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SUMMARY

This study applied improved DNA extraction and polymerase chain reaction strategies for screening and identification of
Trypanosoma cruzi lineages directly from faeces of triatomines collected in a well-defined rural area in northwestern
Argentina. Amplification of the variable regions of the kinetoplastid minicircle genome (kDNA-PCR) was performed
in faecal lysates from 33 microscope (MO)-positive and 93 MO-negative Triatoma infestans, 2 MO-positive and 38
MO-negative Triatoma guasayana and 2 MO-positive and 73 MO-negative Triatoma garciabesi. KDNA-PCR detected
T. cruzi in 91 % MO-positive and 7-5 % MO-negative T'. infestans, which were confirmed by amplification of the minicircle
conserved region. In contrast, KkDNA-PCR was negative in all faecal samples from the other triatomine species. A panel of
PCR-based genomic markers (intergenic region of spliced-leader DNA, 24Sa and 18S rRNA genes and A10 sequence)
was implemented to identify the parasite lineages directly in DNA lysates from faeces and culture isolates from 28 infected
specimens. T'wo were found to be infected with T'CI, 24 with T CIIe, 1 with T'CIId and 1 revealed a mixed TCI + TCII
infection in the faecal sample whose corresponding culture only showed T'CII, providing evidence of the advantages of
direct typing of biological samples. This study provides an upgrade in the current diagnosis and lineage identification of
T. cruzi in field-collected triatomines and shows T'. cruzi 11 strains as predominant in the region.

Key words: Trypanosoma cruzi, Triatoma infestans, Triatoma guasayana, Triatoma garciabesi, Chagas disease, PCR,
lineage.

INTRODUCTION T. cruzi (Schofield, Diotaiuti and Dujardin, 1999).
. . In the Gran Chaco, Triatoma sordida, Triatoma
Chagas disease, a zoonosis caused by Trypanosoma . . ) .

guasayana and Triatoma garciabesi were considered
candidates for domestication (Wisnivesky-Colli et al.
1993; Diotaiuti et al. 1995 ; Noireau et al. 1995, 1999;
Castanera et al. 1998). T. cruzi was recently isolated
from peridomestic T. guasayana (Lauricella et al.
2005).

Control programs periodically monitor the preva-
lence of T. cruzi infection in target triatomine bugs
through microscopical observation (MO) of diluted
faeces in search for active trypanosomes. However,
MO presents limited sensitivity in samples with low

cruzi and transmitted by triatomine bugs, is con-
sidered one of the most important vector-borne dis-
eases in Latin America (World Bank, 1993). The risk
of transmission of 7. cruzi in endemic rural areas
mainly depends on the density of triatomine bugs
and the prevalence of T'. cruzi infection in triatomine
vectors, humans and animal reservoirs (Cohen and
Glrtler, 2001). Triatoma infestans, the main vector of
T. cruzi in South America, is currently the target of
an elimination programme through residual spraying
with insecticides (Schofield and Dias, 1999). During
the surveillance phase after spraying, other sylvatic
or peridomestic triatomine species have been

parasite numbers and may lack specificity due to
infections with other trypanosomatids, such as
Trypanosoma rangeli and Blastocrithidia triatomae

(Cerisola et al. 1971 ; Chiurillo et al. 2003). A more

sensitive and specific method to assess T'. cruzi infec-

reported to emerge as putative secondary vectors of
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T. cruzi has been classified into 2 major phylo-
genetic lineages, T. cruzi 1 (TCI) and T. cruzi 11
(TCII) (Anonymous, 1999); the latter includes 5
sublineages designated T'Clla to TCIle (Brisse,
Barnabé and Tibayrenc, 2000). T. cruzi lineages
appear to be distributed differentially among tri-
atomine species, hosts and habitats throughout the
Americas. Epidemiological studies suggest that
T'CIIb, IId and Ile are more related with anthro-
ponotic environments and chronic Chagas disease
patients, lineages Ila and Ilc with sylvatic environ-
ments and lineage I with both (Souto et al. 1996;
Zingales et al. 1998 ; Fernandes et al. 1999; Barnabé
et al. 2000; Brisse et al. 2000; Brisse, Verhoef and
Tibayrenc, 2001; Yeo et al. 2005). T'. cruzi lineages
have usually been identified from cultured stocks,
which may underestimate parasite diversity in
natural infections due to possible strain selection
during culture expansion (Macedo and Pena, 1998).
As part of a wider eco-epidemiological study con-
ducted in rural northwestern Argentina, the present
study aimed to optimize and evaluate DNA extrac-
tion and PCR-based procedures for screening and
identification of T'. cruzi lineages directly from faecal
samples of triatomine bugs.

MATERIALS AND METHODS
Triatomine collection

Field studies were carried out in Amama and nearby
rural villages (27° 12" 33”7 S, 63° 02" 10” W), Province
of Santiago del Estero, Argentina, during October
2002. The study area has been described elsewhere
(Girtler et al. 1999; Cecere et al. 2004). T'wo areas
were visited (i) the core area, which included
Amama, Trinidad, Mercedes, Pampa Pozo, San
Pablo and Villa Matilde, where regular triatomine
surveillance has been conducted since a residual
application of insecticides in 1992, and (ii) the per-
ipheral area, that included 30 villages clustered in 6
groups around the core area, and where insecticide
sprays were conducted mostly in 1994-1996 and
2001, with no regular surveillance activities in the
intervening period. Householders were informed of
the purpose of the research project, anticipated
benefits and potential ways in which they could
participate.

Triatomine infestation was assessed in 300 houses
and their peridomestic structures using timed man-
ual collections for 30 min per house as described
previously (Gurtler et al. 1995). T'wo teams of 3 ex-
perienced bug collectors each from the National
Vector Control Program captured triatomine bugs
with the aid of an irritant agent (0-2% tetramethrin,
Icona, Buenos Aires). Peridomestic structures sear-
ched for bugs included goat, sheep or pig corrals, cow
or horse corrals, chicken coops, trees where chicken
roosted, storerooms, kitchens and other putative
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refuges for triatomines within the area of human
activity. Some householders collected domestic bugs
and kept them in plastic bags that they handed on to
the research group. Triatomines were also collected
in peridomestic and sylvatic sites with light traps as
described by Vazquez-Prokopec et al. (2004). All
captured bugs were placed in labelled plastic bags
with folded filter paper inside and transported to the
field laboratory at 10 °C, where they were identified
to species, stage and collection site as described by
Canale et al. (2000).

Diagnosis of 'T'. cruzi infection

All live or moribund third, fourth and fifth instar
nymphs and adult triatomines were examined for
T. cruzi infection by microscopical observation
(MO) of faecal samples, within 2 days of capture.
Faecal drops obtained by abdominal compression
from each bug were diluted with 1 drop of saline
solution (approximately 50 ul) and thoroughly exam-
ined for active trypanosomes at 220—400X. When
preparing the slides for MO inspection, triatomine
faecal samples were also stored in sterile microtubes
at 4-12 °C for PCR analysis. Samples for PCR were
collected in order to represent nearly all capture sites.
Forceps were rinsed in 10% bleach and 70 % ethanol
between extracting successive samples. Contami-
nation controls of this procedure were obtained by
systematically rinsing forceps in saline solution on
a slide and storing the wet preparation in sterile
microtubes.

DNA from 25 ul of each faecal sample was purified
using DNAzol reagent (Gibco BRL, USA) as
recommended by the manufacturer. A subset of
samples was processed by boiling 25 ul of faecal
samples for 15 min and centrifuging to discard the
debris, as previously described (Breniere et al. 1995).
To analyse culture isolates, parasites were pelleted by
centrifugation at 3000 g for 5 min. The pellets were
suspended in sterile water, boiled for 10 min and
centrifuged at 13000 g. The supernatant, diluted 1/3
with sterile water, was used for PCR.

The PCR assay used to detect T. cruzi was the
amplification of a fragment of 330 bp from the vari-
able regions of minicircles of the kinetoplastid
genome (VKDNA), as described previously (Schijman
et al. 2003). To validate vkDNA-PCR findings in
MO-negative samples, PCR-positive cases were
further tested applying another PCR procedure
targeted to the conserved region of the minicircle
DNA, using primer pairs 34 5" TATATTACA-
CCAACCCCAATCGAACC 3" and 67 5 TG-
GTTTTGGGAGG-GGSSKTCAAM TTT 3
(ckDNA-PCR) under the following cycling
conditions: 3 min at 94 °C; 2 cycles at 58 °C-45 sec,
72 °C-1 min, 94 °C-45 sec; 2 cycles at 56 °C-45 sec,
72 °C-1 min, 94 °C-45sec; 2 cycles at 54 °C-
45 sec, 72 °C-1 min, 94 °C-45 sec and 36 cycles at
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Table 1. PCR-based identification of Trypanosoma cruzi lineages in faeces and culture isolates from

triatomine bugs: DNA targets, application, primer sets and amplicon expected sizes in base pairs

DNA Target Application Primer sets TClI TClla TCllb TClle TCld TClle
I Spliced leader Distinction of TCC-TC1-TC2* [350| n/a 300 n/a 300 300
intergenic region  T'Cl from TClla, TCac-UTCCP 157 200 150 200 150 150
lic & TCllb, 11d, lle
II  24Salpha rDNA  Distinction between  D71-D76P 125 135 125 |125 + 14()| |14() |
TClla & TCllc or
between T'Clld &
TCllb, lle
IIT 18S rDNA Distinction between  V1-V2¢ 175 155 165 165 n/ac.d
A10 fragment TCllb & TClle P3-P6° n/a 657 n/a 657 657 657

I to III: Work flow for lineage identification. Boxed amplicon sizes denote the PCR findings of this survey.

n/a: no amplification.

a. Souto et al. 1996. b. Heminested PCR (Burgos et al. 2005). c. Brisse et al. 2001. d. Most T'Clle isolates from northwestern

Argentina amplify a 165bp 18S rDNA fragment.

52 °C-45 sec, 72 °C-1 min, 94 °C-45 sec with 1 final
extension step at 72 °C for 10 min. The detection
limits of both kDNA-based PCR procedures ranged
from 1/40 to 1/20 parasite genomes per reaction tube.

Detection of PCR inhibition

The presence of PCR inhibitors was examined in
PCR-negative faeces by spiking the corresponding
DNAzol lysates with 100 fg of a recombinant
plasmid containing an internal vkDNA-PCR
standard to evaluate its amplification, as previously
described (Schijman et al. 2003).

Parasite culture

All MO positive bugs were shipped to the National
Institute of Parasitology Fatala Chabén for T'. cruzi
isolation and culture in biphasic medium (Nutrient
agar defibrinated rabbit blood /Brain Heart
Infusion). Cultures were kept at 28 °C and 50%
relative humidity and microscopically monitored for
parasite growth bimonthly for 4 months. Cultures
were then stored in liquid nitrogen and defrosted for
genotyping as previously described (Lauricella et al.

2005).

T. cruzi molecular typing

To identify TCI and TCIIa to T Clle lineages, a
panel of PCR procedures targeted to 4 different
parasite genomic sequences was applied, namely the
intergenic spacer of the spliced leader genes (SL-
DNA-PCR), the D7 domain of the 24Sa ribosomal
RNA genes, the 18S ribosomal RNA genes and the
A10 fragment, as recently proposed by Brisse and
coworkers (2001). The amplification conditions were
modified to enhance PCR sensitivity and specificity
to allow lineage identification directly from DNA
lysates of triatomine faeces (Table 1).
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SL-DNA PCR. A hot-start multiplex PCR using
TC1-TC2-TCC primer set was carried out (Souto
et al. 1996). The 50 ul volume PCR reaction con-
tained 1-25 units (U) of Taqg DNA polymerase bound
to proprietary antibody (Platinum Taq polymerase,
Invitrogen, Life T'echnologies, USA), 1-5 um of each
primer, 250 um dNTPs, 3 mMm MgCl,, in buffer 1 x.
Cycling conditions: 3 min at 94 °C; a 5-step-touch-
down PCR, from 60 °C to 52 °C, was undertaken
with 4 rounds of 3 cycles each, consisting of 1 min at
94 °C, 1 min annealing at 60 °C, 58 °C, 56 °C and
54 °C from the first to the fourth round respectively
and 1 min elongation at 72 °C; 35 cycles of 1 min at
94 °C, 1 min at 52 °C and 1 min at 72 °C; and final
step at 72 °C for 10 min. SL-DNA PCR rendered a
350 bp amplicon for TCI or 300 bp for TCIIb,
TCIId or TClIIe (Table 1).

A novel PCR to detect TCIIa and TCIIc sub-
lineages, which are not recognized by TC1 or TC2
primer sequences was developed using TCac 5’
CTCCCCAGTGTGGCCTGGG 3" as sense
primer and UTCC 5 CGTACCAATATAGTA-
CAGAAACTG 3’ as antisense (Burgos et al. 2005).
A 50 ul total volume PCR reaction containing 1 U
of Taq Platinum, 150 pmol of each primer, 250 um
dNTPs, 3 mm MgCl,, in buffer 1x. Cycling con-
ditions were the same as SL-DNA PCR but
annealing temperatures ranged from 68 to 60 °C
during touch-down PCR cycles.

24Sa ribosomal DNA-heminested PCR. 'The first
PCR-round was done with D75-D76 primers as re-
ported (Briones et al. 1999) in a 50 ul volume reaction
containing 4 umM of each primer, 250 um dN'TPs,
3mm MgCl, and 1-25 U of Taq Platinum. The
second round was carried out using 1 ul (faeces) or
1 ul of a 1:50 dilution (cultures) of the first-round
PCR products in a 30 ul volume reaction using 5 uMm
of D71-D76 primers (Burgos et al. 2005) 250 um
dNTPs, 2 mm MgCl, and 0-75 U of Taq Platinum.
PCR conditions were 3 min at 94 °C, 3 cycles of
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Table 2. Comparison of MO and kDNA-PCR screening of Trypanosoma cruzi infection in faeces of

field-captured triatomines

MO-positive faeces

MO-negative faeces

No. Inhibited/ No. Inhibited/
Species tested PCR+ PCR— tested?® tested PCR+ PCR— tested?
T. infestans 33 30 3b 2/3 93 7 86 7/35
T. guasayana 2 0 2b 1/2 38 0 38 5/32
T. garciabesi 2 0 2b 1/2 73 0 73 18/43
Total 37 30 7 5/8 204 7 197 30/110

a: inhibition was tested in PCR negative samples; b: only 1 true negative.

94 °C for 1 min, 60 °C for 1 min and 72 °C for 1 min;
3 cycles of 57 °C for the annealing step; 35 cycles of
55 °C as annealing temperature, and elongation at
72 °C for 7 min.

To differentiate between T'CIIb and TCIIe sub-
lineages 2 PCR assays were applied (T'able 1). (a) 18S
rDNA-PCR amplified a 165bp fragment from
T'CIIb but not from T'CIle DNA (Brisse et al. 2001).
It was carried out in a 50 ul volume reaction with
100 pmol of each primer V1 and V2 (Clark and Pung,
1994), 250 um dNTPs, 2 mm MgCly, and 1-:25U
of Taq Platinum. Cycling conditions were 3 min
at 94 °C, 3 cycles at 94 °C for 1 min, 70 °C for 1 min
and 72 °C for 1 min; 3 cycles using 68 °C for
the annealing step, 33 cycles using 65 °C for the
annealing step and a final step at 72 °C for 7 min. (b)
A10-PCR (Brisse et al. 2000) was used to distinguish
between TCIIb (A10 negative) from TCIle (A10
positive, 657 bp product). This PCR used primers p3
and p6 in a 50 ul volume reaction containing 250 um
dNTPs, 2 mm MgCl, and 0-75 U of Taq Platinum,
under the following cycling conditions: 3 min at
94 °C, 40 cycles of 94 °C for 1 min, 55 °C for 1 min
and 72 °C for 1 min and a final step at 72 °C for
7 min.

Amplified products were analysed in 3% agarose
gels (agarose 1000, GibcoBRL/Life Technologies,
USA) and ultraviolet light (UV) visualization after
ethidium bromide staining. Distinction between 150
and 157 bp TCac-UTCC SL-DNA products, 155,
165 and 175 bp 18S rDNA products and 135 and
140 bp 24sa rDNA products was established by 10%
polyacrylamide gel electrophoresis and UV visual-
ization after Sybr green dye staining, as described
(Burgos et al. 2005).

The detection limits of the different PCR assays
were estimated by serial dilution experiments with
DNA from reference strains of different lineages
spiked into faeces from laboratory-reared T. infestans
bugs. The detection limits of SL-DNA and 18s
rDNA based PCR were approximately 2-5 parasite
genomes in the reaction tube. The detection limit
of first-round 24Sa rDNA-PCR was between 5
parasite genomes, increasing to i parasite genome

after D71-D76 heminested-PCR. The A10 based
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PCR showed a detection limit of 25 parasite
genomes.

T. cruzi strains of different lineages were used as
controls, namely: TCI (X-10, G, TCC, HA, GAL
61, MG10, SN3); TCIIa (Can I11); TCIIb (Tu 18,
AF1,Y); TCIIc (M5631); TCIId (Mn CI2); TClIIe
(Tul II, CL-Brener, Tep 7). Some reference strains
were kindly provided by Patricio Diosque and
Miguel Angel Basombrio (Instituto de Patologia
Experimental, Universidad Nacional de Salta,
Argentina), Michel Tibayrenc (UR62 “Genetics of
Infectious Diseases”, IRD Centre, Montpellier,
France) and Omar Triana Chavez (University of
Antioquia, Medellin, Colombia).

RESULTS

Of 2238 triatomines collected from domestic, peri-
domestic or sylvatic habitats using various methods,
80% were T. infestans, 14% T. garciabesi and 6%
T. guasayana. Using timed manual collections, most
of the T. infestans (86%) were captured from peri-
domestic sites, and > 95 % of the domestic T. infestans
were from the area under no regular surveillance.
Only 5 adult T. guasayana were collected from
domestic sites; the remainder and all 7. garciabes:
were collected from peridomestic structures or in
sylvatic habitats with light traps. T. cruzi infection
was detected by MO in 41 (3:2%) of 1264 T . infestans,
2 (1:8%) of 110 T. guasayana, and 3 (1-1%) of 283
T. garciabesi. T'wenty five (61 %) infected T. infestans
had been captured in domiciles or human habi-
tations. Only 3 (7-3 %) of the total infected T'. infestans
were from the core area under regular entomological
surveillance.

Amplification of the variable region of minicircle
DNA (vkDNA-PCR) was performed in 38
MO-positive samples that included 33 T'. infestans, 2
T. guasayana and 2 T. garciabesi (Table 2). Variable
kDNA-based PCR detected T. cruzi in 30 (91%)
T. infestans. Three T. infestans samples and all
samples from the other triatomine species were
kDNA-PCR negative. However, the DNA extracts
from 2 T.infestans, 1 T. guasayana and 1 T. garciabesi
that had been both MO-positive and PCR-negative


https://doi.org/10.1017/S0031182005008772

PCR identification of 'T. cruzi lineages divectly from faeces of triatomine bugs 61

Table 3. Trypanosoma cruzi lineages identified by
PCR in faeces and/or culture isolates from faeces of
28 field-collected T'. infestans

Trypanosoma cruzi lineage

Type of llaor lleor

sample ~ Number 1 llc llb+1le 1d 141

Faeces 12 0 0 11 0 1

Culture 24 2 0 21 1 0
isolates

did not amplify the internal kDNA standard used
to test inhibition, and thus gave invalid results
(Table 2). Of 204 MO-negative faecal samples
screened by vkDNA-PCR, 7 (3:4%) T. infestans
were PCR-positive (Table 2). In these cases, PCR
positivity was further confirmed by means of
amplification of the 120 bp conserved region of the
minicircle DNA (ckDNA-PCR). PCR inhibition
was tested in 110 DNAzol lysates that were both MO
and PCR-negative. Inhibitors were detected in
20%, 16% and 42% of the DNAzol lysates from
T. infestans, T. guasayana and T. garciabesi, re-
spectively. A Chi- square showed that the difference
in inhibition varied according to the tested species
(*=773; P=0-025).

A subset of 32 MO- and PCR-negative T infestans
faecal samples was also tested by the boiling method
(Breniere et al. 1995), but 19 cases (59:3%) were
shown to carry PCR inhibitors (not shown). PCR
inhibition was deactivated by diluting in sterile water
10 times the 7 DNAzol lysates or 120 times the 19
boiled lysates with inhibitors, but no additional PCR
positive samples were detected.

T cruzi molecular typing

Parasite lineages were identified directly from faecal
samples and/or culture isolates obtained from faeces
in a total of 28 KDNA-PCR positive T. infestans
(Table 3). T'CII was the predominant lineage in both
domestic and peridomestic sites, whereas T'CI was
detected in only 2 adult bugs (7-1%) captured in 2
different villages. Examples of PCR-based identifi-
cation of T'. cruzi lineages are shown in Fig. 1. In 8
specimens, the parasite lineages were identified from
both faecal and culture samples. The concordance
between the types of tested samples was 87-5%, be-
cause in 1 specimen the culture sample revealed only
TCII (DG-100-10 in Fig. 1A) whereas the faecal
sample revealed a mixed infection with T'CI+TCII
(DG-100-F in Fig. 1A) (Table 3). In 4 specimens,
only faeces were typed and all were TCII (P-15,
Fig. 1A); among 16 specimens in which only cultures
were characterized, 14 were TCII and 2 were TCI
(IG-41, Fig. 1A).
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Lineages T CIla or TCIIc were not detected in
these samples, since none amplified the expected
200 bp TCac-UTCC based SL-DNA product
(‘Table 1). T'CIId was detected in the culture isolate
from 1 domiciliary male T'. infestans faecal sample,
but no direct PCR analysis from the corresponding
faeces was performed, due to lack of material. The
identification of TCIId was based on the amplifi-
cation of both 125bp and 140 bp products by
heminested PCR of the 24Sa rDNA genes (Table 1
and Fig. 1B, specimen SI-2-6). The remaining tested
samples showed TCIIb or TClle strains, because
they amplified only the major 140 bp 24Sa rDNA
product. To distinguish between T'CIIb and TCIIe
sublineages, 18S rDNA- and A10-based PCR
procedures were assayed (Table 1). Surprisingly,
most cases amplified both sequences (DG-100-10,
Fig. 1C); those that did not amplify the A10 frag-
ment were not informative because they were also
negative at the first round 24Sa rDNA-PCR, re-
vealing low parasite numbers or partial PCR inhi-
bition. This type of strain predominated in the tested
triatomine population (85-7%). It has been described
that a proportion of T'Clle strains may amplify a
165 bp 18S rDNA sequence (Brisse et al. 2001).
Indeed, Tulahuen II and CL-Brener reference
TClIlIe strains did amplify both A10 and 18S rDNA
sequences (Fig. 1C), whereas Tep 7 only amplified
the A10 fragment (not shown). In this context, the
biological samples under study would be most likely
infected by T'Clle strains that carry the 165 bp 18S
rDNA sequence, although mixed infections of
TCIIe+ TCIIb strains can not be excluded.

Lineage types were not significantly associated
with capture site (Fisher exact test, P=1) or
triatomine developmental stage (Fisher exact test,

P=0-96).

DISCUSSION

PCR-based screening of 'T'. cruzi infection from faecal
samples of field-captured triatomines

Minicircle DNA-based PCR screening of T'. infestans

specimens confirmed most 7. cruzi infections
detected by MO and detected new ones. Following a
residual spraying with insecticides of
Amama and nearby villages in 1992 and regular
surveillance, the prevalence of T'. cruzi in T'. infestans
was 2-4% based on MO findings during 1993-1997
(Cecere et al. 1999). The present study in the same
villages in 2002 detected a prevalence of 1-1% by MO
and PCR, which was not significantly different from
the 1993-1997 estimates.

PCR was shown to be more sensitive than MO for

massive

detection of T'. cruzi in different biological specimens
and settings (Junqueira, Chiari and Wincker, 1996;
Kirchoff et al. 1996; Schijman et al. 2000, 2003,
2004 ; Burgos et al. 2005). In the present study, PCR
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Fig. 1. PCR-based identification of Trypanosoma cruzi lineages in faeces and culture isolates of naturally infected

T. infestans. (A) Identification of TCI and TCII by SL-DNA PCR. TCI is identified from a culture isolate of specimen
1G-41 and TCII from faeces of specimen P-15. DG-100-F and DG-100-10 are faecal and culture samples from a same
triatomine, which revealed a dual T'CI + T'CII infection in faeces (DG-100 F) but only T'CII in culture (DG-100-10).
(B) Distinction between T'CIId and TCIIb or TCIIe by 24Sa rDNA-PCR. TCIId is identified in a culture isolate
from specimen SI-2-6 (125 bp + 140 bp amplicons), whereas T'CIIb or T'CIIe are detected in the culture isolate of DG-
100-10 (140 bp product alone). (C) Differential amplification of T'CIIb and TCIIe by A10 and 18S rDNA-PCR.
T'CIIb control strain shows only amplification of 18S rDNA genes. In contrast, T'CIIe control strain and culture isolate
from specimen DG-100-10 show amplification of both markers. 7. cruzi control strains: T'CI, T'. cruzi I (X-10); TClIb,
T. cruzi IIb (Tu 18); TC I1d, T. cruzi I1d (Mn CL2); TClIle, T. cruzi I1e (CL-Brener). M1: 100 bp ladder DNA
molecular weight marker, M2, 50 bp ladder DNA molecular weight marker; 3% agarose gel electrophoresis stained with

ethidium bromide.

procedures targeted to the 330 bp variable or the
120 bp conserved regions of the minicircle genome
were 100% concordant in the detection of T'. cruzi
infection in the tested MO negative samples. Both
kKDNA-PCR tests allowed identification of 7-5%
positive faecal samples that had been MO-negative,
but failed to detect 1 sample that was both MO and
culture-positive.

PCR-based bug infection rates may be under-
estimated because of PCR inhibitors. The extent of
inhibition varied between triatomine species for un-
known reasons. DNA extraction methods from faecal
samples need to be improved in order to increase
PCR sensitivity. Indeed, PCR performed from
DNAzol extracts showed a lower degree of inhibition
than amplification performed directly from boiled
faeces. The effect of inhibitors could be neutralized
after diluting DNAzol lysates 10 times or boiled
samples 120 times. However, high dilutions may
decrease the sensitivity of the test to detect samples
with low parasite numbers.

Previous MO-based studies reported that 7. gua-
sayana faeces had “T. cruzi-like” trypanosomes
(Wisnivesky-Colliet al. 1993), ““flagellates’’ (Noireau
et al. 1999) or T'. cruzi as determined by morphology
(Gajate et al. 1996 ; Cecere et al. 1999). Application of
PCR confirmed the frequent occurrence of T. cruzi
in T. guasayana in the Bolivian Chaco (Noireau et al.
1999) but not in the Paraguayan (Yeo et al. 2005) and
Argentinean Chaco. We corroborated the negative
kDNA-PCR results obtained in the MO-positive
T. guasayana and T. garciabesi faecal specimens
without inhibition, by applying another PCR assay
targeted to the nuclear 195 bp satellite sequence of
T. cruzi (Schijman et al. 2000) which did not show
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amplification. However, positive amplification of a
24Sa rDNA conserved fragment revealed infection
with another trypanosomatid (Schijman, A. G., un-
published data). This suggests that caution should
be taken when diagnosing 7. cruzi infection based
only on MO of unstained fresh preparations of bug
faeces. ‘False positives’ may lead to invalid in-
crimination of a vector species and invalid inferences
on the relationships between sylvatic and domestic
transmission cycles. Nevertheless, as some MO
positive faecal samples from these triatomine species
presented PCR inhibitors, we could not exclude
T. cruzi infections in them.

PCR-based identification of T. cruzi lineages from
faecal samples of 'T. infestans

The identification of lineages has required the iso-
lation of parasites by culture expansion at the poss-
ible expense of selecting certain strains (De Luca
d’Oro et al. 1993; Montamat et al. 1987, 1992;
Diosque et al. 2003). In the present study, the
detection of a faecal sample infected both by TCI
and TCII, which exhibited only TCII in the
corresponding culture, provides evidence of the
advantages of direct lineage identification of parasites
from biological samples.

We detected only 1 domestic T. infestans with
T'CIId outside the core area, which represented the
3:6% of the tested infected specimens. Interestingly,
this sublineage is the one most frequently detected in
peripheral blood of chronic Chagas disease patients
from endemic areas of Argentina (Diosque et al.

2003 ; Burgos et al. 2004).
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Two molecular markers have been proposed to
discriminate T'CIIe from T'CIIb strains: 18S rDNA-
PCR was reported to detect T'CIIb and not TCllIe,
whereas A10-PCR was reported to detect T'Clle and
not TCIIb (Brisse et al. 2001). However, our PCR
study showed that 85-7% of the tested specimens
were infected with T'CII populations that amplified
both 18S rDNA and A10 sequences. These findings
could be interpreted as TClle+TCIIb mixed
populations or T CIIe strains that carry both A10 and
18S rDNA sequences. TClle reference strains
Tulahuen II and CL-Brener also amplify both
genomic markers (not shown), in agreement with
recent data from culture isolates from domestic
mammal reservoirs of the same endemic region
(Cardinal, unpublished results) and strains of the
Paraguayan Chaco region (Yeo et al. 2005). Thus, it
appears that in our study area T'CIle strains carrying
the 165bp 18S rDNA sequence prevail, unlike
TClle strains from other regions of endemicity
(Brisse et al. 2001). Nevertheless, as none of these
culture isolates have been cloned, mixed
TCIIb+TCIIe populations cannot be excluded.
Further improvement of PCR-based strategies and
development of new markers are still required for
precise discrimination between these sublineages. In
addition, molecular typing with highly polymorphic
markers, such as microsatellite or minicircle
sequences (Vago et al. 1996; Macedo et al. 2001;
Burgos et al. 2005) may allow direct characterization
of the T'. cruzi 11e intra-lineage diversity in biological
samples collected in the region. As mentioned above,
most domestic animal reservoirs from the rural area
under study appear to be infected by T'Clle strains
that also amplify the 18S rDNA fragment, whereas
most blood samples collected from chronic Chagas
disease patients of different endemic regions of
Argentina appear infected with TCIId strains
(Burgos, unpublished results). A possible expla-
nation would be that T'. infestans bugs collected in
this survey were more likely infected with parasite
strains from domestic animal reservoirs than from
human hosts. The future characterization of parasite
lineages infecting patients and animals from the
houses where bugs were collected may elucidate
this issue. This work applied improved laboratory
procedures for screening and molecular identifi-
cation of T. cruzi lineages directly from faeces of
field-collected triatomine bugs. The application of
the PCR-based procedures herein proposed may be
extended to samples from patients and animal
reservoirs, providing a valuable tool for eco-
epidemiological studies of T'. cruzi.
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