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ARTIGO

Sensitivity of polymerase chain reaction for detection of known
aliquots of Trypanosoma cruzi in the blood

of mice: an in vitro study

Sensibilidade da reação em cadeia da polimerase para a detecção
de alíquotas conhecidas do Trypanosoma cruzi no sangue

da camundongos: estudo in vitro.

Rozália F. Campos1,3, Juracy B. Magalhães1, Eliana A.G. Reis2,
Mitermayer G. Reis2 and Sonia G. Andrade1

Abstract  To evaluate the sensitivity of polymerase chain reaction (PCR) to reveal known number of
trypomastigote in the blood of mice, three separate experiments were done. First: To eight samples of 500µl of
normal mice blood, one aliquot of 1, 2, 3, 4, 5, 10, and 50 trypomastigotes respectively, were added. Second
and third: 10 aliquots with 1 and 10 with 2 trypomastigotes were added to samples of 500µl of normal mice
blood. Positive control: 500µl of blood containing 100,000 trypomastigotes. For kDNA minicircles amplification
by PCR the primers:S35 and S36 were used. PCR revealed products of 330 b.p in the positive controls. When
only one sample with the aliquots of 1 or 2 trypomastigotes was examined, results were negative; results were
positive with aliquots of 3 to 50 trypomastigotes. In the 2nd and 3rd experiments, 9/10 aliquots with one parasite
and 9/10 with 2 trypomastigotes were positive revealing a high sensitivity of this reaction. In conclusion, the
presence of one single parasite in 500µl of blood, is enough for a positive PCR. This method could be used as
a complement to the various parasitological cure tests in treated mice, when low volumes of blood are individually
examined.
Key-words: Trypanosoma cruzi. Polymerase chain reaction. PCR sensitivity in mice. PCR as cure test in mice.

Resumo  A sensibilidade da reação em cadeia da polimerase (PCR) para revelar a presença de números
conhecidos de tripomastigotas no sangue de camundongos, foi investigada em três experimentos separados.
No primeiro, foram adicionados 1, 2, 3, 4, 5, 10, 20 e 50 tripomastigotas respectivamente, em oito amostras de
500µl de sangue de camundongo. No 2o e 3o experimentos: foram feitas 10 amostras contendo 1, e 10 amostras
contendo 2 tripomastigotas/500µl de sangue. Controle positivo: 500µl de sangue contendo 100.000
trypomastigotas. Para amplificação dos minicirculos do kDNA pela PCR foram usados os iniciadores S35 e
S36. A PCR revelou produtos de 330 p.b nos controles positivos e nas amostras contendo de 3 a 50
tripomastigotas. Quando apenas uma amostra contendo 1 ou 2 tripomastigotas foi examinada, os resultados
foram negativos, porém no 2o e 3o experimentos 9/10 amostras contendo 1 e 2 tripomastigotas foram PCR
positivas, revelando alta sensibilidade da reação. Em conclusão, a presença de um só parasito em 500µl de
sangue é suficiente para uma PCR positiva e este método pode ser usado como complementação dos demais
testes parasitológicos de cura, em camundongos tratados, quando pequenos volumes de sangue são
individualmente examinados.
 Palavras-chaves: Trypanosoma cruzi. Reação em cadeia da polimerase. Sensibilidade da PCR em
camundongos. PCR como teste de cura.
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Polymerase chain reaction (PCR), has been used as a
method for detection of Trypanosoma cruzi infection in
individuals with chronic Chagas’ disease2 9 and as a
parasitological cure-test for Chagas’ disease in treated
patients6 18 showing higher sensitivity when compared to
parasitological and serological tests4 5 18. The sensitivity of
PCR to detect the presence of fragments of T. cruzi DNA
has been investigated by several authors that used different
methods, either to amplify the fragments of kDNA3 16, of the
satellite DNA10 or the nuclear DNA12 13 14 15 or of the ribosomal
RNA17. Several primers have been used for the identification
of fragments with different base pairs. Experimentally, Vargas
et al18, testing different dilutions of blood of infected mice
determined the positivity of PCR by the identification of
fragments of 270 b.p until a dilution of 1x10-2 parasites/ml.
However these data did not establish the exact number of
parasites in each sample nor clarified the number of samples
to examine in order to obtain such results.

Investigations of the sensitivity of PCR to reveal the
minimal quantities of the T. cruzi kDNA when applied to
small volumes of blood individually obtained from mice
was performed. For that investigation, a precise number
of trypomastigotes was added to 500µl of normal mouse
blood, representing known aliquots of parasites. The
presence of fragments of 330 base pairs (b.p) of the

variable region of the minicircles of kDNA in these
samples, were investigated by the PCR technique.

Investigation of the sensitivity of PCR to reveal parasites
in the blood of mice with a sub patent parasitemia is
important, because this reaction can be used as a cure
test in the evaluation of experimental chemotherapy of
T. cruzi infection. Several conventional parasitological tests,
when combined, can disclose sub patent infections in mice
submitted to treatment but not cured1. PCR can also be
used as a complementary cure test in mice individually
examined for cure confirmation. The accuracy of cure tests
is important for monitoring the efficacy of new drugs or the
resistance of different strains of T. cruzi to treatment.
However, some peculiarities of the experiments performed
in animals, require a validation for the tests usually applied
in humans. In the case of PCR, one of the obstacles is the
small volume of blood available from each mouse, when
individual examination becomes necessary. Since the cure
rates are established by the percentage of cured mice,
the demonstration of negativity has to be done for each
treated animal.

In the present investigation, we intend to contribute to
the establishment of the sensitivity of PCR to reveal a low
known number of parasites and to define the minimum
number that could be identified through PCR, using
progressive aliquots obtained by micromanipulation from
the peripheral blood of mice.

MATERIAL AND METHODS

Trypanosoma cruzi aliquots. Trypomastigote forms
of T. cruzi were isolated from the peripheral blood of
mice experimentally infected with 21SF strain using a
micromanipulation technique by isolating one single
parasite from peripheral mouse blood as described
previously8 11. The aliquots containing from 1 to 50
trypomastigotes were obtained by adding the precise
number of parasites to 500µl of normal mouse blood.

Methodology. Three experiments were developed
as follows:

1st experiment : in the 1st experiment, to eight samples
of 500 µl of normal mice blood, aliquots of 1, 2, 3, 4, 5,
10, 20 and 50 trypomastigotes were added, respectively.

2nd and 3rd experiments: five aliquots with 1
trypomastigote and 5 with 2 trypomastigotes, added to
500µl of normal mice blood, were analyzed in each
experiment, performing a total of 10 samples containing
one parasite and 10 containing two parasites. The DNA
extraction was performed separately for each experiment.

Positive control: a sample of peripheral blood
obtained from one infected mouse, containing 1x105

trypomastigotes in 500µl was used.
Polymerase chain reaction. The kDNA extraction

was performed with DNAzol (1ml of the reagent to 100µl
of blood), precipitation of the DNA with ethylic alcohol
and solubilization with ultrapure water. Amplification in
50µl of the reaction mixture containing 10mM Tris/HCl
(pH 8.4), 50mM KCl, 2.0mM MgCl2, 200µM of each dNTP,
2,5 U of Taq polymerase (Perkin-Elmer-Cetus) 2 pmols
of oligonucleotide primers, 4µl DNA. The oligonucleotide
primers used for PCR were: S35, and S36, according to
Avila et al3, hybridize for the constant region of the kDNA
and produces PCR products of 330 bp16. After an initial
four-minute denaturation at 94oC, 35 cycles of
amplification were performed on DNA Thermal Cycler
(Perkin Elmer-Cetus, with a step program consisting of
94oC 45 sec, 55oC 45sec, 72oC 1min, 72oC 10min. PCR
products (330bp) were separated by electrophoresis in
a 2% agarose gel and stained with ethidium bromide.

RESULTS

The polymerase chain reaction, was evaluated by the
presence of bands of 330 base pair at the electrophoretic
analysis of the amplified fragments of the variable portion
of the minicircles of the kinetoplast DNA.

The positive control reveals the amplification of the
330bp fragments.

In the 1st experiment, PCR resulted negative when

only one sample containing 1 or 2 trypomastigotes was
examined, but the samples containing 3, 5, 10, 20, or
30 forms were positive (Figure 1A).

In the 2nd and 3rd experiments, from 10 samples
containing the aliquots of 1 trypomastigote, 9 were
Positive (90%) and from 10 samples with the aliquot of
2 trypomastigotes, 9 were Positive (90 %). Results of
the 2nd experiment are shown in Figure 1B.
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DISCUSSION

Figure 1 - A ) First Experiment - PCR of samples containing 1 to 50
trypomastigotes (t): M - marker; SF - strain; CN - negative control. Negative
for 1 and 2 trypomastigotes and positive for 3-50 trypomastigotes. B)
Second experiment - PCR of five samples containing 1 trypomastigote
(t) and 5 samples containing 2 trypomastigotes. Four of five (4/5) samples
containing 1 parasite were positive, including one that revealed a weak
band; all samples with two parasites were PCR positive.

The possibility of confirming the presence of
parasites in the blood of chronically infected mice, has
been the objective of various authors. Diaz et al10 used
PCR of T. cruzi satellite DNA from nuclei, instead of
whole blood, to enhance sensitivity in the detection of
the parasite in blood and tissues of chronically infected
mice. Although most mice were parasite-positive when
organs or tissues were tested, all were negative when
total blood was submitted to this method. Silber et al14,

using the primers BP1/BP2 for detect the nuclear DNA
of T. cruzi demonstrated that the minimum quantity of
DNA necessary for amplification was 1pg that, indirectly,
by calculations, corresponded to 0.5 parasite/ml. These
results were obtained by using a minimum of 5 parasites
for 1ml. Inasmuch a cross reaction with T. rangeli was
present. As previously referred, Vargas et al18, through
different dilutions has done an indirect evaluation of the
sensitivity of PCR in mice.
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The present investigation has demonstrated that a
unique trypomastigote blood form, obtained by
micromanipulation and added to normal blood, can be
detected by the PCR in 500µl of blood. This represents
an important contribution for the evaluation of cure post
chemotherapy in mice. However, there were cases in
which parasites in low number were not revealed,
probably due to DNA loss during the process of
extraction. In those cases, repeated tests must be
performed in order to obtain a final diagnosis as was
shown in the present investigation, in which the PCR
positivation in aliquots of 1 or 2 parasites did not occur
with a single sample examination.

In a previous study7, using mice submitted to specific
chemotherapy, in which PCR has been used as a cure
test, correlation between positivity of parasitological tests
with positive PCR was of 37% only. In consequence,
negative PCR can be the result in mice presenting other
positive parasitological tests.

Demonstration of the sensitivity of PCR to reveal a
small number of parasites, confirms previous reports in
the literature. However analysis of the present results
indicates that PCR should not be used in substitution of
the various parasitological tests, but as a complementary
test when low volumes of blood are individually
examined.
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