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Abstract Triatoma virus (TrV) is the only entomopath-
ogenic virus found in triatomines. TrV replicates in cells of
the midgut epithelium of triatomines, causing a high
mortality rate and delayed development of the infected
insect. In this work, we report an antigen-capture enzyme-
linked immunosorbent assay (AC-ELISA) and a reverse
transcription-polymerase chain reaction (RT-PCR) assay
for detection of TrV infection. For antiserum production,
rabbits and hens where inoculated with purified TrV.
Antiserum reactivity was checked by immunodiffusion,
and its specificity was confirmed by western blot and AC-
ELISA. Totally 90 fecal samples from T. infestans were
analysed. AC-ELISA and RT-PCR results correlated well
with transmission electron microscopy (EM) observations,
which are considered the gold standard, with Kappa values
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of 0.73 for AC-ELISA and 0.93 for RT-PCR when com-
pared with EM. Applications and complementary uses of
the two techniques reported in this work are discussed.

Introduction

Triatoma virus (TrV) is a spherical non-enveloped virus
found in Triatoma infestans (T. infestans) bugs [1, 2]. The
viral genome is a positive-sense single-stranded RNA
molecule of approximately 10,000 nucleotides [3]. TrV
particles are about 30 nm in diameter, and the capsid
is composed of four proteins, VPO, VP1, VP2, and VP3.
In 2002, the International Committee on Taxonomy of
Viruses classified TrV as a member of the family Dici-
stroviridae, genus Cripavirus, along with a small group of
insect RNA viruses including cricket paralysis virus [4].
TrV replicates in cells of the intestinal epithelium of tri-
atomines, causing high mortality, delayed development due
to its effect on the molting process, and reduced fecundity
[2, 5, 6]. The pathogenicity and the mode of transmission
of TrV have been partially elucidated, indicating
coprophagy as one of the main routes of infection in lab-
oratory colonies [5, 7].

The biological, ecconomical and medical relevance of
TrV is based on the fact that triatomines represent a very
important link in the transmission of Trypanosoma cruzi (T.
cruzi), the causative agent of Chagas’ disease. This disease
is an endemic zoonosis in Latin America, affecting
9.8 million people [8], and 15-30% of the patients have
cardiac lesions or irreversible lesions in other organs [9]. To
date, more than 60 species of triatomines have been found
to be affected by predators, parasitoids, ecto- and endo-
parasites and pathogens, as well as other undetermined
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symbiotic associations [10, 11]. TrV is the only viral
pathogen that has been found in triatomines. It was proven
to be infective in seven species that are vectors for 7. cruzi:
T. infestans, T. pallidepennis, T. platensis, T. delpontei,
T. rubrovaria, Rhodnius (R.) prolixus [2], T. patagonica
[12], T. guasayana (Rozas-Dennis et al., unpublished
result), 7. dimidiata (Zeledon 2007, personal communica-
tion; Guhl 2007, personal communication), and 7. maculata
(Guhl 2007, personal communication). Importantly, TrV
can potentially be used as a biological control agent against
domiciliated and non-domiciliated vectors of Chagas’ dis-
ease, especially due to its vertical transmission and high
pathogenicity [3, 5].

In this paper, we report the development of two specific,
fast and sensitive assays for detection of TrV infection by
antigen-capture enzyme-linked immunosorbent assay (AC-
ELISA) and reverse transcription-polymerase chain reac-
tion (RT-PCR). These two techniques will be useful to
screen TrV infection in feces, and eventually in other
insects. Furthermore, these techniques will allow the study
of the natural prevalence and geographic distribution of
TrV virus in populations of Triatominae in Argentina as
well in other Latin American countries.

Materials and methods
Viral purification

Viral particles were purified from insects obtained from an
experimentally TrV-infected colony (by feeding upon
virus-contaminated substrata) of T. infestans, maintained
at the Centro de Estudios Parasitologicos y de Vectores
(CEPAVE), La Plata, Argentina. Totally 30 infected adult
insects were dissected, and their midguts were homoge-
nized in 10 ml of NMT buffer (0.01 M NaCl, 0.001 M
MgCl, and 0.04 M Tris—HCI, pH 7.4). The homogenate
was clarified and centrifuged at 140,000g for 3 h at 4°C to
obtain TrV particles. The pellet was then resuspended in
NMT buffer and layered on top of a continuous sucrose
gradient (10-30%, w/v). After centrifugation at 64,000g
for 3 h at 4°C, 2-ml fractions were obtained using a
peristaltic pump. The selected fractions, measured at
260 nm, were diluted in NMT buffer and then centrifuged
at 44,000g for 2 h at 4°C. This final pellet was resus-
pended in 1 ml TE buffer (Tris-EDTA) (1 mM EDTA,
10 mM Tris-HCI, pH 7.4). The virus was stored at —20°C
and was later used for the production of hyperimmune
antisera for the AC-ELISA assay and as a positive control
in the RT-PCR assay. TrV-free T. infestans, maintained at
the Centro de Estudios Parasitoldgicos y de Vectores
(CEPAVE), La Plata, Argentina, were used as a negative
control.
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Antisera

The antibodies used in the AC-ELISA were prepared by
inoculating two female rabbits and two hens with purified
TrV. Rabbits were inoculated by subcutaneous injection of
0.5 ml of purified virus (37 pg) mixed with the same
amount of Freund’s complete adjuvant (Sigma-Aldrich
Chemical Co., USA). A second dose was administered to
the animals at day 15 after the first inoculation. The third
dose was administered at day 45 (0.5 ml of virus mixed
with 0.5 ml of Freund’s incomplete adjuvant). The proce-
dure for the production of anti-TrV in hens was the same as
that for production in rabbits, except that the hen inocu-
lations were performed by intramuscular injection of virus
without adjuvant. Sera obtained from bleeding rabbits and
hens were centrifuged at 2,000 rpm for 3 min; sera were
recovered and stored at —20°C.

Immunodiffussion, SDS-PAGE and Western blot
analysis

In order to confirm the presence and evaluate the concen-
tration of specific TrV antibodies from inoculated rabbits
and hens, double immunodiffussion assays in agar gels
were performed in 1% agar in Tris 0.05 M and 8.5% NaCl,
pH 8, for rabbits or 1% agar in 0.85% NaCl, pH 8, for hens.
For Western blot analysis, TrV proteins were separated in
12.5% polyacrylamide gels using the discontinous system
[13]. One gel was stained with Coomassie blue and then
destained in an acid/methanol solution. The other was
transferred to a nitrocellulose membrane (0.45 pum, Sigma-
Aldrich Chemical Co., USA) by semi-dry electrotransfer
(BioRad Laboratories, Canada) with transfer buffer
(25 mM Tris, 192 mM glycine, 20% methanol), and the
membrane was blocked with 3% gelatin in TTBS (0.05%
Tween-20 in TBS buffer, 20 mM Tris—HCI, pH 7.4, 0.5 M
NaCl). The membranes were cut in strips and incubated
with anti-TrV polyclonal antibodies diluted 1:40 in 1%
gelatin TTBS. The strips were treated with anti-rabbit and
anti-hen IgG peroxidase conjugates at a 1:1,000 dilution,
and subsequently treated with a solution containing the
chromogen DAB (3,3'diaminobenzidine, Sigma-Aldrich
Chemical Co., USA).

Fecal samples

TrV-free T. infestans was used as a negative control, and
T. infestans infected with TrV was used as a positive
control. Two groups of 45 insects each, were maintained at
the Centro de Estudios Parasitologicos y de Vectores
(CEPAVE), La Plata, Argentina. Fecal samples were
obtained by applying pressure to the abdominal region, and
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these were resuspended in 200 pl PBS and kept in
microtubes.

Standardization of the AC-ELISA

To determine the optimal reagent concentrations, several
combinations and dilutions of each reagent (purified TrV,
T. infestans fecal samples, rabbit antisera and hen anti-
sera) were tested on polystyrene plates (checkboard
titrations) [14]. Hen TrV antisera served as the capture
antibodies and the rabbit TrV antisera were used as the
detector antibodies for AC-ELISA assay. As a third
antibody, commercial goat anti-rabbit IgG peroxidase
conjugate was used (Sigma-Aldrich Chemical Co., USA).
To determine the optimal dilution of the reagents, rabbit
TrV antisera (1:10 to 1:10,240 dilutions) were evaluated
against peroxidase-conjugated goat anti-rabbit (1:400 to
1:51,200 dilutions). Then, hen TrV antisera (1:10 to
1:10,240 dilutions) and purified TrV (1:50 to 1:6,400
dilutions) were titrated at the same manner. During this
optimization process, different incubation periods (1-2 h)
and concentrations of blocking reagent (2-5% nonfat dry
milk in PBS-0.05% Tween 20) were tested. Purified TrV
particles were used as a first step for standardization of
the AC-ELISA test. Fecal samples of T. infestans were
titrated from pure to 1:128 dilution. The best combination
of the highest reagent dilution with the highest sensitivity
and lowest background was selected for each reagent.
Briefly, rows of 96-well microtiter plates were coated
with 100 pl/well of a 1:300 dilution of hen hyperimmune
TrV antisera in carbonate-bicarbonate buffer (0.05 M, pH
9.6) and incubated at 4°C overnight. After incubation and
at each washing step, the plates were rinsed 4 times with
PBS/0.05% Tween 20. Subsequently, the plates were
blocked for 1 h at 37°C with 200 pl 5% nonfat dry milk
in PBS to minimize nonspecific binding. Then, 100 pl of
the fecal samples, diluted 1:4 in PBS/0.05% Tween 20,
were placed in each well and incubated for 1.5 h at either
room temperature or at 37°C. Rabbit TrV antisera diluted
1:400 in PBS/0.05% Tween 20 was applied for 1 h at
37°C. Next, 100 pl of a commercial goat anti-rabbit IgG
peroxidase conjugate (Sigma-Aldrich Chemical Co.,
USA) diluted 1:3,000, was applied. Reactions were
developed using 100 pl of the chromogen substrate
(0.1 M citric acid, 0.2 M PO4HNa,, 10 pl H,O,, 30 vol)
and 30 mg ABTS (2,2’ azino-bis-3 ethylbenzthiazoline-6-
sulfonic acid, Sigma-Aldrich Chemical Co., USA) and
read after 5, 10 and 15 min of incubation in a microplate
reader (Titertek Multiskan, USA) with a 405-nm filter.
Negative and positive control samples were included in
each microplate. The data were analyzed as follows:
normalized OD =raw OD of sample—raw OD of

negative control/raw OD of positive control—raw OD of
negative control. To determine a reliable cut-off, a total of
50 samples of TrV-free insects from the 7. infestans
colony were used to establish the normal range of vari-
ability during the AC-ELISA test.

RNA extraction

TrV RNA (vVRNA) was extracted from purified virus and
feces of T. infestans. Up to 0.3 mg of fecal samples
resuspended in 50 pl PBS were homogenized in TRIZOL
reagent (GIBCO-Invitrogen, USA), and vRNA was purified
according to the manufacturer’s instructions. RNA con-
centration was determined by measuring absorbance at
260 nm (Aep) in a spectrophotometer (Ayqp = 1 is equiv-
alent to 40 pg/ml RNA). A ratio of Asgp/Azg0 = 2.0 was
obtained for pure VRNA.

RT-PCR

Pure VRNA (0.2 pg) was used as atemplate for RT-PCR. The
first-round PCR was performed according to the OneStep
RT-PCR protocol (QIAGEN, USA). It involved reverse
transcription followed by one round of amplification. The
following oligonucleotide primer pairs were used: TrVA- 5
TCAAAACTAACTATCATTCTGG 3’ (nt 7427 to 7448 in
TrV ORF2 sequence) and TrVB- 5 TTCAGCCT-
TATTCCCCCCC 3’ (nt 8240-8258), with an expected
product of 832 bp. Primer sequences were selected from
TrV-OREF2 regions that code for VP2 and VP3 capsid pro-
teins, based on the GenBank AF 178440 sequence. Products
were visualized on 1.2% agarose gels stained with ethidium
bromide, and their sizes were determined by comparison
against DNA markers (Promega, USA). To standarize the
technique, purified TrV was used as a template, then fecal
samples were used.

Electron microscopy

Negative-staining electron microscopy (EM) examinations
were performed as described previously [15]. A total of 45
negative and 45 positive fecal samples were selected. Each
sample was examined for approximately 10 min. This
technique is considered the gold standard for evaluation of
TrV infection.

Statistical analysis
AC-ELISA and RT-PCR assays were compared with EM
to evaluate their specificity and sensitivity. Kappa values

were calculated for the AC-ELISA and RT-PCR assays to
measure their agreement with the EM results.
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Results
Virus and antiserum characterization

Purification of virus particles from intestinal contents of
infected insects results in a viral suspension of approxi-
mately 2.6 mg/ml protein. Four bands, corresponding to
the four structural proteins of the TrV (VPO, VP1, VP2 and
VP3), were detected by SDS-PAGE, with molecular
weights of approximately 45, 39, 37 and 33 kDa, respec-
tively, according to their electrophoretic mobility (Fig. 1a).
The antisera of rabbits inoculated with TrV were positive
against the TrV virus by immunodiffussion up to 1:128
dilution (Fig. 1b), The antisera of hens inoculated with TrV
were positive against the TrV virus by immunodiffussion
up to 1:16 dilution. The specificity of rabbit and hen anti-
TrV polyclonal antibodies was confirmed by Western blot
analysis (Fig. 1c).

AC-ELISA

The optimal dilutions of reagents in our AC-ELISA were
1:300 for the primary serum antibody TrV antisera
obtained from inoculated hen, 1:4 for fecal samples,
1:400 for the secondary antibody TrV (rabbit antisera),
and 1:3,000 for goat anti-rabbit peroxidase-conjugate.
The reading time was optimized at 15 min. Optimal
results for detection of TrV infection in fecal samples by
AC-ELISA were obtained using 5% nonfat dry milk in
PBS-0.05% Tween 20 as blocking solution. Up to 0.3 mg

of fecal samples resuspended in 200 pl PBS showed a
positive result at 1:64 dilution. The AC-ELISA values of
fecal samples showed a normal distribution (data not
shown). Assuming a 5% probability of misclassification
(mean £ 2SD), the upper limit of an AC-ELISA value
for the negative insect was 0.12. These fecal samples
were used to compare the AC-ELISA test against EM
and RT-PCR. Of a total of 90 fecal samples analyzed, 35
were positive (38.9%) and 55 were negative (61.1%)
(Table 1).

RT-PCR

Fecal samples of TrV-infected T. infestans were analyzed
by RT-PCR using the primer pair mentioned in “Materials
and methods”. The results are shown in Fig. 2. The
expected 832-bp RT-PCR product was obtained from
0.2 pg of pure VRNA, and bands of the same size were
found in the positive analyzed samples (Fig. 2). Out of a
total of 90 fecal samples analyzed by RT-PCR, 46 were
positive (51.1%) and 44 were negative (48.9%) (Table 1).

EM

The fecal samples analyzed with RT-PCR and AC-ELISA
were also tested by EM. The viral particles detected in
fecal samples by negative-staining EM are illustrated
in Fig. 3. As expected from previous observations [1, 15],
the average size of TrV particles was approximately
30 £ 2 nm.

Fig. 1 a This picture shows the four bands corresponding to the
structural proteins of the triatoma virus, VPO, VP1, VP2 and VP3,
with molecular weights of 45, 39, 37 and 33 kD, respectively,
detected by SDS-PAGE. b Different dilutions of rabbit TrV antisera
(1:16, 1:64, 1:128) tested by immunodiffussion against purified virus,
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showing the positive immunoprecipitation lines. EC means empty
cavity. ¢ Western blot analysis confirming the specificity of the rabbit
TrV polyclonal antibody shows the four (VPO, VP1, VP2 and VP3)
structural proteins of triatoma virus
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Table 1 Detection of TrV in fecal samples by EM, AC-ELISA and
RT-PCR

AC-ELISA RT-PCR

Positive Negative Positive Negative
EM positive 34 (37.8%) 11 (12.2%) 44 (489%) 1 (1.1%)
EM negative 1(1.1%) 44 (489%) 2 (22%) 43 (47.8%)
Total 35 (389%) 55 (61.1%) 46 (51.1%) 44 (48.9%)

Fig. 2 Detection of triatoma virus (TrV) by RT-PCR in intestinal
contents and fecal samples of Triatoma infestans. M: 1000-bp
molecular ladder. /-2 positive intestinal content samples. 3 positive
fecal sample. 4 negative intestinal content sample. 5 purified TrV,
used as a positive control

Fig. 3 Electron micrograph [negative staining, 3% (w/v) uranyl
acetate] of viral particle preparations from fecal samples. Bar 30 nm

Statistical analysis

The concordance obtained after analysis of AC-ELISA and
RT-PCR results against the EM test is shown in (Table 2).
The AC-ELISA and RT-PCR assays showed different

Table 2 Sensitivity, specificity and concordance values of AC-
ELISA and RT-PCR with EM as the gold standard test for TrV
detection

Sensitivity %  Specificity % Kappa value

ELISA versus EM 75.55
RT-PCR versus EM  97.78

97.77 0.73
95.55 0.93

agreements with EM, with a Kappa value of 0.73 for AC-
ELISA and 0.93 for RT-PCR. When compared with the
EM gold standard, AC-ELISA and RT-PCR had 75.55 and
97.78% sensitivity and 97.77 and 95.55% specificity,
respectively.

Discussion

TrV is the only virus found in triatomines. Since TrV was
discovered in T. infestans [1] and is geographically dis-
tributed in Argentina [16], its potential use as a biological
control agent against the vectors of Chagas’ disease could
be considered a valid option. Nevertheless, the prevalence
of TrV in triatomines in other Latin American Chagas’
endemic areas is still unknown. The development of rapid,
non-expensive and reliable diagnostic techniques to detect
TrV infection could be a useful advantage in prevalence
studies. Although EM is very reliable for virus particle
detection [15], this technique is labour-intensive and time-
consuming. In addition, EM may have a poor sensitivity at
low virus titers, and it requires expensive equipment,
making this technique inappropriate for screening a large
number of samples.

RT-PCR and AC-ELISA have been used to detect a
variety of RNA viruses, including picorna-like insect
viruses [17-20]. The data reported here show that RT-PCR
and AC-ELISA techniques are sensitive tests for the
detection of TrV infections in fecal samples of triatomines.

In our experiments, RT-PCR was more specific and
sensitive than AC-ELISA, with a Kappa value of 93%
despite the fact that RT-PCR on insects are usually ham-
pered by the presence of inhibitory components [21]. RT-
PCR is more time-consuming and costly than AC-ELISA,
but the latter assay has been tested in different virus
infections [22-24] and seems to be more convenient for
screening a large number of samples. We suggest that RT-
PCR should be used for suspicious samples in which AC-
ELISA has given negative or borderline results, in order to
reduce the risk of false negatives.

In conclusion, the use of the assays reported in this study
could be valuable in the analysis of TrV host range,
prevalence and geographical distribution of the virus. They
may also provide a valuable tool for evaluating the
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potential use of TrV as a biological control agent against
triatomines.

Acknowledgments GAM thanks the staff of Catedra de Virologia,
FCV-UNLP, and the Programa de Movilidad de Profesores de la
UPV/EHU. During this work, DMAG was a visiting professor of the
UPV/EHU. 1JG is a Researcher of the CICPBA; MGE is a Researcher
of the CONICET. This study was partially supported by CONICET
and Agencia Nacional de Promocion Cientifica y Tecnoldgicas,
Argentina (PICT No 32618/05). We are very gratefully to Dr Eduardo
Mortola FCV-UNLP and Dr Félix Goiii (CSIC-UPV/EHU) for valu-
able comments on a draft of this manuscript. We are indebted to Lic
G. Rozas-Dennis (UNS, Bahia Blanca, Argentina) for providing TrV-
free insects and triatomine feces for AC-ELISA and RT-PCR
analyses.

References

1. Muscio OA, La Torre JL, Scodeller EA (1987) Small nonoc-
cluded viruses from triatomine bug Triatoma infestans
(Hemiptera: Reduviidae). J Invertebr Pathol 9:218-220

2. Muscio OA, La Torre JL, Scodeller EA (1988) Characterization
of Triatoma virus, a picorna-like virus isolated from the triato-
mine bug Triatoma infestans. J Gen Virol 69:2929-2934

3. Czibener C, La Torre JL, Muscio OA et al (2000) Nucleotide
sequence analysis of Triatoma virus shows that it is a member of
a novel group of insect RNA viruses. J Gen Virol 81:1149-1154

4. Mayo MA (2002) A summary of taxonomic changes recently
approved by ICTV. Arch Virol 147:1655-1663

5. Muscio OA, La Torre JL, Bonder MA et al (1997) Triatoma virus
pathogenicity in laboratory colonies of Triatoma infestans
(Hemiptera: Reduviidae). ] Med Entomol 34:253-256

6. Rozas-Dennis GS, Cazzaniga NJ (2000) Effects of Triatoma virus
(TrV) in the fecundity and moulting of Triatoma infestans
(Hemiptera reduviidae). Ann Trop Med Parasitol 94:633-644

7. Muscio OA, Bonder MA, La Torre JL et al (2000) Horizontal
transmission of Triatoma virus through the fecal-oral route in
Triatoma infestans (Hemiptera: Triatomidae). J Med Entomol
37:271-275

8. Remme JHF, Feenstra P, Lever PR et al (2006) Tropical diseases
targeted for elimination: Chagas disease, lymphatic filariasis,
onchocerciasis and leprosy. In: Disease control priorities in
developing countries, 2nd edn. World Bank/Oxford University
Press, Washington, pp 433-449

9. Segura EL, Cura EN, Sosa Estan SA et al (2000) Long-term
effects of a nationwide control program on the seropositivity for

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

Trypanosoma cruzi infection in young men from Argentina. Am J
Trop Med Hyg 62:353-362

Ryckman RE, Blankenship CM (1984) The parasites, predators
and symbionts of the Triatominae (Hemiptera: Reduviidae: Tri-
atominae). Bull Soc Vector Ecol 9:84-111

Weiser J (1991) Biological control of vectors. Wiley, Chichester,
pp 1-189

Rozas-Dennis GS, Cazzaniga NJ, Guerin DMA (2002) Triatoma
patagonica (Hemiptera, Reduviidae), a new host for Triatoma
virus. Mem Inst Oswaldo Cruz 97:427-429

Laemmli V (1970) Cleavage and structural proteins during the
assembly of the head of bacteriophage T4. Nature 227:680-685
IAEA (1988) Use of enzyme-linked immunosorbent assay
(ELISA) in animal disease diagnosis. IAEA, Vienna
Rozas-Dennis GS, La Torre JL, Muscio OA et al (2000) Direct
methods for detecting picorna-like virus from dead and alive
triatomine insects. Mem Inst Oswaldo Cruz 95:323-327

Marti GA (2005) Parasitos, patogenos y flora intestinal de triato-
minos (Hemiptera:Reduviidae) de la Argentina, con énfasis en
Triatoma infestans (Klug), Doctoral Thesis, Facultadad de Cien-
cias Naturales y Museo, Universidad Nacional de La Plata, p 136
Hung ACF, Shimanuki HA (1999) Scientific note on the detection
of Kashmir bee virus in individual honey bees and Varroa jac-
obsoni mites. Apidologie 30:353-354

Johnson KN, Christian PD (1999) Molecular characterization of
Drosophila C virus isolates. J Invertebr Pathol 73:248-254

. Samuel PP, Tyagi BK (2006) Diagnostic methods for detection

and isolation of dengue virus from vector mosquitoes. Indian J
Med Res 123:615-628

Stevens M, Hull R, Smith HG (1997) Comparison of ELISA and
RT-PCR for the detection of beet yellows closterovirus in plants
and aphids. J Virol Methods 68:9-16

Chungue E, Roche C, Lefevre MF et al (1993) Ultra-rapid,
simple, sensitive, and economical silica method for extraction of
dengue viral RNA from clinical specimens and mosquitoes by
reverse transcriptase-polymerase chain reaction. J Med Virol
40:142-145

Gajanana A, Rajendran R, Thenmozhi V et al (1995) Compara-
tive evaluation of bioassay and ELISA for detection of Japanese
encephalitis virus in field collected mosquitoes. Southeast Asian J
Trop Med Public Health 26:91-97

Gajanana A, Rajendran R, Philip Samuel P et al (1997) Japanese
encephalitis in South Arcot District, Tamil Nadu, India: a three-
year longitudinal study of vector abundance and infection fre-
quency. J] Med Entomol 34:651-659

Tewari SC, Thenmozhi V, Katholi CR et al (2004) Dengue vector
prevalence and virus infection in a rural area in South India. Trop
Med Int Health 4:499-507



	AC-ELISA and RT-PCR assays for the diagnosis of triatoma virus (TrV) in triatomines (Hemiptera: Reduviidae) species
	Abstract
	Introduction
	Materials and methods
	Viral purification
	Antisera
	Immunodiffussion, SDS-PAGE and Western blot analysis
	Fecal samples
	Standardization of the AC-ELISA
	RNA extraction
	RT-PCR
	Electron microscopy
	Statistical analysis

	Results
	Virus and antiserum characterization
	AC-ELISA
	RT-PCR
	EM
	Statistical analysis

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


