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Abstract
Insecticide-impregnated nets can kill triatomine bugs, but it remains unclear whether they can
protect against Chagas disease transmission. In a field trial in Quequeña, Peru, sentinel guinea pigs
placed in intervention enclosures covered by deltamethrin-treated nets showed significantly lower
antibody responses to saliva of Triatoma infestans compared with animals placed in pre-existing
control enclosures. Our results strongly suggest that insecticide-treated nets prevent triatomine
bites and can thereby protect against infection with Trypanosoma cruzi. Anti-salivary
immunoassays are powerful new tools to evaluate intervention strategies against Chagas disease.
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Intervention strategies aimed at preventing insect vectors of infectious diseases from feeding
on their hosts, such as insecticide application and impregnated bed nets, are among the most
effective public health measures of the last century (Hemingway et al., 2006). Nevertheless,
evaluation of new or improved vector control measures has proven difficult. For diseases
with lower incidence, such as Chagas disease, sample sizes necessary to evaluate novel
vector control interventions can be prohibitively large.
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Haematophagous arthropods have to overcome the defense mechanism of their hosts. These
arthropods, such as triatomines, have evolved a wide range of salivary anti-haemostatic
compounds, immunosuppressors and complement inhibitors that are injected into the host
when feeding on blood (Ribeiro and Francischetti, 2003). This cocktail of salivary proteins
can elicit a humoral immune response in hosts which has been used as an immunological
marker of exposure to disease vectors such as mosquitoes, as well as a marker for
transmission risk of infectious disease agents (e.g. Remoue et al., 2006). Immunoassays
using salivary proteins show great promise to evaluate intervention measures against vector
borne diseases (Drame et al., 2010).

Here we present empirical data from a trial of insecticide-impregnated nets on sentinel
guinea pig corrals against transmission of Trypanosoma cruzi, the etiological agent of
Chagas disease, by the insect vector Triatoma infestans. We used antibody responses of
sentinel guinea pigs to salivary proteins of T. infestans to detect exposure to triatomines and
compared these data with T. cruzi infection in sentinel guinea pigs.

We conducted the trial in Quequeña, Peru, a small town located approximately 25 km
southeast of the city of Arequipa with an estimated population of 1,150 (Bayer et al., 2009).
Guinea pigs are commonly raised for consumption and trade in Peru (Bayer et al., 2009).

In April of 2006, the peridomestic areas of all 192 inhabited homes of Quequeña were
surveyed for the presence of T. infestans. An entomological survey was conducted with the
aid of Tetramethrin (Sapolio “Mata Moscas” Tetramethrin 0.15%), an insecticide with a
strong ‘flushing out’ effect on triatomine bugs (Levy et al., 2008). All captured female, male
and second to fifth instar bugs were counted, staged, sexed and microscopically examined
for the presence of T. cruzi as previously described (Levy et al., 2006). Ten households were
identified in which T. infestans collected from guinea pig pens were found to carry T. cruzi.
These households were invited to participate in the intervention study in June 2006. In each
consenting household, two groups of four sentinel guinea pigs were placed in the
peridomestic area. Sentinel animals were purchased from a distributor in Lima, Peru and had
never been in contact with triatomines. The first group of four guinea pigs served as a
control; these animals were placed in the original, existing guinea pig pen. The second group
was placed in a newly constructed guinea pig enclosure (Levy et al., 2008). The enclosure
measured 1.4 × 0.8 m, with metallic wire walls and a corrugated rubber roof. Long-lasting
deltamethrin-impregnated net (PermaNet 2.0, 55 mg/m2 target deltamethrin concentration,
25 holes/cm2 mesh size; Vestergaard Frandsen, Lausanne, Switzerland) was draped over the
enclosure. The netted enclosure was placed immediately adjacent to the original pen so that
the distance from each pen to vector colonies was as closely matched as possible (Fig. 1).
After 5 months all houses and peridomestic structures received insecticide treatment by the
Arequipa Regional Ministry of Health Chagas disease control program. At the time of
insecticide application, households were searched for one person-hour by trained triatomine
collectors. In addition, all control and sentinel guinea pig enclosures were disassembled and
exhaustively searched for triatomines; captured insects were examined for the presence of T.
cruzi.

Blood was drawn from sentinel guinea pigs through the saphenous or cephalic vein before
exposure to triatomines and at 3 and 5 months after their placement in the field. Sera of pre-
exposure guinea pigs served as negative controls in all immunoassays (trypomastigote
excretion-secretion antigens (TESA)-ELISA, IFA, anti-T. infestans saliva ELISA). Sera
from guinea pigs exposed repeatedly over a period of 5 months to triatomine bites derived
from previous studies were used as positive controls in the anti-saliva ELISA (Schwarz et
al., 2009a). Sera from animals infected once with 106 trypomastigotes of T. cruzi (Y strain,
provided by Dra. E. Umezawa, Instituto de Medicina Tropical, Universidade de São Paulo,
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São Paulo, Brazil) served as positive controls in anti-T. cruzi immunoassays (TESA-ELISA,
IFA). The Y strain of T. cruzi was originally isolated from an acute case of Chagas disease
(Amato Neto, 2010). This strain was maintained in culture in the metacyclic stage until
required. The use of animals was approved by the Institutional Animal Care and Use
Committee (IACUC) of Johns Hopkins University, USA.

Because there is no optimal test for T. cruzi infection in guinea pigs, we used a number of
assays. All animal sera were tested by ELISA using TESA as previously described
(Umezawa et al., 2001). Antigen for the TESA-ELISA was obtained from the supernatant of
infected monkey kidney LLC-MK2 cells. The protein concentration was measured using the
Bradford quantification assay with BSA as a standard and the supernatants were stored at
−70°C until use. Ninety-six well plates were coated with TESA at a final concentration of 2
μg/ml. The plates were incubated with guinea pig serum diluted 1:100 followed by a
1:10,000 dilution of horseradish peroxidase-conjugated goat anti-guinea-pig IgG (KPL
Laboratories, USA) as secondary antibody. Each serum sample was analyzed in duplicate
and each plate included a positive control and seven negative control sera. The O.D. was
measured at 495 nm. Trypanosoma cruzi infection was considered as positive or negative in
TESA-ELISA by using a cut-off value calculated from the final mean O.D.495nm (duplicate
serum samples per specimen) of seven T. cruzi negative control sera plus 3 S.D. per ELISA
assay.

Specimens tested positive for T. cruzi infection by TESA-ELISA were confirmed by
standard IFA (Camargo and Rebonato, 1969). Epimastigotes of T. cruzi (Y strain) were
cultured for 10 days until the culture reached its logarithmic phase of growth in liver
infusion tryptose medium with 10% FBS. A dilution of 30–40 epimastigotes/well was used
for IFA. Sera of sentinel guinea pigs and FITC-conjugated goat anti-guinea pig IgG (KPL)
were diluted 1:16, 1:32, 1:64 and 1:128. Positive and negative control sera of anti-T. cruzi
antibodies were tested in parallel. Sera reacting at the dilution of 1:32 and higher were
considered positive.

Two parasitological tests were also performed on all sentinel animals: direct observation of
blood in hematocrit tubes (La Fuente et al., 1984) and xenodiagnosis. Xenodiagnosis was
applied after blood was draw from sentinel guinea pigs for serological tests (Vega Chirinos
and Náquira Velarde, 2006). Briefly, 10 starved nymphs (third or fourth instars) were
allowed to feed on guinea pigs for 20 min. Blood-fed triatomines were examined
individually for the presence of trypomastigotes in the triatomine feces by microscopy after
30 days. Uninfected insects were re-examined again after 60 days.

Pooled crude saliva of 300 starved fifth instar and adult T. infestans was obtained from a
colony maintained in Arequipa, Peru. Salivation of the triatomines was induced by
stimulating the insects proboscis with forceps while breathing (providing CO2) towards the
insect. Saliva was collected using capillary pipettes (Amino et al., 2001). The protein
concentration of the saliva homogenate was determined using the Bradford method. The
saliva was aliquoted and stored at −20°C and minus;70°C until use.

Anti-T. infestans saliva ELISAs were performed as previously described (Schwarz et al.,
2009a). Only sentinel guinea pig sera from the first blood draw, after guinea pigs were kept
in the field for 3 months, were used. Sera of guinea pigs collected at 5 months could not be
used for the salivary ELISA because the animals had been exposed to vector saliva during
the xenodiagnoses at 3 months. ELISA plates were coated with 0.5 μg total salivary protein
of T. infestans per well. The plates were incubated with guinea pig serum diluted 1:100 and
peroxidase-conjugated goat anti-guinea pig IgG diluted 1:5,000 as secondary antibody. Each
serum sample was analyzed in duplicate and each plate included a positive and several
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negative control sera. The O.D. was recorded at 492 nm. The final O.D.492nm of the anti-
saliva IgG ELISA assays was determined by calculating the mean O.D.492nm of the
duplicate wells of each serum sample and subtracting the mean O.D.492nm of the negative
control. Antibody responses of guinea pigs from the original and intervention corrals with
netting were compared using a Mann-Whitney Rank Sum test (non-normal distribution of
data) using the statistical programme SigmaStat 3.1 (Systat Software).

A total of 157 triatomines were collected in all guinea pig pens of the 10 households prior to
placement of sentinel animals in these households. All triatomines were identified as T.
infestans. Trypanosoma cruzi was observed in 44.3% of insects. Triatomine collections were
repeated at the end of the netting trial, at which time all 10 households received insecticide
treatment by the local authorities of the Chagas disease control program. The insecticide
application greatly facilitated triatomine collection compared with the manual searches for
bugs with the aid of a flushing out agent. Overall, 1,005 T. infestans were captured in and
around the guinea pig corrals of the 10 study households (Fig. 2). No triatomines were found
in the protected pens. Insect density was greatest in household no. 5, with 503 bugs.
Surprisingly, although for all 10 households T. cruzi-infected T. infestans were detected in
April 2006, no T. cruzi infection was present in triatomines collected in four participating
dwellings (nos. 3, 4, 6 and 9) at the end of the netting trial.

Our target sample size for TESA-ELISA and IFA was 160 guinea pig sera. One household
withdrew from the study after the third month, leaving 152 sera for analyses. However, only
115 sera were available for analyses by TESA-ELISA and IFA due to insufficient amounts
of sera from 37 blood draws. Only one of these 115 was confirmed seropositive. The
infected guinea pig was kept in an original corral of household no. 5. One out of 96 sentinel
guinea pigs tested by xenodiagnosis was found to be infected by T. cruzi. Not all 152 guinea
pigs could be examined because some households refused the second round of
xenodiagnosis on the animals. The T. cruzi-infected guinea pig was also kept in the original
corral of household no. 5. Both positive animals were detected during the 3 month testing
period. No additional animals were found to be positive for T. cruzi infection when tested at
the end of the trial, after 5 months in the field. No T. cruzi infection in animals was detected
by direct observation of blood in hematocrit tubes.

Exposure of sentinel guinea pigs to triatomines was characterized by antibody responses of
animals to saliva of T. infestans. Out of 64 analyzed guinea pig sera, significant antibody
responses were only detected for five guinea pigs (Mann-Whitney Rank Sum test, P < 0.01,
Fig. 3A). All five were from the original corrals. All other animal sera reacted only very
weakly in ELISA tests with triatomine saliva. The antibody responses of the other animals
could not be distinguished from the responses of the negative control (Fig. 3). One of the
five animals with strong antibody responses to triatomine salivary antigens was the T. cruzi-
infected guinea pig from the original corral of household no. 5, the dwelling from which 503
insects were collected in December 2006 (Fig. 3A). Unfortunately, the antibody response of
the second T. cruzi-infected animal could not be analysed because no serum was left for this
ELISA.

Household application of pyrethroid insecticide is the standard for control of the Chagas
disease vector T. infestans and has shown great success in the Southern Cone Initiative, a
collaborative multi-national effort to eliminate transmission of T. cruzi by T. infestans
(Schofield et al., 2006). The success of the Southern Cone Initiative, however, has not been
universal. While transmission of T. cruzi by T. infestans has been disrupted in countries with
greater resources, it continues in poorer areas where vector control activities could not, or
have not, been sustained (Gürtler, 2009). Alternative means of vector control are very much
needed in such areas.
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Deltamethrin impregnated netting has been shown previously to slow the dispersal of T.
infestans. In a study conducted in an urban community of Arequipa, Peru, nets were
evaluated by counting vectors that infested bricks placed in new sentinel enclosures (Levy et
al., 2008). Although a significant decrease in vector numbers was observed in enclosures
protected by netting, the question remained whether bugs from colonies elsewhere in the
household were capable of navigating through the nets and feeding on the animals. If so the
nets might neither decrease the frequency of bites by vectors on hosts nor lower the risk of
infection by T. cruzi. The results presented in this study show that animals protected by nets
are in fact significantly less exposed to triatomine saliva suggesting, to our knowledge for
the first time, that nets protect hosts from bites by T. infestans.

Exposure to vectors among sentinel guinea pigs in our study was very heterogeneous. It is
not clear why so few animals in the control enclosures reacted strongly to T. infestans saliva.
It is possible that vectors continued to feed on existing animals in the control enclosures,
rather than feeding on the newly-placed sentinel guinea pigs. Thus, our estimate of the effect
of netting may be inflated. It is also possible that the presence of the impregnated netting
nearby affected the feeding of vectors in control enclosures, which would deflate our
estimates. On the other hand, animals in one household in particular had very elevated
antibody titers against salivary antigen from the vector. It is no coincidence that the guinea
pig with confirmed T. cruzi infection was from household no. 5 with the highest number of
triatomines. These animals can be categorized as highly exposed to triatomine bites
according to the classification of antibody levels of guinea pigs from low and highly infested
T. infestans habitats of previous studies (Schwarz et al., 2009a).

Haematophagous arthropods have evolved a wide range of salivary proteins, some of which
are shared between species and across genera (Ribeiro and Francischetti, 2003). Cross-
reacting IgG epitopes of salivary proteins of T. infestans and antigens in the saliva of other
biting arthropods in ELISA assays may have affected our findings, and probably caused
low-level baseline antibody responses in all animals. However, we carefully checked
sentinel animals for ticks and fleas and found none—the absence of these other ectoparasites
on the study animals may have reduced cross-reactivity and led to the success of the trial.
The development of triatomine-specific salivary antigens as exposure markers of triatomine
bites on guinea pigs would reduce cross-reactions (Schwarz et al., 2009b).

In conclusion, impregnated netting and other interventions are especially promising for the
control of triatomine insects, as they can be made available directly to those people at risk of
Chagas disease infection. Our immunological approach reported in this study will be of
great use in facilitating the evaluation of vector control interventions against Chagas disease.
It can serve as a surrogate measure for the degree of exposure to insect bites on sentinel
animals and thereby for the risk of T. cruzi infection. Furthermore, this immunoassay could
be expanded for use in humans and for other vectors of T. cruzi.
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Fig. 1.
Photograph of a newly constructed guinea pig corral with an impregnated net and an original
corral. Groups of sentinel guinea pigs were either placed in newly constructed guinea pig
corrals which were covered with deltamethrin-impregnated nets, or pre-existing guinea pig
pens (pictured behind the newly constructed pen).

Schwarz et al. Page 8

Int J Parasitol. Author manuscript; available in PMC 2012 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Triatoma infestans infestation of guinea pig corrals in 10 households of Quequeñe, Peru.
Households were sprayed with insecticides by the Arequipa Regional Ministry of Health in
December 2006 and trained personal searched the entire households for triatomines for 1 h.
All adult insects and second through the fifth instars were examined for the presence of
Trypanosoma cruzi from all captured T. infestans (gray bars) in the guinea pig corrals. The
black and white bars indicate the total numbers of T. cruzi-infected and non-infected bugs,
respectively.
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Fig. 3.
Antibody responses of sentinel guinea pigs to salivary proteins of Triatoma infestans.
Sentinel guinea pigs were either placed in original corrals (A, squares) or corrals with
deltamethrin-impregnated nets (B, circles) of 10 households in the town of, Peru, in June
2006. Three months later the antibody response of guinea pigs to T. infestans saliva was
measured by ELISA. The final O.D.492nm was determined by calculating the mean
O.D.492nm of the duplicate wells of each guinea pig serum and subtracting the O.D.492nm of
the mean O.D.492nm of the negative control sera per household.
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