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Abstract
Trypanosoma cruzi the cause of Chagas disease persists in tissues of infected experimental
animals and humans. Here we demonstrate the persistence of the parasite in adipose tissue from of
three of 10 elderly seropositive patients with chronic chagasic heart disease. Nine control patients
had no parasites in the fat. We also demonstrate that T. cruzi parasitizes primary adipocytes in
vitro. Thus, in humans as in mice the parasite may persist in adipose tissue for decades and
become a reservoir of infection.
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1. Introduction
Chagas disease caused by infection with Trypanosoma cruzi is an important cause of heart
disease in endemic areas of Latin America [1]. It is being recognized with increasing
frequency among persons emigrating from endemic regions to non-endemic regions of
North America, Europe, Australia and Japan [2]. Chagas disease may also undergo
reactivation during periods of immunosuppression such as during the administration of
immunosuppressive therapy or HIV/AIDS [3,4]. Parasites have been demonstrated to persist
in heart tissue of the mammalian host [5].

Shoemaker et al. [6,7], and Andrade and Silva [8] demonstrated that T. cruzi parasitized
adipose tissues and specifically the adipocyte in mice. Buckner et al. [9] also demonstrated
parasites in adipose tissue of mice employing a transfected strain of T. cruzi strain
expressing Escherichia coli β-galactosidase which makes the parasite visible when stained
with X-Gal. Our laboratory group made similar observations, but also examined the
consequences of these observations on the pathogenesis of T. cruzi infection in a mouse
model with implications for human disease. For example, we demonstrated that T. cruzi may
persist in adipose tissue for a year after infection in a mouse model [10] suggesting that
adipose tissue and the adipocyte are reservoirs from which the parasite could cause
recrudescence of infection especially during immunosuppressive states.

Since we have clearly demonstrated that T. cruzi persists in adipose tissue in a mouse model
we investigated whether the same was true in infected humans. Here we demonstrate that
human adipose tissue is also a reservoir for this parasite. To our knowledge, this represents
the first report of the persistence of T. cruzi in human adipose tissue.

2. Materials and methods
2.1. Studies on human adipose tissue

Patients presented to the Cardiology Service of the Clinical Hospital of the Federal
University of Minas Gerais, Brazil for pacemaker placement. The patients presented with a
variety of conduction abnormalities requiring pacemaker placement. Ten patients tested
positive on two serological tests for Chagas disease and composed the infected group (see
Table 1). An additional nine serologically negative patients comprised the control group.
Discarded subcutaneous adipose tissue was obtained from patients in both groups and
subjected to PCR analysis.

We performed PCR amplification of ~330 bp fragment derived from the variable regions of
minicircle kinetoplast DNA (kDNA), as previously described [11]. PCR-positive tissues
were further genotyped to identify T. cruzi discrete taxonomic units (DTUs) I to VI. To
achieve this, a triple step assay [12] associated to a nested PCR protocol was applied in
order to improve T. cruzi genotyping directly in infected tissues. Initially we used a PCR-
RFLP of the cytochrome oxidase subunit II gene (COII), which allows the discrimination of
T. cruzi I (haplotypes A) and T. cruzi II (haplotype C) from the others T. cruzi III-VI
(haplotype B) [13]. T. cruzi populations belonging to T. cruzi I: Col1.7G2 clone
(mitochondrial haplotype A - 30, 81 and 264bp); T. cruzi II: JG (mitochondrial haplotype C
- 81, 82 and 212 bp); and T. cruzi VI: CL Brener clone (haplotype B - 81 and 294 bp) were
used as RFLP-COII standard patterns. A second step, consisting of amplification of the
intergenic region of spliced-leader genes (SL-IR), was then applied to the mitochondrial
haplotypes B strains resulting in two distinct clusters, one formed by T. cruzi III-IV
(amplicons of 150 bp) and another by T. cruzi V–VI (amplicons of 200 bp) [14]. The final
step consisted of rDNA 24Sα PCR that allowed the differentiation of T. cruzi III (110 bp),
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T. cruzi IV (~119 bp), T. cruzi V (110 and 125 bp) and T. cruzi VI (125 bp) [15]. The
adipose tissue samples were thoroughly washed in PBS. These studies were approved by the
Intuitional Review Boards of the Federal University of Minas Gerais, Brazil and the Albert
Einstein College of Medicine, New York, USA.

2.2. In vitro studies
Primary adipocytes were isolated under sterile condition from epididymal white adipose
tissue of Balb/c mice as previously described [16]. Subsequently, they were maintained in
primary culture and incubated with trypomastigotes of the Y strain of T. cruzi for 4 h at a
multiplicity of infection of 25:1. The adipocytes were washed in PBS and incubated for an
additional 12 h in DMEM containing 5 mmol/L glucose, 25 mmol/L HEPES, 2% fetal
bovine serum, 20 U/mL penicillin, 20 mg/mL streptomycin, and 1% BSA fresh medium.
Presence of extracellular parasites was evaluated using an inside/outside
immunofluorescence assay as described previously [17]. Briefly, cell suspension was
incubated with anti-T. cruzi polyclonal antibody, washed and incubated with secondary
antibody (goat anti-rabbit) labeled with red-fluorescent Alexa Fluor 546 (Invitrogen).
Adipocyte and parasite DNA were stained for 1 min with blue-fluorescent DAPI (Sigma–
Aldrich, St Louis, MO). Adipocytes were placed in blade and examined on a Ziess Axioplan
microscope equipped with an Axiocam HRC camera controlled by Axiovision Software
(Zeiss).

3. Results
3.1. Parasite kDNA detected in adipose tissue

T. cruzi kDNA was detected in the adipose tissue in only 3 of the 10 Chagas patients and in
two of these patients the organism was genotyped (Fig. 1). The PCR-RFLP profiles of COII
genes revealed the presence of T. cruzi II in both samples (Fig. 1A). In one patient, in
addition to a band pattern characteristic for T. cruzi II (81/82 + 212 bp) there was an extra
fragment (294 bp) characteristic of T. cruzi III-VI populations. The subsequent steps of our
genotyping strategy resulted in SL-IR and 24Sα rDNA amplicons of 150 and 125 bp,
respectively (Fig. 1B and C). Taken together these findings confirm the occurrence of a
mixed infection in this patient consisting of T. cruzi II and T. cruzi VI major lineages. In the
three patients whose adipose tissue tested positive for T. cruzi by PCR the peripheral blood
was negative by PCR.

3.2. Primary adipocytes are infected by T. cruzi
Previous studies by our laboratory group demonstrated infection of 3 TC-derived adipocytes
in vitro by trypomastigotes [18]. Since we could not obtain the primary adipocytes from
human subjects we obtained them from mice. Fig. 2 shows amastigotes (white single
arrows) located close to the nucleus of adipocytes indicating that trypomastigotes are
capable of infecting primary adipocytes.

4. Discussion
The adipocyte, once considered to be a static storage compartment for triglycerides is now
appreciated to be an active endocrine cell playing a critical role in various metabolic and
immune responses [19,20]. The adipocyte is the major component of adipose tissue and
contributes to the pathogenesis of diabetes, obesity, the metabolic syndrome and both innate
and adoptive immunity [21]. Adipocytes contribute to these functions by influencing
systemic lipid homeostasis and also through the production and release of a host of
adipocyte-specific and adipocyte-enriched hormonal factors and inflammatory mediators,
including adipokines. It is now well-established that T. cruzi persists in the tissues of
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chronically infected mice and that this persistence is important in the pathogenesis of
Chagas disease.

The present report confirms what we have observed in the mouse model that the parasite
persists in adipose tissue. Three of 10 patients who were seropositive for T. cruzi infection
and had a cardiomyopathy and conduction defects that required pacemaker placement had
evidence of T. cruzi as determined by PCR. The adipose tissue obtained from seronegative
patients had no evidence of T. cruzi by the same test. The adipose tissue obtained was from
the anterior chest area. It may be that adipose tissue obtained from visceral fat pads would
have had a higher yield. The PCR for T. cruzi was positive in three patients. In those
patients there was no amplification of T. cruzi DNA in the peripheral blood indicating that
there was no blood contamination of the tissue sample.

Several groups have demonstrated that T. cruzi parasitizes adipose tissue in murine models.
We were the first to investigate the consequences of this infection on adipose tissue and on
cultured adipocytes [10,18]. In these investigations we demonstrated that when mice were
infected adipose tissue was an early target and that the parasite persisted well into the
chronic stage as demonstrated by electron microscopy and real-time PCR [10]. Additionally,
infection was accompanied by an upregulation of inflammatory mediators including,
cytokines and chemokines which began early in infection and persisted [10]. Since adipose
tissue is a heterogeneous tissue composed of many cell types we also infected cultured
adipocytes derived from fibroblasts and found that there was an upregulation of many
inflammatory mediators [18]. In the current report we demonstrate that primary adipocytes
can be infected with trypomastigotes of T. cruzi.

Recently, it was reported that Rickettsia prowazekii, the cause of Brill-Zinsser Disease, the
relapsing form of epidemic typhus, resides in adipocytes and adipose tissue and may be a
reservoir from which the infection can recrudesce decades later [22]. Similarly,
Mycobacterium tuberculosis persists without replication within adipocytes and naturally
infected humans with latent or active tuberculosis could have the M. tuberculosis in the
adipose tissue [23]. Interestingly, the malaria parasite has been demonstrated in the
vasculature of adipose tissue [24].

The persistence of T. cruzi in adipose tissue beyond the acute phase of infection results in a
chronic inflammatory state which may influence the development of heart disease and
diabetes. As noted adipose tissue may also be a reservoir from which there may be a
recrudescence of infection especially during periods of immunosuppression. Additionally,
periods of lipoatrophy as a result of HIV/AIDS and/or its treatment [25] may result in a
release of parasites into the circulation.
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Fig. 1.
Genetic characterization of T. cruzi in adipose tissue. (A) PCR-RFLP profiles of the
mitochondrial COII gene revealed on silver stained 6% polyacrylamide gel electrophoresis.
Amplicons digestion with Alu I generates three RFLP patterns for T. cruzi strains:
restriction fragments of 264, 81, and 30 bp are classified as T. cruzi I (control, Col1.7G2
clone - lane 3), restriction fragments of 294 and 81 bp are classified as T. cruzi III-VI
(control, CL Brener clone - T. cruzi VI - lane 4), and restriction fragments of 212 and 81 bp
are classified as T. cruzi II (control, JG strain - lane 5); (B) spliced-leader gene (SL-IR)
profiles and (C) rDNA 24Sα profiles on silver stained 6% polyacrylamide gel. (1) patient 1;
(2) patient 2; (MW) molecular weight: a 25 bp DNA ladder (Invitrogen) is used as gel
standard.
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Fig. 2.
Immunofluorescence images of primary adipocytes exposed to trypomastigotes. Isolated
adipocytes from epididymal white adipose tissue of a Balb/c mouse were infected with
trypomastigotes of the Y strain of T. cruzi and performed immunofluorescence analysis. The
single arrows indicate the intracellular parasites (blue) and the double arrows the
extracellular parasites (red) as described in Materials and Methods. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this
article.)
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Table 1

Adipose tissue PCR results.

Patient Groups Gender Age (years) PCR-positive PCR negative

Control (n = 9) 2M/7F 73.6 ± 6 0 9

Chagas disease
 (n = 10)

5M/5F 67.3 ± 4.8 3* 7

M- male; F- female; ages are presented as mean age ± SEM.

*
P < 0.05 (by Chi Square and Fischer’s Exact Test).
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