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Pre-Columbian Chagas disease in Brazil: Trypanosoma cruzi |
in the archaeological remains of a human in Peruacu Valley,
Minas Gerais, Brazil
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We evaluated the presence and distribution of Trypanosoma cruzi DNA in a mummy presenting with megacolon
that was dated as approximately 560 £ 40 years old. The mummy was from the Peruacu Valley in the state of Minas
Gerais, Brazil. All samples were positive for T. cruzi minicircle DNA, demonstrating the presence and broad dis-
semination of the parasite in this body. From one sample, a mini-exon gene fragment was recovered and character-
ized by sequencing and was found to belong to the T. cruzi I genotype. This finding suggests that T. cruzi I infected
humans during the pre-Columbian times and that, in addition to T. cruzi infection, Chagas disease in Brazil most

likely preceded European colonization.
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Trypanosoma cruzi, which infects a range of mam-
malian and triatomine hosts, occurs in a large extent of
the American continent. American trypanosomiasis is
primarily considered a wild enzootic disease. The het-
erogeneity of this taxon, the competency in infecting
almost all tissues of its several mammalian host species
and its wide distribution are most likely the outcomes of
the long and independent evolutionary process of its mul-
tiple clones (Tibayrenc & Ayala 1988, Tibayrenc 2003).
The heterogeneity has been a factor since the very early
studies that were based on the morphology of the parasite
(Chagas 1909, Brumpt 1912), where these are now being
studied using biochemical and molecular tools (Tibay-
renc & Ayala 1988, Tibayrenc 2003). It has not yet been
possible to establish correlation between parasite hetero-
geneity and the resulting epidemiology, clinical features
of human infection or disease (Macedo et al. 2004).

The classical hypothesis proposes that humans, prob-
ably the more recent host of 7. cruzi, were included in its
transmission cycle as a consequence of agricultural im-
plementation and animal domestication, resulting in sed-
entary habits. In fact, grain storages may have attracted
wild grain feeding mammals and, indirectly triatomines,
establishing a transmission cycle near human shelters.
Findings of mega-syndromes and histological alterations
in soft tissues were shown in North American, Chilean
and Peruvian mummies and, in addition, the recovery of
T. cruzi ancient DNA (aDNA) has revealed that the hu-
man infection as well as Chagas disease preceded the co-
lonial period in these countries (Rothhammer et al. 1985,
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Fornaciari et al. 1992, Guhl et al. 1999, Ferreira et al. 2000,
Reinhard et al. 2003, Aufderheide et al. 2004).

In Brazil, recent work has shown the presence of the
T. cruzi 1 genotype in human remains (7000-4500 bp)
from the Abrigo do Malhador archaeological site the Pe-
ruagu Valley (PV) in the state of Minas Gerais (MGQG)
(Lima et al. 2008), demonstrating, for the first time, the
antiquity of the infection in lowland South America.

We tested the remnants of an adult male individu-
al recovered from PV, dated 560 + 40 years old, using
the Carbon 14 method. In this individual, named Lapa
do Boquete IV (LBIV), a structure that displayed the
characteristics of a fecaloma was observed (Figs 1, 2).
This was potentially caused by megacolon, a clinical
symptom of Chagas disease. The archaeological site of
Lapa do Boquete is a rock shelter used as a burial place
by prehistoric people. This site is placed in a cold and dry
region that favors biological material preservation (Prous
& Schlobach 1997). We therefore evaluated the presence
and distribution of the 7. cruzi infection in distinct tissue
samples, as well as typing the parasite by characterizing
the mini-exon gene non-transcribed spacer region. Two
samples of bone (rib and metacarpus) and five samples of
soft tissue from different places of body were analyzed,
including tissue in contact with coprolite.

The manipulation and decontamination of sam-
ples were performed as recommended for aDNA work
(Hofreiter et al. 2001). The aDNA extraction was done
according to the Geneclean® Kit for Ancient DNA pro-
tocol (Biol01). Two regions were targeted for the detec-
tion of 7. cruzi DNA: the minicircle conserved region of
kDNA for diagnostics and the mini-exon non-transcribed
spacer region for genotyping. The primers for the kDNA
were S67 (5-TGGTTTTGGGAGGGG(G/C)(G/C)G/T)
TCAA(A/C)TTT) and S34 (STATATTACACCAAC-
CCCAATCGAACC) (Sturm et al. 1989), generating

online | memorias.ioc.fiocruz.br



Ancient Chagas disease in Brazil * Alexandre Fernandes etal. 515

the 121 bp fragment from the conserved minicircle
regions and (5-CCCCCCTCCCAGGCCACACTG),
TCl (5-GTGTCCGCCACCTCCTTCGGGCC) and
TC2 (5-CCTGCAGGCACACGTGTGTGTG) were the
primers used for the mini-exon, amplifying 350 and 300
bp fragments for 7. cruzi 1 and T. cruzi 1l genotypes,
respectively (Souto et al. 1996). As a control for aDNA
quality and to determine the mtDNA haplogroup of
LBIV, the HVS-I region (185 bp) was amplified using
primers L16209 (5’-CCATGCTTACAAGCAAGT) and
H16356 (5-GTCATCCATGGGGACGAGAA) (Handt
et al. 1996). The mtDNA haplogroup of laboratory staff
was also determined in order to verify possible DNA
contamination. Each PCR reaction for human and
T. cruzi was performed in a final volume of 50 uL
(2.5 mM MgCl,, 0.4 mM dNTPs, 200 ng of each primer,
2.5 U of Taq DNA polymerase (Platinum® - Invitrogen)
and 5 pL of aDNA. The PCR cycles were 94°C, 55°C and
72°C, for 20 s, each encompassing 40 amplification cy-
cles. aDNA PCR products were visualized on a 8% poly-
acrylamide gel. Mini-exon amplicons of the 7. cruzi |
(DM28 strain) and 7. cruzi 11 (Y strain) genotypes were
used as molecular type markers in a 3% agarose gel
electrophoresis.

Human and 7. cruzi amplicons were cloned into the
pGEM-T Easy Vector System (Promega). The clones
obtained were sequenced on both strands using an ABI
PRISM Big Dye Terminator Cycle Sequencing Ready
Reaction Kit (Applied Biosystems-Perkin Elmer) in ABI
PRISM 3730 Automated DNA Sequencer (Applied Bio-
systems Perkin Elmer). PCR products were also directly
sequenced as described above. The CHROMAS v1.45
(School of Health Science, Griffith University, Queen-
sland, Australia) and BioEdit v5.0.9 (Department of Mi-
crobiology, North Carolina State University) programs
were used for the sequence analysis.

An aliquot of 10 pL of total aDNA extraction of each
LBIV sample was denatured and fixed onto nylon mem-
branes (Hybond-XL Amersham Pharmacia Biotech) ac-
cording to protocol. The membrane was hybridized with
an 0-*?P-dCTP probe using a RadPrime DNA Labeling
System kit (Life Technologies) following manufacturer’s
specifications. The probe consisted of a 7. cruzi DNA
pool including kinetoplast total DNA and mini-exon am-
plicons of the 7. cruzi 1 (DM28 strain) and 7. cruzi 11 (Y
strain) genotypes. Hybridization was carried out in SSC
6X, SDS 0.5%, Denhardt 5X and 50% formamide at 50°C
overnight. The membrane was washed at 65°C in SSC
0.1X and SDS 0.1% and exposed to X-ray film (Kodak®
Biomax MS Film) with an intensifying screen.

We successfully recovered human mtDNA HVS-I
region from all seven samples and the sequence analysis
based on Brazilian HVS-I database (Alves-Silva et al.
2000) of four clones revealed the presence of a unique
haplotype, exhibiting the haplogroup A signatures. The
sequence was deposited in GenBank (accession number
EU567083). Segments from the minicircle conserved re-
gions were amplified in all seven samples, demonstrat-
ing infection and parasite dissemination in the ancient
human body. One minicircle sequence was deposited in
GenBank (accession number EU605980). We recovered
the 350 bp mini-exon target corresponding to the 7. cruzil

Fig. 1: tomographic image from LBIV pelvis showing in situ a big
coprolite (arrows) indicative of megacolon.

Fig. 2: coprolite in situ (arrow) view inside the intact pelvis behind the
articulate sacrum.
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— 300bp

Fig. 3: PCR amplification of the mini-exon gene non-transcribed
spacer region visualized on 3% agarose gel electrophoresis; Lane 1:
aDNA from LBIV soft tissue sample; Lane 2: 7. cruzi 1 genotype;
Lane 3: T0 cruzi 11 genotype; Lane 4: 50 bp DNA ladder (Invitrogen);
Lane 5: PCR negative control.
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genotype from a soft tissue sample that was in contact
with coprolite (Fig. 3). The sequencing of this amplicon
confirmed its identity (accession number EU570218). The
LBIV mini-exon sequence showed 99% similarity with
Cutia strain belonging to the 7. cruzi I genotype. The qual-
ity and relative amount of aDNA recovery from the LBIV
samples were assessed by hybridization assay. This con-
firmed the presence of 7. cruzi aDNA in two LBIV sam-
ples, soft tissue and bone, validating the molecular data.

T. cruzi 1 is recognized as the agent of Chagas dis-
ease from the Amazon basin northwards (Aguilar et al.
2007). We report the presence of 7. cruzi I in ancient hu-
man remains found in the central part of Brazil, outside
the Amazonian region and from the Brazilian pre-Co-
lumbian period. This individual belongs to mtDNA hap-
logroup A, one of the founder human haplogroups in the
Americas (Horai et al. 1993, Fagundes et al. 2008). The
body displayed megacolon syndrome, a typical outcome
of the chronic phase of Chagas disease, showing the oc-
currence of Chagas disease in the Brazilian prehistoric
period. Previous work in the same archaeological area
of the PV also revealed the presence of infection by the
T cruzi 1 genotype in a skeleton dating back to 7000-
4500 bp (Lima et al. 2008). The identification of 7. cruzi
infection in ancient human remains from South Ameri-
can countries has been largely demonstrated by aDNA
analysis. No megavisceral lesions, however, have yet to
be associated with the recovery of T. cruzi sequences.

Interestingly, we have found 7. cruzi infection by
genotype I in an individual with the presence of megaco-
lon, a syndrome that is not associated to this sort of man-
ifestation (Macedo et al. 2004). Moreover, our study is
the first to link the pre-Columbian 7. cruzi with Chagas
disease in Brazil. The presence of 7. cruzi in all tested
tissues of this mummy shows that this individual dis-
played a relevant and broadly dispersed parasitic load.

The possibility of detecting 7. cruzi aDNA from both
soft and hard tissues, in addition to the success in identi-
fying the main genotypes of 7. cruzi in ancient mamma-
lian tissues, offers an exceptional tool to unravel several
questions concerning the natural history of 7. cruzi that
still remain unanswered.
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