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ABSTRACT 

Background: Failure to control domestic Triatoma infestans in the Chaco is attributed to 

vulnerable adobe construction which provides vector refuges and diminishes insecticide contact. 

We conducted a pilot to test impact of housing improvement plus indoor residual spraying (IRS) 

on house infestation and vector abundance in a rural community in the Bolivian Chaco. 

Methods: The intervention included three arms: housing improvement + IRS [HI], assisted IRS 

[AS] in which the team helped to clear the house pre-IRS, and routine IRS [RS]. HI used locally 

available materials, traditional construction techniques, and community participation. Vector 

parameters were assessed by Timed Manual Capture for 2 person-hours per house at baseline and 

medians of 114, 173, 314, 389, and 445 days post-IRS-1. A second IRS round was applied at 

median of 314 days post-IRS-1. 

Results: Post-intervention infestation indices and abundance declined in all three arms. The mean 

odds of infestation was 0.29 (95% CL 0.124, 0.684) in HI relative to the RS arm. No difference 

was observed between AS and RS.  Vector abundance was reduced by mean 44% (24.8, 58.0) in 

HI compared to RS, with no difference between AS and RS.  Median delivered insecticide 

concentrations per house were lower than the target of 50mg/m2 in >90% of houses in all arms. 

Conclusion: Housing improvement using local materials and community participation is a 

promising strategy to improve IRS effectiveness in the Bolivian Chaco.  A larger trial is needed 

to quantify the impact on re-infestation over time.   
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INTRODUCTION 

Chagas disease, caused by Trypanosoma cruzi (Kinetoplastida: Trypanosomatidae), and 

transmitted by hematophagous triatomine bugs (Hemiptera: Reduviidae), infects nearly 6 million 

people in Latin America [1]. Among those infected, 20-30% eventually develop potentially lethal 

cardiomyopathy [2]. Long-term vector exposure and repeated T. cruzi superinfection are major 

determinants of cardiomyopathy risk based on human and experimental animal data [4, 5]. 

Prevention of infection through effective vector control is therefore our best available tool to 

decrease the burden of Chagas heart disease.    

Since 1991, the Southern Cone Initiative (SCI) has achieved certified elimination of 

house infestation in Chile, Uruguay, Paraguay and portions of Brazil and Argentina, leading to 

remarkable declines in seroprevalence [1, 7]. In Brazil and Chile, estimated prevalence among 

children, an indicator of recent transmission, has declined almost to zero [8, 9]. Vector control is 

more challenging in the Gran Chaco, a 1.3 million km2 seasonal dry forest ecozone straddling 

parts of Argentina, Bolivia, and Paraguay [10]. In rural Chaco communities in Bolivia, T. cruzi 

infection prevalence remains the highest in the world, with rates of >20% in children and >80% 

in adults [11, 12].  

Current vector control in the Chaco relies heavily on Indoor Residual Spraying (IRS) 

using pyrethroid insecticides.  However, reinfestation is rapid [13]. Low IRS effectiveness has 

been attributed to vulnerable house construction, suboptimal spray practices, short insecticide 

residuality and reduced vector susceptibility [13-16]. House improvement is particularly relevant 

against T. infestans, which establishes breeding colonies inside wall crevices [17, 18]. The 

vector’s refuge-seeking behaviour enables evasion of insecticide contact [19]. Sealing crevices in 

walls and under roofs can reduce infestation [20] and human T. cruzi infection rates [21].  Chaco 
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houses are constructed of wattle-and-daub or unplastered adobe bricks, providing substantial 

refuges for triatomines [10, 13]. Previous studies support the contention that house improvement 

prolongs the impact of IRS to prevent reinfestation and diminish T. cruzi transmission [21-23].  

However, house improvement at large scale is beyond the resources of most endemic 

communities.  Community participatory methods have been proposed to overcome barriers to 

implementation at scale [24].  

Here, we evaluate entomological impact of community-participatory house improvement 

with IRS. We developed and tested methods using locally available materials and indigenous 

construction techniques.  Entomological outcomes were compared to IRS as delivered by the 

regional Chagas disease vector control programme, with and without assistance by researchers.   

 

METHODS 

Ethical considerations 

The study protocol was approved by the ethics committee of the Universidad Católica Boliviana 

San Pablo, Santa Cruz, Bolivia.  House owners provided written informed consent.  All IRS 

activities were conducted by local health workers directed by the Santa Cruz Department Chagas 

Disease Control Program (Servicio Departamental de Salud, SEDES).  IRS procedures and 

timing were determined by SEDES, which mandated two rounds of spraying.  Authorisations 

were obtained from SEDES, provincial and municipal health authorities, the Guaraní Indigenous 

District office (Kaami Capitania), and the community leader and steering committee. Regular 

open meetings were held prior to initiation, during and at the end of the project.  

 

Study site 
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The study was conducted in Itanambikua (20º1’5.94’’S; 63º30’41’’W), Camiri municipality, 

Santa Cruz Department in the Bolivian Chaco. Temperatures range from 0ºC to 49ºC; rainfall 

occurs predominantly during the summer rainy season and can total up to 1000 mm/year 

(http://senamhi.gob.bo/index.php/inicio).  Itanambikua is one of 19 communities of Guaraní 

ethnicity in the municipality, with a population of ~1,200 people in 220 houses.  Recent T. cruzi 

transmission is present, based on pediatric infections detected during this project [12].  T. 

infestans is the predominant vector [16, 25]. Prior IRS records were unavailable, but reports 

suggest that blanket spraying was conducted in 2000 and 2003, followed by focal spraying of 

infested houses from 2005 to 2009  and irregular spraying between 2009 and 2011 [11, 25]. 

 

Study design  

We evaluated the entomological effectiveness of two interventions, IRS assisted by the research 

team (AS) and housing improvement + assisted IRS (HI), compared to data from houses that 

received routine IRS only (RS). Two IRS rounds (IRS-1 and IRS-2) were conducted at a 10-

month interval as mandated by SEDES. The outcomes were proportion of infested houses and 

number of T. infestans per house.  Data were collected pre-intervention and up to five times post-

intervention (Table 1). The sampling dates for rounds 1 and 2 overlapped for the HI arm due to 

the relatively long time to complete house improvements. Sampling date was included in all 

analyses. 

Inclusion criteria and recruitment 

Of 220 community houses, 181 were surveyed prior to recruitment. The most common wall 

material was sun-dried adobe (76.2% [138/181]), followed by tabique (wattle-and-daub; 11.6% 

[21/181]), fired bricks (8.3% [15/181]), and mixed adobe-tabique (3.8% [7/181]). Eligible 

http://senamhi.gob.bo/index.php/inicio
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houses had adobe brick construction and corrugated iron roof, 1-3 bedrooms and >30 meters 

distance from another house.  The recruitment process is shown graphically in Figure S1. Pre-

intervention house photos are shown in Figure S2. 

The owners of 42 eligible houses were approached for consent to be randomized into 

intervention arms (HI and AS). Houses were classified into terciles based on surface area (87-

115m2; 116-136m2; or 137-380m2) and randomized within strata.  An additional 25 houses 

meeting the same inclusion criteria were recruited into the non-intervention (RS) arm.  In total, 

initial recruitment comprised 48.6% (67/138) of eligible houses.  Prior to baseline sampling, two 

houses each in HI and AS arms withdrew. Thus, 19 houses each were included in AS and HI 

arms, and 25 houses in the RS arm (Table 1 and Figure S1). Due to absence of owners, three RS 

houses were missed in the last two rounds, two HI houses were missed in the last round, and 

three AS houses were missed in different rounds.   

 

Study arms 

Routine Spray (RS) 

IRS was conducted by local health workers following routine SEDES practices [16]. 

Interior and exterior walls of houses and outbuildings were sprayed with alpha-cypermethrin 

20% [SC] (Alphamost®-Hockley International Ltd., Manchester, UK) aiming for delivery 

concentration of 50mg active ingredient (a.i.)/m2 using an 8.5L knapsack tank (Guarany 

Indústria e Comércio Ltda, Itu, São Paulo, Brazil) with fan nozzle and 757 ml/min flow rate.  

IRS was conducted twice, November 2016 - March 2017 (IRS-1) and October-November 2017 

(IRS-2). Both periods represent early summer and start of high vector abundance. Householders 

were notified 24 hours in advance and requested to empty houses of food, personal belongings 
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and furniture (except bed frames) [26].  Only 8% (2/25) of RS households were subsequently 

recorded to have fully complied. 

Assisted Spray (AS) 

Routine IRS was conducted as above, except that researchers assisted householders to empty 

houses. All AS houses were emptied. 

Housing improvement + assisted spray (HI)   

The house intervention was designed to eliminate triatomine refuges through traditional 

materials and techniques. Activities began with a workshop conducted by the lead builder (DL) 

and two architects from Centro Tierra, Pontifical Universidad Católica Peruana, Lima, Peru. All 

are specialists in earthen construction; the lead builder had experience in community 

participatory construction in the Paraguayan Chaco.  Fifteen Itanambikua residents participated 

in the workshop, which included needs assessments and tests of local materials. Several 

participating residents went on to join the intervention project. 

House improvement was conducted by a team of five local masons paid by the project, 

under the lead builder’s supervision.  We asked residents to contribute to improving their own 

houses, and provided training to all interested residents.  The project purchased hand tools, 

scaffolding, slaked lime and ochre pigment for paint trim.  All other materials were sourced from 

the village and surrounding area, and comprised local earth, river sand, and mucilage (gel) from 

local cactus (Opuntia spp) chopped and soaked for 1-3 days (Figure S3).  Cactus mucilage is a 

traditional component used to improve durability of plaster mixes and lime-based paint.   

Improvement consisted of (1) removal of existing bad plaster, and cleaning and 

preparation of wall surfaces; (2) coarse plaster to regularize wall surfaces; (3) fine plaster 

stabilized with lime; (4) first coat of lime paint; (5) final coat of lime-based paint enhanced with 
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cactus mucilage (Figures S4 and S5). When necessary, the team corrected structural or 

waterproofing defects in sheet metal roofs, replaced roof panels and applied stucco to unfinished 

ceilings. Families were provided with plastic tents during the work.  A detailed technical 

description is provided elsewhere [27].  IRS-1 was conducted prior to the owners’ return.  

All householders were instructed on recommended maintenance. When the project ended, 

all tools and remaining materials were donated to the community. The local builders were 

available to help with advice on maintenance after the end of the project.  In February 2018, 11 

months after completion of the last house improvement, the lead builder conducted a systematic 

evaluation of the improved houses.  Detachment or pits in plaster were recorded and quantified 

as a percentage of the improved surface.  

Entomological surveys 

Timed Manual Capture (TMC) was conducted by two trained health workers for 1 hour each (2 

person-hours) searching inside and outside wall surfaces and crevices and in household contents 

using a torch and tweezers. Triatomines were recorded in the full range of niches, including 

behind furniture, clothes, bags, and wall posters, and inside clothes piles.  To increase sensitivity 

[28], TMC was four times longer than recommended by the Pan American Health Organization 

(0.5 person-hours) [29]. Workers recorded stage, sex and capture location; species identity was 

confirmed morphologically [30].  Peridomestic outbuildings were searched by 2 people for 30 

minutes (1 person-hour).  

IRS quality control 

During IRS-1, insecticide concentrations were quantified as reported elsewhere [16]. Following 

WHO protocols [31], 8-9 filter papers were fixed on three inside walls prior to spraying, yielding 

206, 108 and 157 papers from 25 RS, 12 HI and 19 AS houses, respectively. Concentrations 
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were quantified by colorimetric assay [32] using an adapted Insecticide Quantification Kit for 

Pyrethroids-IQKTM validated against HPLC. Median delivered alpha-cypermethrin 

concentrations per house were calculated and expressed as active ingredient (a.i.)/m2. One house 

in the insecticide practices study [16] was excluded from this study, thus estimates are 

recalculated here.  

Power calculations 

Study resources were sufficient to improve 20 houses; similar numbers were recruited into AS 

and RS arms. We assumed IRS would cause 50% reductions in infestation rates and vectors per 

house from observed baseline medians of 0.57 and 4, respectively, based on other Chaco data 

[13, 21, 22, 33]. We assumed a correlation of 0.8 between follow-up measurements in a 

repeated-measure design with conservatively large variances (infested houses: SD1 0.14, SD2 

0.09; triatomine numbers: SD1 1.0, SD2 0.7).  The estimated statistical power was 84.7% 

(=0.05) to detect differences of 30% for values in AS and HI arms, each compared to the RS 

arm as two-sample comparisons.  

 

Data analysis 

Changes in the entomological response coefficients through time were tested by fitting data to 

population-averaged panel-data models (binomial with logit link function for Bernoulli data, and 

negative binomial with log link for vector count + 1), and coefficients calculated using 

Generalized Estimating Equations (GEE). House ID was the sampling unit, repeat measurements 

entered in time-dependent lag order, and baseline infestation status (0/1) or log10 transformed T. 

infestans count + 1 values entered as the model offset. Bias-corrected confidence intervals were 

calculated by non-parametric bootstrap estimation (1000 replicates with replacement). Variables 
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for sampling day from IRS-1 and sample month were forced into all models to account for 

expected seasonal variation. Effect estimates are reported as odds ratios (OR) and risk ratios 

(RR).  Where zero vectors were recorded, 95% confidence limits (CL) were estimated by the 

Cornfield method, and the value of 1 added to vector counts (i.e. assumes that all houses 

harboured at least one vector, captured or not). Geometric mean (GM) vectors per house were 

calculated by adding 1 to observed counts, and then subtracting 1 from GM and CLs.  Mixed-

effects GLM regression models with household as the random effect gave similar qualitative 

results to the GEE-based models. Following published criteria [34], we base inference on the 

population-average models.  All data analyses were performed using STATA v.15 (StataCorp 

LP, College Station, TX). 

 

RESULTS  

Pre-intervention assessment 

T. infestans infestation was detected in 44.0% (11/25), 57.9% (11/19) and 73.7% (14/19) of 

houses subsequently assigned to RS, HI and AS arms, respectively (z<0.63; p>0.531) (Table 2).  

There was no statistical difference between arms (z<0.38; p>0.708) (Table 3). 

House improvement  

Improvement took a median of 24 person-days [interquartile range 17-30] per house, two-thirds 

for preparation, plastering and finishing the walls and one-third for roofs and ceilings (Figures 

S1 to S4).  The median cost per house was US$667; construction crew salaries made up 87% of 

the cost.  In the follow-up evaluation, 100% of interior plaster and 99.9% of exterior thick plaster 

was intact, while 3% of exterior fine plaster had detachment and 5% had pits.   

Post-intervention entomological follow-up  
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The percentage of houses infested and GM number of T. infestans per house declined over the 

follow-up period across all arms (Tables 2 and 3; Figures 2 and 3). Starting from the first post-

intervention sample, house infestation odds were lower in HI compared to RS.  In the two final 

rounds, no HI houses were detectably infested compared to 13.6-16.7% and 12.5-18.8% in RS 

and AS (Tables 2 and 4).  Across all post-intervention samples, the odds of infestation in HI and 

AS were not significantly different from that for RS houses (Table 5). The number of post-

intervention rounds with detected infestation was significantly higher for houses with higher 

baseline vector abundance (b=0.114 [95%CL 0.050, 0.178], z=3.48, p<0.001), but there was no 

difference in slope between arms (z<1.43, p>0.154). The correlation rs
2 = 0.521 was moderate. 

In total, 493 nymphs and 109 adults were captured (45M: 62F; 2 not sexed) (Table S1).  

All but 4 houses had nymphs and adults captured indicating colonization.  The rate of detected 

colonization fell after IRS, but persisted in 10-20% of RS and AS houses throughout the study. 

In HI houses, no nymphs were detected after IRS-2.  

At the end of follow-up, the mean number of T. infestans captured in HI houses was 44% 

(95%CL 26.9, 58.0) lower than in RS houses.  There was a trend towards reduced vector 

numbers in AS compared to RS houses (Table 5; Fig 2).   Significant reductions in vector 

numbers were observed in HI compared to RS houses from the first sampling round after IRS-1 

with a similar trend after IRS-2, whereas there was no change in mean vector numbers in AS 

relative to RS arms (Table 6). The rates of decline in abundance in HI and AS arms were not 

significantly different from that in the RS arm (treatment group  days interaction terms: z<0.47, 

p>0.636) (Fig 4).  Peridomicilary infestation surveillance showed sparse captures (Table S3).   

Insecticide concentrations 
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No significant differences between arms were detected in median alpha-cypermethrin 

concentrations (z<1.32; p>0.186). The median concentration was 18.80 mg/m2 (IQR 11.76, 

28.32), substantially below the lower limit of the tolerance target range (40mg/m2, equivalent to 

50mg/m2 - 20%) in 87.5% of houses (88% [22/25], 91.7% [11/12], and 84.2% [16/19] of RS, HI, 

AS houses, respectively) (z<1.26; p>0.207). 

 

DISCUSSION 

In this pilot study, a team of local builders improved 19 adobe houses by plastering walls 

and renovating ceilings and roofs.  The work focused on eliminating known vector refuges using 

local materials and methods to maximize affordability, replicability and sustainability [27].  

House infestation and vector abundance were evaluated in five follow-up visits over a period of 

slightly more than a year in improved houses and two groups of unimproved houses, all of which 

received two rounds of IRS.  IRS in infested houses has been required by national norms since 

the early 2000s [11]; we could not ethically maintain a non-IRS control group.  Infestation and 

vector abundance showed a marked decline after the initial IRS round and remained much lower 

than baseline during follow-up in all three arms, albeit with evidence of continued infestation 

and colonization in both arms comprised of unimproved houses.  Some of the abrupt fall was due 

to seasonal effects on vector abundance. However, IRS clearly had a substantial impact, 

independent of house improvement and despite reports of insecticide tolerance in nearby 

communities [15]. Nevertheless, the final evaluations, carried out at the peak of seasonal vector 

abundance, suggest an additional protective effect against reinfestation for improved houses 

compared to unmodified ones.   
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Our sample size and follow-up time were constrained by available resources, limiting our 

ability to prove differences in intervention effectiveness. The sensitivity of TMC is low and 

varies by true vector abundance and setting [35-38]. To improve sensitivity, we increased the 

effort to 2 person-hours per house. Nevertheless, infestation and density indices reported here are 

likely underestimates, to be considered as relative rather than absolute indicators. We were 

unable to assess T. cruzi infection rates among vectors, but the high infection prevalence among 

children in this community provides evidence of persistent recent transmission [12].  The 

difference between HI and RS arms reached statistical significance for vector abundance but not 

infestation, likely due to the small number of houses per arm and limited follow-up time.  

Triatomines can live for up to two years, go months without a blood meal and evade insecticide 

contact in deep refuges; population turn-over is slow [39, 40].  Similar limitations in follow-time 

precluded our ability to assess relative contributions of residual household colonies and invasion 

from the peri-domicile to the observed reinfestation.  Data from other parts of the Chaco 

emphasize the need for repeated IRS and surveillance over multiple years to yield sustained 

results [13].   

Our two entomological outcomes were equivalent to standard measures used by control 

programs, infestation index and density index [20]. The criterion to initiate treatment of infected 

children is a community infestation index <3% [41] and the operational definition of domestic 

transmission interruption is <1% seroprevalence in children <5 years [42]. Early projects in 

inter-Andean valleys demonstrated that house improvement plus IRS led to reductions in 

household infestation index from 85% in 1989 to undetectable levels by 1994; the decline 

correlated with a reduction in pediatric infection rates from 37% (1986-89) to <2% (1996-98) 

[43].  
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Vector control in the Chaco has long been recognized as more challenging than in the 

cooler inter-Andean valleys [43].  In a recent study in the Bolivian Chaco, house improvement 

and education reduced house infestation odds by 0.46 (95% CL: 0.24, 0.85) compared to no 

intervention at 6 months [22]. In both control and intervention villages, IRS was conducted by 

the regional program following its usual practices; an IRS round was noted to have been 

conducted approximately 4 months prior to the intervention [22]. This study had a substantially 

larger sample size than ours, but with less intensive house improvement and shorter follow-up.  

In the Argentine Chaco, IRS alone or combined with plastering houses reduced infestation rates 

by >80% compared to pre-intervention levels three years post-intervention; however, house 

plastering did not enhance control compared to IRS alone [33].  Variable results from wall 

plastering with or without IRS are reported in several other studies [21, 23, 44]. 

The insecticide concentrations delivered by IRS-1 were not significantly different 

between arms, but varied substantially among houses [16]. Most received below the lower limit 

of the target range, a result frequently seen with pyrethroid wettable powder (WP) and 

suspension concentrate (SC) formulations [16, 45, 46].  We detected rapid sedimentation of 

aggregated alpha-cypermethrin particles inside tanks [16]. The intended concentration of 50 

mg/m2 was higher than the 20-30 mg/m2 recommended by WHO against mosquitoes [22, 26]. 

These higher concentrations have been applied elsewhere in the Chaco to combat reduced 

triatomine susceptibility[21, 47-50] and may have compensated for under-target delivery. 

Pyrethroid tolerance and resistance have been reported in Bolivian Chaco T. infestans 

populations [15, 51-53].  Adjunct measures, such as house improvement and maintenance, plus 

rigorous quality control to ensure effective insecticide use, are essential to address the likelihood 

of more insecticide resistance in the future.    
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High temperatures, ultraviolet light and dust accumulation, typical in the Chaco, reduce 

effective pyrethroid residuality on adobe [26, 54].  However, in the Argentine Chaco, reductions 

in infestation and mean abundance in peridomestic structures were 24-53%, and 49-76%, 

respectively, 12 months after a single application, suggesting longer residuality than shown in 

data from Paraguay [55].  In the current study, vector abundance remained low 10 months after 

IRS-1, although infestation rates and abundance had increased in the AS and RS arms by the end 

of follow-up.  Delivered concentrations were similar in AS and RS arms; the only difference was 

that AS houses were fully emptied.  The effort required to empty house contents is often cited as 

a barrier to IRS acceptance [56].  Despite this, effectiveness was not demonstrably different in 

the two arms. 

The results of this pilot study suggest that housing improvement using locally available 

materials and led by trained community builders is a promising strategy for vector control in the 

Bolivian Chaco, particularly combined with optimised IRS [57-59].  Many challenges remain, 

including economic precarity that impedes community participation, limited water access and 

lack of knowledge on best practices [13]. Community involvement will be essential to enable 

large scale house improvement and maintenance over time [24, 60]. Future larger scale studies 

are needed to better assess efficacy of these methods against T. cruzi transmission.  
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Figure legends 

Figure 1: Changes in the geometric mean number of T. infestans captured in the three treatment 

arms. 

 

Figure 2: Changes in the percentage of houses infested with T. infestans in the three intervention 

arms. 

 

Figure 3: Intervention effects on the numbers of T. infestans captured at houses at each follow-up 

assessment in AS and HI treatment arms, both compared to in the RS arm. Risk ratio RR 

(points), 95% C.L.s (horizontal bars). 
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Supplemental figures 

Figure S1.  The process of house recruitment. Of 220 community houses, 181 were surveyed 

prior to recruitment. The most common wall material was sun-dried adobe, followed by tabique 

(wattle-and-daub), fired bricks and mixed adobe-tabique. Inclusion criteria required adobe brick 

construction and corrugated iron roof, 1-3 bedrooms and >30 meters distance from neighboring 

houses.   

 

Figure S2. Housing conditions prior to improvement.  A and B. Indoor plaster of study houses 

was incomplete in the vast majority and existing plaster had widespread cracks and crevices. C. 

There was widespread detachment of exterior plaster.  D. Exterior surfaces were frequently 

incomplete and in deteriorated condition.  

  

Figure S3. Development of methods and preparation for improvement. A. During the initial 

workshop, mixtures of local soil, plant fiber and sand were tested for effectiveness as plastering 

material.  B. Mucilage prepared from local cactus is a traditional additive to make mixtures and 

paint more durable and waterproof. C. Householders helped to collect the soil, cactus, and other 

materials used for the improvement of their houses. D. The first steps in preparing the house 

included removing deteriorated plaster and cleaning the surface of the existing adobe bricks.  

  

Figure S4. The process of house improvement.  A. The team foreman carries out thick plastering 

of outside walls. B. The coarse plastering serves to fill all cracks and voids. Once this is 

completed, the surface is ready for fine plastering. C. Roofs required replacement for some 

houses.  
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Figure S5. After improvement.  A. Plastering eliminated cracks and crevices, and lime paint 

provides a clean interior wall surface. B. The lime paint provides a durable exterior surface and 

thermal improvement by acting as an effective solar reflector.  C. Ochre paint was used to 

embellish the houses and provides an attractive way to hide rainy-season mud splashes at the 

base of the house.   
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Table 1: Numbers of houses sampled in each trial arm and at each entomological follow-up 

round.  

Sampling 

round 

Treatment 

arm (n 

houses 

sampled) 

Dates of entomological 

assessment 

Median days from IRS-1 

intervention (min, max) 

Total 

houses 

sampled 

0a 

RS (25) Oct - Nov 2016 0 (0,0) 

63 HI (19) Nov 2016- March 2017 -18 (-150, 0) 

AS (19) Nov 2016- Feb 2017 0 (0,0) 

1 

RS (25) Feb-March 2017 122 (105, 132) 

61 HI (19) March-June 2017 106 (46, 141) 

AS (17) March-April 2017 79 (58, 127) 

2 

RS (25) April-May 2017 175 (168, 180) 

63 HI (19) April-Sep 2017 168 (93, 201) 

AS (19) May-June 2017 146 (114, 213) 

3b 

RS (25) Sep-Oct 2017 330 (314, 365) 

62 HI (19) Oct-17 240 (171, 333) 

AS (18) Sep-Oct 2017 272.5 (198, 332)  

4 

RS (24) Nov 2017- Jan 2018 401 (393, 438) 

59 HI (19) Dec 2017- Jan 2018 309 (244, 406) 

AS (16) Nov 2017- Jan 2018 347 (295, 407) 

5 

RS (22) Jan- March 2018 459.5 (439, 502) 

55 HI (17) Feb-March 2018 373 (319, 475) 

AS (16) Jan- March 2018 412.5 (351, 473) 
a samples collected just prior to the IRS-1 intervention 
b samples collected just prior to the IRS-2 intervention  

RS arm: houses that received IRS only; HI arm: housing improvement + IRS; AS arm: IRS 

assisted by researchers. 
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Table 2: Percentage of houses in each study arm that were infested with T. infestans at each 

entomological assessment round. 

 

 

 % of houses infested (infested/ examined) 

Median days from 

IRS-1  
RS arm HI arm AS arm Total  

0a 44.0 (11/25) 57.9 (11/19) 73.7 (14/19) 57.1 (36/63) 

113 28.0 (7/25) 5.3 (1/19) 47.0 (8/17) 26.2 (16/61) 

172 28.0 (7/25) 15.8 (3/19) 26.3 (5/19) 23.8 (15/63) 

309b 24.0 (6/25) 5.3 (1/19) 22.2 (4/18) 17.7 (11/62) 

383 16.6 (4/24) 0.0 (0/19) 12.5 (2/16) 10.2 (6/59) 

445 13.6 (3/22) 0.0 (0/17) 18.7 (3/16) 10.9 (6/55) 
 

a samples collected just prior to the IRS-1 intervention 
b samples collected just prior to the IRS-2 intervention 
1 median days from IRS-1 across all treatment arms (for individual arms see Table 1) 

RS arm: houses that received IRS only; HI arm: Housing improvement + IRS; AS arm: assisted 

IRS. 
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Table 3: Geometric mean number of T. infestans captured per study house in each treatment arm 

at each entomological follow-up assessment. 

 GM1 (95% C.L.) 

Median days from 

IRS-1 

intervention2 

RS arm HI arm AS arm 

0a 1.65 (0.55, 3.54) 1.59 (0.55, 3.32) 2.61 (1.17, 5.00) 

113 0.77 (0.14, 1.74) 0.03 (0, 0.11) 0.69 (0.15, 1.48) 

172 0.61 (0.10, 1.34) 0.15 (0, 0.38) 0.47 (0, 1.12) 

309b 0.45 (0.09, 0.94) 0.03 (0, 0.11) 0.33 (0, 0.83) 

383 0.23 (0.00, 0.58) 0.00 0.22 (0, 0.63) 

445 0.13 (0.00, 0.32) 0.00 0.32 (0, 0.88) 
a samples collected just prior to the IRS-1 intervention 
b samples collected just prior to the IRS-2 intervention  
1 GM geometric mean 
2 median days from IRS-1 across all treatment arms (for individual arms see Table 1) 

RS arm: houses that received IRS only; HI arm: Housing improvement + IRS; AS arm: assisted 

IRS. 
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Table 4. The probability of houses in HI and AS arms, both relative to RS arm, being infested 

with T. infestans at individual entomological follow-up rounds.  

Median days 

from IRS-1 

intervention1 

HI arm 

OR (95%CL) 

p AS arm 

OR (95%CL) 

p 

0a 1.57 (0.453, 5.431) 0.478 2.80 (0.745, 10.520) 0.128 

113 0.12 (0.130, 1.083) 0.059 1.72 (0.459, 6.451) 0.421 

172 0.41 (0.088, 1.899) 0.253 0.69 (0.175, 2.700) 0.591 

309b 0.15 (0.016, 1.371) 0.092 0.66 (0.152, 2.836) 0.573 

383 0.00 (0.00, 1.110)* 0.062 0.52 (0.082, 3.309) 0.489 

445 0.00 (0.00, 1.584)* 0.113 1.07 (0.183, 6.309) 0.937 

a samples collected just prior to the IRS-1 intervention 
b samples collected just prior to the IRS-2 intervention  
c No houses in  the HI houses were infested 
1 median days from IRS-1 across all treatment arms (for individual arms see Table 1) 

HI arm: Housing improvement + IRS; AS arm: assisted IRS. 

*Cornfield approximation method used to calculate the C.L.s 
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Table 5: Intervention effect estimates on household infestation (OR) and log10 numbers of T. 

infestans (RR) over the trial follow-up period in HI and AS arms, both relative to in the RS arm. 

N=363 observations. 

  HI arm   AS arm   

  OR or RR (95% C.L.) p< OR or RR (95% C.L.) p< 

Infestation 1 0.68 (0.190, 2.415) 0.548 1.48 (0.385, 5.661) 0.569 

T. infestans number 2 0.56 (0.420, 0.731) 0.001 0.82 (0.510, 1.080) 0.082 

1 OR odds ratio 
2 RR risk ratio 
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Table 6: Comparisons of the mean numbers of T. infestans captured per house in HI and AS 

arms, both compared to in the RS arm, at each entomological follow-up assessment. The 

outcomes are presented as risk ratio (RR) and 95% C.L.  

Median days 

from IRS-1 

intervention1 

HI arm 

RR (95%CL) 

p< AS arm 

RR (95%CL) 

p< 

0a 0.85 (0.506, 1.432) 0.544 0.99 (0.608, 1.605) 0.959 

113 0.36 (0.203, 0.641) 0.001 0.67 (0.293, 1.522) 0.337 

172 0.49 (0.282, 0.852) 0.011 0.69 (0.349, 1.342) 0.270 

309b 0.62 (0.443, 0.880) 0.007 0.88 (0.480, 1.603) 0.669 

383 0.66 (0.415, 1.062) 0.088 0.83 (0.462, 1.451) 0.493 

445 0.74 (0.493, 1.111) 0.146 1.08 (0.613, 1.912) 0.784 

a samples collected just prior to the IRS-1 intervention 
b samples collected just prior to the IRS-2 intervention  
1 median days from IRS-1 across all treatment arms (for individual arms see Table 1) 

RR calculated from adding the value of 1 to T. infestans counts. 

HI arm: Housing improvement + IRS; AS arm: assisted IRS. 

 

 

 



 
  



 
  



 



Table S1.  Triatoma infestans captured during each round of follow-up by age, sex and 

developmental stage in the three arms of the study 

 

 RS HI AS 

pre-intervention    

Nymphs 136 63 83 

Adults (M/F/no data) 14/9 5/4/1* 14/9 

post-IRS-1 follow-up    

round 1    

Nymphs 66 1 21 

Adults (M/F/no data) 5/7 0/0 2/2 

round 2    

Nymphs 42 2 20 

Adults (M/F/no data) 3/5 1/2 2/1/1* 

round 3    

Nymphs 11 1 9 

Adults (M/F/no data) 3/10 0/0 0/5 

round 4    

Nymphs 15 0 8 

Adults (M/F/no data) 1/1 0/0 0/0 

round 5    

Nymphs 5 0 10 

Adults (M/F/no data) 0/0 0/0 1/2 

*missing sex data   



Tables S2.  Proportion of houses in which triatomine nymphs were collected at baseline and each 

time point after IRS-1.  

 

Median days 

from IRS-1 

intervention 

RS  

% (n with nymphs/n 

investigated) 

HI  

% (n with nymphs/n 

investigated) 

AS  

% (n with nymphs/n 

investigated) 

0 44 (11/25) 47.37 (9/19) 63.16 (12/19) 

114 28 (7/25) 5.26 (1/19) 42.10 (8/19) 

173 28 (7/25) 10.52 (2/19) 22.22 (4/18) 

314 16 (4/25) 5.26 (1/19) 11.76 (2/17) 

389 16 (4/25) 0 (0/19) 11.76 (2/17) 

445 14.28 (3/21) 0 (0/17) 13.33 (2/15) 

 

  



Table S3: Percentage of infested peridomestic structures across treatment arms. 

 

  % (n infested/n examined) 

Median days from IRS-1 
RS arm 

  

HI arm 

  

AS arm 

  
Total  

0a 6.66 (1/15) 14.28 (1/7) 27.27 (3/11) 15.15 (5/33) 

113 6.66 (1/15) 0 (0/7) 9.09 (1/11) 6.06 (2/33) 

172 6.66 (1/15) 0 (0/7) 0 (0/10) 3.12 (1/32) 

309b 
13.33 

(2/15) 
0 (0/7) 0 (0/9) 6.45 (2/31) 

383 0 (0/15) 0 (0/7) 0 (0/9) 0 (0/31) 

445 0 (0/12) 0 (0/7) 0 (0/8) 0 (0/27) 

 

 



 

220 community houses 

181 houses surveyed 

138 sun-dried adobe 21 tabique 15 fired bricks 7 mixed adobe-tabique 

Routine IRS (RS)  
n=20 adobe houses plus 

n=5 tabique houses 

2 withdrawals: 

householders declined 

participation 

42 houses recruited 

House improvement 

(HI) n=21 
Assisted IRS 
(AS) n=21 

62 houses meeting 

inclusion criteria 

2 withdrawals: 

householders declined 

participation 
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