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ABSTRACT Chagasdisease is amajorhealthconcern inLatinAmerica, andTriatoma infestans(Klug,
1834) is responsible for the majority of cases of Chagas disease in the continent. After the discovery
of deltamethrin highly resistant populations in the neighboring areas to Yacuiba (Bolivia) and Salvador
Mazza (Argentina), we studied T. infestans populations north and southward, with the aim of
describing the range of the resistant area. In addition, tests were conducted to describe the suscep-
tibility to Þpronil in deltamethrin-resistant populations. Tarija populations were highly resistant to
deltamethrin, showing that the resistant area is greater than previously reported. Argentinean and
Paraguayan populations were susceptible or presented moderate to low levels of deltamethrin
resistance. Resistance to Þpronil was found in Bolivian populations, although this insecticide was
effective against Argentinean populations. This study shows that the Argentinean and Paraguayan
populations are currently under successful control with deltamethrin. However, continuous resistance
monitoring is necessary. We found that Þpronil is a viable option for Argentina, whereas the resistance
found in Bolivia implies that new formulations are needed to control T. infestans in Bolivia. Further
research is required to Þnd new alternatives of control in those areas that are currently suffering from
high infestation rates.
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Chagas disease is a major health concern in Latin
America, and Triatoma infestans (Klug, 1834) is the
main vector of this disease in the continent. After �20
yr of pyrethroid spraying campaigns (Zerba 1999), the
emergence of deltamethrin resistance brings a new
challenge for insect control.

Toxicological tests conducted during the late 1990s
showedsmall levelsofdeltamethrinresistanceassociated
tocontrolcampaigns inArgentinaandBrazil (Vassenaet
al. 2000, Vassena and Picollo 2003). During 2002, though,
the Þrst Þeld control failures against T. infestans from
Argentina and Bolivia were reported. The toxicological
tests conducted on Þeld insects showed high delta-
methrin resistance levels, which would explain the poor
performance of house spraying (Picollo et al. 2005). In
addition, recent studies conÞrmed an increasing delta-
methrin resistance in northern Argentina, and the Þrst
detection of deltamethrin resistance in central Bolivia
(Germano et al. 2010, Toloza et al. 2008).

After the discovery of deltamethrin highly resistant
populations in the neighboring areas to Yacuiba

(Tarija, Bolivia) and Salvador Mazza (Salta, Argen-
tina) (Picollo et al. 2005), we studied T. infestans
populations north and southward, with the aim of
describing the range of the resistant area. Moreover,
after the discovery of Þpronil tolerance in the west-
central area of Bolivia (Toloza et al. 2008), and con-
sidering this insecticide could be an alternative for
control, we studied the response to Þpronil in delta-
methrin-resistant populations. In this study, we
present a survey of several areas of Argentina, Bolivia,
and Paraguay concerning their response to both in-
secticides, and discuss their implication in this vector�s
control.

Materials and Methods

Insect Sampling and Rearing. Considering the Þrst
Þndings of deltamethrin-resistant populations at Sal-
vador Mazza (Salta, Argentina) and Yacuiba (Tarija,
Bolivia), collection sites were selected with the aim of
determining the range of the deltamethrin-resistant
area. Insects were collected from different areas
where domiciliary infestation after insecticide treat-
ment had been reported, and were selected in a wide
range that would provide a general knowledge of the
Gran Chaco situation. In Bolivia, surveyed areas were
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Villamontes, Tierras Nuevas, El Palmar, and Villa El
Carmen (Tarija Department). In Argentina, surveyed
areas were San Carlos, Corralito and Banda Sur (Salta
Province), Capital, La Noria (Santiago del Estero
Province), Taco Pozo (Chaco Province), Palo Blanco
(Catamarca Province), and El Nochero (Santa Fé
Province). In Paraguay, the surveyed area was Jerico
(Boquerón Department). Surveyed areasÕ geograph-
ical location is presented in Fig. 1.

Individuals were captured from infested house
dwellings with the use of manual forceps and without
the use of dislodging agent. Captured insects and their
offspring were raised at the laboratory under con-
trolled temperature (28 � 1�C), humidity (50Ð70%),
and photoperiod (12:12 L:D). A pigeon was weekly
provided as a blood meal source (WHO 1994).
Chemicals. Technical grade deltamethrin (99.0%)

and Þpronil (95.5%) used for bioassay were obtained
from Ehrestorfer, Augsburg, Germany. The analytical
grade acetone used for dilutions was purchased from
J. T. Baker (Edo. de Mexico, Mexico).
Insecticide Susceptibility Determination. Every

Þeld sample was analyzed to account for its response
to deltamethrin. Those samples that resulted in resis-
tance to deltamethrin were also tested for Þpronil
effectiveness, as a mean to determine this compound
viability as a control alternative. A laboratory strain
(CIPEIN), which has been reared at the laboratory
since 1975 and never exposed to insecticide treatment,
was used as a reference for insecticide susceptibility
(Picollo et al. 1976).

Lethal doses were determined according to the
World Health Organization protocol (WHO 1994).
Bioassays were conducted on the F1 of the Þeld-col-
lected insects, and consisted of the topical application
of 0.2 �l of insecticide in acetone solutions. The in-
secticide application was conducted by means of a 10
�l Hamilton syringe with automatic dispenser, on the
dorsal abdomen of Þrst instar nymphs. These were 3Ð5
d old and had been starved since eclosion. Three
replicates of at least four doses in a range that pro-

duced between 10 and 90% mortality were conducted,
and control groups received only pure acetone. In-
sects were held at the same laboratory conditions for
24 h, when mortality was evaluated. To this aim,
treated insects were placed at the center of a circular
Þlter paper (11 cm diameter), and their behavior was
observed. Only those nymphs that were able to walk
to the paper border, with or without mechanical stim-
ulation, were considered alive.
Data Analysis. Lethal doses 50% (LD50) and resis-

tance ratios (RR) were calculated according to Rob-
ertson and Preisler (1992), using POLO Plus software
(Robertson et al. 2007). Studied populations were
considered resistant if the RR conÞdence limits did
not include the number 1. LD50 values are expressed
in nanograms per insect units.

Results

Susceptibility values (LD50), slopes of regression
lines, and RR to deltamethrin in the studied popula-
tions are shown in Table 1. All Bolivian RRs were
signiÞcantly �1, indicating that the studied popula-
tions were resistant to deltamethrin. Also, Þve Argen-
tinean populations were resistant to deltamethrin,
with RR ranging from 3.7 to 8.4. Clearly, Bolivian
populations showed very high resistance levels, which
resulted in signiÞcantly higher levels than those de-
termined for the Argentinean-resistant populations.
The sample from Paraguay resulted in slight resistance
to deltamethrin.

Susceptibility values, slopes of regression lines, and
RR to Þpronil in the studied populations are shown in
Table 2. Villa El Carmen and El Palmar populations
showed RR values that differed signiÞcantly from 1
(RR � 92.7 and 55.5, respectively), indicating that
those populations were resistant to Þpronil. Three
Argentinean populations presented low levels of re-
sistance to this insecticide (Banda Sur, San Carlos, and
Capital). On the contrary, Tierras Nuevas and Cor-
ralito populations resulted in susceptibility to Þpronil.

Discussion

Bolivian populations presented high levels of resis-
tance to deltamethrin, which demonstrates that the
known resistant area reported by Picollo et al. (2005)
is greater than previously expected. Chemical control
with deltamethrin is strongly jeopardized in Tarija
department, given that doses required to eliminate
insects from house dwellings are increased by a 300�
factor and more. Previous Þndings of resistance in this
department (Santo Orihuela et al. 2008) showed sim-
ilar ratios of resistance to the Salvador Mazza area, but
our present results demonstrate a greater level of re-
sistance to deltamethrin. However, and even though
the resistant area is extended to the north with in-
creasingly greater resistance, this phenomenon does
not affect the whole Gran Chaco area studied.

The nearest population to the Salvador Mazza-re-
sistant area, Banda Sur, presented the highest resis-
tance level found in the survey of Argentinean areas.

Fig. 1. Geographical location of sampled areas.
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However, this is still signiÞcantly smaller than the
Salvador Mazza resistance ratio. This indicates that the
resistance to the studied pyrethroid is not so high in
areas that are not bordering to the resistant Yacuiba-
Salvador Mazza area. Interestingly, we found an in-
cipient resistance to deltamethrin in San Carlos, at the
south of Salta province. However, its nearby popula-
tion Corralito resulted in more susceptibility to del-
tamethrin than the reference population CIPEIN.

The insects from Catamarca, Chaco, Santa Fé, and
Santiago del Estero provinces were susceptible or
slightly resistant to deltamethrin. The Paraguay survey
showed a small RR. These results suggest that delta-
methrin is currently a considerable and valuable tool
for chemical control of T. infestans in these areas.

Fipronil insecticide was tested on deltamethrin-re-
sistant samples with the aim to propose this insecticide
as a control alternative. This compound was effective
against Argentinean and Tierras Nuevas populations,
but the other populations from Tarija presented a
moderated level of resistance to Þpronil. Resistance to
Þpronil was also recently detected in central Bolivia
by Toloza et al. (2008), who proved a high resistance

to this insecticide in populations with moderate re-
sistance levels to deltamethrin. This insecticide has
not been used in the Þeld for chemical control of T.
infestans,which implies that the resistance found is not
a consequence of selection after Þpronil treatment.
Also, the fact that deltamethrinÕs action site is sodium
channels, and that of Þpronil is �-aminobutyric acid-
gated chlorine channels implies that the possibility of
a cross-resistance phenomenon as a result of altered
action site between these compounds is highly im-
probable. However, as Þpronil presents a mode of
action that is similar to that of lindane and dieldrin, it
is possible that the early use of these compounds in
Bolivia (Dias 1997, SchoÞeld 1994) would cause a
cross-resistance phenomenon to Þpronil. Cross-resis-
tance between dieldrin and Þpronil has been de-
scribed fundamentally in cockroaches, even when
dieldrin had not been used for control for several
generations before the implementation of Þpronil
(Holbrook et al. 2003, Kristensen et al. 2005), and
lindane cross-resistance to Þpronil has recently been
demonstrated for Musca domestica (Kristensen et al.
2004).

Table 1. Bioassay statistics and resistance ratios to deltamethrin in T. infestans from Argentina, Bolivia, and Paraguay

Country
Province/

Department
Population na Slope � SE

LD50 (ng/i)b

(95% CL)
RRb (95% CL)

Reference CIPEINc 125 2.1 � 0.66 0.1 (0.12Ð0.15) Ð
Argentina Salta S. Mazzac 90 1.4 � 0.10 31.1 (12.9Ð84.7) 133.1 (105.6Ð167.7)

Banda Sur 121 1.8 � 0.31 5.1 (3.07Ð8.70) 39.0 (26.37Ð57.85)
Corralito 138 3.1 � 0.25 0.02 (0.01Ð0.03) 0.1 (0.07Ð0.18)
San Carlos 148 1.7 � 0.27 1.1 (0.51Ð2.54) 8.4 (5.86Ð12.13)

Catamarca Palo Blanco 220 2.7 � 0.09 0.6 (0.07Ð0.69) 4.5 (2.47Ð8.13)
Santiago del Estero Capital 151 2.0 � 0.31 0.5 (0.27Ð0.80) 3.8 (2.82Ð5.22)

La Noria 145 1.8 � 0.35 0.04 (0.02Ð0.05) 0.3 (0.15Ð0.45)
Chaco Taco Pozo 138 2.0 � 0.31 0.5 (0.22Ð0.80) 3.7 (2.68Ð5.10)
Santa Fé El Nochero 151 3.1 � 0.25 0.1 (0.11Ð0.14) 0.9 (0.50Ð1.61)

Bolivia Tarija T. Nuevas 155 0.9 � 0.17 70.1 (26.63Ð1,240.21) 541.6 (260.23Ð1,127.32)
V. El Carmen 184 0.6 � 0.14 56.7 (24.47Ð313.15) 438.0 (147.47Ð1300.60)
El Palmar 166 0.7 � 0.11 33.2 (23.40Ð53.80) 299.8 (163.80Ð548.80)
Villamontes 115 0.8 � 0.07 32.0 (16.45Ð128.06) 247.4 (173.08Ð353.63)

Paraguay Boquerón Jerico 90 1.6 � 0.10 0.5 (0.01Ð1.59) 3.7 (2.99Ð4.52)

ng/i, Nanograms per insect units.
aNumber of insects used for bioassays.
b LD50, RR, and 95% conÞdence limits (CL) calculated following Robertson et al. (2007).
cData from Picollo et al. (2005).

Table 2. Bioassay statistics and resistance ratios to fipronil in T. infestans from Argentina and Bolivia

Country
Province/

Department
Population na Slope � SE LD50

b (95% CL) RRb (95% CL)

Reference CIPEINc 150 1.4 � 0.11 2.1 (1.28Ð3.46) Ð
Argentina Salta S. Mazzad 180 0.9 � 0.11 4.9 (3.25Ð5.61) 1.9 (1.00Ð3.70)

Banda Sur 90 1.0 � 0.09 6.2 (4.36Ð8.98) 3.0 (2.58Ð3.57)
San Carlos 128 1.2 � 0.24 4.9 (2.34Ð12.99) 2.2 (1.11Ð4.41)
Corralito 90 0.7 � 0.23 2.3 (0.36Ð7.52) 1.09 (0.16Ð7.04)

Santiago del Estero Capital 158 1.1 � 0.18 4.5 (2.31Ð9.90) 2.0 (1.04Ð3.91)
Bolivia Tarija T. Nuevas 145 0.8 � 0.08 0.4 (0.20Ð0.60) 0.19 (0.11Ð0.35)

V. El Carmen 121 2.4 � 0.56 205.9 (148.0Ð267.1) 92.7 (53.52Ð160.66)
El Palmar 176 0.9 � 0.21 123.1 (50.7Ð215.3) 55.5 (26.95Ð114.31)

aNumber of insects used for bioassays.
b LD50, RR, and 95% conÞdence limits (CL) calculated following Robertson et al. (2007).
cData from Santo Orihuela et al. (2008).
dData from Toloza et al. (2008).
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Given that both deltamethrin and Þpronil are me-
tabolized by monooxygenases, it may be possible that
a cross-resistance phenomenon is present because of
this mechanism. In research conducted by Scott and
Wen (1997), monooxygenase metabolism was related
to pyrethroid-Þpronil cross-resistance inM.domestica.
Also, small resistance ratios to Þpronil were found in
highly deltamethrin-resistant strains of Spodoptera li-
tura that presented an increased monooxygenase me-
tabolism (Huang and Han 2007). Whether this could
be the case in T. infestans remains unknown.

Further interesting differences among the Yacuiba
and Salvador Mazza populations were previously re-
ported (Toloza et al. 2008). These authors demon-
strated that deltamethrin resistance is expressed only
in nymphs from Bolivia, whereas both the eggs and
nymphs fromSalvadorMazzaexpress resistance to this
insecticide. Additional toxicological evidence for
these populations was provided by Santo Orihuela et
al. (2008), who proved that the esterase activity was
increased only in the Salta population Salvador Mazza.
These toxicological differences, in addition to the re-
sults presented in this work, leave room for thought of
natural differences among the different populations of
T. infestans.

Several studies have demonstrated that populations
ofT. infestans are highly structured (Marcet et al. 2008;
Pérez de Rosas et al. 2007, 2008), and recent research
conÞrmed that Bolivian and Argentinean populations
are part of different haplotype clusters (Monteiro et
al. 1999, Piccinali et al. 2009). However, hypothesis on
T. infestans origin and geographic spread suggests that
this insect would have its origin in the Bolivian Andes,
and then migrated to the Gran Chaco area. A founder
effect in the Argentinean Austral Chaco could have
led to a genetic material loss, which would play an
important role in the genetic structure of T. infestans
populations (Panzera et al. 2004). The question re-
mains open about the possibility of different genetic
backgrounds, in addition to different selection pres-
sure and ecological variables, allowing the different
outcome of pyrethroid treatment found in both coun-
tries. Further research on nontreated populations
would allow clarifying this possibility and its implica-
tions in vector control.

Finally, it is important to note that Þeld control
failures have been up to date correlated with RR that
are �50 (Picollo et al. 2005), and that small RR imply
that the population is currently under successful con-
trol. In accordance with these results, the Bolivian
Ministry of Health and Sports has reported vectorial
infestation rates higher than 20% in the Tarija depart-
ment, which could be related to the resistance found
in these assays. Still, small resistance ratios indicate
that Þeld control failures must be prevented by con-
tinuous insecticide resistance monitoring and the im-
plementation of optimal control strategies in each area
(Rojas Cortez et al. 2007).

Currently, the control of T. infestans presents new
challenges in the Southern Cone area of the Gran
Chaco. The ineffectiveness of Þeld treatments consti-
tutes a hard to overcome obstacle in vector control,

and hence, surveillance becomes a necessity for any
Chagas control initiative in this area. Further investi-
gation on available insecticide types is required to Þnd
new alternatives of control in those areas that are
currently suffering from high infestation rates. Fur-
thermore, community participation and rural house
improvement will necessarily play an important role in
the future of vector control initiatives that aim to
attain a sustainable approach to this neglected disease
management.
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Ortiz, A. Sánchez Bustamante, A. Tamayo, E. Durán,
J. Chungara, M. Avalos, F. Torrico, C. Billot, C. Alonso-
Vega, A. De Muynck, Y. Ordóñez, F. Fernández, B.
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