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ABSTRACT
The objective of this work was to monitor before, 4.5 and
10 years after the etiological treatment 17 patients with
chronic Chagas disease using serological, parasitological
and molecular methods. The indirect immunofluorescence
(IIF) and enzyme-linked immunosorbent assay (ELISA)
results before and after 4.5 years of treatment showed no
variation. The IIF reduced 2 to 3 titles in six (66.7%) of
nine patients 10 years after of treatment, with ELISA re-
maining unchanged. Hemoculture was positive for 7 pa-
tients before treatment and for none after 4.5 years of
treatment, remaining these results for nine patients in fol-
low-up of 10 years. PCR was positive for 82.4% (14/17)
patients before treatment, for 35.3% (6/17) and 11.1% (1/9)
after follow-up therapeutic by 4.5 and 10 years, respectively.
The results indicates the reduction of circulating parasites,
justifying the specific therapy implemented and revealing
beneficial action of the drug, improvement in the patient's
prognosis and the importance of systematically monitor
patients with Chagas' disease treated etiologically using
several techniques simultaneously.
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1. INTRODUCTION

In terms of public health and economic impact, Cha-
gas’ disease is the most important parasitic infection in
Latin America. Five at six millions of people are infected
by Trypanosoma cruzi and 30% of chronic chagasic pa-
tients may develop severe abnormalities in the electro-
cardiogram and chagasic cardiomyopathy1. In endemic
areas, cardiovascular problems are the main cause of
death in patients with 30 to 50 years old2. This fact justi-
fies the proposal of etiologic treatment for infected indi-
viduals.

Current knowledge seems to indicate that parasite
persistence, coupled with an unbalanced immune re-

sponse, plays a pivotal role in the development of the
characteristic pathology present in both acute and
chronic human Chagas’ disease3,4. A high frequency of
parasites and/or antigens associated with myocardial
inflammation is an important guide to the therapeutic
procedures in the chronic phase5. Once T. cruzi infection
is confirmed and when clinical conditions allow, etio-
logical treatment can benefit even patients in the chronic
phase of the disease6,7.

For evaluation of the efficacy of the etiological
treatment, the serological methods (indirect immunoflu-
orescence, IIF; and enzyme-linked immunosorbent assay,
ELISA) have limitations, with the results remaining pos-
itive years after the treatment8,9. However, a significant
decrease in titers of IIF antibodies detected in long-term
follow-up of patients treated etiologically suggests that
eventually the titers will be negative, which is a sign of
cure9,10.

Parasitological methods (hemoculture and xenodi-
agnosis) are less sensitive to monitor the etiological
treatment and on the other hand polymerase chain reac-
tion (PCR) is highly sensitive for detecting T. cruzi
DNA11,12 and has been proposed as a confirmative proof
in the post-therapeutic monitoring of Chagas’ dis-
ease6,13,14.

In this study, we showed that systematic monitoring
of chronic chagasic patients before, after 4,5 and 10
years of etiologic treatment using several techniques
simultaneously is important to confirm the benefits of
treatment.

2. MATERIAL AND MÉTHODS

Patients. Seventeen patients with Chagas’ disease
living in southern Brazil were referred by public health
authorities to the Chagas' Disease Laboratory of the
State University of Maringá (Laboratório de Doença de
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Chagas da Universidade Estadual de Maringá,
LDC/UEM). The patients gave their informed consent to
terms approved by the Institutional Ethics Committee
under protocol number 375/2007, accepting to partici-
pate in this study. Eleven were women and 6 men, be-
tween the ages of 27 and 59 years, with a mean of 44.5 
10.1 years.

Laboratory tests. Serological, parasitological and
molecular tests were performed before, 4.5 years after
etiologic treatment for all patients and 10 years after for
nine patients.

From patients, five milliliters of blood were collected
and indirect immunofluorescence (IIF) and en-
zyme-linked immunosorbent assay (ELISA) tests were
carried out. The IIF test was performed using T. cruzi
antigen and anti-IgG fluorescein conjugates (Biolab, Rio
de Janeiro, Brazil), in accordance with the manufactur-
er’s recommendations. A titer of 40 or higher was con-
sidered positive. ELISA was performed with Abbott's
Chagas enzyme-immunoassay reagents, ELISA the
Chagatest-ELISA recombination v.3.0 diagnosis kits
(Wiener, Argentina) and Chagas Test Elisa III (Bioschile
Ingenieria Genética S.A, Chile), according to the manu-
facturer's instructions. Sera with absorption equal to or
greater than the cut-off value plus 10% of its value were
considered reagent. Positive and negative controls for
Chagas’ disease were included for the tests.

Hemoculture was performed with 30 ml of venous
blood collected in 50 ml heparinized tubes and centri-
fuged at 4C to harvest the plasma. The packed cells
were washed by centrifugation in 15 ml of liver infusion
tryptose medium-LIT at 4C, resuspended in LIT, ho-
mogenized and divided into five 15 ml plastic Falcon
tubes, and incubated at 28C15. All tubes were mixed
gently once a week and examined monthly for 120 days.

At the same time that patients’ blood was drawn for
hemoculture, 10 ml was drawn into 50 ml plastic Falcon
tubes containing an equal volume of Guanidine-HCl
6M/EDTA 0.2 M (Sigma Chemical Company, USA), pH
8.0 to make polymerase chain reaction (PCR). The blood
samples were boiled at 100C for 15 min, and were then
stored at 4C until use. DNA extraction, the conditions
of the PCR reaction and revelation of the amplified
products were as previously described11. PCR controls
were added to each series of samples to establish that
carryover DNA contamination did not occur. For each
blood sample, extraction and amplification of DNA were
performed in duplicate. In order to exclude the possibil-
ity that negative results of the PCR were due to the
presence of reaction inhibitors, 10 picograms (pg) of
previously extracted T. cruzi DNA were added to the
negative samples that were amplified again.

Treatment: Patients were treated with benznidazole
(Rochagan-Roche) at doses of 5 to 7 mg/Kg/day for at
least 30 days. Treatment was indicated for patients up to

60 years of age, who generally had good health and wish
to receive the treatment.

3. RESULTS
As seen in Table 1 the IIF and ELISA results before

and after 4.5 years of treatment showed no variation.
The IIF had reduced 2 to 3 titles in six (66.7% - 423; 057;
167; 283; 036; 427) of nine patients 10 years after of
treatment, with ELISA remaining unchanged.

Hemoculture was positive for 7 patients before
treatment and for none after 4.5 years of treatment, re-
maining these results for the nine patients in follow-up
of 10 years (Table 1).

PCR was positive for 82.4% (14/17) chronic chagas-
ic patients before treatment, for 35.3% (6/17) and 11.1%
(1/9) after follow-up therapeutic by 4.5 and 10 years,
respectively (Table 1).

Table 1. Laboratory test results from chronic chagasic patients before,
4.5 and 10 years after of etiologic treatment with benznidazol at a
dose of 5-7 mg/Kg for at least 30 days

Patient IIF
Before
4.5/10*

ELISA
Before
4.5/10*

Hemocul-
ture

Before
4.5/10*

PCR
Before
4.5/10*

423 320 160/40 2,000 2.000/
2,460

- -/- - -/-

057 160 80/40 2,000 2.000/
2,182

+ -/- + -/+

167 160 320/40 2,000 2.000/
2,861

- -/- + +/-

283 320 320/80 1,782 2.000/
3,157

- -/- + -/-

036 320 160/80 1,589 2.000/
2,904

+ -/- + -/-

427 320 160/40 1,636 2.000/
2,862

+ -/- + -/-

150 160 80/160 0.996 0,607/
0012

+ -/- + -/-

218 160 160/80 1,664 2.000/
2,256

- -/- + -/-

200 160 320/160 1,808 2.000/
2,334

- -/- + -/-

323 40 80/ND 1.611 2.000/
ND

- -/N
D

-/N
D

-/ND

401 160 160/ND 2.000 2.000/
ND

+ -/N
D

+/N
D

-/ND

411 320 320/ND 1.611 2.000/
ND

- -/N
D

+/N
D

+/ND

2784 160 160/ND 1.030 1.098/
ND

+ -/N
D

+/N
D

+/ND

367 20 40/ND 1.298 1.327/
ND

+ -/N
D

+/N
D

+/ND

224 320 320/ND ND 2.000/
ND

- -/N
D

+/N
D

-/ND

304 128
0

640/ND 1.940 2.000/
ND

- -/N
D

+/N
D

+/ND

139 160 80/ND 1.812 2.000/
ND

- -/N
D

-/N
D

+/ND

ND= Not done.
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4. DISCUSSION
In human Chagas’ disease, the problem of adequate

parasitologic evaluation has always generated much
study and controversy, because negative results do not
necessarily indicate a lack of parasitemia or parasitolog-
ic cure post-treatment. The effectiveness of drug, the
tests used for diagnosis, the characteristics of parasite
and of host and the parasite-host relationship are some
factors that complicates the evaluation of etiological
treatment. To ensure the benefit and build consistent
theoretical foundation in applied research is important to
systematically monitor, by different and longer periods
of time, patients treated, despite of the difficulties in-
herent in the extended follow-up of subjects in research.
The Brazilian Ministry of Health (1997)16 recommends
that to follow up treated chagasic patients, serological
tests should be assessed both before and after treatment.
In our study, a group of patients was systematically
monitored by laboratory analyses before, 4.5 and 10
years after of etiologic treatment.

The hemoculture and PCR results observed with 4.5
years after treatment has not changed after 10 years,
consolidating the drug effect with relation to the pres-
ence of circulating parasite. As PCR is efficient in de-
tecting low levels of blood parasitism, i.e., this method
can reveal the presence of one parasite per 20 ml of
blood17 or as few as 0.1 fg of T. cruzi k-DNA11, a nega-
tive PCR result after therapeutic evaluation indicates a
reduction in circulating parasites, since the parasitemia is
influenced by benznidazole13,18,19,20. As the presence of
parasite has a pivotal role in the development of the
characteristic pathology, the reduction of parasitemia
suggests a beneficial action of the drug and an im-
provement in the patient’s prognosis. This was observed
for the majority of patients who had positive PCR results
before and negative results after treatment, justifying the
specific therapy implemented. The failure of all blood
samples to yield a positive PCR can be explained by the
intermittent presence and variable quantity of circulating
parasites at the time of blood collection; i.e., it was pos-
sible that parasites were present in one sample but not in
another,21,22; alternatively, changes in the host immune
response may have modified the level of parasitemia.

Other results that confirm treatment' benefits is that
the number of patients that showed IIF antibody titers of
160 or less ten years after etiological treatment was
higher in relation to the number of patients who showed
these values before the treatment. Luquetti et al. (2008)23

reported that titers of 160 or lower in treated patients can
indicate a tendency toward cure, since these titer levels
occur infrequently in patients with untreated Chagas’
disease. Fabbro et al. (2001)24 and Streiger et al.
(2004)25 have also observed a lower mean of antibody
titers detected by IIF for groups of treated patients in
relation to untreated patients, and the decline of titers is

accepted and recommended by other authors as a sign of
cure23,26. Reduction in antibody titers and decrease in
parasitemia leading to negative parasitological and sero-
logical tests was also observed for 100% of the patients
at the end of seven years of follow-up27.

5. CONCLUSION

We concluded that systematic monitoring of patients
with Chagas disease performing three methods with dif-
ferent principles and in three different periods of time
allows to check benefits of etiological treatment, espe-
cially with negative results for high sensitivity method as
PCR. Complete evaluation associating these results with
clinical data allows accurate assessment of the current
condition of patients undergoing chemotherapy. Based
on this experience, we recommend therapy with benzni-
dazole, the only drug currently available in Brazil for the
etiological treatment of Chagas disease28, including
chronic chagasic patients who show changes in their
electrocardiograms and chest X-rays.

REFERENCES
[01] WHO. World Health Organization. Weekly epidemiolog-

ical record. 2015; 90(6):33-44.
[02] Rassi AJr, Rassi A, Little W.C. Chagas’ heart disease.

Clin Cardiol, 2000; 23:883-9.
[03] Tarleton RL. Parasite persistence in the aetiology of

Chagas disease. Int J Parasitol. 2001; 31:550-4.
[04] Marcon GEB, Albuquerque DM, Batista AM, Andrade

PD, Almeida EA, Guariento ME, Teixeira MAB, Costa
SCB. Trypanosoma cruzi: parasite persistence in tissues
in chronic chagasic Brazilian patients. Mem Inst Oswal-
do Cruz. 2011; 106(1):85-91.

[05] Coura JR, Castro SL. A critical review on Chagas disease
chemotherapy. Mem Inst Oswaldo Cruz. 2002; 97:3-24.

[06] Lana M, Lopes LA, Martins HR, Bahia MT, Macha-
do-de-Assis GF, Wendling AP, Martins-Filho AO, Mon-
toya RA, Dias JCP, Albajar-Viñas P, Coura Jr. Clinical
and laboratory status of patients with chronic Chagas
disease living in a vector-controlled area in Minas Gerais,
Brazil, before and nine years after aetiological treatment.
Mem Inst Oswaldo Cruz. 2009; 104(8):1139-47.

[07] Machado-de-Assis GF, Diniz GA, Montoya RA, Dias
JCP, Coura JR, Machado-Coelho GLL, Albajar-Viñas, P.;
Torres, R.M.; Lana, M. A serological, parasitological and
clinical evaluation of untreated Chagas disease patients
and those treated with benznidazole before and thirteen
years after intervention. Mem Inst Oswaldo Cruz.
108(7):873-80.

[08] Fabbro DL, Streiger ML, Arias ED, Bizai ML, Del Barco
M, Amicone NA.  Trypanocide treatment among adults
with chronic Chagas disease living in Santa Fe city (Ar-
gentina), over a mean follow-up of 21 years: parasito-
logical, serological and clinical evolution. Rev Soc Bras
Med Trop. 2007; 40:1-10.

[09] Ferrer E, Lares M, Viettri M, Medina M. Comparación
entre técnicas inmunológicas y moleculares para el di-



Gomes et al. / Braz. J. Surg. Clin. Res. V.12,n.2,pp.05-08 (Sep - Nov 2015)

BJSCR Openly accessible at http://www.mastereditora.com.br/bjscr

agnóstico de la enfermedad de Chagas. Enferm Infecc
Microbiol Clin, 2013; 31(5):277-82.
doi: 10.1016/j.eimc.2012.09.007. Epub 2012 Oct 25.

[10] Bilbao NV, Elías E, Martínez J, Carpinelli De TM, Torres
S, Sosa L, Díaz V. Evolución serológica y parasitológica
post-tratamiento de pacientes com enfermedad de Chagas
crónica reciente. Mem Inst Investig Cienc Salud, 2006;
2(1):5-10.

[11] Gomes ML, Macedo AM, Vago AR, Pena SDJ, Galvão
LMC, Chiari E. Trypanosoma cruzi: optimization of
polymerase chain reaction for detection in human blood.
Exp Parasitol, 1998; 88:28-33.

[12] Galvão LMC, Chiari E, Macedo AM, Luquetti AO, Silva
SA, Andrade ALSS. PCR assay for monitoring Trypano-
soma cruzi parasitemia in childhood after specific chem-
otherapy. J Clin Microbiol. 2003; 41(11):5066–70.

[13] Fernandes CD, Tiecher FM, Balbinot MM, Liarte DB,
Scholl D, Steindel M, Romanha A. Efficacy of benzni-
dazol treatment for asymptomatic chagasic patients from
state of Rio Grande do Sul evaluated during a three years
follow-up. Mem Inst Oswaldo Cruz. 2009; 104(1):27-32.

[14] Moreira OC, Ramírez JD, Velázquez E, Melo MFAD,
Lima-Ferreira C, Guhl F, Sosa-Estani S, Marin-Neto JA,
Morillo CA, Britto C. Towards the establishment of a
consensus real-time qPCR to monitor Trypanosoma cruzi
parasitemia in patients with chronic Chagas disease car-
diomyopathy: A substudy from the BENEFIT trial. Acta
Trop. 2013; 125:23–31.

[15] Chiari E, Dias JCP, Lana M, Chiari CA. Hemocultures
for the parasitological diagnosis of human chronic Cha-
gas’ disease. Rev Soc Bras Med Trop. 1989; 22:19-23.

[16] Ministério da Saúde. Tratamento etiológico da doença de
Chagas. 2nd ed. Fundação Nacional de Saúde, Manual,
Brasília. 1997; 32.

[17] Ávila HA, Sigman DS, Cohen LM, Millikan RC, Simp-
son, L. Polymerase chain reaction amplification of Tryp-
anosoma cruzi kinetoplast minicircle DNA isolated from
whole blood lysates: Diagnosis of chronic Chagas’ dis-
ease. Mol Biochem Parasitol. 1991; 48:211-22.

[18] Portela-Lindoso AAB, Shikanai-Yasuda MA. Doença de
Chagas crônica: do xenodiagnóstico e hemocultura à re-
ação em cadeia da polimerase. Rev Saúde Públ. 2003;
37(1):107-15. DOI:
http://dx.doi.org/10.1590/S0034-89102003000100016.

[19] Murcia L, Carrilero B, Mun˜oz MJ, Iborra MA, Segovia
M. Usefulness of PCR for monitoring benznidazole re-
sponse in patients with chronic Chagas’ disease: a pro-
spective study in a non-disease-endemic country. J Anti-
microb Chemother. 2010; 65:1759–64.
doi:10.1093/jac/dkq201.

[20] Machado-de-Assis GF, Silva AR, Do Bem VAL, Bahia
MT, Martins-Filho OA, Dias JCP, Albajar-Viñas P, Torres
RM, Lana M. Posttherapeutic Cure Criteria in Chagas’
Disease: Conventional Serology followed by Supple-
mentary Serological, Parasitological, and Molecular
Tests. Clin Vacc Immunol. 2012; 19(8):1283–91.

[21] Castro AM, Luquetti AO, Rassi A, Rassi GG, Chiari E,
Galvão LMC. Blood culture and polymerase chain reac-
tion for the diagnosis of the chronic phase of human in-
fection with Trypanosoma cruzi. Parasitol Res. 2002;
88:894-900.

[22] Castro AM, Luquetti AO, Rassi A, Chiari E, Galvao
LMC. Detection of parasitemia profiles by blood culture
after treatment of chronic Trypanosoma cruzi infection.
Parasitol Res. 2006; 99:379–83.

[23] Luquetti AO, Tavares SBN, Oliveira RA, Siriano LR,
Costa DG, Oliveira EC, Rassi A. Sorologia como critério
de cura em pacientes tratados com benznidazol. Títulos
obtidos em chagásicos não tratados por imunofluores-
cência indireta. ANAIS DA 24A REUNIÃO DE PES-
QUISA APLICADA EM DOENÇA DE CHAGAS E 12A
REUNIÃO DE PESQUISA APLICADA EM LEISH-
MANIOSES, Uberaba, Brasil. Novembro. 2008; 111.

[24] Fabbro D, Arias E, Streiger M, Del Barco M, Amicone N,
Miglietta H. Evaluación de la quimioterapia específica en
infectados chagásicos adultos en fase indeterminada con
más de quince años de seguimiento. Rev Fed Arg Cardiol.
2001; 30:496-503.

[25] Streiger ML, Del Barco ML, Fabbro DL, Arias ED,
Amicone NA. Estudo longitudinal e quimioterapia espe-
cífica em crianças, com doença de Chagas crônica, resi-
dentes em área de baixa endemicidade da República Ar-
gentina. Rev Soc Bras Med Trop. 2004; 37:365-75.

[26] Yasuda MAS, Cançado JR, Luquetti AO; Silveira, J.F.;
Peralta, J.M. Controle pós-terapêutico da doença de
Chagas. Quais as técnicas a serem utilizadas? Relatório
Final da XV Reunião Anual de Pesquisa Aplicada em
Doença de Chagas e da III Reunião Anual de Pesquisa
Aplicada em Leishmanioses. Rev Soc Bras Med Trop.
2000; 33(1):115-7.

[27] Valente SAS, Valente VC, Pinto AYN, César MJB, San-
tos MP, Miranda COS, Cuervo P, Fernandes O. Analysis
of an acute disease outbreak in the Brazilian Amazon:
human cases, triatomines, reservoir mammals and para-
sites. Trans R Soc Trop Med Hyg. 2009; 103:291-7.

[28] Ministério da Saúde, Brasil. Consenso Brasileiro de do-
ença de Chagas. Rev Soc Bras Med Trop. 2005;
38(3):7-29.


