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a b s t r a c t

The persistence of Trypanosoma cruzi in seropositive individuals, previously diagnosed as chronic chagasic
patients (CCP), was detected for the first time in biopsies taken from gingival inflammatory foci processed
by polymerase chain reaction (PCR). Seven out of 31 (22.5%) gum samples from selected unquestionably
CCP showing different degrees of gingival inflammation revealed T. cruzi-DNA using 3 specific PCR assays.
All the included CCP had been diagnosed in previous studies carried out over the last 19 years. Samples
of inflamed gums were recently taken from the indicated patients at: an outpatient hospital cardiac
unit; a village where Chagas disease is endemic; and a specialized diagnostic research center, showing
molecular evidence of parasite persistence in 17.6%, 42.8% and 14.3% of them, respectively. The rela-
tively frequent parasite persistence, demonstrated here in oral inflammatory processes of treated and/or
untreated patients bearing long term T. cruzi-infection, suggests the establishment of secondary small
foci for the maintenance of hidden or inapparent chagasic infection. The easy and low-risk, non-invasive
method to get the sample may add the use of gingival biopsy as a potential alternative diagnostic tool
to confirm T. cruzi-infection in CCP. The significance of T. cruzi persistence as a primary cause of chronic
Chagas disease and the proposal of this mechanism to explain the pathogenesis in CCP are considered.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The persistence of Trypanosoma cruzi tissue form in chronic cha-
gasic patients (CCP) seems to be a common event in the behavior
of this organism judging for the detection of the parasite itself, or
parts of its genome, in treated and/or untreated long-term infected
people (Añez et al., 1999; Britto et al., 2001). This statement is
supported by previous reports from experimental hosts or natu-
ral infected individuals (Tarleton et al., 1997; Olivares-Villagomez
et al., 1998). The finding of persistent myocardial T. cruzi forms in
CCP has been correlated with the presence and degree of inflam-
matory lesions which tend to be diffuse and progressive (Almeida
et al., 1984; Tavares-Neto, 1990; Jones et al., 1993; Añez et al.,
1999). In addition, identification of T. cruzi tissue forms in organs
other than the heart from individuals who had suffered myocarditis
has been associated with discrete inflammatory foci. In this case,
the parasite trend to a wide distribution, but its scarce number
makes diagnosis hard using conventional methods (Jones et al.,
1993). One more evidence indicating that the primary cause of
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chronic Chagas disease is the failure of the organism to clear
the infection has been provided in experimental murine mod-
els with chronic T. cruzi-infection (Tarleton and Zhang, 1999). In
these experiments the authors demonstrated an absolute correla-
tion between the persistence of parasites and the disease in specific
tissues, which emphasizes the idea that chronic inflammatory dis-
ease occur only in the organs in which T. cruzi persists (Tarleton
and Zhang, 1999).

Inflammatory processes are frequently detected in the oral cav-
ity causing periodontal disease commonly known as gingivitis or
inflammation of the gums. Many organisms, mainly bacteria, may
colonize gingival crevices causing periodontal disease at different
degrees according to the amount of the invading organism and the
capability of host response to its presence (Phelan et al., 1987).
Regarding other parasites, oral Leishmania associated to chronic
periodontal disease in patients with Kala-azar has been reported
(Abbas et al., 1992). In addition, Leishmania DNA has been detected
in oral samples taken from patients with periodontal inflammation
years after they were clinically cured for cutaneous leishmaniasis
(Añez et al., 2000). However, at present there is little or no infor-
mation on an association between T. cruzi and periodontal disease.
The present paper deals with the detection by PCR of T. cruzi-DNA
persistence in oral inflammatory foci of long-term CCP.
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Table 1
Detection of Trypanosoma cruzi-DNA persistence in inflamed gum of chronic chagasic patients.

No. Age Gender Previous
serology (year)

Recent
serology (IgG
titer)

Degree of
gingival
inflammation

Detection of T. cruzi-DNA in gum (PCR)

kDNA
(S35/S36)

Sat-DNAb

(cr1/cr2)
kDNAb

(121/122)

1 40 F + (2001) + (1:512) Moderate −
2 42 F + (2001) + (1:1024) Moderate −
3 45 M + (2000) + (1:1024) Moderate −
4 50 F + (1995) + (1:512) Moderate + + +
5 57 M + (1995) + (1:1024) Moderate + + +
6 45 M + (2000) + (1:512) Moderate −
7 59 F + (1995) + (1:512) Severe + + +
8 56 M + (1995) + (1:1024) Moderate −
9 58 M + (1995) + (1:512) Severe −

10 38 M + (2003) + (1:1024) Moderate −
11 49 F + (1999) + (1:1024) Moderate + − −
12 34 F + (2005) + (1:1024) Moderate −
13 61 F + (1995) + (1:512) Moderate −
14 39 M + (2006) + (1:512) Severe −
15 38 F + (2007) + (1:512) Moderate −
16 54 F + (1998) + (1:512) Moderate −
17 52 M + (1998) + (1:512) Moderate −
18 55 F + (2004) + (1:1024) Moderate −a

19 42 F + (2004) + (1:512) Moderate −a

20 56 M + (2004) + (1:512) Moderate +a + +
21 56 M + (2004) + (1:512) Moderate +a + +
22 56 F + (2004) + (1:512) Severe +a + +
23 50 F + (2004) + (1:512) Moderate −a

24 49 F + (2004) + (1:512) Moderate −a

25 20 M + (1991) + (1:1024) Moderate −
26 46 M + (1991) + (1:512) Moderate + + +
27 25 M + (1996) + (1:1024) Severe −
28 21 F + (1996) + (1:1024) Moderate +a − −
29 35 F + (1996) + (1:512) Moderate −
30 15 F + (1996) + (1:512) Moderate −
31 30 M + (1998) + (1:512) Moderate −
a Untreated CCP.
b Samples processed to confirm results with primer S35/S36; cr1/cr2: primer cruzi 1/cruzi 2.

2. Materials and methods

2.1. Patients

A total of 31 individuals were selected for this study. Two
main conditions were established as including criteria for every
single patient: firstly, to have previous diagnosis demonstrat-
ing antecedents of unquestionable chronic Chagas disease (CCD),
and secondly, to show evidence of moderate or severe gingivitis.
Patients from three different sources were chosen to be sampled.
This included: (i) chronic chagasic individuals (1–17 – Table 1)
kept from 1995 onwards under regular control at the outpatient
cardiologic unit of the “Luis Razetti” hospital, Barinas, Venezuela;
(ii) seropositive people (18–24 – Table 1) from a village where
Chagas disease is endemic and who were diagnosed as CCP in
2004 by T. cruzi seropositivity with high levels of IgG, according
to Añez et al. (2001); and (iii) CCP (25–31 – Table 1) previ-
ously detected as acute cases during the period 1991–1998 at the
Parasitological Research Center, Faculty of Science, Universidad
de Los Andes, Merida, Venezuela, who have been clinical, sero-
parasitological and molecularly followed up during the last 19
years.

Excluding the patient identified as No. 28, individuals making
up the groups (i) and (iii) received specific anti-T. cruzi treatment
(Benznidazole®) at different periods, while the group (ii) did not
receive any treatment at all (Table 1).

The selected study group was composed of 14 men (45%) and
17 women (55%) with a male to female sex ratio of 0.8:1 and
a mean ± SD age of 44 ± 12 years (range = 15–61 years). Six non-
chagasic individuals were sampled at the outpatient unit of the

Faculty of Dentistry, Universidad de Los Andes, Merida, Venezuela.
They suffered moderate and severe gingivitis and voluntarily
accepted to participate in the study as negative controls.

Written consent including an agreement of previous informa-
tion from all the patients who entered the protocol, or from their
representative (No. 30), was obtained before the study plan and
sample collection were carried out. The study was approved by
the Biomedical and Ethical Committees of the National Research
Council in Venezuela.

2.2. Sample collection and processing

To select the chagasic people conforming the study group the
degree of gingival inflammation was previously established by
a dentist. Individuals with moderate and severe inflamed gums
were included, while those seropositive patients without inflam-
mation were excluded. In all cases samples consisted of a small
gingival biopsy (1 mm3) which was frozen and preserved until
used for PCR. In addition, a sample of peripheral blood was
obtained by venipuncture from each patient for serologic tests. To
detect seropositivity by circulating anti-T. cruzi antibodies three
serologic tests were used. These were the same used in previ-
ous diagnosis and/or patient follow up, and included a direct
agglutination test (DAT), an indirect immunofluorescence anti-
body test (IFAT), both for polyvalent and specific IgM/IgG subtypes,
and an enzyme-linked immunosorbent assay (ELISA), following
the conditions and procedures previously described (Añez et al.,
1999).

To demonstrate the presence of T. cruzi-DNA in the sample of
inflamed gums of seropositive people with CCD, a specific PCR assay
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Fig. 1. (A) Trypanosoma cruzi-specific PCR assays from gingival biopsy specimens. Ethidium bromide-stained gel showing PCR amplification products. Lanes 1–17: biopsy
specimens from patients with confirmed chronic Chagas disease. Lanes 18–24: gum samples from seropositive individuals at chronic phase from an endemic area. Lanes
25–31: biopsy specimens from long term chronic chagasic patients diagnosed when they were at the acute phase. (B) Lanes 1–6: gingival biopsy specimens from negative
controls. T.c.: Product of the PCR assay on T. cruzi (MHOM/Ve/92/YBM-92) purified DNA used as positive control. H2O: Control of the reaction. MW: Molecular weight marker.
bp: base pairs.

was carried out following the protocol designed by Sturm et al.
(1989) and Gulh et al. (2002) using primers S35-5′-AAA TAA TGT
ACG GGT GAG ATG CAT GA-3′ and S36-5′-GGG TTC GAT TGG GGT
TGG TGT-3′ that amplify a specific fragment from kDNA minicircle
variable regions of the parasite. To confirm observations using the
mentioned PCR assay for kDNA, two more T. cruzi-specific PCR were
performed in a second sample taken from the gum of PCR positive
CCP. These included a Sat-DNA and a kDNA PCRs carried out using
respectively primers:

Cruzi 1 (5′-AGTCGGCTGATCGTTTTCGA-3′)/
Cruzi 2 (5′-AATTCCTCCAAGCAGCGGATA-3′) and
121 (5′-AAATAATGTACGGGGGAGATGCATGA-3′)/
122 (5′-GGTTCGATTGGGGTTGGTGTAATATA-3′)

PCR assays were performed following protocol previously stan-
dardized and validated (WHO/PHAO, 2008). This procedure made
it possible, in a reliable way, to specifically detect a portion of T.
cruzi genome.

3. Results

Serologic tests carried out in blood samples of the 31 selected
CCP with gingival inflammation showed that all of them were
seropositive for T. cruzi infection. The detected titer using ELISA
assay revealed reactivity to T. cruzi anti-bodies with values over
1:400 in all the CCP. Similarly, all the sera diagnosed by TAD and
polyvalent IFAT were positive for T. cruzi with titers ranging from
1:64 to 1:4096 and from 1:64 to 1:512, respectively. The clinical
condition of the seropositive CCP was immunologically corrobo-
rated after processing each particular positive sera sample for the
detection of anti-T. cruzi-specific IgG levels by IFAT, revealing titers

ranging from 1:512 to 1:1024, which demonstrated chronic condi-
tion (Table 1).

From the 31 selected CCP 26 (83.8%) showed moderate gum
inflammation and 5 (16.1%) presented severe periodontal inflam-
matory processes. Table 1 shows details on the serology–gingival
inflammation relationships in each of the selected
CCP.

The presence of parasite persistence in gingival biopsies of CCP
was detected with a PCR assay specific for T. cruzi. This assay ampli-
fied 330 bp from a kDNA minicircle variable region of the parasite,
which allowed detecting a portion of T. cruzi genome in the gum
biopsy specimens. As shown in Fig. 1 the positive biopsy speci-
mens showed a PCR signal with the expected band size, whereas
the negative biopsies and the control showed not signal at all. In
addition, the use of Sat-DNA (cruzi 1/cruzi 2) and kDNA (121/122)
PCR assays carried out in a second gum samples taken from the 9
originally PCR positive CCP confirmed the specificity of T. cruzi-
DNA in the oral inflammatory foci in 78% (7/9) of them. In this
case the assays amplified 166 bp and 330 bp for Sat-DNA and kDNA,
respectively (Fig. 2). Table 1 shows the detail on the confirmation
of parasite persistence in the gum of CCP through 3 T. cruzi-specific
PCR assays.

From the 7 PCR positive specimens, 5 (71.4%) were from patients
showing moderate inflammatory foci and 2 (28.6%) from CCP with
severe gingival inflammatory processes (Table 1).

The persistence of T. cruzi was detected irrespectively in
Benznidazole® treated (4) and untreated (3) CCP. In all the three
groups of selected CCP T. cruzi-DNA was detected. This included
those patients sampled at the hospital cardiac unit (17.6%), sam-
ples from seropositive individuals at the endemic village (42.8%)
and samples taken of selected CCP from the studied cases at the
research center (14.3%).
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Fig. 2. Trypanosoma cruzi-specific PCR assays used to confirm results obtained with
gingival biopsy specimens from positive CCP shown in Fig. 1. (A) kDNA PCR (primer
121/122). (B) Sat-DNA PCR (primer Cruzi 1/Cruzi 2). Lanes 1, 3, 4, 7, 8, 9 and 11 match
with CCP positive PCR gum samples shown in lanes 7, 4, 22, 5, 20, 21 and 26 of Fig. 1.
Lanes 6 and 10 correspond with samples 11 and 28 in Fig. 1. Lanes 2 and 5 gingival
biopsy specimens from 2 CCP taken during a second sampling and used as positive
control (not shown in Fig. 1). (C) Negative control. Tc, H2O, MW, bp as in Fig. 1.

4. Discussion

In the present study the combination of biopsies from gingival
inflammatory foci, a low risk technique commonly used in den-
tistry, with the molecular PCR assay, perhaps the most sensitive
technique nowadays available for the detection of T. cruzi-DNA,
made it possible to detect persistent parasites in the gum of
long-term CCP. Indeed, the fact that 7 of 31 (22.6%) gum biopsy
specimens from selected unquestionable CCP showing different
degree of gingivitis revealed the presence of specific T. cruzi-DNA
appears to suggest that the persistence of the parasite in such
inflammatory foci may be a relatively frequent event. This state-
ment, supported by the present data, seems to corroborate previous
results in which the persistence of T. cruzi infection was confirmed
by PCR in 91% endomyocardial biopsy specimens performed under
CCP (Añez et al., 1999). Similarly, studies carried out in murine
models have served to demonstrate a correlation between the per-
sistence of T. cruzi and disease manifestation in tissues other than
the heart (Zhang and Tarleton, 1999). The present findings also
suggest a wide distribution of T. cruzi during its circulating phase
colonizing tissues like the gum in which the parasite persist estab-
lishing secondary or satellite small foci for the maintenance of
hidden or inapparent chagasic infection. On the other hand, the
here found T. cruzi persistence in CCP may be explained considering
the gum as a tissue where parasites have been restrained as a con-
sequence of the systemic immune response, which although highly
efficient, was not able to totally clear T. cruzi from all the tissues, a
fact widely considered by previous authors (Tarleton, 2001; Zhang
and Tarleton, 1999; Tarleton et al., 1997). Whatever the mechanism
allowing the parasite persistence in the inflamed gums in CCP, it
may be considered as one of the reasons to explain the low par-
asitemia detected when serial hemoculture or xenodiagnosis are
applied to confirm diagnosis in chronic individuals. The cycle trans-
formation of the amastigote from the small foci at the gums into
trypomastigote forms and its intermittent discharge into the cir-
culating blood may explain the infrequent finding of little amount
of circulating parasites, a mechanism previously suggested for the
T. cruzi tissue forms persisting in the heart and other organs (Añez
et al., 1999; Tarleton, 2001). In addition, the same argument may
serve to explain the constant high anti-T. cruzi IgG level found in
sera of CCP, which should likely be due to the persistent stimuli
produced for the discharged T. cruzi trypomastigote blood forms
coming from the small foci made up at the inflamed gums. This fact

also reinforces previous statement explaining that parasite persis-
tence ensures a constant stimulus of the immune response by the
damage resulting from the presence of persistent inflammatory foci
(Tarleton and Zhang, 1999).

One more interesting aspect detected in this study was the quite
similar proportion of persistence of T. cruzi infection in the inflamed
gums in treated (4/7) as well as untreated (3/7) CCP which obvi-
ously casts some doubts on the efficacy of the specific treatment,
as supported by previous observations (Lauria-Pires et al., 2000;
Añez et al., 1999).

The host-parasite factors that make possible the persistence of
T. cruzi in some tissues of CCP are not known yet and more investi-
gation must be carried out on this subject. However, the possibility
that T. cruzi-DNA found in gingival inflammatory foci of the here
study CCP may belong to a group of particular T. cruzi-clone with
special affinity for this tissue, cannot be ignored. This statement
finds support in previous work using LSSP-PCR to identify gene-
specific sequence polymorphisms and characterize T. cruzi directly
from tissues of chagasic patients through specific molecular signa-
tures (Pena et al., 1994; Vago et al., 1996, 2000). The detection of
distinct T. cruzi signatures in different organs of the same chaga-
sic patient (Vago et al., 2000) lead to the clonal histotropic model
of Chagas disease (Macedo et al., 2004) a fact to be investigated in
samples from gingival inflammatory foci of CCP.

To complement the results presented here, for the first time,
a combined study on the persistence of T. cruzi in the heart and
the gingival tissue is being conducted in CCP, hoping to throw
some lights on the subject, and whose results will be published
elsewhere.

Finally, the easy and low-risk, non-invasive method of taking
the sample to be processed by PCR and/or immunohistochemical
techniques may add the use of gingival biopsy as a potential alter-
native diagnostic tool to confirm T. cruzi-infection in CCP. Indeed,
this method should substitute riskier ones such as the endomyocar-
dial biopsy previously reported, which has been criticized by ethical
committees (Añez et al., 1999). In addition, the present results may
serve to prevent dentists working in areas where Chagas disease is
endemic on the possibility of being infected by T. cruzi when treat-
ing patients not aware that they are bearing persistent parasites at
oral inflammatory foci.

In conclusion, taking together the present data and previous evi-
dences linking T. cruzi persistence with the presence of infection in
specific tissues lead us to consider parasite persistence as a primary
cause of chronic Chagas disease, supporting the hypothesis of this
mechanism as one of the factors able to explain the pathogenesis in
CCP. Furthermore, the above conclusion may serve to propose the
characterization of Chagas disease beyond the heart (=cardiomy-
opathy) and the intestine megasyndrome (=mega esophagus or
mega colon) as classically documented.
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