
Abstract. – AIM: A method was developed
to separate contaminant-free viable Toxoplasma
gondii cysts from brain samples of infected mice
for molecular biology studies and reinfection.

MATERIALS AND METHODS: The mice brains
were homogenized and washed with phosphate
buffered saline (PBS) – Tween 80 prior to frac-
tionation using 19-22% dextran solution. Finally,
the supernatant was purified by two-step mem-
brane filtration (100-160 µm and < 10 microm) to
obtain pure T. gondii cyst. The isolates were ana-
lyzed through microscopic observation, qPCR
and by reinfection of new batch of mice.

RESULTS: T. gondii cysts were best isolated
with 21% dextran solution and two step filtration.

CONCLUSIONS: The method was observed
not to disrupt the integrity of the cysts contain-
ing bradyzoites. In addition, the isolated cysts in
the filtrate were found to be contaminant-free, vi-
able and able to infect healthy mice when intro-
duced orally; which, mimics the natural infectivi-
ty pathway.
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Introduction

Toxoplasma (T.) gondii is a cosmopolitan pro-
tozoan parasite that is capable of causing zoono-
sis. Felids are the definite host for the parasite
and are capable of producing environmentally re-
sistant oocysts that are highly infectious in their
feces. Humans are exposed to infection through
soil and water tainted with infected felid feces.
Another serious risk is through consumption of
undercooked or raw meat containing tissue cysts
of T. gondii1. Most infections are reported to be
obtained from fresh meat products; although
there are cases where infections occurred through
consuming processed meat products1,2. Thus,
farm animals are at a high risk of harboring the
infection that can spread to humans.
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In order to study the parasite further, it is cru-
cial to isolate it directly from the infected ani-
mals. Isolation of tissue cysts containing brady-
zoites must be done on targeted areas; as tissue
cysts have predilection for neural and muscular
tissues3. Thus, it is ideal to isolate the cysts from
the brains of the infected animals for further re-
search. The current available isolation methods
concentrate more on isolation of the tachyzoites
or bradyzoites; whereby the isolates are injected
intraperitoneally. This isolation method could not
remove the ruptured cell debris that might have
effect on proteomics or genomic studies later.
However, in this study, the focus will be on isola-
tion of contaminant-free cysts; which can be fed
orally to mimic the natural infectivity pathway of
T. gondii; thus, enable better proteomics and ge-
nomics investigation of T. gondii to be carried
out. Furthermore, this method will enable main-
tenance of isolated wild strains that can be used
in other studies such as genotyping and strain-
specific drug discovery.
The proposed method in this study will utilize

dextran; a complex, branched glucan for gradient
centrifugation. The usage of Tween 80 for lysing
unwanted cells instead of either pepsin or trypsin
will be studied as well.

Materials and Methods

Mice from C57BL/6 strain were chosen for
this study because they are known to be capable
of attaining chronic infection with ME49 type II
T. gondii strain. The mice were infected with the
above-mentioned T. gondii strain through the oral
route. On day 50-post infection (p.i.) the mice
were euthanized and their brains were harvested.
The brains were homogenized with 5 ml of

phosphate buffered saline (PBS) using the mortar
and pestle. The homogenates were transferred to
sterile tubes and washed twice by centrifugation
at 1,200 g, 4°C for 15 min with chilled PBS con-
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taining 0.05% Tween 80. The washed suspension
was resuspended in dextran solution (average
MW: 150,000; Seebio Biotech Inc., Shanghai,
China) at a ratio of 1:2. The homogenate was
centrifuged using a swing bucket centrifuge for
15 min at 3,000 g and the supernatant was re-
moved and the sediment was kept. A washing
step was done with PBS (1 ml) and the super-
natant was discarded to minimize dextran carryo-
over. Fresh PBS (1 ml) was added to the sedi-
ment and resuspended. The emulsion was filtered
through two glass filters; first with a 100-160 µm
pore-size filter and followed by a washing step
with PBS (1 ml). Secondly the filtrate was fil-
tered through < 10 µm pore-size filter and the su-
pernatant was collected and mixed with antibiot-
ic-PBS for reinfection. The filtration was aided
by an oil-free diaphragm vacuum pump (Fisher
Scientific, Hampton, NH, USA) with low pres-
sure setting. The presence of cysts retained in the
filtrate was confirmed by performing Geimsa
staining and microscopic examination. The opti-
mal concentration of dextran solution was ob-
tained by performing optimization experiments
of dextran concentrations between 19-22%. Once
the best dextran concentration was confirmed;
the experiment was repeated with just one filtra-
tion step using the 100-160 µm pore-size filters.
The presence of cysts was confirmed by real-

time PCR (qPCR) and conventional PCR. The
qPCR was performed by amplifying the T.
gondii B1 gene and the conventional PCR was
carried out by amplifying the T. gondii BTUB
gene; reaction conditions were as reported in pre-
vious studies by Su, Zhang4 and Lin, Chen5. The
positive control used in this study was the RH
type I strain of T. gondii. In order to obtain the
DNA template; the cysts in the filtrate were pel-
leted by centrifugation at 1,500 g for 10 min and
processed with QiAamp DNA Mini Kit (QIA-
GEN, Hilden, Germany), according to the proto-
col suggested by the manufacturer. The amplifi-
cation products of conventional PCR were
viewed with 2% agarose gel electrophoresis
stained with ethidium bromide. The isolates were
then used to orally re-infect another batch of
three healthy C57BL/6 mice to confirm viability.

Results

The use of Tween 80 was effective in rupturing
most cells in the brain sample; but, the cysts were
not affected by the chemical and remained intact

as shown in Figure 1B. When gradient centrifu-
gation was performed with 19% dextran, most of
the brain cells and debris were still observed in
the sediment. The separation improved with 20%
dextran concentration; but the amount of unwant-
ed cells and debris was still significant. When the
concentration of dextran was increased to 21%,
the number of other cells in the sediment became
negligible and there were also negligible amounts
of cysts in the supernatant. When the concentra-
tion was increased to 22%, more cysts were
found in the supernatant. All the above observa-
tions were made using the microscope, and re-
peated at least twice. Centrifugation step at 3,000
g for 15 min was needed to achieve a clear sepa-
ration.
Figure 2 indicates the results of qPCR where it

can be observed that the Ct values were lowest
for 21% dextran isolates (23.79); followed by
22% dextran (28.47) and 20% dextran isolates
(30.53). The results also indicate that lower (cy-
cle threshold) Ct value was obtained through two
step filtration rather than one step filtration.
When the isolates in the final filtrate was used to
re-infect a fresh batch of C57BL/6 mice orally,
the mice developed similar signs of sickness as
described by Hrdá et al6. The mice were eutha-
nized at 50 days p.i. and the presence of T. gondii
cysts were confirmed by microscopic observation
(results not shown) of the brain, and also through
PCR, as shown in Figure 1C (lane R).

Discussion

The aim of this study was to isolate viable cysts
from brain sample as it is known that bradyzoites
readily encyst in the brain tissue7. The combina-
tional choice of C57BL/6 mice and T. gondii
ME49 strain was due to the ability of producing
brain cysts readily 8. Oral infection of the mice
was chosen over intraperitoneal infection since the
former mimics the natural infection pathway of
the parasite9-11. In addition, it has been reported
that chronic infection in C57BL/6 mice can only
be induced when type II strains of T. gondii are in-
oculated orally8. The normal isolation method will
require intraperitoneal introduction of the parasite
to a new host; as opposing to this study the usage
of pepsin and trypsin will release the bradyzoites
from the cysts. Bradyzoites treated this way will
have their viability substantially reduced and rein-
fection of such isolates orally would reduce infec-
tivity rate substantially12.
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Figure 1. Microscopic image of brain sample containing T. gondii cysts; (A) before isolation procedure (B) after isolation
procedure. Brain image for (A) was obtained by dividing an infected brain into two halves, fixing them under two slides and
visualizing with Zeiss Axio Observer Z1 microscope (400x). (C) Indicates PCR amplification product (411 bp) using BTUB
marker. (M) 100 bp marker; control (C); isolate (I) is the sample after the initial isolation procedure; re-infected sample (R) is
the isolate obtained after reinfection of the mice. (Arrows indicate T. gondii cysts)
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centrifugation. This study chose to use dextran
for that purpose; although, it has been shown to
be toxic only at high doses14. Thus, in order to
ensure it is safe for reinfection into healthy
mice, additional washing steps with PBS, along
with filtering steps were introduced into the pro-
tocol to minimize residual dextran in the final
product. Gradient centrifugation method using
percoll instead of dextran is a possibility as well;
but percoll has been proven to be endotoxic and
might endanger the mice to be used in cultiva-
tion of T. gondii15,16.
It is also worth to note that, the maximum

amount of isolated T. gondii cysts were obtained
with the use of 21% dextran. At that concentra-
tion of dextran, most cysts were found in the sed-
iment rather than in the supernatant and almost

The washing step involving PBS-Tween 80 was
found to be critical to obtain viable T. gondii cysts
as it ruptures all other cell but not the cysts. In
contrast, the use of pepsin or trypsin has been re-
ported to digest the cysts, causing the release of
bradyzoites3,13. The proposed method is less time-
consuming and negates the neutralization or inac-
tivation step required in pepsin and trypsin diges-
tion method respectively3,9,13. It has been reported
that the viability of tachyzoites or bradyzoites can
be reduced with the use of both pepsin and
trypsin13. The cost of using Tween 80 also is much
lesser in comparison to using either pepsin or
trypsin to isolate T. gondii. The usage of danger-
ous acids can also be negated with this method.
The next step was to fractionate the processed

sample to obtain T. gondii cysts through gradient
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void of unwanted cell debris as well. This makes
21% dextran as the ideal concentration for gradi-
ent centrifugation to separate T. gondii cysts from
the pre-treated brain sample by centrifugation at
3,000 g for 15 minutes. In a previous study, opti-
mal isolation was achieved with 20% dextran
(average MW: 162,000) and centrifugation at
4,000 g for 10 min9.
As highlighted in Figure 1B, the isolation

method removed most unwanted particles and
cells as opposed to Figure 1A where no isolation
method was carried out. The filtration steps are
vital for obtaining results as in Figure 1B. The
first filter used (100-160 µm pore-size), will not
be able to trap T. gondii cysts isolated from the
brain sample, as cysts can only reach up to 70 µm
in size when encysting in brain tissues10; most
cell debris and unwanted substances were re-
moved in this step. The second filter (< 10 µm
pore-size) is designed to retain the cysts on the
filter while letting through minute cellular debris
along with dextran; retained cysts on the filter
were able to be collected using minimal washes.
Thus, the final product obtained was almost free

of dextran; residual dextran in the isolate can be
safely administered to the mice.
In the qPCR, the Ct for isolates with 21% con-

centration dextran was much lower than isolates
using other dextran concentrations as shown in
Figure 2. Ct value is defined as the number of cy-
cles required for the fluorescent signal to cross a
defined threshold of signal; thereby, Ct levels are
inversely proportionate to the amount of target
nucleic acid in the sample17. In order to arrive at
these conclusions, it must be understood that Ct
values <29 indicate strong positive reactions
where there are an abundance of targeted nucleic
acid in the sample and Ct values between 30-40
indicate a weak reaction where there are minimal
amounts of targeted nucleic acid in the sample17.
The qPCR results (Figure 2), also imply that

by using both filters (< 10 µm and 100-160 µm)
sequentially, isolation results can be improved
substantially, as opposed to using one filter
alone. The average Ct value observed for one-
step 21% dextran filtration was 27.58; in compar-
ison, the average Ct value was 23.79 with two-
step 21% dextran filtration.
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Figure 2. RT PCR results on isolation products obtained through different isolation conditions.



Figure 1C showes that the DNA extracted
from the isolates were successfully amplified by
conventional PCR amplification using BTUB
marker; with the products being observed at
about 411 bp as suggested by previous
studies4,18. The result also indicated that suffi-
cient dextran had been removed since polysac-
charides such as dextran are considered to be
PCR inhibitors19. The reinfection of the isolates
into mice made them sick and further investiga-
tion of the neural tissue through PCR showed
the presence of T. gondii as shown in Figure 1C
(Lane R). Thus, viability of the cysts isolated
from the proposed procedure can be confirmed.

Conclusions

The proposed method in this study has been
shown to be effective in isolating whole T. gondii
cysts from brain samples. Cysts isolated through
this method were also shown to be viable for re-
infection.
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