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Abstract

The eco-epidemiological status of Chagas disease in the Monte Desert ecoregion of
Argentina is largely unknown. We investigated the environmental and socio-demographic
determinants of house infestation with Triatoma infestans, bug abundance, vector infection
with Trypanosoma cruzi and host-feeding sources in a rural area of Mendoza province.
Technical personnel inspected 198 houses for evidence of infestation with 7. infestans and
the 76 houses included in the current study were re-inspected. Households comprised an
aged population living in precarious houses and whose main economic activity was goat
husbandry. 7. infestans was found in 21.2% of 198 houses and in 55.3% of the 76 re-
inspected houses. Peridomestic habitats exhibited higher infestation and bug abundance
than domiciles, and goat corrals showed high infestation. The main host-feeding sources
were goats. Vector infection was 10.2% in domiciles and 3.2% in peridomiciles.
Generalized linear models showed that peridomestic infestation was positively and
significantly associated with the presence of mud walls and the abundance of chickens and
goats, and bug abundance increased with the number of all hosts except rabbits.
Environmental management strategies framed in a community-based program combined
with improved insecticide spraying and sustained vector surveillance are needed to

effectively suppress local 7. infestans populations.

Words, 198

Keywords: Triatoma infestans, Chagas disease, eco-epidemiology, Monte Desert

ecoregion.
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Technologic and Social Development Projects (PDTS-PXO03), University of Buenos Aires;
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2014-3746).

Introduction

Chagas disease ranks high among the main neglected tropical diseases in the
Americas (Hotez 2014). Its main vector, Triatoma infestans (Klug, 1834) (Hemiptera:
Reduviidae), historically played a crucial role in the Southern Cone region. Although the
geographical range of 7. infestans has been strongly reduced over the last three decades,
this species still persists in the Gran Chaco eco-region of Argentina, Bolivia and Paraguay
where it represents a serious health problem (Hotez 2014). Chagas disease affects
approximately 1.6 million people in Argentina, and 7. infestans is present in a large fraction

of the territory (World Health Organization 2015).

Chagas disease in the Argentine Chaco is characterized by a complex eco-
epidemiological scenario with high levels of house infestation with 7. infestans (Gaspe et
al. 2015; Moreno et al. 2012) and increasing professional vector control efforts over the last
decade (National Health Ministry of Argentina 2016). Several efforts were made to

understand the processes related to house infestation and re-infestations patterns with 7.
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infestans and the transmission of Trypanosoma cruzi (Chagas, 1909) (Giirtler et al. 2007,
Gorla et al. 2009). However, the eco-epidemiology of Chagas disease remains mostly
unknown in western Argentina where the SW extreme of the Gran Chaco gives place to a
biogeographic transition area called Monte Desert (Roig et al. 2009). Mendoza province is
located at the heart of the Monte Desert ecoregion. As in other endemic areas, political and
economic decisions have affected the activities of the local vector control program,
generating periods when insecticide spraying was conducted in a pulsed fashion followed
by years of total inactivity (Sosa Estani et al. 2006). As part of a controversial
decentralization process, vector control activities were transferred to Mendoza province in
1982, and vector control activities notoriously declined (Sosa Estani et al. 2006).
Argentina’s National Chagas Program has classified Mendoza as a high-risk area on the
basis of high seroprevalence of 7. cruzi in vulnerable population groups and increasing

domiciliary infestation since 2008 (National Health Ministry of Argentina 2016).

Mendoza province shows two clearly differentiated regions: irrigated dry lands
(oases) and non-irrigated dry lands (desert) (Abraham and Torres 2014), the latter prevail in
Lavalle Department (Montafia et al. 2005) where the local population has been
economically and socio-politically marginalized (Grosso Cepparo and Torres 2015). Rural
poverty including land occupation patterns has been associated with house infestation with

T. infestans and transmission of Chagas disease (Bricefio Leon 2009).

In an effort to improve vector control activities, we conducted a randomized
intervention trial to evaluate the efficiency and effectiveness of insecticide spraying
operations at Lavalle Department (Carbajal de la Fuente et al., 2017) as part of a wider

study on the eco-epidemiology and control of 7. infestans in the region. The aims of the

https://mc04.manuscriptcentral.com/mioc-scielo



©CoO~NOUTA,WNPE

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

Memérias do Instituto Oswaldo Cruz

current study were to assess the environmental and socio-demographic determinants of
house infestation with 7. infestans, bug abundance, vector infection with 7. cruzi and its

host-feeding patterns in a well-defined rural area of Lavalle Department.

Material and Methods

Study area

Fieldwork was conducted in contiguous rural sections of La Asuncion, San José and
surrounding areas, Lavalle Department (32° 29.731 S, 68° 09.467 W) in Mendoza province,
Argentina, during April-May 2013 (Fig. 1). According to the 2010 census records, 973
people inhabited the study area (http://www.deie.mendoza.gov.ar/#). According to
Mendoza’s Chagas disease control program records, vector control activities in the study
area had historically been very sparse, and the last insecticide spraying campaign had been
carried out between two and 10 years before this study depending on house accessibility.
The selection of the study area took into account the last community-wide insecticide
spraying registered and the fact that preliminary evidence of house infestation ranged from
30 to 40%. The study area belongs to the Monte (scrubland) biogeographic province (Roig
et al. 2009). This is a wide plain slightly sloping northeast with dunes and saline soils, a
semiarid climate and xerophytic vegetation. Local meteorological data were obtained from
Telteca station (Red Ambiental 2016). Annual mean temperature was 17.8 °C (mean

minimum and maximum, 8.7 and 26.7 °C) and total precipitation was 172.2 mm in 2013.

Study design and vector survey

https://mc04.manuscriptcentral.com/mioc-scielo
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As part of a randomized intervention trial evaluating the efficiency and effectiveness of
insecticide spraying operations, an exploratory survey of house infestation was undertaken
on April 2013 (Carbajal de la Fuente et al., 2017). Experienced field personnel of the
National Vector Control Program (NVCP) from Mendoza inspected 198 houses for
evidence of current or past infestation (i.e., live triatomines, eggs and feces). Houses where
evidence of infestation was found (n = 76) were included in the current study and re-
inspected in May 2013 before spraying operations began. All the 198 houses were sprayed
with pyrethroid insecticides during May—June 2013 (Carbajal de la Fuente et al., 2017). The
76 houses included in this study were scattered over 1,400 km?, with distances between
houses ranging from a few hundred meters up to 50 km. The house compound included
human sleeping quarters (i.e., domiciles) and its peridomestic annexes such as goat corrals,
chicken coops, storerooms and other structures (excluding latrines) regardless of distance to

human sleeping quarters.

Fieldwork was conducted by four teams of three people each, which included two
skilled bug collectors from NVCP who searched for triatomines and sprayed insecticides
and a third person who recorded environmental and demographic data. In each house, the
study aims and project phases were explained to an adult dweller who was also asked for
oral consent to access the premises. Each house was identified with a sticker and geo-
referenced with a GPS receiver (Garmin Legend). All domiciles and peridomestic sites of
each house were inspected for triatomines by two persons using timed manual collections
(TMC) and a dislodging aerosol (0.2% tetramethrin, Espacial, Reopen, Buenos Aires,

Argentina) during 30 min.

https://mc04.manuscriptcentral.com/mioc-scielo
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The collected bugs were stored in plastic bags labeled with the house number and
specific bug collection site, and transported to the field laboratory where they were
identified (Lent and Wygodzinsky 1979) and counted according to species, stage or sex. To
identify bloodmeal sources, a random sample corresponding to 28% (n = 415) of all
collected third- to fifth-instar nymphs and adult bugs were dissected and midgut bloodmeal
contents were extracted into a previously labeled, weighted vial (Giirtler et al. 2014). Blood
meals were tested with a direct ELISA assay against human, dog, cat, chicken, pig, goat,
rabbit, murid rodent (rat or mouse) and Caviidae rodent (cavies) antisera having high
sensitivity and specificity as described (Giirtler et al. 2014). We report the proportion of
reactive bugs (i.e., those positive against any of the tested antisera) that contained each type

of host blood.

For molecular diagnosis of 7. cruzi infection, each bug was dissected and the rectal
ampoule (n = 407) separated in a labeled vial containing 50 pl of sterile water. Rectal
contents were boiled for 15 min and DNA was extracted using DNAzol® (Invitrogen,
USA) as described (Marcet et al. 2006). Positive (i.e., contents from the rectal ampoule of a
bug infected with 7. cruzi as determined by optic microscopy) and negative (sterile water or
contents of the rectal ampoule of a bug only fed on pigeon) controls were included in each
DNA extraction round. 7. cruzi infection was determined using a hot-start PCR targeting
the kinetoplast minicircle (KkDNA-PCR) and Taq Platinum DNA polymerase (Invitrogen,
USA) following standardized protocols (Burgos et al. 2005). Each PCR reaction included a
positive control (DNA from a 7. cruzi culture) and two negative controls using water

instead of DNA, one for controlling the reagent mixture and one for the DNA loading
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procedure. Eight insects were excluded because it was not possible to extract the rectal

ampoule.

Environmental and socio-demographic survey

In parallel to the vector survey, an adult household member was asked for
information on the following items: full name of head of household; sex; place of birth;
years of residence in the house; the number of resident people by age class (0-5, 614, and
15 or more years of age). A sketch map of the spatial location of all structures in each
house compound was drawn and each structure was given a unique code according to its
main use. Distance to sylvatic habitats was registered. For each site of every house
compound, we recorded the building materials used in walls and roofs. Specifically, for
domiciles, the degree of deterioration of walls (“cracked walls”, an ordinal variable scored
in one of five levels ranging from few to abundant cracks, as determined visually), the
presence of window screens (wire mesh), use of domestic insecticides (type, frequency,
purpose), source of light and presence of animals (dogs, cats or chicken) sleeping indoors
were also registered. For peridomestic sites, the number of domestic animals of each type
(dogs, cats, poultry, rabbits, goats, pigs, cows, and equines) and refuge availability for 7.
infestans were registered for each site. The latter was determined visually by a skilled
member of the research team and scored in one of five levels ranging from absence to very
abundant refuges as described elsewhere (Gurevitz et al. 2011). Each site was classified

into ecotopes (type of habitat) according to their construction characteristics and use.

Data analysis
The prevalence of house infestation was calculated as the proportion of all houses

inspected where at least one 7. infestans was found in any (domestic or peridomestic) site

https://mc04.manuscriptcentral.com/mioc-scielo



©CoO~NOUTA,WNPE

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

Memérias do Instituto Oswaldo Cruz

by timed-manual searches. House infestation refers to the finding of at least one 7. infestans
in any domestic or peridomestic site of houses re-inspected for infestation (n = 76). The
term “house infestation prevalence” was defined as the number of infested houses (in the
sample of houses re-inspected) relative to the total study houses (n = 198), and likely
represents the lower bounds of house infestation prevalence in the area. Thereafter, site-
specific infestation prevalence was defined relative to the 76 re-inspected houses. In order
to standardize catch per unit-effort indices given the variable number of inspected sites
across house compounds, the total search effort per house compound was divided by the
number of inspected sites to estimate the search time per inspected site; then all site-
specific bug abundances were scaled to 15 min-person. Agresti-Coull binomial 95%
confidence intervals (95% Cls) were used for house infestation, infection prevalence, and

proportion of bugs with given bloodmeal sources (Brown et al. 2001).

Domestic and peridomestic infestation were assessed separately given that field
observations and exploratory analyses suggested that infestation occurred mainly in
peridomiciles and bugs eventually invaded human sleeping quarters (i.e., domiciles).
Therefore, explanatory variables considered as potential risk factors for domiciliary
infestation were construction characteristics (wall and roof building materials and cracked
walls), presence of domestic animals resting indoors, householders’ use of domestic
insecticides, type and site of application, window screens, and source of light. Household
wealth was measured by the goat-equivalent index, which uses a small stock unit to
quantify the total number of livestock (cows, pigs, goats) and poultry owned by each
household in terms of goat biomass (Gaspe et al. 2015). Univariate risk factor analysis for

domiciliary infestation was carried out employing Firth penalized logistic regression

https://mc04.manuscriptcentral.com/mioc-scielo
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18 206  usually are aggregated at house compound level) via a generalized linear model with mixed
21 207  effects and logit as the link function (GLMM) implemented in R 2.7.0 (R Development

23 208  Core Team, 2008). Specifically for peridomestic sites, multivariate risk factor analysis of
209 infestation and bug abundance was carried out using generalized linear models with logit
28 210  and log as the link function, respectively. The models included 321 peridomestic sites. We
30 211 used a multimodel inference approach based on Akaike’s information criterion to estimate
33 212 the model-averaged effect size (odds ratio, OR) and relative importance (RI) given the

35 213 variables and models considered (Burnham and Anderson 2002), as described by Gaspe et
37 214  al. (2015). The RI of each variable is defined as the sum of Akaike weights in each model
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49 219  completely at random and represented 1.2% of the data in only one variable (construction
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The infestation model employed was a logistic regression and the bug abundance model
was a negative binomial model (due to overdispersion of bug abundance) which included
the natural-log (minutes-person) as an offset given that the unit of catch effort differed
among sites. For bug abundance, Poisson regression models were also assessed.
Multicolinearity was assessed by the Variance Inflation Factor (VIF), and model fitting for
the logistic regression was assessed by the Hosmer-Lemeshow goodness of fit test and the
Receiver Operator Curve (ROC) implemented in R 2.7.0 (R Development Core Team
2008) as described elsewhere (Gaspe et al. 2015). To assess sensitivity and specificity of
the models, we employed an optimal threshold value that minimized the sum of the error
frequencies (Schisterman et al. 2005). This value was obtained by finding the maximum
sum of sensitivity and specificity for all threshold values t (sens(t)+spec(t)) using the pROC
R-package. Additionally, the H-index was employed as an alternative measure of the
classification performance of the models (Hand, 2009). This aggregated index of
performance takes into account misclassification costs, which seek to quantify the relative
severity of one type of error over the other. In these models we considered that
misclassifying an infested site as non-infested was a greater (more costly) mistake than
misclassifying a non-infested site. Higher values of the H-index indicate better
performance. The H-index allows comparisons of models across different datasets and
classifiers.

Results

At least one T. infestans was found in 42 (55.3%) of 76 re-inspected houses, which
yields a house infestation prevalence of 21.2% in the total study houses (n = 198). Among

the 76 re-inspected houses, peridomestic sites (n = 321) exhibited a significantly higher

11
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frequency of infestation (51.3%, IC = 40.3%-62.2%) than domestic sites (13.2%, IC =
7.1%-22.7%).

Domestic infestation was significantly and positively related to peridomestic
infestation (Fisher’s exact test: p < 0.001). A large number of adult and triatomine nymphs
(n = 1,686) were collected in domestic and peridomestic sites. Most (93.2%) T. infestans
(1,131 nymphs and 441 adults) were collected in chicken coops and goat corrals whereas
the remainder (6.8%, 63 nymphs and 51 adults) were collected at domestic sites. A kennel
with four dogs adjacent to a chicken coop harbored 708 T. infestans (Table 2). Eleven adult
and nymphal specimens of Triatoma platensis Neiva, 1913 were captured in chicken coops

from two houses.

House characteristics _and socio-demographic surveys— The 76 study houses were
dispersed in a sandy area with steep dunes and difficult access; the average distance
between houses was 10 km (Figs. 1, 2). Houses were at an average distance of 32 £ 16 m
from the nearest sylvatic habitat. A total of 141 inhabitants were registered in 76 houses
(median household size = 3; interquartile range, IQR = 1.5-4.0). The interviewed
householders were mostly adult men (77%; median age = 53; IQR = 31-66), and the
remaining interviewees were women with a median age of 57 years (IQR = 31-69). Most
(88%) of them were born in the region and the median length of residence was 19 years
(IQR = 3-35); 53% of houses were inhabited only by people aged more than 15 years of
age. The remaining households included children (median = 2, IQR = 1-3) who attended
the rural school in periods of 15 consecutive days and then returned to their homes for a

week.

12
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A summary of the housing and socio-demographic characteristics of the study
population is shown in Table 1. Most houses were large (> 80 m?) and had mud walls and
roofs made of dry branches, canes and mud, with access to electricity through the electricity

grid or solar panels.

Most households (93.4%) had at least one peridomestic structure. A total of 321
peridomestic sites were registered, mainly including goat corrals, chicken coops,
storerooms and cow corrals (Fig. 3). Other habitats such as pig corrals, dog kennels and
rabbit hutches were less frequent. Habitats such as galleries made of dry branches, piles of
sticks, bricks, reeds and mud ovens, were rare (each < 5%). The predominant building
materials in peridomestic sites were sticks (30%), cane or tree branches (26%), wood (13%)
and wire (11%). Goat corrals were large, mainly made of sticks, cane and dry branches.
Most chicken coops were built of dry branches and canes (41%), and wire-metal sheets
(22%). Storerooms had mud or adobe walls (33%), and were less frequently made of cane

and dry branches (20%).

Most households raised goats (86.3%; median household abundance = 170; IQR =
70-250) for commercial purposes and consumption (i.e., main economic activity). Poultry
(in 55.7% of households), cows (22.2%), and pigs (21.1%) were raised for self-
consumption, and horses (37.7%) for transportation. The goat-equivalent index was

relatively high (median = 167.7; IQR = 64.0-259.3).

Domestic infestation and risk factors — Domestic infestation was 13.2%, and 7 of 10 houses

with infested domiciles also had a concurrent peridomestic infestation. The median

abundance of T. infestans in domestic (median = 7, IQR = 3-11) and peridomestic habitats

13
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(median = 7, IQR = 2-26) was similar. Domestic infestation increased with cracked walls
and the presence of dry branches-canes-mud roofs, and did not vary substantially with wall
materials (mud or bricks) (Table 1). Householders reportedly applied insecticides mainly in
domiciles (87.1%) and window screens were present in more than half of the houses
(53.9%). Domiciles that used insecticides and window screens had lower infestation,

although these differences were not statistically significant (Table 1).

The reported presence of domestic animals in domiciles was infrequent: 64.5% of
households reported no dogs or cats resting indoors and 90.8% reported no chickens
nesting indoors. However, infestation increased with the increasing presence of chickens in

domiciles although these differences were not statistically significant (Table 1).

Peridomestic infestation and risk factors— Peridomestic infestation statistically differed

among structures (y° = 24.2, df = 7, p = 0.001): goat corrals and rabbit hutches were
frequently infested, followed by chicken coops and kennels (Table 2, Fig. 3). Storerooms,
cow corrals and other peridomestic structures (piled materials, ovens, etc.) were rarely
infested (Table 2, Fig. 3). When assessing the risk of infestation among ecotopes, only
storerooms and cow corrals had significantly lower risk of being infested than goat corrals,
taken as the reference category (Table 2). Moreover, the risk of domestic infestation was
lower than in goat corrals, although the difference was marginally significant (Table 2).
The effect of house compound as a random variable was virtually nil and no difference was
found between models including house as a random variable or not (Log-likelihood ratio
test, p = 1), indicating that the effect of the ecotopes may have already accounted for the
variation in the risk of infestation among houses. Both models were significantly different
from the null model (Likelihood ratio test, p < 0.001); the area under the ROC curve was
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0.7, with a sensitivity of 0.7 and specificity of 0.6, using an optimal threshold value of 0.14.

The H-index was 0.12.

The relative abundance of T infestans was also lower in storerooms and cow corrals
than in goat corrals whereas kennels had significantly higher bug abundance, which was
greatly influenced by one site that harbored more than 700 bugs (Table 2). No differences
in bug abundance were found among other peridomestic ecotopes and domiciles. The bug
abundance model significantly differed from the null model (Likelihood ratio test, p <
0.01). However, a large variability in bug abundance was observed among sites within
ecotopes (Fig. 3) and no differences in bug abundance were found among ecotopes when
only infested sites were compared (Kruskal-Wallis test, p = 0.57). When removing the
outlier value (700 bugs found in a kennel), relative bug abundance of kennels decreased
from 21 (CI = 3.2-136) to 0.01 (0.01-0.9) and it was significantly lower than bug
abundance in goat corrals (P = 0.04), while this removal had no effect on the remaining
categories. The model considering the house as a random variable also showed no
differences with the model that only considered the fixed-effects variables (Log-likelihood
ratio test, p = 1). Lastly, a Poisson regression model was also evaluated and compared to
the negative binomial regression model presented in Table 2, but the latter presented a
better fit to the data (AICpsisson = 8773, df = 9 vs. AICnegg = 555, df = 10), confirming the

overdispersion of bug abundance among sites.

Infestation increased from 0 to 20.2% with increasing refuge availability (x> = 10.1,
df = 4, p = 0.04). Overall, 39.2% of peridomestic sites were assigned to maximum refuge
availability and only 6.5% were assigned to the minimal level. Among habitats with top

refuge availability (n = 119), goat corrals were the most frequent (40.3%) followed by
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chicken coops (16.8%) and storerooms (14.3%). Habitats with minimum refuge availability
mainly included cow corrals (47.4%). Dry branches, canes and sticks were the main
construction materials in all ecotopes (61%) and were almost the only material found in
corrals (60-79%); hence no clear association was found between construction materials and
ecotopes. The presence and number of hosts varied among ecotopes: cows, horses, goats,
pigs and rabbits reportedly occurred only at their respective corrals whereas chickens, dogs

and cats occurred in more than one ecotope.

When assessing the effects of type and number of hosts and construction materials
on the risk of peridomestic infestation, risk increased significantly with the number of goats
and chickens: an increase of 10 chickens increased the risk of infestation by 90% whereas
an increase of 10 goats only increased the risk of infestation by 6% (Table 2). Pigs were not
included in this analysis because no pig corral was found infested and these hosts
reportedly occurred only in this ecotope. Regarding construction materials, the presence of
mud or adobe walls was significantly and positively associated with infestation (Table 2),
unlike bricks, dry branches and cane sticks. This model had and area under the ROC curve
of 0.81, with a sensitivity of 0.79 and specificity of 0.74, using an optimal threshold value
of 0.12, and presented a good fit to the data (Hosmer-Lemeshow test, p = 0.2). The H-index
value was 0.37. Its better classification performance, compared with the infestation model
considering only ecotope as an independent variable (AUC=0.7, H-index=0.12), suggests
that the risk of infestation in a given peridomestic ecotope (Table 2, Model 1) is mainly
determined by the abundance and type of hosts available and, secondly, by construction

materials (Table 2, Model 2).
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Bug abundance increased with the abundance of dogs or cats, chickens and goats,
and decreased with the number of cows and horses, whereas construction materials did not
exert effects on bug abundance (Table 2). When removing the kennel that harbored 700
bugs from the model (Table 2, Model 2) the estimated Odd Ratio of the abundance of dogs
and cats changed from 6 (CI = 4.1-8.7) to 1.1 (CI = 0.7-1.5) and its effect became non-
significant (P = 0.6). The estimated Odds Ratio of the abundance of other hosts remained
unchanged but the estimated effects of constructions materials in walls also changed: mud
or adobe walls were inversely associated with bug abundance (OR = 0.3, CI =0. 08- 0.9, P
=0. 04).

The variance inflation factor (VIF) estimated for the variables included in the
multivariate analysis of peridomiciliary infestation and bug abundance showed no evidence

of multicollinearity; all variables showed a VIF < 2.

Infection with T. cruzi— Table 3 shows the overall prevalence of 7. cruzi infection in T.

infestans was 4.1% (95% Confidence Interval, CI = 2-7%; n = 412). Infection among
domestic bugs (n = 59) was 10.2% (95% CI =4-21%) and came from three houses whereas
peridomestic bug infection (n = 348) was 3.2% (95% CI = 2-3%). The prevalence of T.
cruzi infection among domestic and peridomestic bugs was significantly different (x> = 6.2,
df = 1, p = 0.013). The infected peridomestic triatomines were collected in four goat

corrals, two kennels and two storerooms from 8 houses.

Host-feeding sources— At least one bloodmeal source was identified in 59 (58%) domestic

bugs and in 356 (81%) peridomestic bugs. These differences were statistically significant
(Fisher’s exact test, p < 0.01). Dogs were the main bloodmeal source in domiciles (51.7%;

CI = 38-65%), followed by chickens (5.2%; CI = 1-14%) (Fig. 4A). Only one sample was
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reactive for human blood and no blood meal on cat was detected. The main bloodmeal
sources in peridomestic sites were chickens (46.5%, CI = 41-52%), dogs (27.5%, CI = 23-
32%) and goats (10.1%, CI = 7-14%) (Fig. 4A). Blood meals on cats (2.0%, CI = 1-4%),

cavies (1.1%, CI = 1-3%), rabbits, pigs and murid rodents (0.3%, CI = 0.01-2%) were rare.

Trypanosoma cruzi infection in domestic 7. infestans occurred exclusively in bugs
fed on dogs (10.0%; CI = 2-27%) -the human fed bug was not infected-. In peridomestic
habitats, similar infection rates were detected in bugs fed on goat (9.1%; CI = 2-24%), dog

(6.8%; CI = 1-19%) and chicken (5.7%; CI = 2-13%) (Fig. 4B).

Discussion

Our results document the occurrence of domestic and peridomestic infestation with
T. infestans in northern Mendoza. Unlike other endemic rural areas, baseline domestic
infestation was much lower than expected given that insecticide spraying campaigns had
historically been very sporadic. Nonetheless, our results document the occurrence of 7.
infestans infected with 7. cruzi in human sleeping quarters and in peridomestic sites.
Bloodmeal identification tests revealed that the bugs have mainly fed on dogs, chickens and
goats. The greatest risk of infestation was mainly associated with goat corrals which

provided appropriate refuges and hosts for 7. infestans bugs.

The socio-demographic analysis of local households showed an aged population,
with a long-standing settlement history in precarious houses made of adobe, sticks, dry
branches and canes, and whose main economic activity was goat husbandry. Young people
emigrated to neighboring irrigated areas after finishing secondary school in search of better

life prospects. Water is very scarce in arid Mendoza and is mainly accessible in oases
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where grapevines and fruit trees are cultivated. Goat husbandry is the main economic
activity in the vast sandbanks desert, such as our study area (Ministry of Agriculture,
Livestock and Fisheries, 2016). Mendoza province ranks third in goat production at a
national level and Lavalle Department is the second largest producer in the province
(Ministry of Agriculture, Livestock and Fisheries 2016). This activity occurred in 86% of
the households and was the basis of the local economy. The goat-equivalent index was 2.4
times higher than that recorded elsewhere in the Argentine Chaco (Gaspe et al. 2015).
Poultry, cows and horses were used for consumption, commercialization and/ or

transportation respectively and no agriculture was observed.

Determinants of domestic infestation

We expected to find a higher prevalence of domestic infestation in Lavalle based on
favorable conditions for 7. infestans (i.e., traditionally endemic area, last insecticide
spraying campaign occurring 2-10 years before, precarious rural housing and other socio-
demographic factors). However, the observed infestation rates were much lower than
elsewhere in northern Argentina (Gurevitz et al. 2011, Gaspe et al. 2015), and domestic
infestation mainly occurred in houses with peridomestic infestation (Gurevitz et al. 2011).
In addition, some characteristics of domiciles and household practices were related to
higher infestation, although not significantly so: roofs made of dry branches, cane and mud,
absence of window screens, cracked walls, and the indoor presence of dogs, cats and
chickens. Domestic infestation was lower in households that reportedly applied domestic
insecticides, although the differences were not significant. Although few domiciles had
dogs, cats or chickens resting indoors, domestic infestation increased (non-significantly)

with their presence, especially chickens as in other regions (Cecere et al. 1997; Gurevitz et
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al. 2011). The frequent domestic use of insecticides and window screening may explain, at
least in part, why house infestation with 7. infestans was much lower than expected. The
large abundance of domestic flies during the hot season may also be related to preventive
practices. The use of electricity and proximity to wild habitats may favor the invasion of
triatomines from wild or peridomestic foci into domiciles, especially among houses that
lack window screens (Waleckx et al. 2015). Active dispersal of nymphs and adults of 7.
infestans and other triatomines were reported in different areas from Argentina (Abrahan et

al. 2016).

Determinants of peridomestic infestation

Peridomestic ecotopes had an increased risk of infestation, although both infestation
and bug abundance differed among particular structures. Rabbit hutches were frequently
infested although they were rare. Secondly, goat corrals were infested structures, coinciding
with high availability of appropriate refuges for 7. infestans, followed by chicken coops.
Conversely, cow corrals and storerooms showed a lower risk of infestation than goat
corrals. Peridomestic structures were important sources of reinfestation in both natural
(Cecere et al. 2004, Gurevitz et al. 2011) and experimental conditions (Gorla and Schofield
1989) elsewhere in the Argentine Chaco. A very large colony of 7. infestans was found in a
kennel with four dogs located at 30 m from the nearest human sleeping quarters and 100 m
from the nearest house. Given that 7. cruzi-infected bugs were collected there, this kennel

most likely acted as a source of dispersing infected triatomines.

Multivariate analysis of the determinants of peridomestic infestation revealed the
significant effects of the number of goats and chickens, suggesting that goat corrals and

chicken coops were more likely to be infested and harbored larger numbers of 7. infestans
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than other ecotopes. We also identified that mud also increased the risk of peridomestic

infestation regardless of type and number of local hosts.

Our results emphasize the relative importance of specific peridomestic structures
(i.e., rabbit hutches, goat corrals, chicken coops, dog kennels) for house infestation with 7.
infestans. A large fraction of houses with infested domiciles also harbored a peridomestic
focus mainly in goat corrals. Recently, two alternative control methods to reduce domestic
triatomine populations have been trialed in Argentina: a motorized vehicle-mounted sprayer
for insecticide application which restricted end-point infestations to peridomiciles (Carbajal
de la Fuente et al., 2017); and modification of traditional goat corrals, which increased goat
productivity and likely enhanced the detectability of low-density infestations (Gorla et al.
2013). Combination of environmental management and improved chemical vector control
may be needed to suppress peridomestic infestations. Considering the economic importance
of goat corrals, community participation is expected to play a crucial role if environmental

management measures are to be introduced.

Trypanosoma cruzi infection and host-feeding sources

The overall prevalence of 7. cruzi infection (4.1%) in T. infestans was relatively low
but domestic infection was rather high. The domestic abundance of infected fifth-instar
nymphs and adult bugs suggest the occurrence of parasite transmission indoors, many of
which had recently fed on dogs. Although the infected bugs may have acquired the
infection from a previous blood meal, dogs and cats frequently are the main domestic
reservoir hosts of 7. cruzi and a risk factor for transmission in Argentina and elsewhere

(Gtirtler and Cardinal 2015). Multivariate analyses of peridomestic infestation and bug
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abundance showed that chickens, goats and dogs or cats represented the main hosts and
bloodmeal sources of 7. infestans (e.g., Gurevitz et al. 2011). High host mobility between
sites likely contributed to persisting site infestation and infection. In this study, human
blood meals were infrequent, suggesting that human-vector contact was very limited at the

time of our survey.

Our study had some limitations. The survey was conducted as part of a randomized
intervention trial that sought to evaluate the impacts and performance of various insecticide
spraying operations in harsh terrain. The results were obtained from a limited number of
infested houses that had been previously identified by the Chagas vector control program;
therefore the study houses were a selected sample and this may have reduced the power of
significance tests. Logistic restrictions dictated that vector surveys were conducted in mid-
fall when temperatures averaged 20.4 £ 0.9 °C and possibly the abundance of 7. infestans
and/or the probability of bug detection by timed-manual searches were decreasing. The
physical complexity of goat corrals may also reduce the detectability of triatomines by
timed-manual searches. The low domestic infestation combined with a rather small sample
size also limited our ability to identify factors associated with house infestation. Blood-
feeding patterns determined by direct ELISA may detect blood meals that occurred within
the previous two or three months depending on site-specific temperatures and other factors.

Therefore, bloodmeal results correspond to a rather undefined time window.

The occurrence of domestic and peridomestic infestation with 7. infestans and T.
cruzi infection supports that vector-borne transmission still occurs in northern Mendoza.
Although vector control actions in the affected region increased substantially since 2008,

current results justify the implementation of additional control actions combined with

22

https://mc04.manuscriptcentral.com/mioc-scielo



©CoO~NOUTA,WNPE

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516
517

Memérias do Instituto Oswaldo Cruz

sustained vector surveillance. Historically, the problem of Chagas disease and vector
control has been addressed mainly from a biomedical perspective. Incorporating the socio-
cultural and political dimensions of the problem and recognizing the equivalent importance
of these four interdependent dimensions is crucial (Sanmartino et al. 2016). The affected
communities should be recognized as key stakeholders and included in how to better
control house infestation and conduct vector surveillance. Their contributions to better
husbandry practices and construction and maintenance of peridomestic structures,

especially goat corrals, may lead to an improved vector control strategies.

Acknowledgements

We are grateful to all the Lavalle families for collaborating with this study. We are
grateful to two anonymous referees whose comments helped us improve the manuscript.
We thank R. Valot and H. Falcone, the National Chagas Control Program personnel and
local health workers for their valuable assistance in field work; Park Rangers from Natural
and Cultural Telteca Reserve for lodging and hospitality in field work; A. Pedraza and G.
Pizzarello for collaboration in laboratory work; H. Argibay, G. Enriquez and N.
Macchiaverna for laboratory help. C. Cecere, L. Rodriguez Planes, J. Nattero, R. Piccinali
and M. Orozco for helpful suggestions. A.L.C.F., M.V.C and R.E.G. are members of the

CONICET Researcher Career.

References

Abraham EM, Torres L. The Drylands Development Model in Argentina’s Central West:
the Case of Mendoza Province. GRF Davos Planet@Risk 2014; 2(1): 8-13.

23

https://mc04.manuscriptcentral.com/mioc-scielo

Page 24 of 40



Page 25 of 40

©CoO~NOUTA,WNPE

518
519
520

521
522

523
524

525
526
527

528
529
530

531
532
533

534
535
536

537
538
539
540

541
542
543
544

545
546
547

548
549

550
551

Memérias do Instituto Oswaldo Cruz

Abrahan L, Gorla D, Catala S. Active dispersal of Triatoma infestans and other triatomines
in the Argentinean arid Chaco before and after vector control interventions. J Vector Ecol
2016; 41(1): 90-96.

Bricefio-Ledn R. La enfermedad de Chagas en las Américas: una perspectiva de ecosalud.
Cad Saude Publica 2009; 25: S71-S82.

Brown L, Tony Cai T, DasGupta A. Interval Estimation for a Binomial Proportion. Stat Sci
2001; 16(2): 101-117.

Burgos JM, Begher SB, Freitas JM, et al. Molecular diagnosis and typing of Trypanosoma
cruzi populations and lineages in cerebral Chagas disease in a patient with AIDS. AmJ
Trop Med Hyg 2005; 73(6): 1016-1018.

Burnham KP and Anderson DR. Model selection and multimodel inference: a practical
information-theoretic approach. 2nd edn. New York: Kenneth P. Burnham, David R.
Anderson; 2002. 488 pp.

Carbajal-de-la-Fuente AL, Lencina P, Spillmann C, Gurtler R. A motorized vehicle-
mounted sprayer as a new tool for Chagas disease vector control. Cad Saude Publica 2017,
33(1): 1-11.

Cecere MC, Giirtler RE, Canale D, Chuit R, Cohen JE. The role of the peridomiciliary area
in the elimination of 7Triatoma infestans from rural Argentine communities. Rev Panam
Salud Publica 1997; 1(4): 273-279.

Cecere MC, Vazquez-Prokopec GM, Giirtler RE, Kitron U. Spatio-temporal analysis of
reinfestation by Triatoma infestans (Hemiptera: Reduviidae) following insecticide spraying
in a rural community in Northwestern Argentina. Am J Trop Med Hyg 2004; 71(6): 803-
810.

Gaspe MS, Provecho YM, Cardinal MV, del Pilar Ferndndez M, Giirtler RE. Ecological
and sociodemographic determinants of house infestation by Triatoma infestans in
indigenous communities of the Argentine Chaco. PLoS Negl Trop Dis 2015; 9(3):
€0003614.

Gorla DE, Abrahan L, Herndndez ML, et al. New structures for goat corrals to control
peridomestic populations of Triatoma infestans (Hemiptera: Reduviidae) in the Gran Chaco
of Argentina. Mem Inst Oswaldo Cruz 2013; 108(3): 352-358.

Gorla DE, Porcasi X, Hrellac H, Catala SS. Spatial stratification of house infestation by
Triatoma infestans in la Rioja, Argentina. Am J Trop Med Hyg 2009; 80(3): 405-409.

Gorla DE, Schofield CJ. Population dynamics of Triatoma infestans under natural climatic
conditions in the Argentine Chaco. Med Vet Entomol 1989; 3(2): 179-194.

24

https://mc04.manuscriptcentral.com/mioc-scielo



©CoO~NOUTA,WNPE

552
553
554

555
556
557

558
559

560
561
562

563
564
565

566
567

568
569

570
571

572
573

574
575
576

577
578
579
580

581
582
583

Memérias do Instituto Oswaldo Cruz Page 26 of 40

Grosso Cepparo MV, Torres LM. Entre las politicas por el agua y los esfuerzos por calmar
la sed. el «acueducto del desierto» en las tierras secas no irrigadas de Lavalle, Mendoza.
Am Lat Hoy 2015; 69: 17-33.

Gurevitz JM, Ceballos L., Gaspe MS, et al. Factors affecting infestation by Triatoma
infestans in a rural area of the humid Chaco in Argentina: A multi-model inference
approach. PLoS Negl Trop Dis 2011; 5(10): e2158.

Girtler R, Cardinal M. Reservoir host competence and the role of domestic and commensal
hosts in the transmission of Trypanosoma cruzi. Acta Trop 2015; 151(32): 32-50.

Giirtler RE, Cecere MC, Vazquez-Prokopec GM, et al. Domestic animal hosts strongly
influence human-feeding rates of the Chagas disease vector Triatoma infestans in
Argentina. PLoS Negl Trop Dis 2014; 8(5): €2894.

Giirtler RE, Kitron U, Cecere MC, Segura EL, Cohen JE. Sustainable vector control and
management of Chagas disease in the Gran Chaco, Argentina. Proc Natl Acad Sci USA
2007; 104(41): 16194-16199.

Hand DJ. Measuring classifier performance: a coherent alternative to the area under the
ROC curve. Mach Learn 2009; 77: 103-123.

Heinze G, Schemper M. A solution to the problem of separation in logistic regression. Stat
Med 2002; 21(16): 2409-2419.

Hotez PJ. Ten global “hotspots” for the neglected tropical diseases. PLoS Negl Trop Dis
2014; 8(5): e2496.

Lent H, Wygodzinsky P. Revision of the Triatominae (Hemiptera, Reduviidae), and their
significance as vectors of Chagas’ Disease. B Am Mus Nat Hist 1979; 163: 127-520.

Marcet PL, Duffy T, Cardinal M V, et al. PCR-based screening and lineage identification of
Trypanosoma cruzi directly from faecal samples of triatomine bugs from northwestern
Argentina. Parasitology 2006; 132(1): 57-65.

Ministry of Agriculture, Livestock and Fisheries. Direccion de Estadisticas e
Investigaciones Econdmicas. Ministerio de Economia, Infraestructura y Energia. Gobierno
de Mendoza, Argentina. [homepage on the Internet]. Inc.; c2000-01 [updated 2012 May
16; cited 2016 November 24]. Available from: http://www.deie.mendoza.gov.ar/#.

Montafia E, Torres LM, Abraham EM, Torres E, Pastor G. Los espacios invisibles.
subordinacion, marginalidad y exclusion de los territorios no irrigados en las tierras secas
de Mendoza, Argentina. Region y Soc Rev El Col Son 2005; 32(17): 3-32.

25

https://mc04.manuscriptcentral.com/mioc-scielo



Page 27 of 40 Memérias do Instituto Oswaldo Cruz

1

2

2 584  Moreno ML, Hoyos L, Cabido M, Catala SS, Gorla DE. Exploring the association between
5 585  Trypanosoma cruzi infection in rural communities and environmental changes in the

? 586  southern Gran Chaco. Mem Inst Oswaldo Cruz 2012; 107(2): 231-237.

g 587  National Health Ministry of Argentina 2016. Inc.; c2000-01 [updated 2008 April 02; cited
10 588 2016 November 24]. Available from:

11 589  http://www.msal.gob.ar/chagas/index.php/institucional/plan-nacional-de-chagas/estructura.
12

13 590 Red Ambiental IADIZA-CONICET, Mendoza, Argentina 2016. [homepage on the

15 591 Internet]. Registros meteorologicos por estaciones. Telteca, 2013. Inc.; c2000-01 [updated
16 592 2008 April 02; cited 2016 November 24]. Available from:

g 593  http://www.cricyt.edu.ar/ladyot/red iadiza/

leg 594  RoigF, Roig-Jufient S, Corbalédn V. Biogeography of the Monte Desert. J Arid Environ
21 595  2009; 73(2): 164-172.

22

23 596  Sanmartino M editors. Hablamos de Chagas: Aportes para re-pensar la problematica con
gg 597  una mirada integral. [monograph] [Internet]. Buenos Aires: Consejo Nacional de

26 598 Investigaciones Cientificas y Técnicas Press; 2015. cited 2016 November 24]. Available
% 599  from: http://www.conicet.gov.ar/wp-content/uploads/2015/09/Hablamos-de-Chagas.pdf.
ég 600  Schisterman EF, Perkins NJ, Liu A, Bondell H. Optimal cut-point and its corresponding
31 601  Youden Index to discriminate individuals using pooled blood samples. Epidemiology 2005;
32 602  73-81.

33

2‘51 603  Sosa Estani S, Zaidenberg M, Segura E. Descentralizacion del Programa de Control de la
36 604  Transmision de Trypanosoma cruzi (Chagas) en la Argentina. /n: Yadon ZE, Giirtler RE,
37 605  Tobar A. Decentralization and Management of Communicable Diseases Control in Latin
gg 606  America. Buenos Aires: Argentina 2006; 189-202.

22 607  Waleckx E, Gourbiére S, Dumonteil E. Intrusive versus domiciliated triatomines and the
42 608  challenge of adapting vector control practices against Chagas disease. Mem Inst Oswaldo
ji 609  Cruz. 2015; 110 (3): 324-338.

jg 610  World Health Organization 2015. [homepage on the Internet]. Chagas Disease in Latin
47 611  America: An Epidemiological Update Based on 2010 Estimates. Inc.; c2000-01 [updated
jg 612  Jul 10; cited 2016 Nov 16]. Available from: http://www.who.int/wer/en/

T

52

53 614

54

55 615

56

57 616

58

59

60 26

https://mc04.manuscriptcentral.com/mioc-scielo



©CoO~NOUTA,WNPE

617

618

Memérias do Instituto Oswaldo Cruz

https://mc04.manuscriptcentral.com/mioc-scielo

27

Page 28 of 40



Page 29 of 40

619

620
621

©CoO~NOUTA,WNPE

622

54 623
55 624

625
58 626

Memérias do Instituto Oswaldo Cruz

Table 1: Household socio-demographic and environmental characteristics and their

association with the infestation with Triatoma infestans in 76 domiciles of La

Asuncién and San José Districts, Mendoza, May 2013.

% of Domestic
Variable households (no. infestation
of houses)t  prevalence (CI) OR (CI) p
Presence of animals sleeping indoors
Dogs and cats No 64.5 (49) 12.2 (5.3-23.5) 1
Yes 32.9 (25) 16.0 (5.7-33.7) 1.4 (0.4-5.2) 0.61
Chickens No 90.8 (69) 11.6 (5.6-20.7) 1
Yes 6.6 (5) 40.0 (9.4-79.1) 5.2 (0.9- 30.5) 0.07
Use of domestic insecticides
No 7.9 (6) 16.7 (1.9-55.8) 1
Yes 90.8 (69) 13.0 (6,7-22,5) 0.6 (0.1-4.0) 0.58
Type Low concentration 92.8 (64) 12.5(6.1-22.0) 0,4 (0,1-2,7) 0.32
Deltamethrin 1.45 (1) 0 0.8 (0.02-32.4) 0.90
Others’ 5.8(4) 25.0 (2.9-71.6) 1
Where Domicile 95.3(61) 14.75 (7.6-25.2) 0.5(0.2-14.4) 0.72
Peridomicile 1.6 (1) 0 1
Both 3.1(2) 0 0.6 (0.1-49.5) 0.82
Window screen use
No 44.7 (34) 20.6 (9.7-36.2) 1
Yes 53.9 (41) 7.3 (2.1-18.3) 0.3 (0.9-1.3) 0.11
Light source
Absent 1.3 (1) 0 -
Electricity 30.3 (23) 4.3 (0.5-18.6) 1
Solar panel 65.8 (50) 18.0 (9.3-30.3) 4.8 (0.6-40.6)
Wall building material
Mud 17.1 (13) 0(-) 1.3 (0.3-5.3) 0.69
Bricks 28.9 (22) 13.6 (4.0-32.1) 1
Mixed 50.0 (38) 18.4 (8.6-32.8) 0.2 (0.01-4.3) 0.31
No data 4.0 (3) 0(-) 0.8 (0.03-19.3) 0.89
Roof building materials
Branches-canes-mud 17.1 (13) 15.4 (3.3-40.9) 6.4 (0.4-118.2) 0.21
Metal-cement-wood 18.4 (14) 0(-) 1
Mixed 60.5 (46) 17.4 (8.6-30.2) 6.3 (0.3-144.7) 0.25
No data 4.0 (3) 0(-) 4.1 (0.1-247.5) 0.50
Cracked walls
1-2" 38.1 (24) 8.3 (1.8-24.1) 1
3 54.0 (34) 14.7 (5.8-29.3) 1.7 (0.3-8.3) 0.52
4 0(0) 0 0
5 7.9 (5) 40.0 (9.4-79.1) 6.4 (0.3-0.4) 0.08

The Odds Ratio (OR), its confidence intervals (CI) and significance (P) obtained from the
Firth penalized logistic regression univariate analysis of domestic infestation are presented.
tThe total number of houses for each variable may be less than 76 owing to missing data.

¢ Disinfectants such as chlorine or creolin.
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" Cracked walls classified from 1 to 5, where 1 represents few cracks and 5 abundant.
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Table 2. Factors associated with site-specific infestation and abundance of 7. infestans.

Infestation
prevalence *

Median bug
abundance®

(1st-3rd quartiles, no.

Variable (Clys, no. of sites ) RI OR (Clys) P of infested sites) RI RA (Clgs) P
Intercept 0.3 (0.2-0.5) <0.001%* 3.2 (1.8-6) 0.001**
Ecotope
Goat corrals 23.0 (16.0-34.0, 98) 1 10.0 (4.0-23.2, 23) 1
Domiciles 13.2 (7.0-23.8, 76) 0.5(0.2-1.1) 0.09~ 8.0 (5.0-16.1, 10) 0.4 (0.2-1.1) 0.08
_ Storerooms 6.0 (2.0-16.5, 49) 0.2 (0.1-0.6) 0.02* 5.0 (2.0-9.3, 3) 0.07 (0.02-0.2)  <0.01%**
3 Kennels 15.0 (5.0-42.1, 13) 0.6 (0.1-2.4) 0.5 359.0 (10.0-708.2, 2) 21(3.2-136) 0.001**
§ Chickens coop 19.0 (13.0-29.6, 58) 0.7 (0.3-1.5) 0.4 11.0 (3.0-80.1, 10) 2.2 (0.8-6.2) 0.1
Cow corrals 2.0 (0.0-12.5, 45) 0.1 (0.004-0.4) 0.01* 9.0 (-,1.0, 1) 0.04 (0.01-0.1) < 0.001**
Pig corrals 0.0 (0.0-14.2, 23) - - - - -
Rabbit hutches 40.0 (12.0-77.5, 5) 2.2(0.3-1.4) 0.4 63.0 (60.0-66.2, 2) 4.4 (0.04-80) 0.3
Others' 7.0 (2.0-21.3, 30) 0.2 (0.03-0.8) 0.06~ 57.0 (1.0-114.2, 2) 0.6 (0.1-2.4) 0.5
Intercept 0.07 (0.04-0.1) <0.001** 0.02 (0.004-0.1) <0.001%**
No. of chickens§ 1 1.6 (1.2-2.2) <0.001** 1 2.2 (1.6-3.1) <0.001*
No. of goats § 1 1.07 (1.03-1.1) < 0.001%** 1 1.1(1.05-1.4)  <0.001*
No. of rabbits 0.7 1.1 (0.9-1.3) 0.1 <0.1 1.04 (0.9-1.2) 0.6
% No. of cows and horses§ 0.5 0.2 (0.002-10.0) 0.4 0.03 (0.002-0.6) 0.02*
"23 No. of dogs and cats 0.4 1.2 (0.9-1.5) 0.2 1 6 (4.1-8.7) <0.001%*
Wall construction material 0.4 0.1
Wired metal, nylon, cloth,
wood without bark or wood planks :
Bricks 3.4 (0.6-18) 0.1 0.2 (0.02-1.7) 0.1

https://mc04.manuscriptcentral.com/mioc-scielo



©CoO~NOUTA,WNPE

Memérias do Instituto Oswaldo Cruz Page 32 of 40

Mud 3.2(1.1-9) 0.02* 2.7 (0.2-32) 0.5
Branches, cane sticks 1.6 (0.7-3.6) 0.3 0.9 (0.4-2.2) 0.4

Infestation and abundance of 7. infestans by ecotope (Model 1), and by type, number of host and construction materials in peridomestic sites
(Model 2). House infestation was analyzed by logistic regressions and bug abundance by negative binomial regressions. The odds ratio (OR) or
relative abundance (RA), their confidence intervals (Clys), relative importance (RI) and probability (P) are reported for each model.

*0.01 <p<0.05, ~p=0.05-0.1.

§ re-scaled variable to tens of hosts.

* Infestation was determined by the finding of at least one live bug by timed-manual searches.

® Bug abundance was calculated as the number of live bugs collected per 15 min-person among houses found infested by timed-manual searches.

P Others: Galleries made of dry branches, piles of sticks, bricks, reeds and mud ovens, which appeared in low frequency.
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Table 3: Prevalence of Trypanosoma cruzi infection in Triatoma infestans collected in
domestic and peridomestic habitats in 76 domiciles of La Asuncién and San José Districts,
Mendoza, May 2013.

©CoO~NOUTA,WNPE

No. of bugs

12 No. of bugs examined by
13 Ecotope Stage collected kDNA-PCR % infected

14 Domestic First-second 7 0 0.0
15 Third-fifth 56 32 9.4
17 Adult 51 27 11.1
18 Peridomestic  First-second 237 0 0.0
19 Third-fifth 894 234 4.3
21 Adult 441 119 0.8
22 Total 1,686 412 4.1
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Legends for figures

Figure 1: Map of the study area showing the location of the 76 study houses in La Asuncion

and San José Districts, Mendoza, Argentina.
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Figure 2: Typical rural houses and peridomestic structures in La Asuncién and San José
Districts, Mendoza, Argentina. A: Domicile made with mud and cane. B: Interior of a
domicile with a cane roof. C: Goat corrals and chicken coops. D: Typical goat corral with

walls of stacked branches.
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Figure 3: Number of infested and noninfested sites and median abundance of 7. infestans
by ecotope. Bars indicate the number of infested and noninfested sites; numbers between
parentheses indicate percentage of infestation by ecotope. Triangles indicate the median
abundance of 7. infestans by ecotope. Whiskers for bug abundance indicate the
interquantile range. Others: pile of bricks, sticks, canes, ecotopes with no animal host

associated, ovens.
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Figure 4: Host-feeding patterns of Triatoma infestans and prevalence of infection with
Trypanosoma cruzi in T. infestans. Bugs collected in domestic and peridomestic sites (A)

and prevalence of infection according to bloodmeal source in domestic and peridomestic

©CoO~NOUTA,WNPE

ecotopes (B). Others: pigs, rabbits, guinea pigs and rats.
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Map of the study area showing the location of the 76 study houses in La Asuncion and San José Districts,

Mendoza, Argentina.
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32 Typical rural houses and peridomestic structures in La Asuncidn and San José Districts, Mendoza, Argentina.
33 A: Domicile made with mud and cane. B: Interior of a domicile with a cane roof. C: Goat corrals and
34 chicken coops. D: Typical goat corral with walls of stacked branches.
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