined with IRS have achieved a positive impact in control domestic 

infestation by triatomines, and reducing T. cruzi infection prevalence in humans. In 

Venezuela, where a National program experience was carried for more than 40 years, based 

on the construction and improvement of rural houses, and in the later large-scale application 

of IRS against the invasive vector R. prolixus, the effectiveness of control measures showed 

an estimated decreased of T. cruzi seroprevalence from 44% at baseline to 8% at the end of 

the program (Briceño-Leon, 1987; Feliciangeli et al., 2003). Similarly, a successful experience 

in long-term effective vector control was registered in Tupiza region, Southern Bolivia, where 

a Chagas disease program was implemented as a component of an international cooperative 

agreement. The program considered a wide range of integrated vector control and surveillance 

activities in a community-based system, including improving houses, peridomestic structures 

management, and rigorous IRS application and monitoring. After 13 years-project, the 

performed activities resulted in a dramatic decrease of domestic infestation, and the efficacy 

of integrated control measures was also observed in the reduction of prevalence of T. cruzi 

infection from 37% to less than 2% in children <5 years-old (Guillen et al; 1999).  

The impact of housing improvement associated to IRS in the control of household infestation 

was also observed in a community trial study conducted Paraguayan Chaco, where infestation 

rates were controlled by 10% in 18 months follow-up (Rojas de Arias et al., 1999). In 

Argentinean Chaco, studies comparing partial plastering walls (indoors plastering) associated 

to IRS and IRS alone (deltamethrin 2.5% [SC] aiming target dose 25mg/m2), showed general 

reduction of intradomiciliary infestation rates in both groups. However, measures of 
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triatomine density and re-infestation rates were higher in houses with bad plaster condition 

than in houses with good plastering (Cecere et al., 2004).  

Posterior studies, investigating the efficacy of IRS applied alone, comparing the impact of two 

insecticide treatments (b-cypermethrin 5% [SC] aiming target dose 50mg/m2; deltamethrin 

2.5% [SC] aiming target dose 25mg/m2), at standard and double doses, in triatomine infestation 

rates, suggested that under any chemical treatment intradomiciliary infestation rates were 

controlled by 0.7% in 13 months post-intervention (Cecere et al., 2013).  

A recent study conducted in Bolivian Chaco and Andean Valleys, assessed the efficacy of 

integrated vector control excluding chemical treatment. The intervention measures, which 

included educational activities, community participation, peridomicile management, 

intradomicile cleaning activities, and housing improvement (based in mud wall coating), 

presented a positive impact controlling triatomine domestic infestation rates by 20.8% at 

evaluation conducted 6 months post-treatment (Lardeux et al., 2015). 

 

From our best knowledge the entomological impact of housing improvement combined with 

IRS was not assessed in the endemic Bolivian Chaco. This chapter aims comparing the impact 

of two interventions, assisted indoor residual spraying (AS) and house improvement followed 

by assisted spraying (HI) compared to indoor residual spraying as routinely practiced (routine 

spray, RS) in one endemic community.  Primary outcome measures consisted of domestic 

infestation rates and household vector density. 

 

Specific aims 

1. To test the impact of the interventions on infestation rates and on Tri. infestans 

abundance, in 12 months follow-up. 

2. To test the effect of insecticide treatment of plastered and unplastered adobe bricks on 

triatomine morbidity, egg hatch rates, and nymph survival using contact bioassays. 

 

The objectives of this chapter are: to compare the number of triatomines, the presence of 

nymphs’ development stage, and the number of infested houses amongst the treatment arms 

through time post-intervention; and to observe the treatments effect in triatomines morbidity 

in a controlled environment conducting contact bioassays. 
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5.2 Methods 

5.2.1 Study design 

The study was conducted from October, 2015 to March, 2017 to compare the impact of two 

treatments against domestic infestation by Tri. infestans.  A third group of houses was 

observed under routine conditions with no intervention. The study comprised 26% (58/220) 

of houses in the community of Itanambikua. Two outcome measures were assessed: number 

of infested houses (presence), and number of triatomines (abundance), compared pre- and 

post- interventions between the three treatments. Entomological follow-up, conducted by 

TMC (2 people/1 hour intradomicile; 2 people/0.5 hour peridomicile), was carried during a 

total of 14 months, with a second IRS blanket applied to all the houses in the community, in 

a mean of 10 months post-intervention. 

 

5.2.2. House recruitment, inclusion criteria and randomization  

For the two intervention groups, 38 houses with up to 3 bedrooms were recruited, observing 

the minimal distance of 30m between two recruited houses. All houses had walls of adobe 

bricks and had a corrugated iron roof. Wall measures were recorded to estimate the total 

surface areas to be treated (inside and outside walls). Roof areas were estimated based on the 

external measures of the main building, multiplying the width and length. Houses were 

divided in 3 strata based on the total surface (walls and roof): (i) 69-91m2 (n=13 houses); (ii) 

92-77m2 (n=14 houses); (iii) 78-302m2 (n=11 houses). Houses within each stratum were 

randomized between “Assisted IRS group” or into the “Housing Improvement + IRS group” 

(see below for details).  

 

5.2.3 Intervention treatments 

a) Assisted indoor residual spraying (WHO recommendations - WHO, 2007) (AS group, 

N=19) 

Householders were notified one day in advance to empty their houses in order to receive the 

WHO recommended IRS. The importance of emptying the house was highlighted, and 

specific recommendations were made regarding emptying (i) all the food and kitchens 

contents; (ii) clothes and personal belongings and (iii) all the furniture. Bed frames remained 

inside and were treated in situ. Any other remaining contents were moved out by the research 

team, in order to ensure the complete access to the walls.  

 

b) House Improvement + indoor residual spraying (HI group, N=19)  

All household contents were removed for the duration of the house improvement phase (10-

18 days per house, from Nov/2016-April/2017). Plastic containers and waterproof tarpaulins 
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were provided to accommodate householder belongings. Once the house improvement was 

concluded, the houses received the WHO recommended IRS application prior to the resident 

moving back in (Figure 34). 

 

Figure 34: Houses from HI group pre and post-intervention.  
 

c) Routine indoor residual spraying (RS group, N=20) 

In addition, a sample of 20 adobe houses were included in the analysis. These houses were 

monitored following the health worker in his current IRS practices, from house to house, from 

October to November, 2016. In this group, Routine IRS, the health worker was not influenced 

in his practice by the researcher. With few exceptions, household contents remained in the 

house.  

Peridomicile structures 

Peridomestic structures (n=33) present across the three groups (Figure 35), were also sprayed 

during IRS application, and entomological measures were also assessed (2 people/0.5 hour). 

No improvement was carried in peridomestic structures. Householders were requested to 

empty the peridomestic structures in order to receive IRS. Any content and animals that 

remained in peridomestic structures in the AS and HI groups, were emptied previous to 

insecticide application.  
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Figure 35: Peridomicile structures in study area: A) Maize deposit (troje); B) Chicken shed; C) Store 
house; D) Kitchen. 

 
Insecticide details 

The insecticide product was supplied by Chagas Disease Control Program in the Santa Cruz 

administrative Department (Servicio Departamental de Salud - SEDES): alpha-cypermethrin 

20% [SC] (Alphamost®- Hockley International Ltd., Manchester, United Kingdom).  

Insecticide mix with water was prepared in a dilution of 0.05L of insecticide to 8L of water 

(1:160), aiming for a final delivery target dose of 50mg/m2, following the departmental IRS 

protocol as informed by the head of the program (personal communication). Insecticide 

application was conducted using a knapsack sprayer GuaraniÒ tank, with 8L capacity and 

equipped with a flat fan nozzle. 

Two applications were performed in early summer, in the beginning of high season for 

infestation detection, first between November, 2016 and March, 2017, and on the next year 

between October-November, 2017.  

Housing improvement materials and community participation 

House improvement was led by a builder, Daniel Landivar, specialist in earth techniques 

construction, with extensive experience in housing improvement in Native South American 

communities in Paraguay Chaco.  

Previous to the pilot study, a workshop about earth construction and plastering techniques was 

promoted by the research team, who invited the specialist builder and two architects, also 

specialized in the same field, to share with the Guarani community their knowledges in this 

subject. During the workshop, local constructors were identified, and the community 
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contributed with their knowledge in earth construction using local available materials, focused 

on possible solutions to reduce the triatomines refuges (Figure 36-A and B). Following, in a 

community meeting to discuss about the project, the four local builders were invited to work 

with the research team, receiving local wages for Camiri municipality.  

The aim of the house improvement was to reduce the triatomines refuges on the walls and, if 

necessary, on the roof (fixing, reallocating, or replacing corrugated iron sheets). Houses were 

improved using local available materials as sand, earth, clay, wood dusty, straw, cactus juice 

(Opuntia sp.), etc. (Figure 36- C and D). The only commercial material used was lime. The 

team worked closed with the families, and inhabitants of all ages and sex were encouraged to 

participate in the activities, promoted as a family event.   

 

In all of the intervention houses, the phases included cleaning of extraneous material from 

adobe walls, rough plastering to fill any gaps in the walls, including the gap between wall and 

eaves, an outer layer of fine plastering. Floors were levelled. Roofs were reseated and in some 

cases replaced. If the house had only a metal roof, no further finishing was performed. If the 

house had a ceiling under the roof, this was sealed with stucco. The ceilings prior to 

improvement were generally made from cardboard and chicken wire, and had provided many 

refuges for vectors.  The last step consisted of finishing the inside and outside walls with a 

mixture of lime, plaster and sand, mixed with cactus gel, a traditional ingredient which forms 

a hard varnish when dry (Figure 36- C and D). Technical details and proceeds published in 

technical inform (Landívar et al., 2017). 
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Figure 36: Workshop in housing improvement: A) Test and selection of natural materials available to 
use during the housing improvement program; B) Training and exchanging expertise between 
constructors and architects specialized in earth construction and the local Guarani constructors; C) 
Cactus used to prepare a mix to plaster walls (Opuntia sp.); D) Process of plaster coat preparation using 
the cactus. 
 

5.2.4 Entomological follow-up 

Five entomological evaluations were conducted, the first one a baseline prior to the first IRS 

application, and four more at time points after the intervention. For each evaluation, two 

trained workers conducted TMC for 1 hour (2 person-hours of effort), searching inside and 

outside house walls, and in the household contents (inside/outside). If peridomestic structures 

were present, searches were conducted for an additional 30 minutes in the peridomestic 

structures (2 people for 30 minutes equivalent to 1 person-hour). Captured triatomines were 

recorded including data on developmental stage, sex (for adults), feeding status and location 

of capture. 

This TMC effort is 4 times that used in the local program (0.5 person/hours per house). The 

increased TMC effort sought to improve detection sensitivity and accuracy to quantify vector 

density. In our experimental plastered and unplastered adobe huts with low density infestation, 

TMC conducted by 1 person-hour succeeded in recapturing median percentage of 45%-63.5% 

of the seeded vector population (see Chapter 3; Table 15; Figure 25). 
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For the baseline and 4th follow-up evaluations in the HI and AS groups, all household contents 

were emptied. For all other entomological evaluations (including all evaluations in the RS 

group), TMC was conducted with household contents inside.   

All the houses were monitored for triatomines at baseline and over 14 months follow-up 

(Figure 37).  
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5.2.5 Contact bioassays 

The aim of these bioassays is to test triatomine morbidity in 4th instar nymphs and adults, and 

the eggs hatch rates, and emerging nymph survival, when exposed to plastered (lime coating) 

and unplastered adobe bricks treated with local used insecticide (alpha-cypermethrin 20% 

[SC]), by standardized laboratory bioassay. The bioassay should reflect the most likely 

outcome for triatomines in contact with surfaces under the treatments applied in the house 

pilot trial.   

 

Treatments under comparison: 

1. Unplastered bricks (control) 

2. Unplastered bricks + alpha-cypermethrin 

3. Plastered bricks (control) 

4. Plastered bricks + alpha-cypermethrin 

Bricks were plastered all sides with the same products and techniques used in the house 

improvement study (a mix of lime, water; cactus juice in a proportion of 1:1:1). Insecticide 

treatment was performed as in the community houses. An area of 25m2 was delimited and the 

adobe bricks were placed vertically on this area. Insecticide products were applied by the same 

local health worker who treated all the houses on the study, using a knapsack sprayer 8L 

Guarani®, equipped with a flat fan nozzle. Insecticide was applied at both sides of bricks 

surfaces. Two filter papers (Whatmman nº1; 5cm diameter) were placed along the bricks row. 

Insecticide concentration in filter papers were confirmed by HPLC, as described in the Chapter 

2 of this thesis. 

Insecticide products details: Alphacypermethrin 20% suspension concentrated [SC] 

(Alphamost®, Hockley International Ltda., Manchester, United Kingdom; validity 04/2018), 

was applied aiming a delivered target dose of 50 mg/m2, as indicated by the Departmental 

Program. The dilution was prepared using 0.025L of insecticide to 4L of water (1:160).  

Insects: three development stages of Tri. infestans were tested: eggs, 4th nymphs and adults. 

Adults and nymphs were collected from study site houses, and eggs were F1 of triatomine 

study site population, laid in the laboratory installations. 

Bricks: 03 of prepared miniature adobe bricks (15[L] x 9[W] x 2[H] cm) were randomized 

assigned to each of the 4 treatment groups by tossing a coin in the presence of an observer. 

The randomization process was also used to assign the tested triatomines and eggs to each 

treatment group.  It was repeated for each bioassay.  

Two replicas with up to 10 insects each, in a total up to 20 insects of each development stage 

per treatment, were exposed to bricks continuously for 48 hours. Outcome measure is the 
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number of morbid triatomines (alive but limited vitality, legs still kicking) (Loza et al., 2017), 

at 48h of continuous exposure.  

Eggs were exposed to small bricks (8[L] x 5[W] x 2[H] cm) under the four treatments. Two 

replicas of each treatment, with ten eggs each were exposure continuously for 20 days and 

measures of eggs hatches and emerging nymph survival were recorded. The outcome 

measures are the proportion of eggs hatched after 20 days of continuous exposure, and 

emerged nymph survival at 48h post continuous exposure.  

Residual effect: The same adobe bricks were used to conduct a new bioassay with nymphs 

and adults at 60 days post- spray.  

Feeding-success after prolonged exposure experiment: Survivors triatomines of the 

experiment to test the residual effect 60 days after treatment, remained continually exposed to 

treated bricks in a total of 10 days. After, triatomines were transferred to a cleaned glass jar, 

during additional 5 days. At the end of this period, triatomines were re-arranged in new groups, 

according to development stages and exposure groups: (i) control no exposed; (ii) alive 

exposed; (iii) moribund exposed. New groups were offered to feed on chickens for one hour, 

and feeding success, measured in a semi-quantitative scale based in the size of abdomen (0- 

not fed; 1-partially fed; 2-fully fed), was recorded for each triatomine. 

 

5.3 Data analysis 

Data for the number of investigated sites (intradomicile or peridomicile), number of positive 

sites (where at least one triatomine was found), number of captured triatomines per site, and 

presence of nymphs and adults in each site, were used to calculate the main entomological 

indicators, used in the routine Chagas disease control programs to evaluate vector control 

activities (WHO, 2002).  

Intradomiciliary vector density (number of triatomines captured inside each house) was 

compared between groups by multivariate linear regression (Generalized Linear Models- 

GLM negative binomial), in an offset through follow-up. Interaction terms between time post-

IRS and group were also considered.  

Longitudinal analysis, comparing intradomiciliary vector density across the groups, was 

conducted from baseline to the 3rd follow-up point. 

Cross-sectional analyses were conducted comparing vector density across the groups at: (i) 

only 1st follow-up; (ii) from de 1st to the 3rd follow-up; (iii) from the 3rd (pre- 2nd IRS) to the 5th 

follow-up. 

The following covariates were tested by the likelihood-ratio test after estimation [LR test]: (i) 

presence of peridomestic structures; (ii) whether the house was emptied and (iii) season of the 

year (high and low triatomine seasons); being the low triatomine season correspondent to 
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winter in Chaco (between April to September), and the high triatomine season correspondent 

to summer in Chaco (from October to March). 

Peridomiciliary vector density (number of triatomines captured in all peridomiciliary sites in 

the same house) was compared between groups in parallel GLM negative binomial models. 
 

Contact bioassays 

Triatomines morbidity when exposed to different surface treatments, assessed in contact 

bioassay experiments, was investigated by GLM logistic regression (binomial distribution), 

considering the binary outcome variable, morbid/alive at 48h after continuous exposure, in 

treated and control bricks. Eggs hatches rates and emerged nymph survival, were investigated 

similarly. 

Proportion of feeding success in exposed and control triatomines, after 10 days continuous 

exposure to bricks at 60 days post-treatment, were compared by chi-square test. 

 

Ethics 

The study was approved by the local Bolivian ethical committee “Comité de Ética de la 

Investigación de la Universidad Católica Boliviana San Pablo, Unidad Académica Santa 

Cruz”, under the protocol research number 017.  

 

5.4 Results 

5.4.1 Baseline infestation measures 

At baseline, the measured house infestation rate was 45% (9/20) for the RS group, 58% 

(11/19) for the HI group and 74% (14/19) for the AS group. Figure 38 shows the distribution 

of vector density in the 3 groups of houses at baseline.  
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Figure 38: Vector density in each treatment group of houses at baseline evaluation. 
 

Table 46 presents the geometric mean (value +1) and 95% C.I. intervals for number of 

triatomines captured in each treatment group at baseline evaluation.  

 
Table 46: Geometric mean (value+1) of triatomines in each group at baseline entomological evaluation.  
 

  RS HI AS 

Geometric mean 

(95%C.I.) 2.57 (1.41, 4.69) 2.59 (1.55, 4.33) 3.61 (2.17, 6.0) 

 

 

The univariate analysis (GLM-negative binomial), showed no statistically significant 

difference in intradomiciliary vector density between RS (referent) and the other two groups 

(Table 47).  
 

Table 47: Logistic regression (GLM- negative binomial) comparing total number of triatomines 
captured at baseline amongst the three treatment groups. 
 

Entomological 
evaluations 

Treatment 
(n) Coef. (SE) Z p [95% C.I.] 

Baseline  RS (n=20) Referent 
    

From 28th October, 2016 
to 9th March, 2017 HI (n=19) -0.58 0.35 -1.67 0.09 -1.27, 0.10 

  AS (n=19) -0.31 0.34 -0.90 0.36 -0.99, 0.36 
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5.4.2 Delivered insecticide dose (IRS round 1) 

The delivered insecticide dose was quantified by IQKTM using filter papers placed on walls pre-

IRS (sampling regime, insecticide quantification protocol and validation assay details are 

presented on Chapter 2 of this thesis). 

Alpha-cypermethrin was applied aiming the target dose of 30-50mg/m2 (WHO, 1997), but 

median concentration in filter paper samples presented values under the recommended 

concentration in all three groups: RS (15mg/m2); HI (14mg/m2) and AS (22mg/m2) (Figure 39). 

The difference in median insecticide concentration amongst groups did not reach statistical 

significance (GLM- negative binomial: z< 1.80; p>0.07). 

 

 

 

 

 

 

 

 

 

 

 

Figure 39: Median insecticide delivered dose and number of houses assessed in each treatment group. 
Horizontal lines indicate recommended target dose (30-50mg/m2).  
 

 

5.4.3 House infestation and vector density over time 

 

A total of 503 triatomines were captured inside houses during all entomological evaluations 

over the course of the study. In the post-intervention evaluations, the number of triatomines 

captured and the intradomiciliary density infestation indices were consistently higher in the 

RS group compared to HI and AS groups. Intradomiciliary colonization index (presence of 

nymphs) only decreases to 0% in the HI group post- 2nd IRS application (Table 48). 
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Table 48: Intradomiciliary vector indices:  total number of triatomines captured in the intradomicile, 
number of positive and investigated houses, and the indicators of intradomiciliary infestation*, 
intradomiciliary density infestation**, and intradomiciliary colonization *** presented for each 
entomological evaluation. 
 

Evaluation 
and mean days 
(95% CI) 
since IRS 

Intradomiciliary entomological 
indices 

RS HI AS 

Baseline 
28 October 
2016 to 9 
March 2017  

Total triatomines (N) 138 73 96 
Positive houses /investigated houses (9/20) (11/19) (14/19) 
Infestation rate (%) 45 57.89 74 
Vector density (total vectors/houses) 690 384.21 505 
Colonization index (%) 45 47.40 63 

Follow-up 1 
105 (99-111) 
days post 1st 
IRS  

Total triatomines (N) 22 1 26 
Positive houses /investigated houses (4/20) (1/19) (9/19) 
Infestation rate (%) 20 5.26 47.37 
Vector density (total vectors/houses) 110 5.26 136.84 
Colonization index (%) 20 5.30 42.10 

Follow-up 2 
164 (159-170) 
days post 1st 
IRS  

Total triatomines (N) 44 5 22 
Positive houses /investigated houses (5/20) (3/19) (4/18) 
Infestation rate (%) 25 15.79 22.22 
Vector density (total vectors/houses) 220 26.32 122.22 
Colonization index (%) 25 10.50 22.20 

Follow-up 3 
294 (282-306) 
days post 1st 
IRS  

Total triatomines (N) 18 1 14 
Positive houses /investigated houses (4/20) (1/19) (4/17) 
Infestation rate (%) 20 5.26 23.53 
Vector density (total vectors/houses) 90 5.26 82.35 
Colonization index (%) 15 5.30 11.80 

Follow-up 4 
72 (69-76) 
days post 2nd 
IRS  

Total triatomines (N) 17 0 8 
Positive houses /investigated houses (4/20) (0/19) (2/17) 
Infestation rate (%) 20 0.00 11.76 
Vector density (total vectors/houses) 85 0.00 47.06 
Colonization index (%) 20 0.00 11.80 

Follow-up 5 
133 (131-136) 
days post 2nd 
IRS 

Total triatomines (N) 5 0 13 
Positive houses /investigated houses (3/17) (0/17) (3/15) 
Infestation rate (%) 17.6 0.00 20.00 
Vector density (total vectors/houses) 29 0.00 86.67 

  Colonization index (%) 17.6 0 13.3 
 

RS: Routine IRS; HI: Housing improvement; AS: Assisted IRS 
*intradomiciliary infestation rates: (nº infested houses/nº investigated houses) x 100  
**intradomiciliary vector density: (nº captured triatomines/nº investigated houses) x 100 
*** intradomiciliary colonization index: (nº of houses with nymphs/nº investigated houses) x 100; 
(WHO, 2002). 
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5.4.4 Reduction in vector density  

5.4.4.1 Cross sectional analysis for the 1st IRS application 

All analyses included covariate categorical variable presence of peridomestic structure [LR 

test x2(1):13.74; p<0.001]. Covariates (i) triatomine season [LR test x2(1): 0.67; p=0.41]; and 

(ii) whether or not the house was fully emptied at the time of triatomine sampling [LR test 

x2(1): 2.37; p=0.12], did not presented statistically significant difference. 

 

RS vs HI 

Analysis of the entomological evaluations from baseline to 1st follow-up post-IRS (mean 105 

days post-IRS [95% C.I. 99-111]) conducted by linear regression (GLM negative binomial), 

showed that reduction in triatomine density was statistically significant higher in the HI group 

(HI: b=-1.78; z=-2.74; p=0.006), and when added an interaction term between treatment and 

days post-IRS (HI interaction days post-IRS: b=-0.04; z=-3.96; p=<0.001).  

The same trend is observed when assessed entomological evaluations from 1st to 2nd follow-up 

(mean 164 days post 1st IRS [95% C.I. 159-170]), where reduction in triatomine density was 

higher in HI (HI: b=-8.44; z=-2.49; p=0.01), but no statistically significance was observed 

when an interaction term between treatment and days was added to the model (HI interaction 

term days post-IRS: b=0.017; z=0.77; p=0.4). From 2nd to 3rd entomological evaluations (mean 

294 days post-IRS [95%C.I. 282-306]), no difference was observed in reduction of triatomines 

density between the 2 treatments (HI: b=1.89; z=0.45; p=0.6), nor when an interaction term 

between treatment and days post-IRS was added to the model (HI interaction term days post-

IRS: -0.05; z=-1.81; p=0.07). 

 

RS vs AS 

Assessment from baseline to 1st follow-up post-IRS did not show statistically significant 

difference in reduction of triatomine density between groups (AS: b=-0.29, z=-0.50; p=0.6), 

nor when accounting for interaction term between group and days post-IRS (AS interaction 

term days post-IRS: b=0.0006; z=0.09; p=0.9). From the 1st to the 2nd evaluation, statically 

significant less triatomines were captured in the houses of AS group (AS: b=-7.42; z=-3.29; 

p=0.001), as when accounting to an interaction term between treatment and days post-IRS 

(AS interaction term days post-IRS: b=0.04; z=2.77; p=0.006). From 2nd to 3rd entomological 

evaluation, statistically significant reduction in triatomine captures was observed in AS group 

(AS: b=-17.05; z=-8.03; p<0.001), and when accounting with days post-IRS (AS interaction 

term days post-IRS: 0.06; z=7.50; p<0.001). 
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HI vs AS 

Assessment from baseline to first follow-up shows that reduction in triatomine captures was 

higher in HI (AS: b=1.49; z=2.45; p=0.01), also statistically significant when accounting for 

an interaction term between group and days post-IRS (AS interaction term days post-IRS: 

b=0.04; z=4.01; p<0.001). From 1st to 2nd follow-up no statistically significant difference 

between groups (AS: b=1.02; z=0.33; p=0.7), nor when an interaction term between treatment 

and days post-IRS is added to the model (AS interaction term days post-IRS: b=0.02; z=1.14; 

p=0.25). From 2nd to 3rd follow-up reductions in triatomines density was higher in AS (AS: b=-

19.08; z=-4.47; p<0.001), and also when an interaction term between treatment and time post-

IRS is added (AS interaction term days post-IRS: b=0.11; z=4.07; p<0.001) 

 

5.4.4.2 Cross-sectional analysis post- 2nd IRS application 

Analysis of entomological evaluations post 2nd IRS application, from 3rd to 4th follow-up (mean 

72 days post-2nd IRS [95% C.I. 69, 76]), shows statistically significant reduction in triatomine 

density in HI when compared to RS (HI: b=-51.66; z=-2.75; p=0.006), but no difference was 

observed when accounting for days post-IRS (HI interaction term with days post-IRS: b=0.03; 

z=0.57; p=0.5). Reduction was also higher in AS when compared to both RS (AS: b=-142.7; 

z=-7.53; p<0.001), and when compared AS and HI (AS: b=-91.2; z=-8.49; p<0.001). From 4th 

to 5th follow-up (mean 133 days post-2nd IRS [131-136]) no statistically significant difference 

in reduction of triatomines captures was observed between groups (z=<-0.02; p=>0.9). 

 

5.4.4.3 Longitudinal analysis 

The 3rd evaluation occurred a mean of 294 (95% CI 282-306) days after the first IRS round.  

For all 3 groups together, linear regression (GLM negative binomial), showed a statistically 

significant reduction in vector density in the 3rd evaluation compared to baseline (Days from 

IRS: b=-0.006; z=-4.36; p<0.001).  

In a linear regression model HI group showed a statistically significant reduction in vector 

density compared to the RS group (HI: b=-3.27; z=-7.44; p<0.001), also confirmed when  

an interaction term between intervention and days post-IRS was added to the model (HI 

interaction term days post-IRS: b=-0.026; z=-5.10; p<0.001).  

The decline in vector density was also significantly different for the AS vs the RS group (AS: 

b=-0.69; z=-1.91; p=0.05), but no difference was observed with time post-IRS (AS interaction 

term days post-IRS: b=0.002; z=0.92; p=0.3).  

Vector density was lower in HI when compared to AS (AS: b=2.6; z=6.18; p<0.001), and 

when an interaction term between treatment and days post-IRS was added to the model 

 (AS interaction term days post-IRS: b0.02; z=5.71; p<0.001). 
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Considering data from 3rd evaluation (pre- 2nd IRS) to the 5th post-2nd IRS entomological 

evaluations, no statistically significant reduction of triatomines was observed between groups 

(z=<-0.02; p>0.5) (Figure 40). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 40: Geometric means (value +1) of triatomines captured at each entomological evaluation from 
baseline (0). Arrows indicates IRS applications. 
 

5.4.5 House infestation 

House infestation rates (considering presence of vector in intra or peridomicile for each 

evaluated house) presented a general decrease during vector control activities, ranging from 

45%- 79% in the baseline to 5.3%- 25% at 3rd follow-up (mean 164 days post-IRS); and 

between 0-18% at the 5th follow-up (mean 133 days post-2nd IRS). Housing improvement 

treatment presented lower infestation rates in all entomological evaluations post- interventions 

when compared to both Routine and Assisted IRS treatments.  

Considering entomological evaluations from baseline to 5th follow-up assessment, 2 insecticide 

applications reduced infestation rates to 18% and to 27% in Routine IRS and Assisted IRS, 

respectively (Figure 41).  
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Figure 41: House infestation rates, considering any infested site (intradomicile or peridomicile), from 
baseline to 5th follow-up evaluation (nº positive houses/nº infested houses x 100) (WHO, 2002). Arrows 
indicate IRS applications. 
 

5.4.6 Peridomicile 

Although the peridomicile was not aimed for improvement interventions, peridomestic 

structures were insecticide treated during IRS applications, and searches for triatomine were 

conducted at each follow-up visit (Table 49). A total of 207 triatomines were captured during 

peridomicile entomological evaluations. In the Routine IRS group, presence of triatomines in 

peridomestic structures is registered during all entomological evaluations post- 1st IRS 

application.  
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Table 49: Number of triatomines captured in peridomicile structures, number of structures investigated, 
number of houses and peridomiciliary infestation index*.  
 

Entomological 
and mean days 
(95% CI) since 
IRS 

Peridomicile entomological measures RS HI AS 

Baseline 
From 28th October 
2016 to 9th March 
2017 
  

nº triatomines 1 140 25 
nº positive peri 1 1 3 
nº investigated houses 9 5 9 
nº investigated structures 12 7 11 
Peridomiciliary infestation index (%) 8,3 14,3 27,3 

1st IRS 
Follow-up 1 
105 (99-111) days 
post 1st IRS  

nº triatomines 15 0 15 
nº positive peri 1 0 1 
nº investigated houses 9 5 9 
nº investigated structures 12 7 11 
Peridomiciliary infestation index (%) 8,3 0,0 9,1 

1st IRS 
Follow-up 2 
164 (159-170) 
days post 1st IRS  

nº triatomines 9 0 0 
nº positive peri 1 0 0 
nº investigated houses 9 5 8 
nº investigated structures 12 7 10 
Peridomiciliary infestation index (%) 8,3 0,0 0,0 

1st IRS 
Follow-up 3 
294 (282-306) 
days post 1st IRS  

nº triatomines 1 0 0 
nº positive peri 1 0 0 
nº investigated houses 9 5 7 
nº investigated structures 12 7 9 
Peridomiciliary infestation index (%) 8,3 0 0 

2nd IRS 
Follow-up 4 
72 (69-76) days 
post 2nd IRS  

nº triatomines 0 0 0 
nº positive peri 0 0 0 
nº investigated houses 9 5 7 
nº investigated structures 12 7 9 
Peridomiciliary infestation index (%) 0,0 0,0 0,0 

2nd IRS 
Follow-up 5 
133 d (131-136) 
days post 2nd IRS  

nº triatomines 0 0 0 
nº positive peri 0 0 0 
nº investigated houses 7 5 6 
nº investigated structures 9 7 8 
Peridomiciliary infestation index (%) 0,0 0,0 0,0 

 

*Peridomiciliary infestation index: (nº positive peridomestic structures/nº investigated peridomestic 

structures) x 100 

  

Triatomines captures were statistic significant lower in the HI treatment (b=-135.4; z=-248.8; 

p<0.001), and in the AS group (b=-3.87; z=-5.59; p<0.001) when compared to RS. 
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5.4.7 Contact bioassays  

Plastered (lime coating) and unplastered bricks were treated with alpha-cypermethrin, aiming 

target dose 30-50mg/m2 (WHO, 1997). Samples of filter paper, randomly allocated along the 

bricks row pre-spray application, quantified by HPLC (protocols presented in the Chapter 2 

of this thesis), presented insecticide concentration of 15mg/m2, which was equivalent to 

median concentration in filter papers samples from houses in the pilot study (14-22mg/m2) 

(Figure 37). 

 

5.4.7.1 Eggs hatching rates and emerged nymphs’ survival 

No statistical significance difference was observed between proportions of eggs hatches 

(GLM- binomial: RR=<1.2; z=<0.5; p=>0.5) nor between proportions of emerged nymph’s 

survival (GLM- binomial: RR=<1.2; z=<0.2; p=>0.8), between eggs exposed to insecticide 

treated bricks and control bricks (Figure 42). 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 42: Mean proportion of Tri. infestans hatched eggs and emerged nymph survival, after 20 days 
of continuous exposure to plaster and unplaster bricks treated with alpha-cypermethrin (15mg/m2) and 
plaster and unplaster control bricks (n=120 eggs). 
 

 

5.4.7.2 Adults and 4th instar nymph’s morbidity 

Multivariate logistic regression (GLM-binomial) showed increased signals of morbidity in 

triatomines exposed to insecticide treated bricks (plastered and unplastered) when compared 

to triatomines in control groups. Decrease in morbidity is observed through time post- 

insecticide application (Table 50). No differences were observed in the general proportion of 

morbidity between nymphs and adults (Adults: b=0.24; z=1.53; p=0.12 [95% C.I. -0.06, 

0.56]). 
 

0

0.2

0.4

0.6

0.8

1

Plaster control Plaster Alpha Unplaster
control

Unplaster Alpha

M
ea

n 
pr

op
or

tio
n 

Tr
i. 

in
fe

st
an

se
gg

s 
ha

tc
h 

an
d 

em
er

ge
d 

ny
m

ph
s s

ur
vi

va
l

Hatch Emerged nymphs survival



 136 

 

Table 50: Multivariate logistic regression (GLM-binomial) of the proportion of morbid triatomines, 
assessed at 48h of continuous exposure to control and treated bricks (n=129 at 1 day post-treatment; 
n=160 at 60 days post-treatment. Total n=289 triatomines). 
 

Treatments Coef. (SE) z P>z 95% C.I. 

Unplaster control Referent 
    

Plastered control 0.26 0.64 0.40 0.69 -1, 1.52 

Plastered alpha 2.37 0.49 4.88 0.00 1.42, 3.32 

Unplastered alpha 2.26 0.49 4.64 0.00 1.31, 3.22 

60 days post-IRS -1.23 0.18 -6.82 0.00 -1.58, -0.87 

 

 

5.4.7.3 Residual effect: morbidity in adults and 4th instars nymphs exposed to bricks at 60 days 

post-treatment 

Considering only bioassays testing residual insecticide effect, assessed through the proportion 

of triatomines alive/morbid exposed to bricks at 60 days post- treatment, morbidity was higher 

in triatomines exposed to unplastered insecticide treated bricks than to ones exposed to 

plastered control bricks (plastered control: b=-1.61; z=0.59; p=0.01 [95% C.I. -2.77, -0.45]). 

Triatomines exposed to plastered insecticide treated bricks presented lower mortality when 

compared to triatomines exposed to unplastered insecticide treated bricks (plaster + alpha: b= 

-1.10; z=-2.36; p=0.02 [95%C.I. -2.01, -0.19]). These results suggest that the lime-coating 

might interferes in the alpha-cypermethrin (SC) residual effect. 

Comparison of proportion of morbidity between life stages showed that adults presented more 

higher proportion of morbidity than nymphs (Adults: b= 0.86; z=2.33; p=0.02 [95% C.I. 0.13, 

1.58]).  

 

Impact of morbidity on triatomine feeding success  

At the end of the experiment conducted at 60 days post-treatment, triatomines remained in 

continuous exposure to bricks for additional 8 days, (total exposure= 10 days). Following, 

survivors were transferred to a cleaned glass jar. After 5 days in the jar, triatomines were 

offered to feed on chickens. Table 51 presents the numbers of triatomines alive and morbid, 

from exposed and control groups, according to feeding success categories. In nymphs, the 

proportion of fully fed was higher in control than in exposed alive (x2=8.3; p=0.006) or 

exposed morbid (x2=7; p=0.01).  

No statistically significance was observed in adults when compared fully fed between alive 

control and alive exposed (x2=0.5; p=0.4), nor between alive control and morbid exposed 

(x2=3.1; p=0.2).  

Results suggests that exposed nymphs, alive and morbid, are less likely to complete a blood 
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meal when compared to controls. 
 

Table 51: Feeding status of triatomines nymphs (n=54) and adults (n=27), alive and morbid, after 10 
days of continuous exposure to treated and control bricks, at 60 days post-treatment. 
 

Nymphs 

Alive control 

N (%) 

Alive exposed 

N (%) 

Morbid exposed 

N (%) 

Not fed 6 (28.6) 17 (73.9) 10 (100) 

Partially fed 5 (23.8) 4 (17.4) 0 

Fully fed 10 (47.6) 2 (8.7) 0 

Totals 21 (100) 23 (100) 10 (100) 

Adults 

Alive control 

N (%) 

Alive exposed 

N (%) 

Morbid exposed 

N (%) 

Not fed 0 3 (100) 16 (88.9) 

Partially fed 5 (83.3) 0 2 (11.1) 

Fully fed 1 (16.7) 0 0 

Totals 6 (100) 3 (100) 18 (100) 

 

Although the bioassays experiments suggest that adults triatomines were more susceptible to 

residual effect at 60 days post-IRS, and a lower number of adults survived to prolonged 

exposure (10 days) to assess the impact of morbidity on feeding status, it is worthy to note 

that triatomine adults requires frequent bloodmeal intake, while 4th instar nymphs are more 

resistant to starvation (Cortéz and Gonçalves, 1998). As none of triatomines were fed during 

the experiments, the higher morbidity and mortality observed amongst adults might be 

influenced by prolonged starvation. 

 

5.5 Discussion 

In Gran Chaco, the substandard house conditions are considered one of the main factors 

related to reduced efficacy of IRS against domestic infestation, as deteriorated mud wall 

surfaces provide uncountable hiding places for triatomines to evade the insecticide effect, 

which also might be decreased according to surface porosity (Rojas de Arias et al., 2003; 

Samuels et al., 2013; Gurtler et al., 2007).  

In the present study, the three tested interventions resulted in an immediate reduction in vector 

abundance. Reduction in triatomines density was higher in the HI group up to 10 months 

follow-up (mean 294 days post-IRS) when compared to other treatments, also observed in 

cross-sectional time point analysis.  Intradomiciliary infestation rates decreased from 57.8% 

at baseline to 5.3% in HI group, from 45% to 20% in the RS and from 74% to 24% in the AS, 

over 10 months follow-up between (from February to June, 2017). Post- 2nd IRS application, 
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between November, 2017 to March, 2018, no difference was observed in the number of 

triatomines captured between intervention groups. However, HI was attributed a 0% 

intradomiciliary infestation index while values for RS and AS presented were 18% and 20%, 

respectively. These results suggest that in the current field setting, two blanket applications of 

IRS per year, could reduce infestation levels between 18-20%.  

 

In the HI and AS groups, entomological evaluations at baseline was conducted in houses that 

had been totally emptied, while in the RS group, householder compliance to empty their 

houses varied (50% not emptied [10/20]; 40% partially emptied [40/20]; 10% [2/20] totally 

emptied). This could lead to bias in analyses comparing entomological outcomes in HI or AS 

in comparison to RS group, as during emptying houses triatomines might be disturbed, 

increasing their movements, and maybe increasing the probability to capture them. However, 

no significant differences in triatomines numbers was observed between RS and HI nor 

between RS and AS at baseline. Still, considering all the 58 investigated houses, at baseline 

evaluation no difference was observed between number of triatomines captured between 

houses emptied and not emptied [(i) partially emptied + not emptied (n=18 houses in RS 

group); vs totally emptied (n=19 houses in AS; n=19 houses in HI; n=2 houses in RS)] (see 

Chapter 2, Tri. infestans capture and householder compliance). 

In the 3rd follow-up, when once again houses in HI and AS were emptied and RS were not, 

cross-sectional analysis, testing reduction in triatomine numbers from the 3rd to 4th follow-up, 

presented higher reduction in triatomines captures in HI and AS when compared to RS. These 

results might be influenced by the higher number of triatomine captures in HI and AS in the 

3rd follow-up (when the houses were totally emptied in these groups). 

Seasonal effect, particularly temperature, might also influence in some of entomological 

evaluations. Because housing improvement took between November, 2016 and April, 2017 to 

completed, the 1st follow-up assessment for the HI group took place during winter (from 

March, 2017 to June, 2017) when temperature started to fall and triatomines were less mobile. 

For RS group, where houses were treated at first time between October and November, 2016, 

the 1st follow-up took place between Feb- March, 2017, later summer; and for AS the 1st follow-

up was conducted between Feb-June, 2017. This difference between seasons might have 

influence in the higher numbers of triatomines captured in RS group at 1st follow-up in 

comparison to HI and AS. However, for the 2nd follow-up, all the houses were assessed during 

the winter, and the other follow-up evaluations were comparable between the three groups. 

 

Studies elsewhere of housing improvements report variable efficacy against triatomine 

infestation. In the Argentinean Chaco, intradomiciliary infestation rates were compared 
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between houses treated with IRS (deltamethrin 2.5%, target dose of 2.5mg/m2), and plastered 

houses (indoor walls only) + IRS, where 71 houses across three communities were assessed 

each six-months, between 1992 and 1997; and houses in both groups were focally treated if 

infestation was detected (Cecere et al., 2002). A general decrease in infestation was observed 

in both treatment groups, from 72-88% at baseline (1992) to 6-17% (1995), increasing 

moderately after this period: proportion of reinfested houses were lower (9%) in houses with 

reasonably intact plaster compared to houses with poor plaster (21%). Although both 

treatments (IRS and indoors plaster + IRS) were considered effective to control domestic 

infestation, it was not sufficient to eliminate infestation, even after indoor plastering 80% of 

the community houses (Cecere et al., 2002). Similarly, early studies performed in Goias, 

Brazil, showed that partial plastering did not control domestic infestation, as triatomines 

sought refuges in the unplastered walls and household contents (Schofield & Mardsen, 1982). 

In Tupiza, in the Bolivian Andean valleys, an intervention program based on housing 

improvement, peridomicile management, and rigorous IRS application, showed decrease in 

the infestation rates from 85% (1986), to zero in most of communities assessed in 1994 

(Guillen et al., 1999). First results published from this project, assessing IRS application only, 

in two communities where deltamethrin was applied at 28.5 mg/m2 (but often higher doses), 

showed a decrease in infestation rates from 76-71% to zero in 6 months follow-up (Guillen et 

al., 1997). Later evaluations, carried in 1998, showed that housing improvement combined 

with IRS and peridomicile management (designing new animal shelter structures and treating 

it rigorously with insecticide), reduced infestation rates to between 0- 3% in intradomicile and 

10% peridomicile, after 12 years of program (Guillen et al; 1999).  

In the Paraguayan Chaco, a community scale comparison amongst three treatments (IRS, 

housing improvement, and housing improvement + IRS), showed that under all of these 

interventions the intradomiciliary infestation rates were maintained under 10% for 18 months 

follow-up. In the IRS treatment group, the insecticide (lambda-cyhalothrin [WP] Icon WP10, 

Zeneta, Brazil) applied at target dose 31.5mg/m2, resulted in a decrease of the intradomiciliary 

infestation rates from 45% at baseline to 2.4% for up to 21 months post intervention; the 

authors considered IRS alone the most cost-effective treatment to control domestic infestation 

(Rojas de Arias et al., 1999). 

A previous study focusing in vector control by eco-bio-social approach, based in housing 

improvement, cleaning and educational activities conducted in Guarani Bolivian Chaco 

communities, showed a positive impact in reduction of intradomiciliary infestation rates, 

decreasing from 72% at baseline to 20% at six months post-intervention, and also decreasing 

vector abundance (means from 7 triatomines/house at baseline to 0.6 triatomines/house post-

intervention) (Lardeux et al., 2015).  
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In this sense, previous studies suggest that IRS alone, applied broadly in the locality and then 

periodically in infested dwellings, controls infestation between 10-21%. Housing 

improvement and cleaning activities only (with no chemical control) reduced infestation to 

20%. Plastering associated to IRS promotes a more dramatic impact in reduction of infestation 

(6-10%). Still, long-term actions supported by community surveillance and a rigorous and 

periodical IRS application are essential to achieve and maintain lower level of infestation, 

supporting and sustaining the implemented actions.  

Our results suggest that housing improvement associated to IRS applied 2 times per year, is 

able to control domestic infestation to undetectable levels, while only IRS applied 2 per year 

will reduce infestation between 18-20%. Still, affording IRS application twice per year might 

not be feasible for rural Chaco municipalities, and the design of integrated control measures 

with community engagement is highly recommended, particularly a long-term educational 

program.  

In the present study, a total of 2.181m2 of wall surfaces were improved, and the average costs 

for m2 was US$0.25 in materials and US$3.35 for workers payment. Roof replacement and or 

reinstallation costed 8.4 US$/m2. Considering only improvement of wall surfaces, the mean 

cost per house, including materials and worker payment, was about US$662 for an average 

house (mean of 26m2 of constructed surface) (Landívar et al., 2017). In Paraguayan Chaco, a 

trial comparing the entomological impact of (i) IRS, (ii) housing improvement, and (iii) 

housing improvement + IRS, presented similar reduction in triatomine infestation rates 

amongst the three arms (between 96-100%). The cost-effective analysis pointed the 

application of IRS alone as the most cost-effective treatment, as it costed US$ 29 per house, 

while housing improvement costed US$700 per house (Rojas de Arias et al., 1999).  

Although the costs per improved house in Paraguayan Chaco was similar to the costs to 

improve houses in Bolivian Chaco, in present study the impact of housing improvement 

combined with IRS was higher in the reduction of triatomine abundance than the other tested 

interventions (AS and RS). Still, the costs for improving houses remaining the main limiting 

factor for its application in large scale. 

 

Factors affecting IRS effectiveness 

IRS efficacy might be affected by different environmental, political and socio-cultural factors 

(Gurtler et al., 2007), including the degree of susceptibility of triatomine populations to 

pyrethroid insecticides. Populations of Tri. infestans from Argentina and Bolivia presents high 

variability in degrees of susceptibility to pyrethroids insecticides, and the highest degree of 

resistance was identified in triatomine populations from North Argentina, where successive 
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IRS application was failing in control domestic infestation (Picollo et al., 2005; Roca-Azevedo 

et al., 2013).  

According to PAHO criteria, a triatomine population is considered resistant if the resistance 

ratio indicator (RR50) (measured as LD50 investigated population : LD50 susceptible reference 

strain) is greater than five-fold the LD50 value of the reference strain. Once resistance is 

confirmed, recommendations includes investigations of IRS operational failures, and an 

insecticide plan management, which might include change of insecticide and monitoring of 

resistance (PAHO, 2005; Pessoa et al., 2015). In this study, preliminary bioassays conducted 

with F1 1st instar nymphs from the Itanambikua community, reported RR50 = 5.54-9.68, while 

the reference strain presented LD50 = 0.13. According to PAHO classification criteria, the 

triatomine population from Itanambikua is therefore considered resistant to deltamethrin. Still, 

investigation of the enzymatic activity by the hydrolysis of 7-CP, conducted to determine the 

degradation of the pyrethroids in non-toxic compounds, presented a significant increase in the 

field population when compared to the reference susceptible strain Itanambikua: 26.23 [+-

3.48]; CIPEIN (referent strain) 17.04 [+-2.38]), (Claudia Vassena- CIPEIN Argentina, 

personal communication).  

 

This discovery adds to the potential reasons revealed in Chapters 2 of this thesis for suboptimal 

IRS. Investigations of IRS operational failures, discussed in the Chapter 2, confirmed under-

dose insecticide delivery in 81% of investigated houses, deficient insecticide preparation and 

rapid sedimentation of insecticide a.i.. Although the use of different insecticide products in 

the study area have been reported, the under-dose delivery is one of the mechanisms that can 

lead to the selection of less susceptible genotypes in a population, promoting insecticide 

resistance (Mougabure & Picollo, 2015).  

Regardless of the reasons acting on the selection of resistant genotypes, the high degree of 

tolerance/resistance to pyrethroids present in Tri. infestans populations from the Chaco is one 

of the many factors that hampers the success of IRS in this region, and reinforces the need for 

integrated vector control measures. 

 

The type(s) of local building materials for insecticide treatment has an important influence on 

IRS residuality and ultimately on its effectiveness (Cecere et al., 2006). Residual effect of 

lambda-cyhalothrin [WP], aiming 30-50mg/m2 target dose, was assessed in wall bioassays at 

1 and 6 months post-IRS in three types of wall materials commonly used in Paraguay Chaco: 

wood board, wattle and mud (tabique), wattle and mud painted with lime. For each material 2 

houses were select and 10 triatomines (5th instar nymphs) were placed in contact to indoor 

treated surfaces for 72h, and then transported to laboratory and placed in filter papers for 
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additional 7 days, in order to observe delayed mortality. At 1 month post-IRS, only nymphs 

exposed to insecticide treated wood board presented mortality (60% at 7 days post- exposure), 

while at 6 months post-IRS, 10% of mortality was observed in nymphs exposed to both wood 

board and wattle and mud surfaces. Wattle and mud painted with lime did not induced 

nymph’s mortality in any bioassay (Ferro et al., 1995). These results reinforcing the relevance 

of guiding insecticide products choice in the municipalities while planning IRS. Maybe more 

than one product should be chosen, according to wall materials characteristics in the localities 

to be treated. 

 

Contact bioassays 

In the present study, alpha-cypermethrin was sprayed on to sun dried adobe bricks at 15mg/m2 

(i.e. under the recommended target dose 30-50mg/m2), to perform contact bioassays. This was 

the approximate median concentration for the houses in the three intervention groups, as 

quantified on the filter paper samples (Figure 39). Hence the results of these bioassays 

represent the most likely outcomes had the triatomines been exposed to currently treated 

houses. In our contact bioassays, after 48h exposure, starting 1 day after treatment, the alpha-

cypermethrin dose did not affect triatomine eggs hatching or emerging nymph survival, but 

induced a high level of adult and 4th instar nymph morbidity compared to triatomines exposed 

to controls bricks.  

That the eggs successfully hatched and the emerging nymphs from these eggs survived 

suggests that these may represent a residual colony in IRS treated houses, and that either the 

insecticide dose was insufficient to kill the eggs or that eggs may also acquire resistance to 

insecticide (Roca-Azevedo et al., 2015). However, methods to perform these contact bioassays 

may affect the outcomes: experiments comparing eggs placed on top of treated filter papers, 

at 28 days post-treatment, resulted in 85% [17/20] hatching rates; and when the insecticide 

was sprayed directly onto the eggs placed on filter papers hatching rates decreased to 35% 

[7/20], and controls presented 100% hatching rates at both assays (Rodrigues et al., 2002). 

From data presented in that paper we calculated, hatch ratios in treated vs controls of:  

- Alpha-cypermethrin direct insecticide application: 35% [7/20] vs 100% [20/20] in 

control (ratio: 0.35; x2=19.2; p<0.001); alpha-cypermethrin applied in filter papers: 

85% [17/20] vs 100% [20/20] in control (ratio: 0.85; x2=3.2; p=0.2). These results 

suggest that no statistically significant difference was observed between hatches rates 

in eggs exposed to treated filter papers at 28 days post-treatment and its control; but 

difference is observed between eggs hatching rates directly exposed to alpha-

cypermethrin and its control. According to this, eggs directly sprayed with alpha-

cypermethrin presented reduced hatches rates, while eggs placed in above treated 
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surfaces are less affected by the insecticide.  

 

In our contact bioassays assessing residual effect in bricks at 60 days post- treatment, the 

proportion of morbidity was higher in adults and nymphs exposed to unplastered bricks treated 

with alpha cypermethrin than in plastered bricks treated with alpha-cypermethrin, and control 

bricks (plastered and unplastered). As mentioned previously, triatomine adults are less 

resistant to starvation than triatomine 4th instar nymphs (Córtez and Gonçalves, 1998), and the 

higher proportion of morbidity and mortality amongst adults when compared to nymphs 

should be interpreted considering that during the contact bioassays, triatomines were 

maintained with no food offer, potentially increasing susceptibility to insecticide effect and/or 

contributing to the increase of the morbidity rates due to starvation. 

Prolonged 10 days exposure to treated bricks reduced the triatomine 4th instar nymphs feeding 

success. Hence, although the insecticide exposures did not cause mortality, the induced 

morbidity and poor feeding success reduced their parasite transmission potential. This result 

agreed with previous studies testing feeding-through insecticides applied to dogs against Tri. 

infestans 1th and 2nd instar nymphs, where morbid nymphs did not succeed in take a blood 

meal even at 30 days post-feeding in a treated dog (Loza et al., 2017). Amount and frequency 

of blood meal intake is related to different vital parameters of vectors, particularly affecting 

length of each life stage development, population size and structure, and timing of defecation, 

with direct impact in T. cruzi transmission (Trumper & Gorla, 1991).  

 

Contact bioassays conducted elsewhere, with Tri. infestans 5th instars nymphs from colony 

reared in Paraguay Chaco, testing deltamethrin 2.5% [SC], showed that 24 hours mortality 

was higher in triatomine exposed to lime-coated blocks (adobe sun dried mud blocks plastered 

with lime) (100% [30/30]) than to unplastered mud blocks (adobe sun dried blocks 

unplastered) (57% [17/30]). Residual insecticide effects, assessed at 180 days post-brick 

treatment, resulted in 53% [16/30] mortality in triatomines exposed to lime-coated blocks, 

compared to no residual effect in those exposed to mud adobe sun dried blocks (Rojas de Arias 

et al., 2003). Although the referred study was conducted with a different insecticide product, 

triatomine life stage, time of triatomine contact exposure, the outcome nonetheless suggests 

that insecticide applied to lime-coated plastered surfaces may result in higher mortality and 

residual effect than when applied to unplastered adobe mud surfaces. These results are 

contrastingly with previous referred study, testing residual effect in wall bioassays, where no 

residual effect was observed in wattle mud walls painted with lime (Ferro et al., 1995). 

However, wattle mud walls might be more porous surfaces than adobe blocks, and insecticide 

application in laboratory environment might differ of application in community houses. 
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Still, variations in insecticide effectiveness can be attributed to a number of factors beyond 

operational errors. Pyrethroids are more effective at lower temperatures. Bioassays conducted 

using 3rd instars of Tri. infestans continuously exposed to impregnated filter papers for 24h, 

showed that toxicity of deltamethrin, cypermethrin, and alpha-cypermethrin was higher at 

28ºC when compared to bioassays at 16ºC. Yet, morbidity symptoms disappeared in when 

temperature was raised from 16ºC to 28ºC (Alzogaray & Zerba, 1993). 

 

Community engagement in vector control 

Community participation in all the phases of the project is the key aspect to ensure 

participation and sustainability of actions (Guillen et al., 1999; Lardeux et al., 2015). In the 

present study, housing improvement was led by a specialized constructor in earth techniques, 

with extensive experience in housing improvement in indigenous communities in Paraguay 

Chaco. Joining a team of architects in the same expertise, they conducted an workshop in 

housing improvement against Chagas disease in the study site, listening and sharing with the 

Guaranis their expertise and testing materials and techniques for plastering local houses.   

Although several meetings were organized with the community to discuss details of the study 

(as methods, follow-up, and householder and research team responsibilities), community 

acceptance and participation was hard to achieve. Improving a limited number of houses in an 

extreme poor community might lead to disagreement amongst its members. As an example, 

during the improvement activities, transporting the lime left-over preparation, which was 

bought by the research team, from an already improved house to the next one to be improved, 

caused a huge disagreement. The same was observed with the plastic covers, provided by the 

research team to householders in order to protect their belongings only during the improving 

activities. Covers should be rotated across the improved houses, and even explaining it on 

beforehand, it was also a source of disagreement. Still, even after several meetings explaining 

the aims regarding the improvement, in the sense to decrease cracks on the walls, many other 

improvements were requested during the intervention, as structural changes and house 

extensions, for example. The support of the community leader and his directory during the 

study was fundamental to ensure that the study could be implemented. As observed in previous 

studies (Gurtler et al., 2007), working close to community leaders is the key factor for 

acceptance and sustainability in indigenous communities in Chaco.  

Analysis of one of the earliest experiences in housing improvement to interrupt Chagas 

transmission, conducted by Carlos Chagas in Brazil, highlight the relevance of community 

participation in all the phases of the project. The experience, conducted in Minas Gerais, 

Brazil, reports the construction of 10 rural houses, which would replace local sub-standard 

houses by renting the new one and dismantling the olds. The project was not accepted by the 
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target population, which was not consulted in advance. The strongest reason for rejection was 

the lack of income to commit to a long-term rent. Still, other important reasons related to 

acceptance were pointed: the rural population was not familiarized with the house design 

(which included shower and bathroom inside); they did not agree with the demolition of their 

previous house; they wanted to breed their animals around/inside their new rented houses, 

which was not allowed by the project (Dias & Dias, 1982). 

 

Peridomicile 

Animal management is a sensitive issue for Chagas disease vector control everywhere. 

Previous studies in Argentinean Chaco, have suggested that IRS efficacy is not as effective in 

peridomestic sites, making of these structures important sources for domestic re-infestation 

(Gurtler et al., 2004; Cecere et al., 2013).  

In the present study, 40% (23/58) of enrolled houses in the house improvement trial presented 

at least one peridomicile structure, in total 25 peridomestic structures (RS: n=12; HI: n=7; AS: 

n=11) were IRS treated and monitored for infestation rates and vector abundance. Baseline 

infestation rates in peridomicile varied between 8.3% of infested structures in RS; 14.3% in 

HI and 27.3% in AS. After 1st IRS application, peridomicile infestation decreased to 9.1% in 

AS, 0% in HI and remained at 8.3% in RS. At 10 months follow-up, infestation in peridomestic 

structure was not identified in HI and AS, while RS remained 8.3%. It is worth to note that in 

peridomestic structures of the RS group, IRS was performed without the research team 

interference in the regard of completeness of treatment and empty the structures previous to 

application. In this sense, our results suggest that IRS as performed currently in the 

peridomicile (RS group) only control the infestation in peridomicile at 8.3% in 10 months 

follow-up post-1st IRS application, while improved IRS application can reduce peridomicile 

infestation. 

 

Study limitations  

The present study was designed as a pilot investigation and thus, generalizations and scale 

should be taken cautiously. 

One of limitations is that insecticide was delivered under the target dose, and although it is 

not the ideal setting for testing IRS efficacy, it is testing efficacy of intervention how it is 

generally applied in the study area. 

A second limitation is regarding sensitivity of TMC technique to either detect or quantify 

infestation. In order to improve sensitivity of TMC, based in our results of maximum effort to 

quantify infestation in adobe huts, presented in the Chapter 3 of this thesis, we extended the 

effort to 2 people/hour. 
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The aim of comparing RS group with HI and AS is having a measure of current practices vs 

improved practices. However, current practices as do not empty houses for IRS, might also 

affects the outcome measure and thus, results should be interpreted considering this caveat. 

Regarding the contact bioassays, additional limitations are numbers of triatomines and 

replicates, as increase of these parameters could provide more robust results. 

 

Our results suggest that housing improvement associated to IRS presented the higher 

reduction in triatomine density, and controlled infestation rates to 5% up to 10 months follow-

up. IRS alone (improved by householder compliance or following current practices), only 

controlled infestation rates by 20%- 24% in the same period. Follow-up measures at 133 days 

post 2nd IRS, shows decreased infestation rates to undetectable level in improved houses, while 

in houses that IRS alone was applied, infestation rates decreased between 18-20%. 
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Chapter 6. General discussion 

 

Current vector control practices evaluation and insecticide delivered dose 

IRS forms the basis of vector control against Tri. infestans domestic infestation. However, in 

the Gran Chaco, IRS activities are sporadic and unsystematic in space and time (Gurtler et al., 

2007; Gorla et al., 2015). The quality of IRS delivery is influenced by many factors; amongst 

operational the considerations is highlighted the suitability of insecticide formulation, type of 

surface to be treated, insecticide dilution and delivery coverage (WHO, 1997; Guillen et al., 

1999; Rojas de Arias et al., 2003).  

In the present study, evaluation of the operational procedures indicates that the IRS program 

in this region of the Bolivian Chaco is unlikely to achieve optimal delivery or is not effective. 

This thesis has identified that at the community level householders were not engaged in the 

IRS program, presenting low willingness to participate in the activity. The low compliance to 

empty their houses in preparation for IRS also hampers its quality, contributing to a decrease 

in the effort (spray rate), and the consequent under delivered dose. IRS workers lacked 

technical knowledge, particularly regarding the preparation of the insecticide mix inside the 

spray tank. In addition, changes in insecticide formulations, supplied year to year, makes 

necessary regular training in preparation, as monitoring to ensure that the spraying effort 

necessary to deliver the target dose is applied. Moreover, IRS workers do not recognise the 

importance of full IRS coverage of house and all outhouses, and in the absence of monitoring, 

coverage tend to decrease. These identified gaps also highlight the failing of the IRS program 

managers at municipality to regional levels. 

 

Considering the identify technical gaps, future research proposals to improve IRS quality 

control includes the development of the IQKTM as a rapid assay, developed to be read in the 

field during IRS application. The development of a kit version calibrated to semi-quantify the 

insecticide product and the target dose suggested by the Chagas Disease departmental 

Program (alpha-cypermethrin at range 30-50mg/m2), would be based in a colour chart that 

indicates whether the insecticide was applied under-dose, in the target dose, or over-dose. This 

approach would help the health workers to identify houses treated under target dose during 

the IRS application, contributing also to the continuous training and the monitoring of IRS 

activity. Additional calibrations of the kit could help health workers to identify (i) residual 

insecticide decay and the necessity to provide additional treatment; (ii) semi-quantify the 

insecticide mix solution. The calibration of a field kit was developed to assess DDT 

application in India (Ismail et al., 2015), and lambda-cyhalothrin in Vanuatu Island, Oceania 

(Russell et al., 2014), showing relatively low cost and practicability in field assess 
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experiments. The assay calibration to improve quality of IRS application against Tri. infestans 

in field applications could be used not only in Bolivian Chaco, but also for any other areas 

were the IRS is performed following the same recommendations for insecticide product, 

formulation, and target dose, as the IRS application against leishmaniasis vector in Brazil, for 

example. 

 

Pyrethroids are sprayed onto different substrates in the Chaco region, where UV and 

temperatures are high, have reported poorly residual activity (Gurtler et al., 2004). Previous 

studies suggest that residuality is not as important as the initial impact of pyrethroids if all 

vectors are eliminated. Researchers suggest that a more promising strategy to control domestic 

infestation would be to achieve a high coverage to eliminate all vector populations than to 

perform repetitive IRS applications (Guillen et al., 1997; Rojas de Arias et al., 2003). 

However, considering the particular scenario of the Gran Chaco, where infestation rates are 

extremely high, houses are of poor quality providing ample refuges for triatomines, and re-

infestation and/or residual vector colonies are identified soon after IRS, this suggestion might 

be not realistic, and choice of insecticide products that presents longer residual effect might 

be still important. However, efforts to improve IRS coverage should be also planned by 

programs at municipal and departmental levels. 

Regarding choices for insecticide products and formulations, future work assessing the impact 

of IRS should also test different insecticides products and formulations previous to purchase, 

considering the wall surface type to be treated in the area. Contact bioassays is a very practical 

methodology which could be adopted by the technicians from the control program at 

departmental level, in order to guide insecticide choices. 

 

Initial investigations of insecticide resistance in the triatomine population in the study site, 

conducted by CIPEIN Argentina (data not published), indicate the presence of insecticide 

resistance, which may be the result of suboptimal IRS. Indeed, resistance is variably reported 

across the Chaco region with debate about the role of insecticide-induced selective pressure. 

Thus, it is desirable to follow-up IRS with in conjunction with monitoring resistance, as the 

design of alternative and integrated vector control measures (PAHO, 2005; Pessoa et al., 2015; 

Mougabure & Picollo, 2015).  

Future experiments testing control measures in this area should consider first the investigation 

of triatomine population profiles regarding resistance to pyrethroids. Although resistance to 

pyrethroids might be a result of different biochemical and physiological mechanisms, resistant 

populations usually presents profiles of high frequency of mutations in voltage-dependent 

sodium channel (kdr) (Dong et al., 2014), which has been suggested as the main cause of 
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resistance to pyrethroids in Gran Chaco (Sierra et al., 2016). Thus, the combined of 

information, considering triatomine resistance profiles to pyrethroids and the performance of 

insecticide products in different substrates, might lead to different insecticide choices across 

municipalities in the same area, personalizing the IRS according to the necessities of each 

epidemiological setting. 

 

As extensively mentioned, community engagement in the vector control activities is one of 

the key elements to achieve sustainability of the implemented measures and particularly to 

ensure high treatment coverage. Thus, future work proposals should investigate the motivators 

and barriers for the householders in Gran Chaco area to participate in vector control activities. 

This research is essential to plan educational activities aiming increasing participation and 

consequently the IRS coverage. An interdisciplinary approach, aiming understanding 

community behaviour and encouraging participation, is important in order to promote 

awareness regarding disease and prevention, and to stimulate a protagonist behaviour in the 

affected populations, in order to find local solutions for planning and application of 

surveillance and control activities. 

 

Improvements in entomological surveillance  

Current vector control strategies adopted by Chagas disease programs across Latin America 

start with the attack phase of intensive IRS cover if, or until, household infestation prevalence 

is less than 5%, which case the program moves forward to the surveillance phase (Dias, 1987; 

Dias & Schofield, 1999). Standard notification methods of infestation are from TMC for 30 

minutes. But TMC is recognized to have low sensitivity, and decreasing sensitivity as 

infestation densities reduce (Schofield, 1978; Abad-Franch et al., 2011). Improvements of 

TMC sensitivity to either detect or quantify household infestation is one of the pressing issues 

in Chagas disease surveillance and control. Our experiments, conducted in artificial huts, 

suggest that TMC sensitivity for both detection and to estimate infestation densities vary 

widely according to house wall construction i.e. level of crevices availability, with tabique 

(wattle and daub) being the most problematic setting, as no methods tested here increased the 

capture success. Many houses in endemic areas in the Chaco, particularly in communities far 

from main roads and towns, continue to be constructed in this way (Samuels et al., 2013; 

Lardeux et al., 2015) 

 

Amongst the tested capture and estimation methods, use of permethrin 10% [EC] diluted at 

0.3% did not show improvement in triatomine capture success, as reported previously for P. 

megistus (Pinchin et al., 1980), and the most effective TMC effort in capture success was 
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about TMC 60 minutes in adobe huts. Increasing TMC effort from the standard 30 to 75 

minutes was only marginally more effective under specific but not consistent circumstances. 

At low density infestations, estimates based on both PAHO recommended TMC effort and 

increased TMC effort, were less accurate in estimating population densities, and particularly 

poor in unplastered huts. Although these results should be interpreted considering the low 

number of experiments replicates, it also add to the rationale for searching for complementary 

vector control strategies, as housing improvement, for example. Still, the high frequency of 

triatomine captures in items hung on the walls alerts our attention to the need for integrated 

measures into the IRS program, to ensure that house contents are cleaned of triatomines before 

they are replaced into the house. 

In this sense, the design of experiments in artificial huts has the potential to contribute to the 

investigation of different parameters of the triatomine infestation dynamics, triatomines 

behaviour, and in the generation of data regarding sensitivity of detection methods, which 

could be modelled to provide measures of correction for naïve entomological indexes. Future 

experiments to test the impact of integrated control measures applications, could be first tested 

in artificial huts, investigating, for example, the effects of interventions in triatomines 

behaviour; exploring changes in location of capture, feeding status, and other biological 

parameters relevant for the dynamic of T. cruzi transmission. Amongst those, is suggested the 

conduction of experiments seeding a marked triatomine population in artificial huts where the 

walls present residual insecticide, aiming investigating pull-push effects from the treated walls 

to other objects or furniture, according to days post-intervention/residual insecticide effect on 

the walls. Considering that hung items on the walls and under mattresses are important 

locations of capture, the investigation of the impact of insecticide impregnated nets applied 

on the walls, inside furniture, or under mattress, in triatomines behaviour could provide data 

to understand if such measures are likely to divert or promote the contact between vector and 

hosts. 

The experiments could be designed to either test the effects of application of integrated 

measures in a re-infestation context (applying the interventions first and seeding a triatomine 

population later) or the impact of interventions application in settings already infested 

(seeding triatomine populations first and then applying the integrated interventions).   

 

Complementary vector control measures 

In the pilot study of housing improvement combined with IRS higher reductions in both 

triatomine abundance and rates of infestation were observed in HI treatment than in Routine 

IRS and Assisted IRS for 10 months follow-up. Application of IRS alone (following current 

practices [RS] or assisted by the research team [AS]) only reduced intradomiciliary infestation 
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rates by 20-24% of investigated houses in these groups at the same period. After a second IRS 

application, no significant differences were observed in the reduction of triatomines captures 

between the treatments, but no triatomines were detected in houses under HI treatment, while 

Routine and Assisted IRS treatment registered infestation rates of 18% and 20%, respectively. 

Studies accounting for different methods to identify triatomine presence (sensor boxes, 

attractants, increased TM effort, etc.), previously validated, and considering more intense 

triatomine surveillance are required to be confident that housing improvement is feasible. 

However, it is imporatnt highlight the costs associated with housing improvement, as it is a 

limitation to its application in large-scale. In the present study, each house cost approximately 

$662 USD to be improved (considering the average surface of 26m2), including materials and 

workers. In five houses, additional material to fix ceiling was purchased, which increased 

substantially the costs of these houses. In this small study it was not logistically feasible to 

improve large numbers of homes to measure the efficacy against human infection as this 

would have required very large sample sizes. 

Our results suggest that IRS alone, applied twice per year, following current practices or 

improved by community participation, may only reduce the infestation rates between 18-20%. 

For the period that our study was conducted (from November, 2015 to April, 2018), the local 

vector control authorities (Camiri municipality) provided funding for only one IRS campaign. 

In Bolivia, effectiveness of control measures dictate access to treatment. National guidelines 

state that treatment of children is only advised when communities are under successful vector 

control, registering a maximum threshold of <3% of houses infested, and 0% intradomicile 

colonization index (Bolivia, 2007). Considering the data presented in the current study, and 

previous studies already published for the Chaco showing complimentary results (Cecere et 

al., 2002; Rojas de Arias et al., 1999), it is unlikely that children from the Bolivian Chaco 

communities can meet the inclusion criteria for treatment under the current vector control 

strategy. For all the reasons discussed, IRS as currently practised is unlikely to achieve this 

threshold. Thus, the stablished criteria for children treatment, associated to the current strategy 

to vector control, will generate a negative impact in the health of Guarani populations in this 

area, being highly recommended a review of current strategies for treatment and vector 

control. 

 

For logistical and time constrains, the present study did not aim to improve peridomestic areas. 

However, it is known that such structures, particularly animal shelters, are constantly highly 

infested, and the IRS as applied nowadays is not able to control infestation in peridomestic 

structures (Gurtler et al., 2004). Future research in vector control includes the development 

and test of alternative design of peridomestic structures, aiming reducing the availability of 
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refuge for triatomines. Still, the impact of hosts removal in the human exposure to triatomines, 

and its consequent impact on the probability of transmission of T. cruzi to humans, is not 

completely understood. In this sense, host-choice experiments to investigate Tri. infestans 

feed preferences, regarding host species and its densities, are important information to plan 

effective animal management. Additional experiments considering animal management 

should comprise the application of insecticide when administrated to domestic animals. 

Promising results were observed in the administration of systemic insecticide to dogs against 

Tri. infestans (Loza et al., 2017), and future research investigating the application of systemic 

insecticide, administrated by feeding through, in domestic hosts in community scale are 

suggested as potential integrated vector control measures. 

The housing improvement based in the use of earth construction techniques and local available 

material is also a promising solution to decrease triatomines refuges, contributing to lower 

indexes of infestation in Guarani communities in Bolivian Chaco. Although the techniques to 

construct and improve adobe houses with earth is mastered amongst some Guarani’s, the 

youngest did not know such techniques. Thus, additional future work comprises the 

elaboration of catalogue with materials and techniques to support projects of housing 

improvement by communities in rural areas. Such material should be developed considering 

low literacy level, and probably considering the publication of bilingual material (Spanish-

Guarani), and thus, an interdisciplinary approach is recommended to design and test the 

material. 

 

Education in health to support vector control activities 

Previous comparisons of surveillance techniques amongst TMC, use of flushing-agent, 

sensor-boxes, paper-sheets, and householder searches, identified the latter as the most 

sensitive method to detect early signals of infestation (Gurtler et al., 1999; Rojas de Arias et 

al., 1999; Abad-Franch et al., 2011). But this requires sustained householder participation. 

Past success in rural areas have been achieved through engaging schools in surveillance 

activities (Rojas de Arias & Russomando, 2002; Falavignia-Guilherme et al., 2002). However, 

community participation is not spontaneous, and it requires educational programs to inform 

and to motivate communities to participate actively. In this process, the investigation of the 

cultural understanding regarding the disease, transmission risk and vulnerability and the 

knowledge of the target knowledge gaps, as the identification of misunderstanding, are some 

of the bases to investigate factors that influences in the participation in vector control activities 

(Paz-Soldan et al., 2016; Buttenheim et al., 2014). Thus, to engage and to motivate endemic 

communities, the understanding of their level and breadth of knowledge, their attitudes and 

practises (KAP) regarding health and disease processes (Forsthy, 2015), are the first steps to 
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plan education interventions seeking for promotion of awareness and community 

involvement. These investigations generate valuable information to design appropriated 

educational interventions for the target populational. 

The Knowledge questionnaire applied to secondary students in Itanambikua agreed with 

previous studies conducted in endemic areas, that knowledge in transmission and disease are 

deficient, while knowledge in vector biology and ecology are moderate (Rosecrans et al., 

2014; Lardeux et al., 2015; Ferrero et al., 2015). The study identified gaps in the educational 

materials provided by the Bolivian MOH (previously untested) and allowed the study to focus 

on an intervention to plug these gaps. The applied educational intervention resulted in a large 

impact in total students’ knowledge, moderate in each of the knowledge sections. Changes in 

knowledge scores were likely to be related also to teaching quality, but the study design, 

tethered to the school’s routine teaching program, did not allow us to fully quantify this effect. 

Our results also suggest the obvious, that care should be taken to translate such materials in to 

local and taught languages. Regarding contents, the development of epidemiological concepts, 

such as transmission and contagion, is recommended. In the present study, about half of the 

students did not believe that IRS is effective against triatomine domestic infestation. As belief 

is based on local knowledge and experience, it will take a successful IRS campaign to 

demonstrate that control of domestic infestation is a real possibility, which then may stimulate 

the students to search for local and community solutions. 

 

Development of strategies to support community surveillance, suitable to the Gran Chaco 

communities’ different realities is a fundamental step to stablish effective vector control. 

Futures experiments includes the improvement of the educational material, and the validation 

of pedagogic approaches to its application. As observed during the present study, the social 

productive project, adopted by each school in rural Bolivian communities, seems a good 

opportunity to involve community and school in intradisciplinary projects. The design of a 

community surveillance system with the collaboration of teachers, students, and communities, 

has a potential to develop models of vector surveillance suitable for each reality, promoting a 

range of experiences according to the mosaic of realities and needs in Bolivian Chaco. Such 

experiments could comprise regular entomological search by students, mapping houses 

constantly infested, identifying risk factors, seasonality effects, etc. Such data could be used 

across the school signatures, promoting the debate regarding the role of the community in the 

vector control, and amplifying the awareness regarding exposure and risk of disease. In 

addition, the characterization of peridomestic environments and the searches for possibilities 

to improve those settings, aiming the decrease of infestation density, is also a problematic that 

should be addressed in partnership between community and school.   
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Still, future work might include the development of educational material to support teachers 

to develop Chagas disease prevention and control, and contents regarding the social 

determinants in neglected tropical diseases. An educational approach that stimulate the debate 

and the critical thinking about the multiple factors related to Chagas disease, including poverty 

and social marginalization, is essential to promote both community awareness regarding their 

epidemiological situation and the urgent need of community compromise in the control of 

triatomine domestic infestation. 
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Appendix 1 

Chapter 4: KAP questionnaire (translated to English for this PhD evaluation) 

 

KAP: (  ) pilot  ( )pre- intervention  ( )post-intervention  

Student name:       Age:     

Class:  Group:  Interviewer name:   Date: 

 

Instructions: Student spontaneous answers, unless otherwise indicated. Please tick the boxes 

below with all answers given by the student. 

 

Section 1: Disease and Transmission 

More than one answer possible [tick all that apply] 

1. How is Chagas Disease transmitted to a person? 

(  ) Vinchuca (without mentioning “bite” or “faeces”) 

(  ) Vinchuca bite 

(  ) Contact with vinchuca faeces  

(  ) Transfusion with contaminated blood 

(  ) From mother to foetus during pregnancy 

(  ) Other: _______________________________________ 

(  ) I don’t know 

 

If the student does not know that vinchucas transmit Chagas Disease, explain it now. 

2. Do all vinchucas transmit Chagas Disease?  

(  ) Yes  (  ) No  (  ) I don’t know 

 

3. Can you become infected with Chagas by direct contact or sharing food with someone 

who has Chagas Disease?  

(  ) Yes  (  ) No  (  ) I don’t know  

 

4. What body parts are damaged by Chagas Disease? [tick all that apply] 

(  ) Heart 

(  ) Oesophagus and intestines 

(  ) Other ________________________________________ 

(  ) I don’t know 

 

5. Is it possible to die of Chagas Disease?  
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(  ) Yes  (  ) No  (  ) I don’t know 

 

6. Do you have or used to have family members with Chagas Disease?  

(  ) Yes  (  ) No  (  ) Maybe (  ) I don’t know 

 

7. If the answer to 6 is YES, what is your relationship to this person/s? [tick all that apply]  

(  ) Father 

(  ) Mother 

(  ) Sibling  

(  ) Grandparent 

(  ) Other:_____________________________ 

 

Section 2: Vector Biology & Ecology 

Circle the numbers of the images identified by the student.  

8 a. Can you identify the image with the vinchuca?  

1 2 3 4 5 None  I don’t know 

8 b. Can you identify the image with the vinchuca?  

1 2 3 4 5 None  I don’t know 

8 c. Can you identify the image with the vinchuca eggs? 

1 2 3 4 5 None  I don’t know 

8 d. Can you identify the image with the vinchuca eggs? 

1 2 3 4 5 None  I don’t know 

 

9. Where do vinchucas live? [tick all that apply] 

(  ) Inside the house 

(  ) Chicken coops and animal pens 

(  ) Granaries  

(  ) Trash 

(  ) In the hills 

(  ) Other ____________________________  

(  ) I don’t know  

 

10. Have you ever seen a vinchuca inside your house? 

(  ) Yes  (  ) No  

 

11. Inside YOUR house, where do vinchucas hide? [tick all that apply] 
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(  ) In the walls of the house  

(  ) On the ceiling/roof 

(  ) Inside the mattress 

(  ) Underneath the mattress  

(  ) Among clothes  

(  ) Behind posters, pictures and objects hanging from the walls      

(  ) Other:_________________________________ 

(  ) I don’t know 

 

12. Have you seen vinchucas under the mattress?  

(  ) Yes, I have seen   (  ) No, there aren’t any   (  ) I don’t know (I haven’t looked) 

 

13. Do you know which of these images are signs that there are vinchucas at home? 

1 2 3 4 None  I don’t know 

 

14. Have you seen signs that there are vinchucas present at home?  

(  ) Yes  (  ) No  (  ) I don’t know 

 

Instructions: circle the number of the image identified by the student.  

15. If the answer to 14 is YES, which signs?  

1 2  3  4  None  I don’t know   

 

16. Have you seen vinchucas fall from the ceiling? 

(  ) Yes  (  ) No  (  ) I don’t know 

 

17. Have you seen vinchucas around the outside of your house, for example: [read the 

options to the student and tick all that apply] 

(  ) Chicken coop 

(  ) Animal pen 

(  ) Granary 

(  ) Other __________________________________ 

(  ) I don’t know   

 

18. Can vinchucas fly? 

(  ) Yes  (  ) No  (  ) I don’t know  
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19. Have you ever seen a vinchuca flying? 

 (  ) Yes  (  ) No  (  ) I don’t know  

 

20. When they flew, were they: 

(  ) Inside the house  (  ) Outside the house  (  ) I don’t know 

 

Student spontaneous answers. Please write down the exact response given by the student. If 

the student does not know they can fly, explain it to them now. In this case, please say “adult 

vinchucas have wings and they can fly”.  

 

21. Why do they fly?  

________________________________________________________ 

 

22. What do vinchucas eat? 

(  ) Animal blood 

(  ) Human blood 

(  ) Other _______________________________ 

(  ) I don’t know  

 

Section 3: Prevention & Control 

 

23. What can be done to have a house free of vinchucas? [tick all that apply] 

(  ) Fumigation with insecticide  

(  ) Cleaning the house 

(  ) Plastering the walls 

(  ) Other ________________________________ 

(  ) Nothing 

(  ) I don’t know 

 

24. Do you think fumigation kills vinchucas? 

(  ) Yes  (  ) No  (  ) Maybe (  ) I don’t know  

 

25. If the answer to 24 is NO, why not?  

 

_______________________________________________________________________ 
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26. Have you ever seen IRS done in your home? 

(  ) Yes     (  ) No  (  ) I don’t know   

 

27. If the answer to 26 is YES, did someone remove everything from inside the home before 

spraying?  

(  ) Yes     (  ) No  (  ) I don’t know   

 

28. If the answer to 27 is YES, what was removed?  

(  ) Everything     

(  ) Bed frame    

(  ) Mattress  

(  ) Clothes    

(  ) Other:_________________      

(  )  I don’t know 

 

29. Do you think it is necessary to remove everything from inside the home before fumigating?  

(  ) Yes   (  ) No      (  ) I don’t know 

 

30. Why is it important to remove things? 

 

______________________________________________________ (  ) I don’t know 

 

31. What do vinchucas do when they are being fumigated? 

 

______________________________________________________ (  ) I don’t know 

 

32. Are you willing to search for vinchucas at home? 

(  ) Yes  (  ) No  (  ) Maybe (  ) I don’t know 

 

33.How do you feel when you see a vinchuca at home? Circle a number that represents this 

feeling.  

 

1  2  3  4  5 

   very unhappy          neutral        very 
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Appendix 2 

Chapter 4: Educational materials 

 

1- Bolivian Ministry of Health educational materials used in the intervention  
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2- Research team educational material 

Credits: Comics of vectorial transmission cycle made by undergraduate student Alina Soto; 

Parasite and diagnostic picture open access from CDC webpage. 
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Research team educational material: Puzzle activities to reinforce knowledge (translated into 

English).  

Credits: Drawings in puzzle activities made by undergraduate student Alina Soto. 
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Appendix 3  

Chapter 4 – Mark schemes for evaluate knowledge in KAP questionnaires 

 
Transmission and disease 

1. How is Chagas Disease transmitted to a 

person? 
Mark scheme A Mark scheme B 

Max scores: 5 points 
1 point for each 

correct alternative 

 1 point for each alternative; 

and minus 1 to each wrong 

answer 

2. Can you become infected with Chagas 

by direct contact or sharing food with 

someone who has Chagas Disease?  

1 point "no" 
1 point "no"; minus 1 point 

"yes" 

Max scores: 1 point     

3. Is it possible to die of Chagas Disease?  1 point "yes" 1 point "yes" 

Max scores: 1 point   

Max scores transmission and disease: 7 

  

Vector ecology and biology 

4. Can you identify the image with the 

triatomine? (adult) 

1 point for each 

correct alternative 

 1 point for each alternative; 

and minus 1 to each wrong 

answer 

5. Can you identify the image with the 

triatomine? (nymph) 

1 point for each 

correct alternative 

 1 point for each alternative; 

and minus 1 to each wrong 

answer 

6. Can you identify the image with the 

triatomine egg? (white-early embrionary 

stage) 

1 point for each 

correct alternative 

 1 point for each alternative; 

and minus 1 to each wrong 

answer 

7. Can you identify the image with the 

triatomine egg? (pink-later embrionary 

stage) 

1 point for each 

correct alternative 

 1 point for each alternative; 

and minus 1 to each wrong 

answer 

Max score: 4     

8. Where do triatomine live?  
1 point for each 

correct alternative 

1 point for each correct 

alternative 

Max score: 8     

9. Do you know which of these images are 

signs that there are vinchucas at home? 

1 point for each 

correct alternative 

1 point for each correct 

alternative; minus 1 for 

wrong answer 

Max scores: 3     
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10. What do triatomine eat? 
1 point for each 

correct alternative 

1 point for each correct 

alternative 

Max scores: 2   

Max scores vector biology and ecology: 17 

  

Max scores total  knowledge (transmission and disease + vector biology and ecology: 24 
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Appendix 4 

Chapter 4: Translation to English of Bolivian MoH and research team educational 

material contents 

 

1- Contents of Bolivian Ministry of Health educational material  
“Bolivia free of Chagas is our challenge” 

Measures of promotion, prevention, surveillance and control in Chagas disease 

 

Transmission and disease 

“How is Chagas disease acquired?” 

1. Vectorial transmission 
The triatomine bites people to feed on blood, during the bite it leaves its feaces in the skin; 

when scratching, the parasites that are in the feaces get inside a person body. 

2. Blood transfusion 
Through blood transfusion with NO CONTROLED blood infected by the parasite 

(Trypanosoma cruzi). 

3. Through a mother to her new-born 
The infection transmission from a mother with Chagas to her baby at some point during the 

pregnancy. 

 

Box: Chagas disease can cause irreversible damage to hearth, large intestine, oesophagus; it 

can cause sudden death. 

 

Vector control and surveillance 

“What we should do to prevent Chagas disease?” 

1. House improvement 
If your house has crevices in the walls and roof, the triatomine lives with your family. 

To avoid it, you must plaster the walls indoor and outdoor, roof and floor. Chickens, 

rabbits, dogs and cats shouldn’t sleep inside the house. 

2. Animal pens should be constructed far from your house 
Triatomines also lives with our chickens, rabbits, dogs and others. That is why we 

should construct animal pens far from our houses, cleaning it and fix it quite often. 

3. The family must keep the house cleaned and tidy 
Swipe and tidy your house on week base. Tidy up the clothes, mattress, and bed. Clean 

the walls, the roof, behind frames, on the corners, and others. 

 

Box: Triatomines lives and reproduces inside crevices on the walls and in places that are not 

tidied. 
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4. The family must keep searching for triatomines at home. 
Search for triatomines at your place. If you find some, notify the health post and the 

Chagas disease health worker. They will evaluate and spray your house. 

 

5. Spraying inside house. 
The spraying must be executed in all the walls inside home, roof, furniture, bed, 

clothes and others. 

6. Spraying outside walls. 
Spraying should be applied in all the walls outside, doors, and others that are close to 

the house. 

7. Spraying animal pens. 
Chicken shed, animal shelters and others must be sprayed indoors and outdoors. 

Remember that it must be constructed far away from your house. 

 

Box: Following these advices and engaging in activities, we can control Chagas disease in our 

family and in our communities. 

 

2- Research team complementary material 
“Let’s fight against Chagas disease” 

 

Triatomine biology and ecology 

Triatomine identification and morphology 

The triatomine, as all other insects, have their body divided in: head, thorax, abdomen. 

We can identify sex in adults triatomines examining the posterior part of their abdomen. 

Female triatomines presents a structure to lay eggs, it is call abdominal appendix. 

1. What are triatomines? 

• They are large insects that feed on the blood of people and animals 
• This is why they live in and near homes where people and animals live 

2. Where are they found at home? 

• They hide during the day in dark places 
• They are found in the cracks of walls, on the ceiling and behind posters and frames 

hanging on walls 
• They hide among clothes and hanging bags, and inside and underneath the mattresses! 

3. Where are they found outside? 

• Where there are crevices to hide, for example, in granaries and storage places 
• They are common in animal pens and chicken coops (where there is blood to drink!) 
• They also live in plants and underneath rocks in the hills, where they can take blood from 

wild animals 

4. How do triatomines feed? 
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• Vinchucas can sense the presence of a person or animal from a distance by their body 
heat, odour and respiration 

• Usually they take blood during the night when the person is sleeping 
• The bite usually does not wake the person up 

5. What happens when a triatomines takes a blood meal? 

• When it takes blood, it swells up and can become very large. You can see the difference! 
• To have more space inside its body, many times the triatomines will defecate during or 

immediately after feeding. This means that it can leave its faeces on the skin of the person 
or animal 

• After taking blood the triatomines rests for 3 or 4 weeks before feeding again 

6. How do triatomines move around? 

• When they want to take blood they normally scamper, crawl or walk 
• They can also let themselves fall from the ceiling onto the person or animal 
• Adult triatomines have wings and can fly! 
• When there are too many vinchucas in one place and not enough blood for everyone, they 

can fly to other places to look for blood from new people or animals 
• They can fly into a house, between homes or structures outside the home 

7. How do triatomines reproduce? 

• A female triatomines lays eggs usually during the summer months and can lay up to 600 
per year! 

• When she lays her eggs, the eggs are cream coloured, and when they are ready to hatch 
they are pink. 

• Small triatomines (nymphs) emerge from the eggs and are ready to take a blood meal 
• The triatomines have a hard shell that protects its soft body, and to grow it needs to change 

its shell – this is called “moulting” 

9. What are signs that there are triatomines at home? 

• Triatomines use their faeces and urine to mark their hiding places. If you see black or 
white markings on the wall these are signs that there are triatomines in your home! 

• The moults and eggs are also signs that there are triatomines at home 

10. Why is it bad to have triatomines at home? 

• Triatomines can carry the small bug that causes Chagas Disease inside them and give it 
to a person 

Triatomine control 

1. How can I prevent Chagas Disease? 

• It is necessary to eliminate all triatomines at home, in chicken coops, granaries etc 
• During fumigation, it is necessary to remove EVERYTHING from the home! Any part of 

the wall that does not receive fumigation will be a hiding place for vinchucas! 
• Remind the health promotor to fumigate the animal pens and chicken coops, because if 

there are vinchucas and they are not fumigated, these places will remain as refuges for 
vinchucas which can enter and reinvade your home! 

• Before bringing your things back into the home, make sure you shake everything and 
search for vinchucas everywhere, and kill every triatomines that you find so that you don’t 
bring them back into your house! 

• All animals should live and sleep far from the home, because having animals inside will 
attract more vinchucas! 
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BOX: For fumigation to work, it is necessary to remove: 

o Food 
o Clothes 
o Beds, bed frames and mattresses 
o Furniture 
o Posters and everything hanging from the walls 
o Hanging bags 
o All your personal belongings  

 

You and your family can reduce the number of vinchucas by eliminating possible hiding 

places! Follow these steps: 

1. Plastering eliminates the possible hiding places of vinchucas 

You can reduce the number of vinchucas by plastering the walls, because vinchucas like to 

hide in refuges like the cracks in walls. 

You can plaster the walls using natural materials, like mud and sand 

2. Cleaning and organising the house facilitates the search for vinchucas 

• Shaking clothes frequently 
• Searching for vinchucas under the mattresses 
• Removing things hanging from the walls 
• Not allowing animals to enter or sleep inside the home 
• Keeping animal refuges far away from the home 
• Killing vinchucas when they are seen 

 

If you find a triatomines, tell to the health promoter at your community!!!!! 

You should NEVER squish or kill triatomines with your hands!!!!!!!!!!! 

The triatomine can contaminate you with the parasite and you can get infected. 

 

Chagas disease 

What are infectious diseases?  

There are many diseases caused by tiny bugs (parasite, bacteria or virus) 

You can’t see the bugs without a microscope 

How do they spread? 

They have ways of jumping from one person to another 

For example, the flu and TB (tuberculosis) jump from the cough of a sick person 

Other diseases like dengue, malaria and Chagas jump from a sick person to an insect, and from 

that insect to another person 

In the case of malaria and dengue they jump by using mosquitoes 

In the case of Chagas they jump into the triatomines 

When a disease jumps from one person to another (even if it passes through an insect first) we 

are talking about the transmission of a disease (or of the bug that causes the disease) 
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What happens during the transmission process of Chagas Disease? 

1. The bugs (the parasites of Chagas) are in the blood of people and animals who have 
Chagas 

2. When a triatomine takes a blood meal, it also takes up the parasites of Chagas 
3. The parasites reproduce in the intestines of the triatomines and leave through its faeces 
4. The next time it takes a blood meal, the triatomines leaves its faeces on the skin of the 

person 
5. The parasites can enter the skin via the bite wound made by the triatomines and enter the 

bloodstream 
o While we sleep we can touch or scratch the skin where the faeces are 
o We can even take the faeces to our eyes or mouth without realising  

6. This is how a new person becomes infected 

Are there other ways for Chagas disease to pass from one person to another? 

• Blood transfusion from a donor with Chagas 
• From the mother to her child during pregnancy 

BOX: Important: Chagas disease does not pass by direct contact from one person to another – 

but it can pass from a mother to her child before birth. 

How would I know if I have Chagas? 

Most people who have Chagas do not appear sick 

During the first weeks after being infected, it is possible for these symptoms to appear: 

o Fever and feeling unwell 
o Swollen eye (Romaña’s sign) 

If you have any of these problems, visit your local health post 

To know if you have Chagas, you need to take a blood test. 

You can take an electrocardiogram (a heart test) to see if you have any heart problems. 

BOX: People with Chagas Disease need our respect and support. 

 

What happens to people with Chagas after many years? 

It is important for all women to know if they have Chagas because they can pass the disease 

to their children. 

o If they have Chagas the doctor can perform a blood test on her child to test if 
Chagas was passed from the mother 

Some people with Chagas can have heart problems 

o They can feel dizzy, tired, and have breathing problems 
o It can cause death 

It is possible to have problems swallowing and defecating  

 

BOX: If you think you might have Chagas Disease, visit your local health post. 

But you need to eliminate the vinchucas from your house first, because you can become 

infected again. 

Treatment 
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2. What is the treatment? 

They are oral tablets that are taken daily during a period of days 

You should follow the instructions given to you by your doctor 

Treatment is free in Bolivia! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


