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The peri-urban interface and house infestation with Triatoma  
infestans in the Argentine Chaco: an underreported process?
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Peri-urban infestations with triatomine bugs, their sources and their dynamics have rarely been investigated. 
Here, we corroborated the reported occurrence of Triatoma infestans in a peri-urban area and in neighbouring 
rural houses in Pampa del Indio, in the Argentine Chaco, and identified its putative sources using spatial analysis 
and demographic questionnaires. Peri-urban householders reported that 10% of their premises had triatomines, 
whereas T. infestans was collected by timed manual searches or community-based surveillance in only nine (3%) 
houses. Trypanosoma cruzi-infected T. infestans and Triatoma sordida were collected indoors only in peri-urban 
houses and were infected with TcV and TcI, respectively. The triatomines fed on chickens, cats and humans. Peri-
urban infestations were most frequent in a squatter settlement and particularly within the recently built mud houses 
of rural immigrants, with large-sized households, more dogs and cats and more crowding. Several of the observed 
infestations were most likely associated with passive bug transport from other sources and with active bug dispersal 
from neighbouring foci. Thus, the households in the squatter settlement were at a greater risk of bug invasion and 
colonisation. In sum, the incipient process of domestic colonisation and transmission, along with persistent rural-
to-urban migratory flows and unplanned urbanisation, indicate the need for active vector surveillance and control 
actions at the peri-urban interface of the Gran Chaco. 

Key words: Trypanosoma cruzi - Triatoma infestans - migration - vector control - reinfestation - urbanisation

The transmission of neglected tropical diseases is 
closely related to poverty, unplanned urbanisation, weak 
health services and, more generally, complex interactions 
between ecological, biological and social factors (Hotez 
et al. 2008, Charron 2012, Bazzani & Wiese 2012). Cha-
gas disease, a neglected tropical disease caused by the 
protozoan Trypanosoma cruzi, which has been grouped 
into six  discrete  typing  units (DTUs), continues to be 
a serious public health problem in Latin America and 
has expanded globally through international migration 
(WHO 2007). The most important vector of human T. 
cruzi infection is Triatoma infestans, with a wide distri-
bution in the Southern Cone countries of South America. 
Insecticide-based control campaigns coordinated at the 
regional level since the early 1990s have severely reduced 
house infestation indices for T. infestans and have reduced 
or interrupted the vector and blood-borne transmission of 
human T. cruzi infection in various countries (Dias et al. 
2002, Coura & Dias 2009). However, the rate of progress 
has been slower in the Gran Chaco region, extending over 

doi: 10.1590/0074-0276140225
Financial support: UBA,  
Agencia Nacional de Promoción Científica y Técnica  
(PICT, PICTO-GLAXO), CONICET (PIP) (to REG)
+ Corresponding author: gurtler@ege.fcen.uba.ar
Received 20 June 2014
Accepted 10 September 2014

sections of Argentina, Bolivia and Paraguay, where the 
effectiveness of house spraying with pyrethroid insecti-
cides has been much lower than in the more peripheral 
areas within the range of T. infestans (Gürtler et al. 2007, 
Gürtler 2009, Gorla et al. 2009, Cecere et al. 2013).

Vector-borne transmission of T. cruzi has been 
closely linked to rural poverty and substandard housing 
quality. However, several species of triatomine bugs (in-
cluding T. infestans, Triatoma dimidiata, Triatoma palli-
dipennis and Mepraia spinolai, among others) are able to 
colonise peri-urban and urban habitats and even invade 
the top stories of city buildings through flight (Vallvé 
et al. 1996, Albarracin-Veizaga et al. 1999, Cattan et al. 
2002, Ramsey et al. 2005, Levy et al. 2006, Guzman-
Tapia et al. 2007, Medrano-Mercado et al. 2008, Lima 
et al. 2012). More specifically, T. infestans has been re-
ported in multiple urban areas of Argentina, Bolivia and 
Peru and it is frequently associated with human infec-
tions (Albarracin-Veizaga et al. 1999, Levy et al. 2006, 
Carrizo Páez et al. 2008, Medrano-Mercado et al. 2008). 
The steady rural-to-urban migration recorded during 
the last century and projected for future decades, com-
bined with increasing travel and transportation of goods 
from rural to peri-urban or urban areas, might provide 
multiple routes of entry for triatomine bugs into habitats 
otherwise considered not to be at risk of infestation. For 
example, T. infestans was carried inadvertently by im-
migrant workers to a southern Patagonian city approxi-
mately 300 km away from the southernmost limit of the 
insect’s distribution (Piccinali et al. 2010). 

Peri-urban areas provide a transition between urban 
and rural areas and, depending on various factors, may 
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offer more precarious housing. Migration and settlement 
patterns may therefore represent relevant risk factors for 
house infestation and transmission of T. cruzi (Bayer 
et al. 2009, Delgado et al. 2013, Levy et al. 2014). Fac-
tors associated with house infestation with T. infestans 
in urban or peri-urban areas have occasionally been 
investigated (Albarracín-Veizaga et al. 1999, Medrano-
Mercado et al. 2008, Levy et al. 2006, 2014), albeit not 
in the Gran Chaco. 

As part of a longitudinal research and control project 
in rural areas of the Argentine Chaco, we reported a high 
prevalence of house infestation with T. infestans (40%) 
associated with moderate levels of pyrethroid resistance, 
which caused vector control failures in a rural section of 
the municipality of Pampa del Indio (Gurevitz et al. 2012). 
However, house infestation was reduced to below 3% after 
sustained monitoring of house reinfestation and selective 
insecticide spray use over the course of three years (Gure-
vitz et al. 2013). Between 2008-2013, vector control inter-
ventions were scaled up in all rural areas of the municipal-
ity until achieving a similar degree of control (RE Gürtler 
et al., unpublished observations). 

During this period, the residents of emerging peri-ur-
ban areas in Pampa del Indio occasionally provided anec-
dotal reports of house infestation with triatomine bugs 
and records at the local hospital indicated the frequent 
occurrence of T. cruzi-seropositive residents in local 
peri-urban areas. Based on this information and the suc-
cess of previous vector control actions, in 2011, local 
health authorities proposed conducting blanket insec-
ticide spraying of a peri-urban area (Parque Industrial) 
that had recently sprawled. Standard guidelines for Cha-
gas vector control operations recommend that blanket 
insecticide sprays be conducted when house infestations 
with T. infestans exceed 5%. To support the decision-
making process, we assessed the occurrence and inten-
sity of house infestation and triatomine bug infection 
with T. cruzi in this peri-urban area and in adjacent rural 
houses. In particular, we used spatial analysis tools to de-
termine whether the distribution of triatomine-positive 
points was random or aggregated and to infer the un-
derlying process that may have generated the observed 
pattern (Cecere et al. 2006, Kitron et al. 2006). We also 
investigated environmental and demographic factors as-
sociated with house infestations. As ad hoc hypotheses 
on the putative sources of peri-urban infestations, we 
considered that these infestations could represent pre-
existing, unreported bug colonies; bugs invading from 
untreated neighbouring foci and bugs brought by newly 
arrived immigrants originating from infested villages 
located outside the municipality of Pampa del Indio. Our 
work provides a case study of ongoing house reinfesta-
tion with a major vector species at the interface between 
peri-urban and rural areas.

MATERIALS AND METHODS

Study area - Fieldwork was conducted in the mu-
nicipality of Pampa del Indio (25º55’S 56º58’W), Chaco 
Province, Argentina (Fig. 1A). According to the national 
census conducted in 2010, the municipality had approxi-
mately 18,000 residents and 3,500 households over an 

area of 2,000 km2 and was among the 50 least developed 
districts in the country. The annual rate of population 
increase recorded between the 2001-2010 national cen-
suses was 7%. Approximately half of the total popula-
tion was of Qom (Toba) descent. 

The municipality had last been sprayed with insec-
ticides by the Chaco vector control programme in 1997. 
As part of the control and research project in Pampa 
del Indio, all rural houses in the municipality had been 
sprayed with pyrethroids and kept under sustained vector 
surveillance via selective control actions since late 2007-
2008. The two areas included in the current study were 
considered to be part of the urban setting and therefore 
were not treated at that time. Searches for other sources 
of house insecticide sprays in the municipality indicated 
that personnel from the local hospital evaluated infesta-
tions selectively and sprayed 38 houses in Parque Indus-
trial with pyrethroids, 14 (36.8%) of which were infested 
with T. infestans, in September 2006. 

Parque Industrial is a 0.5 km2 peri-urban neighbour-
hood that included 21 blocks with 293 inhabited house-
holds (54.5% of Creole descent and 45.5% Qom) in 
mid-2011 (Fig. 1B). The houses were either built with 
mortared brick walls and a tin roof (“social-plan hous-
ing”) or were more precarious and had walls made with 
wood planks, mud and grass (torta) or fabric and roofs of 
metal or corrugated tarred cardboard (Fig. 2). A squat-
ter settlement comprising two sections, with 140 and 50 
houses, emerged in 2009-2010. Only 97 houses were 
occupied and the remaining houses were under con-
struction or uninhabited; 49% of them were owned by 
Qom households. In contrast to other rural or peri-urban 
houses, the main construction material in the settlement 
was mud (72%); few houses had mud or cement-mor-
tared bricks (19.6%) or used other materials (7.2%). Most 
dwellers (70.5%) arriving during the previous 12 months 
were from rural areas of Pampa del Indio that were un-
der sustained vector surveillance and selective control. 

Fig. 1A: Gran Chaco region and location of the study area in Pampa 
del Indio, Chaco, Argentina; B: map of the study area showing peri-
urban blocks and two settlements (shaded, Parque Industrial) and 
neighbouring rural houses (Campo Alemany).
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The peri-urban area had a regular distribution of houses 
with clearly defined parcel limits, very few peridomestic 
structures and few domestic animals. 

The nearby rural village Campo Alemany was ap-
proximately 100 m from Parque Industrial (Fig. 1B) and 
included 23 houses (20 inhabited) with poorly defined 
borders, five of which were owned by Creoles and 15 by 
Qom families. Most of these houses had mud walls and a 
few had mortared brick walls. In total, 70% of all houses 
had multiple peridomestic structures, including chicken 
coops and corrals.

Study design - A longitudinal survey of house infes-
tation combined with environmental and demographic 
baseline surveys were conducted in both areas between 
2011-2012. All houses were surveyed for triatomine bugs 
at least once and environmental and sociodemographic 
variables were recorded.

House surveys - Healthcare workers from the local 
hospital conducted a preliminary rapid survey of house 
infestation in the peri-urban area in May 2011; 70.8% of 
the 293 inhabited houses were visited and the residents 
were asked whether there were triatomine bugs in their 
premises (i.e., no insects were shown to residents). Addi-
tionally, a house census survey of the peri-urban area was 
conducted in September 2011. Each house was identified 
with a numbered aluminium plate and georeferenced 
with a GPS receiver (Garmin Legend) and all house lo-
cations were mapped using ArcGIS 9.2. An adult mem-
ber of each household was interviewed to collect the fol-
lowing data: the name of the household head, the number 
of residents in each age group (0-4, 5-14 and older than 
15 years of age), ethnic group, the types and numbers of 
domestic animals (dogs, cats, chickens and other), do-
mestic use of insecticides and whether any householder 
had observed triatomines within the house premises. To 
prevent the misidentification of other insects as triatom-
ines (including failure to distinguish between T. sordida 
and T. infestans), dry specimens of these species and 
other Reduviidae were shown to householders to allow 
more accurate identification. A trained observer record-
ed the materials used in the construction of the walls 
and roof and visually determined the availability level 
of potential refuges for triatomine bugs, with five levels 
ranging from an absence of refuges to abundant refuges 
(Gurevitz et al. 2011).

Sociodemographic variables potentially associated 
with infestation in the peri-urban houses were recorded: 
the presence of wardrobes and boxes containing clothes, 
the length of residence in the current peri-urban area, the 
age of the house (years since it was built), the residents’ 
village of origin, contact with the village of origin (i.e., 
whether the residents still owned the previous house and 
stayed there overnight), the occurrence of house infes-
tations in the village of origin before moving into the 
current peri-urban area, transportation of house con-
struction materials and other goods to the current house, 
renovations of the current house, the size of the domestic 
area and total occupied terrain (m2) and the numbers of 
beds and bed places. This information was used to com-
pute two crowding indices: the number of human occu-
pants per m2 (density) and per bed place. 

All houses were inspected for triatomine bugs by two 
experienced technicians from the Chagas vector control 
programme using a tetramethrin-based aerosol (Espa-
cial, 0.2% tetramethrin) to dislodge the insects from 
their refuges. Human sleeping quarters (domiciles) were 
inspected for 20 min and each peridomestic site or struc-
ture that could serve as a potential refuge for the bugs 
was inspected by another person for 15 min. All collect-
ed bugs were identified to the species level, counted and 
sexed, as described elsewhere (Gurevitz et al. 2011). All 
rural houses and the peri-urban houses infested with T. 
infestans were then sprayed with deltamethrin suspen-
sion concentrate (SC) (K-Othrin, Bayer) using routine 
procedures (Gurevitz et al. 2012).

Household heads were provided with a labelled plas-
tic bag to keep any triatomine bugs that they could catch 
in the domestic and peridomestic sites in their homes 
and were instructed on how to do so without incurring 
any contamination risk. As part of community-based 
vector surveillance, householders were requested to 
bring the insects to the local hospital (at a distance of 
approximately 1.5-2 km).

In the second vector survey, conducted in May 2012, 
all inhabited houses were visited and the residents were 
asked whether they had observed triatomine bugs in their 
premises since our last visit (in September 2011). A total 
of 127 peri-urban houses (41% of all inhabited houses) 
and nine rural houses (50% of all inhabited houses) that 
were selected systematically were inspected for triatom-
ine bugs using the same procedures as in the baseline 

Fig. 2: peri-urban houses in Parque Industrial, Chaco, Argentina. A: built with mortared brick walls and metal roof; B: mud and grass precarious 
houses in the squatter settlement.
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survey. Following notifications of house infestations in 
February 2014, local vector control personnel surveyed 
all dwellings in the block including the infested house 
and in a neighbouring rural house to identify the puta-
tive origin of the reported infestations. The houses in-
fested with T. infestans were selectively sprayed with 
deltamethrin SC, as before.

Bug infection and bloodmeal analysis - Live third-
instar nymphs and older stages, including two live T. 
sordida specimens collected indoors, were examined for 
infection with T. cruzi by direct microscopic observation 
(MO) at 400X. Both live and dead (well-preserved) spec-
imens of T. sordida and T. infestans collected in human 
sleeping quarters were examined by kDNA-polymerase 
chain reaction (PCR), as described elsewhere (Maffey 
et al. 2012). In reference to the relative sensitivity of 
MO and kDNA-PCR, 13% of T. infestans bugs that had 
been MO-negative in xenodiagnosis of T. cruzi-infected 
dogs were kDNA-PCR positive (Enriquez et al. 2014) 
and 7.5% of field-collected MO-negative T. infestans 
specimens tested positive by kDNA-PCR (Marcet et al. 
2006). DTUs were identified from T. cruzi-infected tri-
atomines using direct PCR strategies, as described by 
Maffey et al. (2012).

The bloodmeal sources of all bugs collected in the 
peri-urban area and of a sample of those collected in 
rural houses were identified using a direct ELISA that 
detects human, dog, cat, chicken, pig and goat antigens 
and that has high sensitivity and specificity values, as 
described (Gürtler et al. 2009, 2014).

Statistical analysis - Because the infestation preva-
lence was very low, the data for house infestation with T. 
infestans were pooled across surveys and collection meth-
ods and analysed by Firth penalised logistic regression 
for rare events implemented in Stata 12 (StataCorp 2012). 
Firth penalised logistic regression produces finite, consis-
tent estimates of regression parameters when maximum 
likelihood estimates do not exist because of complete or 
quasi-complete data separation and thus reduces small-
sample bias (Heize & Schemper 2002). Multicollinearity 
was checked by variance inflation factor estimates.

A multivariate analysis of risk factors for domestic 
infestation in the peri-urban area included demographic 
and environmental variables (ethnic group, the number of 
people per house, wall building materials, insecticide use, 
the number of cats per house, the residence period in the 
peri-urban area, the village of origin of the residents and 
the transport of belongings from the former rural house).

The spatial distribution of houses surveyed by health-
care workers and of houses with a reported infestation or 
with T. infestans detected by timed manual searches or 
householders was assessed by a global, local and focal-
point pattern analysis (PPA) implemented in Programi-
ta and PPA (Chen & Getis 2003, Wiegand & Moloney 
2004). Ripley’s L-function with a K-function statistic 
was used for global spatial analysis. The random-label-
ling method was chosen as the null hypothesis; it assess-
es the spatial distribution of points with a given attribute 
(i.e., infested houses), allowing for determination of the 
spatial distribution of all points (i.e., all houses inspected 
for infestation). The grid size was 20 m and 47 m for 

the surveyed houses and infested houses, respectively, 
and the maximum search radius was 300 m. To detect 
local [G*(d)] and focal [G(d)] spatial aggregation, PPA-
based analyses were performed with a search radius of 
0-300 m and a 50 m interval determined by the smallest 
distance between infested houses. The null hypothesis 
was that the infested houses were randomly distributed. 
We predicted that the more abundant foci were spatially 
aggregated (in a local analysis) and that the infested sites 
were aggregated around infested sites with abundant bug 
colonies (focal analysis).

A putative source was defined as any large focus of T. 
infestans around which smaller foci were detected (with 
aggregation determined by PPA) or, more generically 
and tentatively, as the putative origin of the bugs found 
at a site, given the circumstantial evidence provided by 
the house-dwellers (Cecere et al. 2006).

 

RESULTS

Infestation - Peri-urban householders reported their 
premises to be infested with triatomine bugs with nearly 
the same frequency in May 2011 (10.9%) and September 
2011 (9.9%). The degree of agreement between the two 
reports was very poor (kappa index = 0.1). Of the 20 re-
spondents who reported bug-infested premises, 75% rec-
ognised T. infestans, 25% recognised T. sordida and 5% 
recognised other insects (not triatomines) as the culprit.

In contrast, parallel timed manual searches collected 
triatomine bugs only in 1.7% of the peri-urban houses 
in September 2011; the catches included T. infestans in 
the domiciles of two (0.7%) houses (1 consisting of an 

Fig. 3: spatial distribution and abundance of Triatoma infestans and 
Triatoma sordida by timed manual searches pooled over 2011 and 2012 
surveys and householders’ bug collections and occurrence of bug in-
fection with Trypanosoma cruzi, Pampa del Indio, Chaco, Argentina.
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adult bug and the other consisting a bug colony compris-
ing all stages) and T. sordida in the chicken coops of 
three houses (1%) (Fig. 3, Table I). The follow-up vec-
tor survey yielded T. infestans only in one house (0.8%), 
with no T. sordida, in May 2012; 4.6% of householders 
reported having observed triatomine bugs inside their 
sleeping quarters.

As part of the community-based surveillance system, 
during the follow-up survey, one household provided two 
triatomines of each species that had been caught indoors. 
Another three households in the settlement captured six 
T. infestans and two T. sordida specimens after being 
bitten inside their mud-built houses between November 
2011-February 2013 and brought them to the local hos-
pital. Similarly, dwellers from two peri-urban houses 
captured and provided three adult T. infestans speci-
mens indoors in February 2014 (Fig. 3, Table I). During 
searches for the putative sources of these infestations, 
local vector control personnel captured T. infestans in 
the chicken coop of an adjacent rural house (in Campo 
Alemany) that had been positive for both triatomine spe-
cies in 2011 (Fig. 3). Overall, T. infestans was collected 
in nine (3.1%) different peri-urban houses among the 293 
houses included in the study.

Of the 13 peri-urban households in which triatomine 
bugs of any species were collected by any method between 
September 2011-February 2014, only two had reported a 
bug infestation during the preliminary rapid survey in 
May 2011. In contrast, no bug was subsequently collected 
at 18 houses that had reported an infestation (Fig. 4).

In the adjacent rural houses, the overall infestation 
prevalence of T. infestans (20%) was six-fold greater than 
in the peri-urban area (3.1%). At baseline, we collected 
47 T. infestans specimens from three domiciles and two 
chicken coops at four houses and 189 T. sordida speci-
mens (all but 1 in chicken coops) at four houses (Fig. 3, 
Table I). Eight months after the community-wide insecti-
cide spraying, the follow-up survey found no house posi-
tive for T. infestans and only one house with T. sordida 
in a chicken coop, though 5.5% of householders reported 
having observed triatomine bugs inside their domiciles.

Bug infection, DTU identification and bloodmeal 
analysis - T. cruzi-infected T. infestans specimens were 
collected at three of the seven peri-urban houses, but at 
neither of the two rural houses with bugs examined for 
infection, whereas infected T. sordida was found in one 
of the two peri-urban houses in which it was collected in 
human sleeping quarters. The percentage of peri-urban 
T. infestans infected with T. cruzi varied from 25% (MO) 
in live specimens to 29% (kDNA-PCR) in live or dead 
specimens (Table I); these specimens were all captured 
in domiciles. One of the nine MO-negative bugs tested by 
kDNA-PCR was positive, whereas three bugs were posi-
tive by both MO and kDNA-PCR. One of the four adult 
T. sordida specimens captured indoors was kDNA-PCR 
positive for T. cruzi. In contrast, none of the bugs collect-
ed in rural houses was MO or kDNA-PCR positive. TcV 
was identified in two T. cruzi-infected T. infestans and 
TcI in the only T. sordida-infected specimen. DTU iden-
tifications were unsuccessful for three T. infestans speci-
mens due to the small amounts of DNA in the samples.

TABLE I
Distribution of infested houses and prevalence of Trypanosoma cruzi infection in Triatoma infestans and Triatoma sordida 
determined by direct microscopic observation (MO) and kDNA-polymerase chain reaction (PCR) according to survey date  

and collection method in a peri-urban area and adjacent rural houses of Pampa del Indio, Chaco, Argentina

Infected bugs/bugs examined
n/n

Area

Infested houses/inspected 
houses (bugs collected)

n/n (n) MO kDNA-PCR

Collection date
Collection 

method
T.

infestans
T.

sordida
T.

infestans
T. 

sordida
T. 

infestans
T.

sordida

Peri-urban September 2011 Timed manuala 2/293 (15) 3/293 (9) 3/7 0/1 3/7 0/1
May 2012 Timed manuala 1/118 (2) 0/118 (0) 0/2 - 0/2 -
November 2011 
February 2014

Householders 6 (11) 2 (4) 0/3 0/1 2/8b 1/4b

Subtotal (%)c 3.1 1.7 25 0 29.4 20

Rural September 2011 Timed manuala 4/20 (47) 4/20 (189) 0/27 - 0/6 -
May 2012 Timed manuala 0/9 1/9 (5) - - - -

  Subtotal (%)c 20 25 0 - 0 -

a: includes insects collected immediately after timed manual searches; b: live triatomines (3rd-instar nymphs and larger stages) 
were analysed by MO and kDNA-PCR and dead specimens were examined by kDNA-PCR; c: percentage of infested houses among 
those inspected by any method and percentage of infected triatomines among all insects examined by at least one method.
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Bloodmeal identification tests showed that of the 21 
ELISA-reactive T. infestans specimens, 33% had fed on 
humans; 38%, on cats, and 43%, on chickens, and that 
14% had had mixed bloodmeals from cats and chickens 
(Table II). However, the bloodmeal sources could not be 
determined in the triatomines with identified DTUs due 
to a lack of bloodmeal contents. Of nine reactive T. sordi-
da specimens, eight had fed on chickens and one had fed 
on cats. In the peri-urban area, the T. infestans specimens 
collected in domiciles had fed on chickens, humans and 
cats, whereas the only reactive T. sordida specimen col-
lected indoors had fed on cats. Both triatomine species 
collected in chicken coops had fed mainly on chickens. 
Among the T. cruzi-infected bugs, the only reactive T. 
infestans specimen had fed on humans. In rural houses, 
domestic T. infestans had fed on humans or cats and bugs 
from chicken coops had fed on chickens or cats.

Spatial analysis - Peri-urban house infestations with 
T. infestans and T. sordida occurred largely along the pe-
riphery, at the interface with the rural area and mainly 
in the two settlements where housing was more precari-
ous and households had recently immigrated (Figs 3, 4). 
Conversely, a large fraction of houses in the eastern sec-
tion of the peri-urban area were of good quality, had long 
been established and had used domestic insecticides 
more frequently. All but one of the infestations detected 
in 2006 occurred in this group of households.

The spatial analysis did not reveal global aggregation 
of triatomine infestations in either the rapid survey (based 
on householders’ reports) or the subsequent collections of 
T. infestans pooled across surveys and methods (Figs 3, 
5). Local aggregation of T. infestans was found within 
120 m of the highly infested chicken coop of a rural house 
in Campo Alemany. The distance between the latter and 
the most distant house positive for T. infestans was 596 
m (i.e., within the known flight range of the vector). In 
contrast, in the peri-urban settlements, although no statis-
tically significant clustering of infestation was revealed, 
the infested houses were within 100 m of each other.

Risk factors - House infestation was more frequent in 
Creole than in Qom households among the rural houses 
(40% vs. 13.3%, respectively), but this difference was 
not present in the peri-urban area (2.4% in both ethnic 
groups) (Table III). Houses containing mud were signifi-
cantly more frequently infested (4.2-5.4%) than the other 
types of construction were, with fewer refuges for the 
bugs (brick and cement, canvas or clothing). All infesta-

TABLE II
Distribution of bloodmeal sources in Triatoma infestans and Triatoma sordida in a peri-urban area and  

adjacent rural houses of Pampa del Indio, Chaco, Argentina

Bugs fed on 
n (%)

Triatomine species Area

Bugs 
tested

(n)

Reactive
 bugs 
n (%) Human Cat Chicken Dog Goat Pig

Bugs 
with mixed 
blood meals 

n (%)

T. infestans Peri-urban 14 8 (57) 3 (38) 2 (25) 4 (50) 0 (0) 0 (0) 0 (0) 1 (13)
Rural 15 13 (87) 4 (31) 6 (46) 5 (38) 0 (0) 0 (0) 0 (0) 2 (15)

Subtotal 29 21 (72) 7 (33) 8 (38) 9 (43) 0 (0) 0 (0) 0 (0) 3 (14)

T. sordida Peri-urban 13 9 (69) 0 (0) 1 (11) 8 (89) 0 (0) 0 (0) 0 (0) 0 (0)

Fig. 4: spatial distribution of houses surveyed by healthcare workers 
in May 2011, houses reported infested by householders at baseline and 
houses infested by Triatoma infestans or Triatoma sordida as deter-
mined by timed manual searches or householders’ collections, Pampa 
del Indio, Chaco, Argentina.
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tions occurred in households reporting domestic use of 
insecticides. In peri-urban households, the prevalence of 
house infestation increased steadily, with greater avail-
ability of bug refuges, a larger household size and a 
greater number of cats. The infested houses were also 
significantly more crowded than the non-infested hous-
es were (Mann-Whitney U, degree of freedom = 1; p < 
0.05). Overall, house infestation was significantly asso-
ciated with the wall building materials and the presence 
of at least one cat and more than three dogs. When mod-
elling the demographic and environmental factors, wall 
building materials were the only factor involved in the 
final model (p = 0.01).

Peri-urban households with less than two years of lo-
cal residence were more frequently infested (5.5%) than 
those of two-five years (0.9%) or more than five years 
(0%) of local residence (Table IV). Local residence time 
was very closely correlated with the age of the house. 
More frequent infestations (5.3%) occurred in the prem-
ises of households that had immigrated from rural areas 
under no vector control compared with those households 
that came from other peri-urban areas under no vector 
surveillance (3.2%) or from rural areas under surveil-
lance (1.8%). House infestation was found at a similar 
frequency in households that reported triatomines in their 
previous house (2.9%) and in those that did not (2.9%). 

TABLE III
Distribution of house infestation with Triatoma infestans according to demographic and environmental  

variables in a peri-urban area and adjacent rural houses of Pampa del Indio, Chaco, Argentina 

Variables

Infested houses (inspected houses)
% (n) Crude odds ratio

Peri-urban Rural Total Peri-urban Rural Total

Ethnic group
Creole 2.4 (165) 40 (5) 3.5 (170) 1 1 1
Qom 2.4 (127) 13.3 (15) 3.5 (142) 1.0 (0.2-4.2) 0.2 (0.1-2.1) 1.0 (0.3-3.2)

Insecticide use
No 0 (66) 0 (1) 0 (67) 1 1 1
Yes 3.2 (217) 21.1 (19) 4.7 (236) 4.7 (0.3-84.1) 0.9 (0.1-25.3) 6.9 (0.4-118.3)

Wall building materialsa

Mud-and-grass 4.7 (128) 100 (1) 5.4 (129) 16.5 (0.9-295.8) 21.0 (0.6-791.3) 6.8 (1.2-39.6)b

Brick-and-mud 0 (10) 7.1 (14) 4.2 (24) 14.8 (0.3- 784.2) 0.8 (0.7-8.6) 7.0 (0.7-70.5)
Brick-and-cement 0 (155) 9.1 (11) 0.6 (166) 1 1 1
Canvas, cloth, others 0 (20) - (0) 0 (20) 7.6 (0.1-392.7) - 4.7 (0.1-68.3)

Refuge availabilitya

1-2 (no refuge) 0 (39) 0 (3) 0 (42) 1 1 1
3 4.7 (64) 33.3 (6) 7.1 (70) 4.5 (0.2-89.4) 3.9 (0.1-110.0) 7.1 (0.4-132.4)
4-5 (abundant refuge) 9.1 (33) 9.1 (11) 9.1 (44) 9.1 (0.5-182.2) 1.0 (0.1-30.6) 9.4 (0.5-181.0)

People per house
1-2 0 (61) 0 (5) 0 (66) 1 1 1
3-5 2 (147) 25 (4) 2.7 (151) 3.0 (0.2-58.5) 4.7 (0.1-151.5) 4.1 (0.2-76.5)
≥ 6 4.8 (83) 27.3 (11) 7.5 (94) 7.0 (0.4-131.8) 4.5 (0.2-105.8) 11.4 (0.6-203.2)

Dogs per house
0 0.8 (129) 0 (1) 0.8 (130) 1 1 1
1-2 3.9 (128) 0 (8) 3.7 (136) 3.6 (0.6-23.6) 0.2 (0.0-12.8) 3.6 (0.6-22.3)
≥ 3 2.9 (35) 36.4 (11) 10.9 (46) 3.7 (0.4-36.9) 1.8 (0.1-54.33) 11.4 (1.8-72.0)b

Cats per house
0 1.4 (223) 15.4 (13) 2.1 (236) 1 1 1
≥ 1 5.8 (69) 28.6 (7) 7.9 (76) 4.3 (1.1-18.0)b 2.1 (0.3-15.9) 3.9 (1.2-12.5)b

Occupants per bed-place
< 1 0 (65) NR 0 (65) 1 - 1
1 1.9 (52) NR 1.9 (52) 3.8 (0.2-95.6) - 3.8 (0.2-95.6)
> 1< 2 5.8 (87) NR 5.8 (87) 8.7 (0.5-160.8) - 8.7 (0.5-160.8)

  ≥ 2 2.1 (48) NR 2.1 (48) 4.1 (0.2-103.8) - 4.1 (0.2-103.8)

 a: calculated considering each domicile separated; b: p < 0.05; NR: not recorded.
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Householders who reported still owning their house in 
their village of origin (0.9%) had much lower house in-
festation than those who did not (4.8%). Households that 
brought their belongings from the previous house (7.1%) 
or had no wardrobes (4.9%) had higher infestation rates 
than those that did not bring their belongings (1%) or 
that had wardrobes (1.6%). Additionally, households that 
kept clothes in boxes (5.5%) had significantly higher in-
festation rates (5.5%) than those with no boxes (0%). Al-
though these variables show expressive trends, none of 
the factors related to the migration processes was associ-
ated with peri-urban infestation in either the univariate 
or the multivariate analysis.

Putative origins of house infestations - The two peri-
urban houses positive for T. infestans at baseline were 
precarious. One of the households had immigrated six 
months before from another municipality that was under 
no vector surveillance and had brought all of the house 
construction materials with them and they reported that 
their previous house had been infested (i.e., putative pas-
sive transport from elsewhere). The second household 
had moved in with their belongings two years before 
from an infested shack located within the same peri-
urban area (their bugs had been provided to us) (i.e., pas-
sive transport within the peri-urban study area). In the 
follow-up vector survey, the dwellers of a T. infestans-

TABLE IV
Distribution of house infestation with Triatoma infestans according to migration  

features in a peri-urban area of Pampa del Indio, Chaco, Argentina

Variables

Infested houses
(inspected houses)

% (n)
Crude 

odds ratio

Residence period in peri-urban area (years)
0-1 5.5 (109) 1
2-5 0.9 (117) 0.2 (0.1-1.2)
> 5 0 (62) 0.1 (0.1-2.3)

Housing improvements in domicile
Yes 2.1 (97) 1
No 3.5 (142) 1.52 (0.3-7.0)

Migration from rural area
Yes 2.2 (185) 1
No 2.9 (103) 1.4 (0.3-5.8)

Village of origin
Rural under vector surveillance 1.8 (164) 1
Rural with no vector control actions 5.3 (19) 3.8 (0.5-26.9)
Peri-urban with no vector control actions 3.2 (94) 1.8 (0.4-8.0)

Presence of triatomine bugs in the village of origin
Yes 2.9 (138) 1
No 2.9 (104) 1.0 (0.2-4.3)

Still owning the former rural house
Yes 0.9 (118) 1
No 4.8 (84) 4.4 (0.7-28.4)

Carrying of belongings from the former rural house
Yes 7.1 (70) 5.7 (0.9-35.4)
No 1 (102) 1

Presence of wardrobe
Yes 1.6 (194) 1
No 4.9 (81) 3.2 (0.8-13.2)

Presence of boxes with clothes
Yes 5.5 (127) 1

  No 0 (0) 17.4 (1.0-307.2)a

a: p < 0.05.
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positive house reported having dismantled a chicken 
coop with a large triatomine infestation several days be-
fore our search; this household had immigrated from an-
other district over the previous year and reported that the 
previous house was non-infested. The closest neighbour 
to this highly infested house provided two T. infestans 
specimens and two adult T. sordida specimens captured 
in sleeping quarters; one of each species was positive for 
T. cruzi (i.e., a secondary focus most likely originating 
from the neighbouring chicken coop at 10 m). 

The three households located at the settlement’s pe-
riphery that collected T. infestans between vector sur-
veys had been negative at baseline and were negative 
after being sprayed with insecticide and none had a his-
tory of travelling to other locations. These infestations 
occurred at 90-200 m from two highly infested chicken 
coops. Moreover, householders’ collections of T. infes-
tans in early 2014 occurred at 250 m from an infested 
chicken coop in the adjacent rural area.

DISCUSSION

Our results document the occurrence of both T. infes-
tans and T. sordida infected with T. cruzi in the sleeping 
quarters of houses in a peri-urban area in the Argentine 
Chaco, indicating the initial phase of a (re-)emerging 
process of domestic colonisation and active transmis-
sion, at a time when domestic triatomine bug abundance 
was still low. By linking house infestations to migration 
history, settlement patterns and household attributes, 
our data suggest that different sources generated the 
observed pattern: passive bug transport from elsewhere 
and within the peri-urban area and foci originating from 
adjacent foci, from which adult bugs dispersed actively 
and invaded precarious houses in the squatter settlement. 
Unrecognised sylvatic foci of T. infestans have not been 
detected to date in Pampa del Indio (Alvarado-Otegui et 
al. 2012, YM Provecho et al., unpublished observations) 
and remain a less likely additional source. In the pres-
ent study, active community-based surveillance played 
a key role in revealing the occurrence of additional foci 
of T. infestans and the ongoing invasion process. This 
work may be considered as a case study of a more gen-
eralised phenomenon occurring in endemic areas with 
persistent infestation problems in the Gran Chaco. The 
spatial analysis was also helpful for revealing the spatial 
relationships between the detected foci and also suggest-
ed putative sources.

The findings regarding TcV-infected T. infestans and 
TcI-infected T. sordida in this study are consistent with 
previous observations in rural communities in the Ar-
gentine Chaco. The frequency of TcV-infected domestic 
T. infestans has been reported to be 16% in neighbouring 
rural communities (Maffey et al. 2012) and TcV has fre-
quently been identified in humans (Diosque et al. 2003). 
TcI has been frequently identified in (peri)domestic T. 
sordida (Maffey et al. 2012) and has rarely been found in 
dogs and cats in Pampa del Indio (Enriquez et al. 2014).

The baseline, full-coverage assessment of house in-
festation with timed manual searches corroborated the 
occurrence of T. infestans in the peri-urban area, al-
beit at 10-fold lower frequencies than those reported by 

householders on two successive occasions. This discrep-
ancy is unlikely to be explained by householders mistak-
ing other insects for triatomines because dry specimens 
were shown to them to facilitate more accurate identi-
fication. More likely explanations are related to recur-
rent house invasion by flying triatomines (especially T. 
sordida) that failed to establish viable bug colonies in 
the domiciles and the recollection of past infestations re-
corded in 2006. A third explanation of the discrepancy 
might be related to householders’ expectation of having 
their premises sprayed with insecticide if they reported 
an infestation. The apparently low infestation preva-
lence recorded at baseline was further corroborated by 
the follow-up survey and by the occasional discovery of 
bugs by householders within the framework of the po-
tentially more sensitive community-based surveillance 
(Abad-Franch et al. 2011). Taken together, the evidence 
justified selective house sprayings (which apparently 
suppressed infestations) and not a blanket insecticide 
spraying of the peri-urban area, which would have re-
quired considerable expense and labour.

Although most house infestations were detected in 
sleeping quarters, high-density bug colonies largely oc-
curred in chicken coops and only in one domicile. The 
distances between these putative sources and all posi-
tive houses with only one-three adult bugs collected 
were well within the estimated upper limit of the flight 
range of T. infestans (Schofield et al. 1992). These re-
cent house invasions may also have originated via walk-
ing dispersal (Levy et al. 2006, Vázquez-Prokopec et 
al. 2006, Abrahan et al. 2008) facilitated by the short 
distance between the houses in the settlement (Fig. 2B). 
The majority of infested houses occurred in the squatter 
settlement, where housing quality was precarious (i.e., 
more vulnerable to bug invasion and colonisation) and 
the time of residence was less than two years (i.e., bug 
propagation was in its initial phase). 

Peri-urban infestations with T. infestans were most 
frequent in recently built mud-and-grass houses, with 
more bug refuges, large rural immigrant households, 
more crowding and more dogs and cats (i.e., the rural 
poor in search of subsistence). All of these factors related 
to housing quality and host numbers are positively asso-
ciated with house infestation with triatomine bugs else-
where (Cecere et al. 2002, Ramsey et al. 2005, Levy et 

Fig. 5: spatial analysis of householders’ reports of triatomine presence 
in the rapid survey conducted in May 2011, with L-Ripley function 
and K-function statistic.
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al. 2006, Campbell-Lendrum et al. 2007, Gurevitz et al. 
2011). The local residents frequently reported that the in-
creasing rural-to-urban migration during the preceding 
years was related to the quest for greater access to health-
care services (only provided by the local hospital), elec-
tricity, potable water and education. This immigration 
was balanced between ethnic groups. Taken together, the 
observed associations suggest that newly arriving immi-
grants may have transported the bugs from elsewhere, 
depending on their village of origin and house infestation 
status at the time of displacement. Immigrant households 
that originated from rural areas within the municipality 
of Pampa del Indio (under sustained vector surveillance) 
were unlikely to transport bugs, whereas the small frac-
tion of immigrants from other rural areas under no vector 
control showed increased peri-urban house infestation.

Ethnic background was not associated with house in-
festation, contrasting with a nearby rural section (Gure-
vitz et al. 2011). However, Qom households mainly used 
mud or mud-based mortar (allowing faster, less expen-
sive construction) and were of inferior quality, whereas 
Creole houses mainly had walls made of cement-mor-
tared brick, which is less prone to cracking. The use of 
mud as a construction material typically creates favour-
able refuges for domestic triatomine bugs when it cracks 
and is not appropriately maintained (Mott et al. 1978, 
Cecere et al. 2002, Levy et al. 2006). 

Both the vector surveys and community-based sur-
veillance revealed peridomestic foci of T. sordida in 
chicken coops and its frequent invasion of domestic 
premises, including frequent contact with humans, as 
reported by householders. However, the finding of T. 
cruzi-infected T. sordida in a peri-urban area was unex-
pected, although this species was marginally infected in 
rural areas of Pampa del Indio (Maffey et al. 2012) and 
elsewhere (Noireau et al. 1997, Diotaiuti et al. 1998).

Our study has certain limitations. Although Firth 
penalised logistic regression was used for odds ratio es-
timations in univariate and multivariate analyses, large 
confidence intervals were nonetheless obtained due to 
the very low number of event outcomes. Several of the 
relationships that had prior empirical support showed 
expressive trends with infestation in the expected direc-
tion. The fact that certain evident local clusters of infes-
tation were not statistically significant is in part related 
to the marginal location of infested houses, at the periph-
ery of the settlement, which reduced the power of global 
spatial tests. However, a more thorough investigation 
of the putative sources of peri-urban infestations based 
on the use of microsatellite genetic markers or geomet-
ric morphometry is beyond the scope of our study and 
would also be limited by the lack of reference samples 
and the small number of bugs collected. 

Our results have implications for vector control. Peri-
urban infestations have been underappreciated and un-
derreported. In Argentina and perhaps in several other 
countries, Chagas disease vector control programmes 
usually operate in rural areas, whereas peri-urban or ur-
ban areas fall within the rule and responsibilities of local 
municipalities, which historically have been reluctant to 
address the problem of house infestation and control of 

triatomine bugs in urbanised areas. Furthermore, munic-
ipalities do not report house infestation or vector control 
actions to the Ministry of Health and vector control pro-
grammes usually report aggregate figures at larger geo-
graphic scales. The few published reports of peri-urban 
house infestation with the major vectors of T. cruzi most 
likely are the tip of the iceberg of a hidden process with 
political implications. Peri-urban infestations are expect-
ed to increase along with persistent rural-to-urban migra-
tory flows and unplanned urbanisation in traditionally 
endemic regions such as the Gran Chaco. Therefore, if all 
rural villages in the municipality of Pampa del Indio had 
not been sprayed with insecticides in 2007-2008 and sub-
sequently subjected to sustained vector surveillance and 
selective control actions, the passive carriage of T. infes-
tans bugs to the emerging peri-urban settlements would 
have been sizable. There is a large human reservoir of T. 
cruzi present and cats and dogs may also play a role as 
domestic reservoir hosts (Gürtler et al. 2007). Because of 
the convergence of several risk factors, households in the 
squatter settlement were at a greater risk of bug invasion 
and colonisation. The recurrent occurrence of domestic 
infestations (including T. cruzi-infected bugs) indicates 
active parasite transmission, human exposure and the 
need for active vector surveillance and control at the 
peri-urban interface with rural areas. Increased aware-
ness combined with concerted, focused actions by local 
healthcare services, vector control programmes and the 
affected communities are needed for sustainable vector 
and disease control.
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