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Abstract. The polymerase chain reaction was used to amplify the highly variable region
of the kinetoplast minicircle of Trypanosoma cruzi directly in biological samples (feces of
infected Triatomine bugs, blood samples of experimentally infected mice, and artiñcially
infected human blood samples). Hybridization of the amplified DNAs with reference stocks
representing different genotypes (natural clones) enabled us to characterize the stocks in-
fecting the biological samples under study. The main interest of this new approach is the
diagnosis of T. cruzi i¡fection and simultaneous direct identification of the different natural
clones circulating in vectors and mammalian blood without isolation of the stocks. The
suitability of this technique for epidemiologic studies is also discussed.

Natural populations of Trypanosoma cruzi, the
agent of Chagas' disease, have a basic clonal
structure, which has been analyzed by extensive
population genetic studies. r-3 The previously de-
scribed zymodemes and schizodemes can be

equated to natural clones, as shown by isozyme
or restriction fragment length polymorphism
analyses, respectively.a's These natural clones
should be considered as useful taxonomic units
in any applied study.6 Among the large number
of different natural clones isolated, some appear
to be ubiquitous and are frequently encountered
in endemic areas. These dominant genotypes,
which are called major clones, deserve special
attention.T Nevertheless, the biological and med-
ical peculiarities of these various clones remain
poorly defined. At present, identification of these
natural clones requires 1) isolation of the para-
sites from vectors or mammalian hosts, 2) cul-
ture amplification, and 3) multilocus character-
ization by isoenzyme techniques. Isolation of f.
cruzi stocks from vectors is relatively simple, but
it lacks sensitivity when attempted with chron-
ically infected patients and mammalian hosts be-
cause of their low level of parasitemia.s' e Selec-
tion pressure may occur with natural clones
through isolation from culture or mice. ro' I I

Moreover, multilocus isozyme characterization
is both time-consuming and expensive. For these
reasons, fast, specific, and sensitive labeling of

T. cruzi major clones is needed for field or ex-
perimental studies directed toward defining clin-
ical characteristics.

Previous work has shown that the hypervari-
able region of the T. cruzi kinetoplast DNA
(kDNA) minicircle (HVRm) exhibits sequences
that are specific for the natural clones identiñed
by our multilocus isozyme charactenzatíon. This
has led to the development of DNA probes for
some T. cruzi major clones.12 These results are
based upon and favor the hypothesis of linked
evolution between nuclear DNA (labeled by iso-
zyme analysis) and kinetoplast DNA.13 Thus, the
HVRm of kDNA can be considered a clone
marker. In this report, we propose direct char-
acterization of T. cruzi natural clones isolated
from infected feces and blood using clone-spe-
cific HVRm DNA sequences as new markers that
are easily obtained by the PCR technique.

MATERIALS AND METHODS

Samples

Four different types of samples were investi-
gated: 1) triatomine feces, 2) blood from adult
patients, 3) artificially-infected human blood, and
4) blood samples from experimentally infected
mice. All triatomines (Triatoma infestans) were
isolated in Bolivia. Some of them were collected
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in endemic areas, while others originated from
xenodiagnosis procedures performed on pa-
tients. Microscopic examinations for positive in-
fection were performed (by checking at least 60
microscopic fields at 40 x magnification) before
recovering the fecal samples. All patient blood
samples were collected in Bolivia. Some of the
patients exhibited positive serology by both im-
munofluorescence analysis and enzyme-linked
immunosorbent assay, while other patients had
negative results for these tests.r4

BALB/c mice were infected with 100-1,000
trypomastigote blood forms ofa laboratory cloned
stock of 7. cruzi that was previously used in an
experimental mouse model at the Laboratory of
Parasitology at the I-Jniversity of Brussels. This
clone is genetically related to clon e 43, as shown
by isozyme analysis. (In the present work, all
clones are numbered according to the recom-
mendations of a previous report.t The term clone
denotes a natural clone of T. cruzi identiñed by
population genetic analysis rather than a labo-
ratory clone.) Parasitemia levels in infected mice
were evaluated by examination of blood sam-
ples.rs

Processing of fecal and blood samples for PCR
analysis

Samples of triatomine feces ( 10-20 pl) were
individually collected in microtubes, diluted with
2OO pl of distilled water, boiled for 10 min, and
centrifuged at 8,000 g for 10 min. Mouse blood
samples ( 100 pl) were collected by intracardiac
puncture, diluted with 100 ¡rl of distilled water,
boiled for l0 min, and centrifuged at 8,000 gfor
10 min. Samples ( 100 ¡rl) of artiñcially infected
human blood were obtained by the addio of 10,
100, or 1,000 parasites (epimastigote culture
forms) of various T. cruzi clones. These samples
were diluted with I ml of distilled water, boiled
for l0 min, and centrifuged at 8,000 g for l0
min. The supernatants were boiled and centri-
fuged again at 8,000 gfor l0 min. Blood samples
from naturally infected patients were also pro-
cessed in an identical manner. Ten microliter
samples of the different extracts were used as

templates in all PCR assays. After PCR, samples
were electrophoresed on either 0.8o/o or 2o/o aga-
rose gels, the gels were stained with ethidium
bromide, and PCR subsamples (l/10 of the orig-
inal sample) were analyzed.

PCR procedure

The oligonucleotides were obtained from P.
Zalta (Centre de Recherche en Biologie et Gene-
tique Cellulaire, Toulouse, France). Sequences
were selected to anneal sites flanking the HVRm,
as previously describedr 2 (5'-GATTGGGGTTG-
GAGTACTACTAT-3' and 5'-TTGA,{CGGCC-
CTCCGAAAAC-3'). Two restriction endonu-
clease sites (Sca I and Sau 96 I) were artificially
introduced at the 3' end of each oligonucleotide
to allow purification of the HVRm-amplified se-
quence from the oligonucleotide primers com-
plementary to the conserved part of minicircle.
Samples were amplified in 67 mM Tris HCI (pH
8.8), 16.6 mM (NHo)rSOo, 6.7 mM MgClr, t0
mM mercaptoethanol, 0. 1 mglml of bovine se-
rum albumin, 7 5 pM of each deoxynucleotide
triphosphate, and 75 pM of each oligonucleotide
in a total reaction volume of 50 pl. A systematic
aliquoting of this amplification buffer was done
in 1.5-ml microtubes. Each aliquot was covered
with 50 pl of paraffin to prevent evaporation,
and was stored frozen at -2C C until use. Ther-
mus aquaticus DNA polymerase (2.5 units)
(Genofit, Geneva, Switzerland) was used for the
amplification, which was performed with a
Techne (Cambridge, UK) PIJ} PCR device. The
ampliñcation procedure consisted of DNA de-
naturation (95"C for 5 min), oligoprimer an-
nealing (48"C for 2 min), elongation (72C for 2
min), 30 amplification cycles (95"C for 5 sec,
48'C for 30 sec, 70'C for I min), and cooling
(20'C for l0 min).

Characterization of PCR-positive samples

The PCR-amplified 270 base-pair HVRm
fragment was purified by electrophoresis on 0.80/o
preparative low melting point ultrapure agarose
gels (Bethesda Research Laboratories, Uxbridge,
UK). The fragment was eluted from the agarose
using glass beads (Geneclean kit) according to
the instructions of the manufacturer (Bio l0l ,

La Jolla, CA USA), and then digested with the
restriction endonucleases Sau96I and Sca I (Be-
thesda Research Laboratories) to eliminate part
of the oligonucleotide primers selected in the
conserved region of the minicircle. After diges-
tion, the DNA was precipitated with ethanol, and
resuspended in 100 ¡rl of sterilized, distilled wa-
ter.
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Non-radioactive labeling of purified HVRm
( 100 ng) was performed using digoxigenin (Boeh-
ringer, Mannheim, Germany) according to the
instructions of the manufacturer. Amounts of
DNA were quantitated using a Dipstick kit (In-
vitrogen, San Diego, CA). Samples (50 ng) of
purified HVRm fragments were hybridízedwith
DNA from various T. cruzi strains that were
genetically characterized by isozyme analysis.'
Briefly, total DNA from I x lOa parasites was
amplified by PCR, electrophoresed on 0.80/o aga-
rose gels, alkali denaturated (two 15-min dena-
turations in 0.5 M NaOH, 1.5 M NaCl), and
transferred onto charged nylon membranes (Hy-
bond N+; Amersham, Buckinghamshire, UK)
by the pocket-blotting procedure. 16

RESULTS

Identification of natural clones from vectors

PCR sensitivity. Agarose gel electrophoretic
analysis of PCR products from 58 triatomine
fecal samples detected 14 positive specimens, as
determined by visualizafíon of a major intense
band (270 bp) after staining the gels with ethid-
ium bromide (Table I and Figure 1). All I I fecal
samples shown by microscopic examination to
be infected with parasites were also positive by
PCR analysis. Three triatomine specimens that
were microscopically negative for parasites were
PCR-positive. It is worth noting that one of these
triatomes originated from a specimen that gave
a negative result on a xenodiagnostic procedure.
Of three other infected triatomes that had been
collected in endemic areas, frozen, and shipped
to our laboratory without cryoconservation, two
were also PCR-positive (unpublished data).

Mrcro- Posi-
scoprc tive by
control PCR

l0 19,20
(3 cases)

2

I 39
(l case)

143
(1 case)

Natural
clone no.

234567 B
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Frcunn 1. Ethidium bromide-stained 0.80/o aga-
rose gel containing polymerase chain reaction products
of DNA isolated from a Bolivian triatomine bug fecal
sample. Lanes 1,2,4, and 5, parasite-positive samples
(positive by microscopic examination); lanes 3 and 6,
parasite-negative samples (negative by microscopic ex-
amination); lane 7, control sample without template;
lane 8, Alu I digest of pBR3 22.The amplified fragments
have a length of approximately 270 base pairs. Values
at right are size standards (basepairs).

Characterization of natural clones. Five pCR-
positive samples from five triatomine fecal sam-
ples were tested. This procedure identified clones
39 (Figure 2A) and 43 (Figure 2B), and three
isolates of either clones 19 or 20 (Figure ZC)
(which are genetically related to each other). Iso-
lates identified as clones 39 and 43 originated
from xenodiagnosis of triatomine bugs. These
clones had already been observed in Bolivian
patients. r' 17 The three other isolates stocks iden-
tified as clones 19 or 20 originated from triatom-
ine bugs collected in an endemic area (the Yungas
valley) where clone 20 had been already ob-
served.I' r8

Detection of clones in experimentally-infected
mouse blood

The results of PCR analysis of blood samples
( 100 ¡rl) from a group of parasite-positive mice

-910

-257
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F¡oune 2. Hybridization patterns of three non-radioactively labeled highly variable region fiagments of
kinetoplast minicircle DNA from three different triatomine bug fecal samples obtained by polymerase (PCR)
chain reaction amplification. These samples were hybridized with electrophoresed PCR products of total DNA
of different Trypanosoma cruzi stocks that were transferred onto nylon membranes. The hybridization patterns
were limited for the three different probes: l) clone 39, panel A, lanes 12 and 17, TPKI and bug 2146 stocks,
respectively; 2) clone 43, panel B, lane 16, Tulahuen FKIIA cl2 stock; 3) clones 19 or 20, panel C, lanes 2 and
3, clone 19 (Cutia, L3379 cl7 stocks), lane 4, a clone closely related to clone 19 (19*) (LGN stock); lanes 5

and 6, clone 20 (Cuica, So34 cl4 stocks). The other stocks of T. cruzi screened pertain to clones 9, 17 , 21, 27 ,

30,32,33, and 35. Trypanosoma rangeli (T.r.), T. marenkellei (T.m.), and T. brucei (T.b.) control samples were
also tested. Values at right are size standards (basepairs).

exhibiting either acute or chronic infections are asites/ml (no parasites were observed in 300 mi-
shown in Table 2 and Figure 3A. All infected croscopicfields).Thislevelofparasitemiaappears
mice tested were PCR positive, except for ani- to be the limit of detection under our experi-
mals in which parasitemia was less than 74 par- mental conditions. The hybridization of the
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F¡cups 3. A, ethidium-bromide-stained 0.8% agarose gel containing polymerase chain reaction (PCR) prod-
ucts from DNA of mouse blood samples. B, hybridization pattern of these products with purifred DNA from
the highly variable region of the kinetoplast DNA minicircle of the Tulahuen ct2 stock (clone 43) after transfer
onto a nylon membrane. Lane l, control sample (using distilled water as the template); lanes 2 and 7, uninfected
mouse blood; lanes 3, 4, 5,8,9, and 12, blood from mice with a chronic infection at 190, 120, 120,92, l4O,
83 days, respectively, after infection; lanes l0 and ll, blood from mice in the acute phase ofinfection at 16

and 13 days, respectively, afterinfection; lane 6, Aluldigest ofpBR322. Values at right are size standards
(basepairs).

B

t2 3 4 567 89t0fl12

HVRm sequence with PCR products from mouse

blood gave a pattern restricted to the Tulahuen
clz stock, which pertains to clone 43 (unpub-
lished data). Moreover, HVRm purified se-

quences from the Tulahuen cI2 stock and from
triatomine bug fecal samples, both of which hy-
bridize only with clone 43, showed strong hy-
bridization patterns with PCR products from the
different mouse blood samples (Figure 3B). Un-
der the same conditions, no hybndízafion was

observed with HVRm purified sequence from
the Sc43 cll stock pertaining to clone 39 (the
most genetically related clone to clon e 43 in our
collection), for which the standard genetic dis-
tance to clone 43 is only 0.43.r' re

Detection of clones in human blood

The modification used in PCR sample prep-

aration of human blood (greater sample dilution;
100 ¡rl of blood diluted in 1 ml of distilled water)
was required to obtain a PcR-positive result (at
least 10 parasites/100 ¡rl of blood) (Figure 4A).
The assay of artificially-infected blood samples
were performed with different stocks (So34 cl4
and Sc43 cll pertaining to clones 20 and 39,
respectively). Hybridization with the corre-
sponding speciñc probes confirmed the sensitiv-

-274
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ity of this assay (Figure 4B). This sensitivity ap-
pears to be comparable with results obtained with
mice blood. Under these conditions, samples of
both chronically-infected (six cases) and non-in-
fected (eight cases) Bolivian patients were tested,

but none of these samples gave a positive result
by PCR analysis.

DISCUSSION

These results clearly demonstrate the success-

ful use of the HVRm sequences to identify dif-
ferent 7". cruzi clones circulating in vectors and

Tnsrn 2

Direct detection ofTrypanosoma cruzi infection in acute
and chronic cases of experimentally infected micd

Days
postinfection

l3
l6
83
92

r20
120
140
190

Parasitemia
(parasites/ml)

2.74 x 106

3.40 x l0ó
7 .40 x 102

2.95 x 102
<0.74 x 102

l.4g x 102
< 1.40 x 102

5.lg x 102

+ PCR : polymerase chain reaction.

PCR result

+
+
+
+

+
+
+
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AB
FIcunr 4. A, ethidium bromide-stained 0.80/o aga-

rose gel containing polymerase chain reaction (PCR)
products from DNA of human blood samples ( 100 pl)
artificially infected with the SC43 cl ll stock (clone 39)
of Trypanosoma uuzi. B, hybridization pattern of these
products with purifred DNA from the highly variable
region of the kinetoplast DNA minicircle of the SC43
c I 1 stock after transfer to a nylon membrane. Lane I ,

uninfected blood; lanes 2, 3, and 4, 100 pl of blood
artificially infected with 10, 100, and 1,000 epimasti-
gote culture forms, respectively; Iane 5, Alu I digest of
pBR322.

mammalian hosts. The preliminary results in-
dicate that PCR sensitivity for vectors is quite
satisfactory. Our results were consistent with mi-
croscopic evidence of parasite positivity, and in
some instances, the PCR appears more sensitive
than microscopic examination, which is expect-
ed. Therefore, the three samples that were par-
asite negative upon microscopic examination but
parasite positive by PCR analysis were most like-
ly infected triatomine bugs that presented with
a very low level of parasitemia. The first con-
sequence of these findings is the possibility of
higher xenodiagnosis sensitivity. Our results in-
dicate that xenodiagnosis, which is the most ef-
ficient method for parasitologic diagnosis of Cha-
gas' disease, could be improved considerably by
being used in conjunction with PCR analysis.

In addition, we were able to identify the par-
asitic clone circulating in five triatomine bugs by
hybrid ízation of amplified HVRm sequences with
a set of T. cruzi clones that were fully character-
ízed by isozyme analysis. These results are con-
sistent with the available epidemiologic data
concerning the various clones circulating in Bo-
livian patients and vectors. The clone specificity
of the HVRm sequence has been clearly dem-
onstrated for clones 39 and 20.,2 Some of our

samples hybridized with both clones l9 and 20.
Both of these clones are present in Bolivia.r, r7, 18

One possible explanation for these non-specific
hybridization patterns is the occurrence of mixed
infections in vector studies already reported in
Bolivia .t7.20 There is also the possibility of cross-
reacting hybridization of HVRm sequences from
clone 19 with clone 20. Indeed, these clones are
closely related, with a standard genetic distance
of 0.02 (only one allelic difference recorded in
1 5 loci).'

The cross hybridizationbetween the Tulahuen
cL2 stock and clone 43, which is the cloned stock
used in the experimental infections as well as the
stock circulating in a Bolivian patient, are con-
sistent with isoenzyme multilocus charactenza-
tion, and confirm the linkage between nuclear
DNA and HVRm kinetoplast DNA evolution.r3

The sensitivities for the detection of infection
in mouse or human blood were comparable.
Nevertheless, a weakly positive result must be
interpreted cautiously, based on control samples
(without DNA template) and hybridization re-
sults. This sensitivity level should be adequate
enough in detecting acute human infections,
where parasitemia levels are high, and this would
make it possible to directly identify a specific
clone in such cases. The assays results involving
blood samples from chronic human infections
were negative. In these cases, the small sample
volume might be the main limiting factor for
detection of positive PCR amptification. It should
be emphasized that the classical xenodiagnosis
test, which uses 30 L3 triatomine stages, requires
approximately 2 ml of blood, while the present
PCR experiments requires only 100 ¡rl samples
of blood.

The successful use of specific PCR probes un-
der natural conditions (samples of blood and
vector feces) will make it possible to establish a
new standard for the comparison of the relevant
medical properties (geographic distribution, clin-
ical specificity, drug resistance, and virulence) of
T. cruzi clones. This combination ofa population
genetics approach and a new technical tool pro-
vides an efficient means of investigating the long-
standing, &s yet unanswered, question regarding
the medical consequences of T. cruzi genetic
variability.
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