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Detection of Toxoplasma gondii DNA by Polymerase Chain
Reaction in Experimentally Desiccated Tissues
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Despite toxoplasmosis being a common infection among human and other warm-blooded animals worldwide,
there are no findings about Toxoplasma gondii evolutionary forms in ancient populations. The molecular techniques
used for amplification of genetic material have allowed recovery of ancient DNA (aDNA) from parasites contained
in mummified tissues. The application of polymerase chain reaction (PCR) to paleoparasitological toxoplasmosis
research becomes a promising option, since it might allow diagnosis, acquisition of paleoepidemiological data,
access to toxoplasmosis information related origin, evolution, and distribution among the ancient populations.
Furthermore, it makes possible the analysis of parasite aDNA aiming at phylogenetic studies. To standardize and
evaluate PCR applicability to toxoplasmosis paleodiagnostic, an experimental mummification protocol was tested
using desiccated tissues from mice infected with the ME49 strain cysts, the chronic infection group (CIG), or infected
with tachyzoites (RH strain), the acute infection group (AIG). Tissues were subjected to DNA extraction followed by
PCR amplification of  T. gondii B1 gene. PCR recovered T. gondii DNA in thigh muscle, encephalon, heart, and lung
samples. AIG presented PCR positivity in encephalon, lungs, hearts, and livers. Based on this results, we propose
this molecular approach for toxoplasmosis research in past populations.
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The DNA of intestinal parasites as well as from sys-
temic ones recovered from archaeological remains has been
increasingly described in the literature. DNA from Ascaris
lumbricoides eggs (Loreille et al. 2001, Loreille & Bouchet
2003) and Enterobius vermicularis  (Iniguez et al. 2003a,
b), found in sediments from latrines or coprolites, were
used in studies comparing the present parasite genome
to sequences of millions of years ago. Mycobacterium
tuberculosis DNA, extracted from Egyptian  mummies was
compared across different periods of time (Zink et al. 2003)
and Trypanosoma cruzi DNA, retrieved from Chilean and
Peruvian mummies, dated of up to 6000 years old has al-
lowed some hypotheses about the origin and dispersion
of Chagas disease among American pre-Colombian popu-
lations (Ferreira et al. 2000, Guhl et al. 2000, Madden et al.
2001, Araujo et al. 2003). However, Toxoplasma gondii,
one of the most prevalent parasites worldwide, has never
been detected in archaeological material. T. gondii  infec-
tion is found on several vertebrate hosts (Frenkel et al.
1970, Tenter et al. 2000), and might be associated to the
ancestors of the human species. Nothing is known in re-
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spect to the origin, distribution, and epidemiology of toxo-
plasmosis in ancient populations, since some of its patho-
logic alterations may be confused with some other dis-
eases and are hard to be detected in mummified tissues.
In the present study we have devised an experimental
approach to evaluate the application of the polymerase
chain reaction (PCR) technique in the recovery of T. gondii
DNA from ancient remains, using as models chronically
and acutely infected mice which tissues were experimen-
tally mummified aiming to standardize protocols for DNA
extraction and amplification, as the scarcity of archaeo-
logical material poses a serious problem for availability
and extensive testing of these sort of biological samples.

MATERIALS AND METHODS

Animals and parasites - Twenty five female C57Black/
6 mice, 12-15 g, were obtained from  the Laboratory Ani-
mal Facility/Fiocruz and infected intraperitoneally with T.
gondii tachyzoites RH strain or tissue cysts ME-49 strain.
T. gondii RH tachyzoites were grown in Swiss mice by
intraperitoneal injection. After 3 days, mice were sacri-
ficed, and parasites were washed in phosphate-buffered
saline (PBS), pH 7.2, and then counted in a Neubauer cham-
ber. The ME-49 strain of T. gondii was cryopreserved
after sucessive passages from infected brains of mice C57/
Bl/6 that had been previously infected with T. gondii tis-
sue cysts  (Freyre 1995, Popiel et al. 1996)

Experimental mummification protocol - Four mice
were infected with 10 T. gondii ME-49 tissue cysts, com-
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posing the chronic infection group (CIG). The acute in-
fection group, (AIG) infected with 1 x 104 T. gondii RH
tachyzoites, was composed by another four mice and two
mice maintained without infection were called negative
control group (NCG). On the 45th day of infection to CIG
and on 3rd to AIG, all animals were sacrificed and encepha-
lon, heart, liver, lung, and thigh muscle were removed and
layered on sheet of filter paper submitted to the experi-
mental desiccation by dry heat at 39oC as previously de-
scribed (Bastos et al. 1996) for 45 days.

Immunohistochemistry - Fifteen mice were used in this
study: five were infected with 10 T. gondii ME-49 tissue
cysts (CIG), another five were infected with 1 x 106 T.
gondii RH tachyzoites (AIG) and five non-infected ani-
mals (NCG). After 45 days for CIG infection and 3 days for
AIG all animals were sacrificed. Anatomical pieces were
fixed in 10% formalin buffered solution and embedded in
paraffin blocks. Three µm sections from blocks, after
mounting on silan (Sigma) coated glass slides, were sub-
mitted to immunoperoxidase technique. Tissue sections
were incubated with biotinylated anti-mouse/anti-rabbit
antibody (Dako, LSAB Kit, US) and then with estrep-
tavidin-peroxidase complex (Dako). Afterwards, they were
analyzed by avidin-peroxidase, using primary antibody
anti-Toxoplasma (Neomarker, Fermont, CA, US) with pos-
terior incubation with diaminobenzidin (DAB) developer
(Dako). Sections were stained with Meyer hematoxylin
and analyzed to find T. gondii components. A brain sec-
tion from a known infected animal was used as positive
control.

DNA extraction - DNA isolation and purification was
carried out according to the protocol of Zhu et al. (1998)
with modifications. Each desiccated tissue sample, with a
maximum weight of 50 mg, was macerated on Petri dishes
with the aid of glass slides, placed into microtube with the
addition of  0.8 ml  of  DNAzol (Gibco BRL, US) and 2 mm
glass beads. Then, it was homogenized for 2 min using
Vortex  (Fisher Scientific, US) and heated at 90oC for 30
min. The homogenate was centrifuged for 5 min at 3000 x
g to collect the lysate, followed by another spin at 14,000
x g. Ten µg of glycogen were added to the supernatant,
and the DNA was precipitated by the addition of 0.5 ml of
absolute ethanol. The pellet was washed with 95% etha-
nol, air dried, dissolved in 0.5 ml DNAzol, and centrifugated
for 10 min. Afterwards, it was washed twice with 95% etha-
nol, dissolved in 90 µl of 8 mM NaOH, neutralized by the
addition of 10 µl of 0.1 M HEPES buffer (pH 8.3) and stored
at –20oC. Tissues of non-infected mice were included as
negative controls of  DNA extraction.

PCR and hybridization assay - PCR was performed
using the 35-fold repetitive T. gondii B1 gene as target for
amplification previously described (Burg et al. 1989). Oli-
gonucleotide primers used to initiate DNA amplification
were  GGAACTGCATCCGTTCATGAG (oligo-1) and
TCTTTAAAGCGTTCGTGGTC (oligo-4). The PCR mix
contained at final concentrations: 1.5 mM MgCl2, 0.2 mM
of each dNTP (Gibco), 8 ng/µl of each primer and 2,5 units
of recombinant Taq DNA polymerase in the buffer recom-
mended by manufacturer (Gibco). Distilled water was
added up to the final volume of 50 µl. The mix was layered
with 50 µl of mineral oil, 10 µl of each DNA sample was

added. Amplifications were carried out on a Perkin Elmer
Cetus 480 DNA Thermal Cycler as follows: an initial hot-
start step of 94oC for 5 min in order to denature the DNA
strands, followed by 30 cycles of 94oC, 55oC,  and 72oC
each for 1 min, and final extension at 72oC for 10 min. The
amplicons were submitted to electrophoresis in a 2% aga-
rose gel, afterwards  stained with ethidium bromide (0.5
µg/ml) and visualized on a UV light transiluminator. Each
assay contained a negative control, in which no DNA
was added to the reaction mixture, and a positive control,
in which parasite DNA was included as a template in the
PCR. All products were applied to a GeneScreen  nylon
membrane (NEN) by capillary transfer (20X SSPE), hy-
bridized with probes from T. gondii B1 gene PCR
amplicons radiolabeled with a α-32P-dCTP trough a ran-
dom priming reaction. The membrane was sequentially
washed at 65ºC in 2X SSPE, 0.1% SDS, and at 1X SSPE,
0.1% SDS and autoradiographed with intensifying screen
at –70ºC for 7 days.

RESULTS AND DISCUSSION

The immunoperoxidase analysis of infected mice tis-
sue sections was made to observe parasite distribution.
Table I shows the immunohistochemistry results from CIG
and AIG. Tissue samples from five CIG animals revealed a
higher positivity in encephala, corroborating the data
showed in the literature that point towards a preferential
location of the parasite in rat and mouse brains in an inde-
pendent way of the administered strain (Dubey 1997, 1998).
A frequent presence of the parasite in lungs, hearts and
livers was observed for the AIG mice, results that agree
with previous studies, suggesting that tachyzoites inocu-
lated by intraperitoneal route in this animal model were
first detected in this cavity and later found in adjacent
organs, being disseminated by the blood to the whole
organism (Zenner et al. 1998). Positive and negative con-
trols were in good agreement with the expected results.
We have also observed, by chance, positivity for T. gondii
at bone marrow cells from a thigh bone fragment of an
AIG animal. It raises the possibility for acute toxoplasmo-
sis research in bone remains (Fig. 1).

Fig. 1: immunoperoxidase assay for Toxoplasma gondii at bone
marrow of acute infection group mouse. Arrowheads points the
parasites.
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The results of PCR assays displayed in Table II yielded
194 bp T. gondii B1 gene amplicons at different samples
of CIG and AIG animals. A PCR hybridization assay, repre-
senting the set of data using the B1 gene as a probe, is
shown on Fig. 2. Encephala samples, as well as lungs and
hearts from GIC, displayed a considerable  positivity, and
the highest rate was observed for the thigh muscles.
These results agree with the data shown in studies done
with fresh tissues of mice chronically infected by T. gondii,
which show a consistent positiveness in brain samples
(Savva et al. 1990, Owen & Trees 1998, Jauregui et al.
2001), as well as in heart and skeletal musculature (Homan
et al. 2000). DNA of the parasite was detected by PCR and

hybridization assays in the same kind of tissues that were
positive for the immunohistochemistry analysis, includ-
ing lungs, revealing the ability of the technique in detect-
ing the infection by T. gondii in CIG. Concerning the AIG
mice, we could verify the diverse distribution of the para-
site in several tissues, with positivity in liver, heart and
lungs, which is in accordance to the results presented in
a previous experimental study (Joseph et al. 2002). Our
study showed that the PCR assay was able to recover
parasitic DNA from tissue samples subjected to experi-
mental desiccation in the CIG and in the AIG mice. How-
ever, false negative PCR results in some samples could
eventually occur by the excess of host DNA (Burg et al.
1989),  or due the presence of Taq DNA polymerase in-
hibitors, like heparin, heme radicals or another porphyrin
elements that could be present in tissues (Paabo & Wil-
son 1988, Hitt & Filice 1992). It may eventually be also
caused by endonucleases and other autolytic effects from
the post-mortem process (Lindahl 1993, Hofreiter et al.
2001). In our study the higher positivity in CIG compared
to the AIG animals may have occurred by the fact that
parasites on acute phase of T. gondii infection are con-
sistently present on lung, heart, and liver of AIG mice
which are highly vascularized organs, and could justify
the lower number of positive results for the reasons men-
tioned above. Besides, the number of bradyzoites found
inside a cyst has a magnitude order higher than the
tachyzoites, favoring the DNA extraction and amplifica-
tion of the CIG mice organs. No amplification was ob-
served in the NCG animals.

The use of PCR in this study and its usefulness for
the research of infections caused by T. gondii in past

TABLE I

Immunoperoxidase results from organ/tissue samples of C57Black/6 mice from five animals of  the chronic infection group (CIG)
and the acute infection group (AIG) to detect Toxoplasma gondii parasitic components

              Animals

CIG AIG

Organ/Tissue CI CII CIII CIV CV AI AII AIII AIV AV

Encephalon + + + + + - - - - +
Lungs - - - - - + + + + +
Heart - - - - + + + + + +
Liver - - - - - + + + + +
Thigh muscle - - - + - - - - - +

TABLE II

Distribution of Toxoplasma gondii B1 gene products in desiccated tissue samples from four animals of the chronic infection group
(CIG) and the acute infection group (AIG) mice measured by polymerase chain reaction and hybridization assays

                    Animals

                      CIG                        AIG

Organ/Tissue C1 C2 C3 C4 A1 A2 A3 A4

Encephalon + + + - + - - -
Lungs + - + - + - + -
Heart - + + - - + + -
Liver - - - - - + - +
Thigh muscle + + + + - - - -

Fig. 2: detection of Toxoplasma gondii DNA by polymerase chain
reaction (PCR) in desiccated tissue samples from one mouse of the
chronic infection group (CIG) and acute infection group (CIG) - A:
2% agarose gel stained with ethidium bromide. Lanes - M: 1 Kb plus
DNA ladder molecular weight standard (Life Technologies, Gibco
BRL); P-: negative PCR control (no DNA added); E-: negative DNA
extraction control; 1: encephalon; 2: lung; 3: heart; 4: liver; 5:
tight muscle; C+, positive control (T. gondii DNA sample); B: South-
ern blots prepared with samples from panel A which were hybridized
with T. gondii B1 gene probes.
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populations is justifiable by the high sensitivity and speci-
ficity of the  technique itself, that allows the recovery of
parasite DNA at low concentration, from preserved or-
ganisms that have undergone special conditions of fast
desiccation, low temperatures, high concentration of salt,
and neutral pH, conditions which avoid its destruction
by the action of the post-mortem autolytic phenomena
(Lindahl 1993, Hofreiter et al. 2001). The choice of using
the fragment of 194 bp from the B1 gene as target to PCR
amplification was based on the observations made by other
authors (Paabo & Wilson 1988, Paabo 1989) in studies
with DNA, showing a decrease in the efficiency of the
amplification process when the DNA sequence target ex-
ceeds 200 bp. High specificity, repetitive nature, high level
of sequence conservation between the different forms of
the parasite and between several strains isolated from
clinical samples (Burg et al. 1989), were factors which in-
fluenced the selection of B1 in this study. Thus, to mini-
mize the changes that may have occurred at the genetic
level during the parasite evolution history, the utilization
of highly conserved sequences increase the chances to
recover preserved DNA.

Based on the efficiency shown by PCR in the recov-
ery of T. gondii DNA from desiccated tissues, we recom-
mend the utilization of this methodology as a tool for the
research of this infection in past populations, in order to
reach a better understanding about the paleoepidemiology,
the origin of the T. gondii infection, its distribution in
space and along the time, as well as the evolution of this
etiologic agent in association with its hosts.

REFERENCES

Araujo A, Jansen AM, Bouchet F, Reinhard K, Ferreira LF
2003. Parasitism, the diversity of life, and paleoparasitology.
Mem Inst Oswaldo Cruz 98 (Suppl.1): 5-11.

Bastos OM, Araujo A, Ferreira LF, Santoro A, Wincker P, Morel
CM 1996. Experimental paleoparasitology: identification
of Trypanosoma cruzi DNA in desiccated mouse tissue.
Paleopathol Newsl 94: 5-8.

Burg JL, Grover CM, Pouletty P, Boothroyd JC 1989. Direct
and sensitive detection of a pathogenic protozoan, Toxo-
plasma gondii, by polymerase chain reaction. J Clin
Microbiol 27: 1787-1792.

Dubey JP 1997. Bradyzoite-induced murine toxoplasmosis:
stage conversion, pathogenesis, and tissue cyst formation
in mice fed bradyzoites of different strains of Toxoplasma
gondii. J Eukaryot Microbiol 44: 592-602.

Dubey JP 1998. Advances in the life cycle of Toxoplasma gondii.
Int J Parasitol 28: 1019-1024.

Ferreira LF, Britto C, Cardoso MA, Fernandes O, Reinhard
K, Araujo A 2000. Paleoparasitology of Chagas disease re-
vealed by infected tissues from Chilean mummies. Acta Trop
75: 79-84.

Frenkel JK, Dubey JP, Miller NL 1970. Toxoplasma gondii in
cats: fecal stages identified as coccidian oocysts. Science
167: 893-896.

Freyre A 1995. Separation of toxoplasma cysts from brain tis-
sue and liberation of viable bradyzoites. J Parasitol 81:
1008-1010.

Guhl F, Jaramillo C, Vallejo GA, Cardenas AAF, Aufderheide A
2000. Chagas disease and human migration. Mem Inst
Oswaldo Cruz 95: 553-555.

Hitt JA, Filice GA 1992. Detection of Toxoplasma gondii para-
sitemia by gene amplification, cell culture, and mouse in-

oculation. J Clin Microbiol 30: 3181-3184.
Hofreiter M, Serre D, Poinar HN, Kuch M, Paabo S 2001.

Ancient DNA. Nat Rev Genet 2: 353-359.
Homan WL, Vercammen M, De Braekeleer J, Verschueren H

2000. Identification of a 200- to 300-fold repetitive 529 bp
DNA fragment in Toxoplasma gondii, and its use for diag-
nostic and quantitative PCR. Int J Parasitol 30: 69-75.

Iniguez AM, Araujo A, Ferreira LF, Vicente AC 2003a. Analy-
sis of ancient DNA from coprolites: a perspective with
random amplified polymorphic DNA-polymerase chain
reaction approach. Mem Inst Oswaldo Cruz 98 (Suppl. 1):
63-65.

Iniguez AM, Reinhard KJ, Araujo A, Ferreira LF, Vicente AC
2003b. Enterobius vermicularis: ancient DNA from North
and South American human coprolites. Mem Inst Oswaldo
Cruz 98 (Suppl. 1): 67-69.

Jauregui LH, Higgins J, Zarlenga D, Dubey JP, Lunney JK
2001. Development of a real-time PCR assay for detection
of Toxoplasma gondii in pig and mouse tissues. J Clin
Microbiol 39: 2065-2071.

Joseph P, Calderon MM, Gilman RH, Quispe ML, Cok J,
Ticona E, Chavez V, Jimenez JA, Chang MC, Lopez MJ,
Evans CA 2002. Optimization and evaluation of a PCR
assay for detecting toxoplasmic encephalitis in patients with
AIDS. J Clin Microbiol 40: 4499-4503.

Lindahl T 1993. Instability and decay of the primary structure
of DNA. Nature 362: 709-715.

Loreille O, Bouchet F 2003. Evolution of ascariasis in humans
and pigs: a multi-disciplinary approach. Mem Inst Oswaldo
Cruz 98 (Suppl. 1): 39-46.

Loreille O, Roumat E, Verneau O, Bouchet F, Hanni C 2001.
Ancient DNA from Ascaris: extraction amplification and
sequences from eggs collected in coprolites. Int J Parasitol
31: 1101-1106.

Madden M, Salo WL, Streitz J, Aufderheide AC, Fornaciari G,
Jaramillo C, Vallejo GA, Yockteng R, Arriaza B, Cardenas-
Arroyo F, Guhl F 2001. Hybridization screening of very
short PCR products for paleoepidemiological studies of
Chagas’ disease. Biotechniques 30: 102-104, 106, 108-109.

Owen MR, Trees AJ 1998. Vertical transmission of Toxoplasma
gondii from chronically infected house (Mus musculus) and
field (Apodemus sylvaticus) mice determined by polymerase
chain reaction. Parasitology 116(Pt 4): 299-304.

Paabo S 1989. Ancient DNA: extraction, characterization, mo-
lecular cloning, and enzymatic amplification. Proc Natl
Acad Sci USA 86: 1939-1943.

Paabo S, Wilson AC 1988. Polymerase chain reaction reveals
cloning artefacts. Nature 334: 387-388.

Popiel I, Gold MC, Booth KS 1996. Quantification of Toxo-
plasma gondii bradyzoites. J Parasitol 82: 330-332.

Savva D, Morris JC, Johnson JD, Holliman RE 1990. Poly-
merase chain reaction for detection of Toxoplasma gondii.
J Med Microbiol 32: 25-31.

Tenter AM, Heckeroth AR, Weiss LM 2000. Toxoplasma gondii:
from animals to humans. Int J Parasitol 30: 1217-1258.

Zenner L, Darcy F, Capron A, Cesbron-Delauw MF 1998. Toxo-
plasma gondii: kinetics of the dissemination in the host
tissues during the acute phase of infection of mice and rats.
Exp Parasitol 90: 86-94.

Zhu G, Marchewka MJ, Ennis JG, Keithly JS 1998. Direct
isolation of DNA from patient stools for polymerase chain
reaction detection of Cryptosporidium parvum. J Infect Dis
177: 1443-1446.

Zink AR, Grabner W, Reischl U, Wolf H, Nerlich AG 2003.
Molecular study on human tuberculosis in three geographi-
cally distinct and time delineated populations from ancient
Egypt. Epidemiol Infect 130: 239-249.


