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bstract

Triatoma infestans is the main vector of Chagas disease in the Southern Cone countries. Wild populations of T. infestans appear
idespread throughout the Andean valleys of Bolivia. In Cotapachi (2750 m asl), all sorts of rocky outcrops, regardless of their

ize, provided good refuges for T. infestans. Of the 1120 ecotopes investigated, 330 (29.5%) contained triatomines and 92% of the

ollected insects were nymphal instars. In the cold season, triatomine densities were similar in small and large outcrops. During
he hot season, bug densities were higher in the larger outcrops, particularly in those located in peridomestic sites. T. infestans
opulations apparently produced one generation per year. Over half the sampled bugs were positive for T. cruzi infection. At
ataral (1750 m asl), a site located in the inter-Andean Chaco, a new morph of T. infestans was detected in a sylvatic environment.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Triatoma infestans (Klug) is the main vector of Try-
anosoma cruzi (Kinetoplastida: Trypanosomatidae),
he causative agent of Chagas disease, in the Southern

one countries. Thereby, it is the target of a regional
limination program. Bolivia is the only country where
he existence of wild T. infestans is documented (Noireau
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et al., 2005). Sylvatic colonies were first reported in
a stony hill situated in the outskirts of Cochabamba
(2600 m asl), an important Andean city (Torrico, 1946).
Other sylvatic populations of T. infestans were found
elsewhere in the Cochabamba region (Dujardin et al.,
1987; Bermudez et al., 1993). In the late 1990s, T. infes-
tans was found in sylvatic habitats some 120 km east of
La Paz (2500 m asl) and in the lowlands of the Boreal
Chaco at 350 m asl (Noireau et al., 1997, 2000). The

Andean wild insects occurred amongst rock-piles and
exhibited a chromatic pattern similar to the domestic
bugs. In contrast, the wild T. infestans from the Chaco
were arboreal and exhibited an overall darker coloration

mailto:francois.noireau@ird.fr
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that distinguished them from the domestic T. infestans.
A wider distribution of the wild T. infestans through-
out the Andean valleys and the Chaco was suggested
by the fact that our recent surveys have often been suc-
cessful in detecting sylvatic populations. Therefore, in
order to select a new study area in the Cochabamba val-
ley, an attempt was made at Cotapachi, an area of dry
hills covered with rocks. Some rocks were turned over
and T. infestans colonies were found. Another focus was
found near the small community of Mataral, where resi-
dents pointed out the occurrence of sylvatic triatomines
in a rocky zone. The area was investigated and wild
T. infestans were found. In summary, using the char-
acteristics of the landscape (i.e. dry area covered with
rocks) and villagers’ reports as selection criteria, two
new wild foci of T. infestans were detected in the Bolivian
Andes.

The knowledge of the sylvatic ecology and the poten-
tial role of wild T. infestans in the transmission of T.
cruzi to humans is still scarce in spite of the number
and diversity of foci recorded. In the current study, wild
T. infestans populations were investigated in three areas
located in the Department of Cochabamba. Two of them
(Cotapachi and Mataral) are described for the first time,
whereas the third one (Jamach’uma) was re-surveyed
after more than 10 years of the initial detection of sylvatic
T. infestans there (Bermudez et al., 1993).

2. Materials and methods

2.1. Study areas

The three study areas were located in the central zone
of the eastern cordillera in the Cochabamba Department.
The climate is dry, hot during the summer and temper-
ate in the winter. At Cochabamba city, the mean annual
temperature is 16.3 ◦C and the mean annual rainfall is
362 mm (from November to February). Average sum-
mer and winter temperatures differ by less than 5 ◦C.
The vegetation of the Andean valleys is generally dis-
turbed because of the human occupation. It is dominated
by thickets with scarce arboreal components (principally
shrubs). The inhabitants of rural zones belong to the
Quechua ethnic group. Their dwellings are mainly of
wattle and daub construction and roofed with tiles.

Cotapachi (2750 m asl; 17◦26′S, 66◦17′W) is a peri-
urban area located in the outskirts of Quillacollo, a city
that spread out with the extension of Cochabamba, the

capital of the Department. The study area is formed by
a semicircle of hills open to the east that surrounds a
valley and peaks at some 60 m above it. Some dwellings
and cultivated areas (market-gardening and maize) are
Fig. 1. Landscape of the sylvatic focus of T. infestans at Cotapachi
(2750 m asl), Cochabamba valley.

located in the small valley. In the peridomestic envi-
ronment, various structures accommodate cows, horses,
sheep and goats, and some patches of Cactaceae (Opun-
tia ficus-indica) are cultivated. Guinea pigs are bred in
cages placed on stony bases near the houses. The zone
located on the foot and slopes of hills is more homoge-
neous. It is covered by rocky outcrops of different sizes
and displays a low diversity of vegetation dominated by
shrubs of Mimosoideae. We performed insect collections
in three sylvatic sites located in an area of ≈1 km2: the
slope of hills (Fig. 1) and two far apart rocky outcrops
made of large blocks and located in the valley (the first,
situated some 100 m from the nearest house, is named
Inca wall by the local population for its likeness to a
human construction; the second, quite close to a house,
here is named peridomestic outcrop).

Jamach’uma (2800 m asl; 17◦31′S, 66◦07′W) is also
situated in the Cochabamba valley some 25 km southeast
of Cotapachi. It is a narrow valley overhanging a wide
lake. The vegetation is a mosaic of open and dense shrub
formations, dominated by Schinus sp. (Anacardiaceae),
Mimosaceae and Cactaceae. T. infestans was searched in
small rocky outcrops and walls made of stony piles that
run across the valley.

Mataral (1750 m asl; 18◦36′S, 65◦07′W) is situated
some 200 km southeast of Cochabamba city and pertains
to the semi-arid formation of the inter-Andean Chaco.
The mean annual temperature is 18.8 ◦C and the mean
annual rainfall is 540 mm. The collecting site was a sec-
ondary valley located 3 km far from the locality. The
vegetation presents an herbaceous discontinuous stra-

tum, with spots of Cactaceae and Bromeliaceae covered
by deciduous shrubs. The southern slope of the valley,
which exhibits piles of large rocky blocks in some places,
was investigated.
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.2. Collection of triatomines

The area of Cotapachi was investigated nine times
etween June 2002 and June 2005. Jamach’uma was
urveyed in May 2005 and Mataral three times, in Jan-
ary 2003, May 2004 and May 2005. T. infestans was
earched in cracks between rocks and nests or shel-
ers of small mammals located under the rocks. Baited
raps as described by Noireau et al. (1999) were used to
apture the insects. The stage structure of T. infestans
opulations at Cotapachi was investigated by collect-
ng triatomines during four periods of the year 2003
January, April, July and October).

.3. Genetic characterization of T. infestans

In order to confirm the status of the first wild adult
ug collected in Mataral as T. infestans, a 661 bp frag-
ent of the mitochondrial gene COI was sequenced

sing primers S1718 and A2442 (Normark, 1996) and
ompared with other triatomine sequences available at
enBank (Garcı́a and Powell, 1998; Gaunt and Miles,
002) and two sequences from domestic T. infestans
rom Bolivia and Argentina (Piccinali et al., unpub-
ished results). Most parsimonious trees were found
ith a heuristic search with 500 random addition

equences and tree bisection-reconnection branch swap-
ing (mult*max*) using NONA 2.0 (Goloboff, 1999). All

ucleotide positions were considered to have the same
eight and all characters were regarded as unordered.
tatistical support for the clades in the trees was
ssessed by means of bootstrap methods (Felsenstein,
985).

able 1
pparent density of T. infestans in rocks at Cotapachi (2002–2005)

Hill slopes Large outcrop (I

Cold
seasona

Hot
seasonb

Cold
seasona

Ho
sea

o. of traps 473 297 88 144
o. (%) of positive traps 105 (22.2)c 94 (31.6)d 18 (20.5)c 65
o. of triatomines 186 259 32 135
ean no. (± S.D.) of
triatomines per positive trap

1.8 (1.2) 2.7 (3.9) 1.8 (0.8) 2.1

edian catch (first and thid
quartiles) per positive trap

1 (1–2)e 1 (1–3)f 2 (1–2)e 1 (1

a Cold season extends from March (late summer) to June (early winter).
b Hot season extends from September (late winter) to January (summer).
c χ2-test, d.f. = 2, P = 0.29.
d χ2-test, d.f. = 2, P ≤ 0.001.
e Kruskal-Wallis test, d.f. = 2, P = 0.64.
f Kruskal-Wallis test, d.f. = 2, P ≤ 0.0001.
ica 102 (2007) 47–54 49

2.4. Parasitological analysis of Triatominae

Feces were obtained by gently squeezing the live
insects. The fecal droplets were then mixed with phos-
phate buffered saline and examined for the presence of
flagellates by direct microscopic observation at 400×
magnification.

2.5. Statistical analysis

Two standard indices of triatomine density were
used: percentage of positive traps and mean number of
insects per positive trap (Noireau et al., 2000). Results
of insect numbers per positive trap were also expressed
as medians. At Cotapachi, the differences in frequencies
between sites according to season were analyzed using
χ2 tests. The Mann–Whitney and Kruskal–Wallis tests
were used to compare the median numbers of triatomines
per positive trap according to collection site and season.

3. Results

Of 1120 bait-traps placed amongst the rocks at Cota-
pachi, 330 (29.5%) collected live triatomines (Table 1).
With the exception of two Triatoma sordida specimens,
all the others were identified as T. infestans. The great
majority were nymphal instars (797 of 868, 92%).

Triatomine density in each collecting site was com-
pared from March to June (cold season), and from

September to January (hot season). The data correspond-
ing to the three survey years were pooled for both seasons
and presented in Table 1. All the sites investigated were
positive for wild T. infestans. In the cold season, the

nca wall) Large peridomestic outcrop Total

t
sonb

Cold
seasona

Hot
seasonb

Cold
seasona

Hot
seasonb

85 33 646 474
(45.1)d 25 (29.4)c 23 (69.7)d 148 (22.9) 182 (38.4)

68 188 286 582
(1.7) 2.7 (2.8) 8.2 (11.0) 1.9 (1.6) 3.2 (5.2)

–3)f 1 (1–3)e 4 (2–7.5)f 1 (1–2) 2 (1–3)
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three sites had similar percentages of positive traps rang-
ing from 20.5% to 29.4% (χ2-test d.f. = 2, P = 0.29;
medians of triatomine catch per positive trap: 2 and
1, respectively, Kruskal–Wallis test d.f. = 2, P = 0.64).
In the hot season, the hills had the lowest percentage
of positive traps (31.6%, χ2-test d.f. = 2, P ≤ 0.001),
whereas the large peridomestic outcrop had a signifi-
cantly higher index than the Inca wall (69.7% versus
45.1%, χ2-test d.f. = 1, P = 0.019). In the hot season, the
triatomine catch per positive trap in the large perido-
mestic outcrop was significantly higher than in the other
sites (Kruskal–Wallis test d.f. = 2, P ≤ 0.0001). Regard-
ing seasonal variations of bug density, the percentage
of positive traps in the three sites was always higher in
the hot rather than in the cold season (χ2-test d.f. = 1,
P = 0.0046). Similarly, the catch of triatomines per posi-
tive trap increased markedly in all the sites but the large
peridomestic outcrop was the only one that showed sig-
nificant seasonal variations in density (Mann–Whitney
test, P = 0.0038).

The stage structure of T. infestans populations at
Cotapachi showed that all the stages were collected
throughout the year (Fig. 2). Catches of first and sec-
ond instars peaked in summer (January) and were very
low in winter (July).

Fecal samples of 233 triatomines collected at the three
sites in Cotapachi were examined microscopically for
T. cruzi (Table 2). A total of 136 bugs (58.4%) were
positive for T. cruzi. The infection prevalence increased
with developmental stage from 20% in first/second instar

nymphs to 80% and 94% in male and female T. infestans
(adult average, 91.1%).

Results of captures performed in the areas of Mataral
and Jamach’uma are summarized in Table 3. The

Table 2
Infection by T. cruzi in T. infestans according to stage (Cotapachi, 2002–2003

N1–N2 N3 N4

No. examined 25 79 33
No. positive 5 36 19
% Positive 20.0 45.6 57.6

Table 3
Capture of wild T. infestans at Mataral and Jamach’uma

Study site Collection period No. of traps

Mataral January 2003 60
May 2004 26
May 2005 32

Jamach’uma May 2005 23
to developmental stage at Cotapachi, Cochabamba valley. The numbers
of collected adult and nymphal stages were pooled for all collecting
sites and plotted for each 3-month period of the year 2003. The nymphal
stages 1 and 2, and 3–4 were pooled, respectively.

percentages of positive traps varied between 3.1% and
13.0%, depending on site and collection period. Surpris-
ingly, the two sylvatic adult forms collected in Mataral
were morphologically distinct from the domestic T.
infestans collected in the same area, and also differed
from those collected in the Cochambamba valley. They
were larger and had a yellowish connexivum with
transverse black marks on the dorsum (Fig. 3). On the
other hand, the sylvatic nymphs collected in Mataral

were similar to the domestic ones. The phylogenetic
analysis strongly supported that the single sylvatic
Mataral bug analyzed belonged to T. infestans. Its
COI sequence was exactly the same as the one of a

)

N5 Males Females Total

39 40 17 233
28 32 16 136
71.8 80.0 94.1 58.4

No. (%) of positive traps Total bugs collected

Nymphs Adults

4 (7.7) 5 0
3 (11.5) 3 1
1 (3.1) 0 1

3 (13.0) 3 1
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ylvatic female.
omestic T. infestans collected in Mataral village, and
ormed a well supported clade together with the T.
nfestans sequences from Argentina (Fig. 4). Bolivian
nd Argentinian haplotypes of T. infestans group were

ig. 4. Most parsimonious tree based on COI sequences for several Triatoma sp
ndex: 0.59. Retention index: 0.72. Numbers above branches: number of cha
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arcı́a and Powell (1998). GeneBank accession number: 1AF021179, 2AF449

AF021213, 9AF021216, 10AF021204, 11AF021206, 12AF021193, 13AF021
atic T. infestans collected in Mataral: (A) Domestic female and (B)
separated by only 11 or 12 mutational steps, a level
of intraspecific variation that was very similar to the
values observed between sequences of T. guasayana
(15 changes) or T. brasiliensis (17 changes).

ecies, including the Mataral sylvatic bug. Tree length: 511. Consistency
nges (ACCTRAN optimization). Numbers below branches: boostrap
data). ***Present work. All the remaining COI sequences are from

139, 3AF021219, 4AF021199, 5AF021184, 6AF021186, 7AF021210,
195, †Submitted and waiting for an accession number.
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4. Discussion

The Southern Cone Initiative against Chagas dis-
ease relies primarily on the interruption of transmission
by elimination of domestic T. infestans populations
(Schofield and Dias, 1998). In Bolivia, control activi-
ties have made substantial progress even in the face of
recent detection of insecticide resistance in the vector
(PAHO, 2005). The expected success of the elimination
program was based on the assumption that T. infes-
tans is an almost exclusive domestic vector. Recent
fieldwork revealed that wild populations were much
more widespread throughout Bolivia and also in neigh-
boring countries than previously thought (Noireau et
al., 2005). Up to date in Bolivia, wild T. infestans
populations were found in three Andean departments
(Cochabamba, La Paz and Potosi) and in the Chaco
region (Department of Santa Cruz). Outside of Bolivia,
wild T. infestans were recently detected in Santi-
ago del Estero and Chaco Provinces, Argentina (L.A.
Ceballos and R.E. Gürtler, unpublished data) and in
the Metropolitan region of Chile (Bacigalupo et al.,
2006).

To date, Cotapachi is the more widespread focus of
wild T. infestans found in the Andean valleys. It covers
several hectares, and various rocky outcrops, regardless
of their size, provide good refuges for triatomine bugs.
The indices of triatomine density used in this study were
based on trap catches. Because the live-baited system is
likely to attract and capture starved bugs, the observed
stage structure of the population may be biased (Noireau
et al., 2000). In the cold season, the densities of bugs
were similar among the small rocky outcrops located
in the hills and in the large ones situated in the val-
ley. During the hot season, triatomine densities increased
consistently across all sites, but the median abundance of
T. infestans in peridomestic outcrop increased four-fold.
Overall, the greatest catches were in the large outcrop
close to a house. In addition to providing good shelter
for wild animals (rodents and marsupials) as shown by
Cortez et al. (2006), these large rocks may offer tempo-
rary refuge for domestic animals (poultry, dogs and cats)
from the neighboring houses. The abundance of host-
feeding sources would favor the population growth of
triatomines. Although the large rocky outcrop (≈30 m3)
located near the house is undoubtedly peridomestic in
location, it is a natural site little modified by human activ-
ities. In our opinion, we consider it as a natural site close

to a house. In contrast, the hill slopes and Inca wall were
clearly sylvatic based on the distance to the nearest house
and, more specifically, by the absence of human-made
alteration.
ica 102 (2007) 47–54

The insects collected in the rocks were found infected
by T. cruzi. Genotyping of trypanosomes using the mini-
exon approach and multilocus enzyme electrophoresis
has confirmed that they were T. cruzi I (Cortez et al.,
2006). The infection rate (58.4%) was similar to that
observed in another Andean T. infestans wild popula-
tion (73%; Bermudez et al., 1993), and higher than that
observed in dark morph populations of T. infestans from
the Chaco (2.5%; Noireau et al., 2000).

The stage structure of T. infestans wild populations
exhibited strong seasonal variations. The younger devel-
opmental stages (nymphs 1 and 2) peaked during the hot
season and the peak of adults occurred over the pre-
vious 3-month period. As in central Argentina (Gorla
and Schofield, 1989), the yearly pattern of population
stage-structure at Cotapachi is characterized by only one
emergence peak of young nymphs and corresponds to the
production of one generation a year. In contrast, domestic
habitats enable T. infestans to produce two generations a
year in the warmer climate of central Brazil (Schofield,
1980). In addition to weather-related factors, fluctuations
in host availability in wild habitats may put bugs at a
disadvantage and explain the increased developmental
times.

The wild T. infestans collected in Cotapachi were
morphologically and chromatically similar to domestic
bugs from the same area. In contrast, the adult forms
of the wild T. infestans from Mataral (inter-Andean
Chaco; 1750 m asl) are morphologically and chromati-
cally very different from the sylvatic specimens collected
in Cochabamba (2750 m asl) and the dark morphs from
the Bolivian Chaco (350 m asl) (Noireau et al., 1997).
In particular, their size was greater and the marks on
the connexivum were clearly different (Fig. 2). Nev-
ertheless, the characterization of a fragment of COI
and its comparison with other triatomines confirmed
them as T. infestans. Moreover, the particular haplotype
of the analyzed insect has been found also in domes-
tic T. infestans from Mataral as well as in sylvatic T.
infestans from Cotapachi (Piccinali et al., unpublished
results).

The Andean wild T. infestans is assumed to be the
most ancient form (Dujardin et al., 1998; Panzera et al.,
2004; Bargues et al., 2006). Nevertheless, the detection
of wild T. infestans in the boreal Chaco challenged this
opinion and suggested an ancestral population native
to this ecogeographic region (Carcavallo et al., 2000).
The detection of a new morph of T. infestans in the

inter-Andean Chaco (i.e. intermediate between the high
Andean valleys and the Chaco) adds to the complex-
ity of the question and makes necessary further studies
incorporating the Mataral morph. Regardless of the
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ncestral form of T. infestans (Andean or Chaco), the
ther wild populations could be a consequence of a
eographic expansion of the primitive wild population
r derivatives from domestic insects recolonizing wild
abitats.

Current knowledge on wild populations of T. infes-
ans is scarce. Therefore, it is necessary to expand
his research and investigate its geographic distribution
cross the Southern Cone. A landscape ecology approach
f the known foci and spatial analysis using GIS and
emote sensing is indicated to predict its geographic
istribution (Gorla, 2002). However, the fundamental
uestion is whether wild T. infestans may play a role in
he reinfestation of insecticide treated houses. A detailed
nalysis of gene flow between wild and domestic popu-
ations is needed to test whether it occurs and if so, how
ntense it is.
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