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Abstract. Toxoplasma gondii is an important pathogen in veterinary and human medicine. In
this study, a new multiplex TagMan real-time PCR for detection of 7. gondii DNA was
developed. This assay consisted of new sets of primers and probes which targeted Bl gene
and ITS-1 region of T. gondii, with Vibrio cholera gene as internal control. The Bl gene
primers were designed to detect 7. gondii RH strain, while the ITS-1 region primers detected
most 7. gondii strains. Specificity test using common protozoal and bacterial DNA revealed
that the assay was very specific to 70 gondii. Standard curves constructed using human body
fluids spiked with 7. gondii (RH and ME49 strains) showed that the sensitivity of the assay
was one parasite, with R? value of 0.975 to 0.999 and efficiency of 97% to 99% for all types of
samples. The assay performed on DNA extracted from tissues of mice infected with 7 gondii
showed that liver contained the highest parasite load for both strains of 7. gondii. The
multiplex real-time PCR developed in this study would be potentially useful for detection of

T. gondii in human and animal samples.

INTRODUCTION

Toxoplasma gondii is estimated to infect as
many as one-third of the human population
(Dubey, 2004). Based on estimation of the
disease burden of toxoplasmosis it ranks
at the same level as salmonellosis or
campylobacteriosis (Kijlstra & Jongert,
2008). Current diagnosis of toxoplasmosis
mainly relies on serological methods that
detect specific antibodies against 7. gondii.
However, there are limitations for use of
serology in detecting acute infection since
the peak concentrations of specific anti-
bodies are found weeks after parasitemia has
subsided (Gross et al., 2000). Moreover,
infections in immunocompromised patients
are rarely accompanied by a significant rise
in antibody. Mouse inoculation or tissue
culture of clinical samples may also detect
the infection; however, this approach is time
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consuming, impractical and showed only
moderate sensitivity (Dubey & Jones, 2008).
Thus, direct demonstration of the parasite in
tissues or other biological fluids by PCR is
a major breakthrough for the diagnosis of
toxoplasmosis, especially in pregnant women
and immunocompromised patients (Contini
et al., 2005).

Unlike conventional PCR, real-time PCR
allows detection as well as quantification of
the copy number of target DNA in a sample.
The approach also eliminates the need to
visualize the amplicons or PCR products by
gel electrophoresis, thereby reducing the
total time spent in an assay. Moreover, it
also reduces the risk of false-positive due
to contamination with previous amplified
products. Quantitative real-time PCR is
extremely useful to monitor the progression
of infection under treatment and to diagnose
low-level infection (Contini et al., 2005). A



previous report also suggested that real-time
PCR is useful in the diagnosis of ocular
toxoplasmosis (Lin et al., 2000). The
adaptability of real-time PCR to a high-
throughput 96-well format makes it useful
for testing large number of samples.

Currently there are limited number of
reports on the use of new real-time PCR
primers and probes for detecting T gondii.
Thus, there is still room for improvement
in molecular diagnosis of this parasite. The
present study was aimed at developing a new
specific and sensitive multiplex real-time
PCR assay for T. gondii, which can also be
used to determine the quantity of the parasite
DNA in a sample. It is a continuation of a
previous work on development of a triplex
conventional PCR for detection of T gondii
(Anizah et al., 2012).

MATERIALS AND METHODS

Statements of human and animal ethics
Approval for this study was obtained from
the Human and Animal Research Ethics
Committees of Universiti Sains Malaysia. All
the animals used in this study were placed in
a designated 24 h air conditioned and well-
ventilated animal room with standard mice
cages, according to the national guidelines
for animal care. Mice food pellets and water
were available ad libitum to the animals, and
personnel were assigned to ensure that the
animal bedding was changed regularly and
the room was kept clean at all times. Efforts
were made to minimize the number of
animals used and their suffering throughout
the experiments.

Culture of T. gondii strains

Two types of T. gondii strains were used in
this study, RH and ME49. Both strains were
maintained as previously reported (Anizah
et al., 2012).

DNA extraction

The DNA extraction method used for both
T. gondii RH and ME49 strains has been
described previously (Anizah et al., 2012).
The DNA was used as template for the
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optimization of real-time PCR amplification
conditions or was stored at -20°C.

Animal infection

In total 20 mice were used for experimental
animal infection using RH and ME49 strains.
The method used for animal infection and the
isolation and extraction of infected animal
organs (brain, liver, spleen, heart and kidney)
were similar as previously reported (Anizah
et al., 2012).

Assay development

Design of primer and probe

All primers and probes were designed using
Primer Express 2.0 software (Applied
Biosystem, USA). They were designed to
amplify portions of B1 gene (AF179871),
ITS-1 region of several strains (AY259045,
AY2259044, AY143139, AB255454, AJ628253,
AJ628252 and AJ628251) and internal
control, HemM gene (AF227752).

Optimization of primer concentration
Concentrations of primers to detect B1 gene
and ITS-1 region were optimized using
increasing concentrations from 20 nM to
300 nM; and for the HemM gene, the primer
concentrations were from 50 nM to 600 nM.
The optimized PCR conditions were then
used for the entire multiplex real-time PCR
assay. All the reagents used for real-time
PCR amplification were aliquoted in small
volumes to avoid contamination and freeze-
thawing that may affect the reaction
efficiency. The PCR product of each primer
pair was cloned, sequenced and analyzed
using online BLAST (Basic Local Alignment
Search Tool) program. Probe concentrations
were standardized at 0.625 nM for the
entire assay based on the manufacturer’s
recommendation.

Set-up of multiplex real-time PCR

Real-time PCR was performed using the
Corbett Rotor Gene™6000 (Rotor GeneQ,
Germany) which contain five different
detection channels. In this study three
different channels were used, and the
reactions were performed using 0.2 ml PCR



tubes in a 36-well rotor. A total volume of
25 pl was set up for each reaction, which
included TagMan® Universal PCR Master
Mix, primers and probes for the Bl gene,
ITS-1 region and HemM gene, 1.4 mM MgCl,
and 5 pl template. One pl plasmid containing
V. cholera HemM gene was included in
every reaction as heterologous control. Non-
template control (NTC) using water served
as the negative control in every reaction to
monitor for possible cross contamination. The
PCR reaction was performed at 95°C for 15
min, followed by 50 cycles of denaturation
at 95°C for 9 sec and primer annealing at
59°C for 60 sec. Each PCR reaction was
conducted in triplicates.

Test of assay specificity

The assay specificity was tested using DNA
of the following organisms: Helicobacter
pylori, Entamoeba histolytica, Crypto-
sporidium parvum, Giardia lamblia,
Strongyloides stercoralis, Leptospira spp.,
Plasmodium falciparum, Staphylococcus
aureus, Escherichia coli and Pseudomonas
aeruginosa. The DNA extracted from mice
muscle was also included. Toxoplasma
gondii RH and ME49 strains served as the
positive controls.

Preparation of the human body fluids for
standard curve construction

Whole blood

Blood samples were collected from 10
individuals who were negative for 7. gondii-
specific IgG and IgM antibodies by
commercial serological assays (Platelia,
BioRad, USA). Approximately 5 ml of whole
blood in EDTA was collected individually,
pooled, aliquoted and stored at 4°C.

Cerebral spinal fluid (CSF)

CSF specimens from 5 individuals (with their
consents) who were negative for 7. gondit
specific IgG and IgM antibodies were
provided by the Department of Microbiology
and Parasitology, School of Medical Sciences,
Universiti Sains Malaysia. The samples were
pooled, aliquot and stored at -20°C.
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Amniotic fluid (AF)

Human AF specimens from 10 individuals
(with their consents) who were negative for
T. gondii specific IgG and IgM antibodies
were obtained from the Department of
Obstetrics and Gynecology, Hospital
Universiti Sains Malaysia. They were then
pooled, aliquot and stored at -20°C.

Construction of standard curve

The limit of detection (LoD) of the assay was
determined by constructing standard curves
using the DNA extracted from human body
fluids (whole blood, CSF and AF) spiked with
T. gondit whole parasite. The concentration
used for spiking ranged from 10° parasites
to 105 parasites. The DNA extraction was
performed as described in section 2.3. Linear
regression of each series and the associated
R2 value were determined for each standard
curve. The standard curves constitute the
analytical sensitivity test for the developed
assay. All Ct values were reported as mean
+SD.

RESULTS

Extraction of DNA

The DNA extracted from 7. gondii RH
and ME49 strains had high concentrations
(1.3 pg/pl and 1.13 pg/ml respectively) and
good purity (A260/A280 of 2.01 and 2.10
respectively). This was consistent with the
strong intensity of the high molecular weight
DNA band observed on the agarose gel
electrophoresis (data not shown).

Design of primers and probes

The primers and probes designed to target
B1 gene, ITS-1 region and HemM gene
(internal control) are listed in Table 1.
The Bl gene primers were designed to
specifically detect T. gondii RH strain
whereas the ITS-1 region primers were
designed to detect most of T. gondii strains,
such as RH, ME49, MAS, PGT, CTG, COUGAR,
CN, SH, ZS and QH. The V. cholera HemM
gene was used as an internal control. The



Table 1. Sequences of primers and probes used in the multiplex real-time PCR assay

Gene name Sequence 5’ to 3’

Size (bp)

HemM

B1

ITS-1

R T

TAT TCT ACG TGC CAT TCC
ATT ACG AGT TGA ATG AAC AA
Cy5 - ACA CTC TTG CCA CTC TCA CCA -BHQ2

GGT CCG GGT GAA ACA ATA GAG A
GGC ATG ACA ACT GGG CAG TA
6FAM - ACT GGA ACG TCGCCG -MGBNFQ

ATT CGT GTC TCT GTT GGG ATA CTG
GGT GTG GGA AAA AAG AAT GCA
VIC - TTT CCA GGA GTT TCT TC -MGBNFQ

61

67

60

green channel of the real-time PCR system
detected FAM dye which targeted the Bl
gene, the yellow channel detected VIC dye
which targeted the ITS-1 gene; and the red
channel detected Cyb dye which targeted the
internal control.

Optimization of primer concentrations
Amplification pattern of each target gene at
different primer concentrations using the
DNA of T. gondii RH strain as the template
were recorded. The B1 gene and ITS-1 region
primers showed constant Ct value from 60
nm to 300 nm. The first shift of Ct value was
observed at 40 nm for both pairs of primer.
Therefore, 40 nm was chosen as the optimal
concentration for B1 gene and ITS-1 region
primers. For internal control primers, the first
change of Ct value was observed at 400 nm;
therefore this was chosen as the optimal
concentration for internal control primers.
These optimized primer concentrations were
used to perform the multiplex assay (datanot
shown).

Specificity analysis of the multiplex real-
time PCR

The specificity analysis of multiplex real-
time PCR showed no cross-reactivity with
the tested organisms. There was no cross-
reactivity with the DNA extracted from
mouse muscle and HemM DNA. Successful
amplifications were obtained with the
positive control DNA samples from 7. gondii
RH and MEA49 strains (data not shown).
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Construction of standard curve

Tables 2 and 3 show the standard curves using
the human body fluids spiked with whole
parasites of both strains. For construction of
each standard curve, real-time PCR was
performed three times in triplicates under
similar conditions to ensure reproducibility
of results. All the data were reported as mean
+ SD. The results showed that the multiplex
real-time PCR was able to consistently detect
as little as one parasite in all samples, thus
the analytical sensitivity or detection limit
of the assay was one parasite. The coefficient
of correlation (R2) ranged 0.975 to 0.999 and
efficiency ranged from 97% to 99%, indicating
astrong linear relation of the standard curve.
This shows the accuracy and reproducibility
of the dilution range used for the standard
curve construction. Bl gene was observed to
detect the target much faster compared to
ITS-1 region. The internal control was
amplified in the Ct value range of 24.98 to
25.67 for all samples (data not included in
the table).

Detection of T. gondii DNA in tissues

Tables 4 and 5 show B1 gene and ITS-1 region
amplifications in DNA extracted from tissues
of experimental and control mice infected
with RH or ME49 strains of 7. gondii. The
tissues used in this study comprised brain,
heart, kidney, liver and spleen. Positive
control (RH or ME49 DNA) and internal
control (V. cholerae plasmid with HemM
gene) were also included in all reactions. The



Table 2. Summary of mean C; values obtained with DNA from RH strain-spiked human body fluids

Ct value (Mean + SD)

No. parasites Blood CSF AF
Bl ITS-1 B1 ITS-1 B1 ITS-1

100000 15.35+0.09 16.22+0.05 14.15+0.15 16.59+0.31 16.62+0.15 19.82+0.04
10000 18.59+0.04 20.19+0.06 18.40+0.35 21.12+0.09 20.60+0.07 20.68+0.07
1000 23.41+0.06 25.13+0.11 22.41+0.39 25.60+0.06 23.98+0.04 27.72+0.04

100 27.14+0.09 29.23+0.09 25.42+0.41 29.25+0.11 27.53+0.04 32.52+0.04

10 31.12+0.05 33.19+0.09 30.43+0.22 35.09+0.09 31.83+0.12 36.06+0.07

1 34.54£0.11 36.31+0.02 32.26+0.17 38.48+0.18 34.51+0.06 40.94£0.09

Ct value data are given as Mean + SD

Table 3. Summary of mean C; values obtained with DNA from ME49 strain-spiked human body fluids

Ct value (Mean + SD)

No. parasites Blood CSF AF
Bl ITS-1 B1 ITS-1 Bl ITS-1

100000 16.41+0.19 21.21+0.16 16.27+0.05 18.44+0.13 18.59+0.03 19.93+0.05
10000 19.74£0.16 25.18+0.04 21.33+0.07 25.30+0.09 24.50+0.06 25.56+0.05
1000 23.47+0.05 29.64+0.09 26.46+0.08 30.38+0.05 27.89+0.08 30.24+0.12

100 28.33+0.05 33.79+0.04 30.20+0.13 32.33+0.06 30.63+0.12 32.63+0.11

10 30.28+0.07 36.28+0.16 32.10+0.13 35.31+0.16 33.40+0.06 37.69+0.04

1 31.33+0.11 38.54+0.09 34.20+0.04 38.33+0.10 35.26+0.13 40.32+0.10

Ct value data are given as Mean + SD

Table 4. Summary of mean C; values obtained with DNA extracted from organs of RH strain infected mice
using Bl and ITS-1 primers and probes

Brain Heart Kidney Liver Spleen

Bl ITS-1 Bl ITS-1 Bl ITS-1 Bl ITS-1 Bl ITS-1

Mice 1 29.39+0.09  35.58+0.18  24.48+0.18  27.32+0.11  23.51+0.12  25.62+0.05 16.73+0.14 19.22+0.08  18.26+0.12  20.07+0.06
Mice 2 29.62+0.04  36.26+0.06  24.81+0.15  27.46+0.07  23.52+0.11  26.02+0.19  16.46+0.09 19.27+0.04 18.60+0.09  20.34+0.05
Mice 3 30.27+0.19  35.38+0.16  24.91+0.09  27.36+0.13  23.40+0.05  26.69+0.04 16.31+0.08 19.35+0.13 18.38+0.19  20.24+0.12
Mice 4 29.42+0.03  35.61+0.15  24.51+0.15  27.34+0.07  23.66+0.12  25.74+0.16  16.16+0.09 19.12+0.06  18.29+0.08  20.08+0.04
Mice 5 29.15+0.10  35.59+0.04  24.51+0.10  27.19+0.12  23.68+0.04 24.51+0.10 16.41+0.17 19.33+0.13  18.42+0.11  20.11+0.10

Positive

control NA NA NA NA NA NA NA NA NA NA
(RH)

Internal 17.69 18.29 17.64 18.45 17.65 17.90 17.21 18.15 17.18 19.02
control

*NA: No amplification
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Table 5. Summary of mean C; values obtained with DNA extracted from organs of ME49 strain infected mice
using B1 and ITS-1 primers and probes

Brain Heart Kidney Liver Spleen

Bl ITS-1 Bl ITS-1 Bl ITS-1 Bl ITS-1 B1 ITS-1

Mice 1 28.34+0.09  33.07+0.11  28.96+0.10  32.32+0.14  30.89+0.02  34.17+0.05  26.30+0.05 32.05+0.09 28.62+0.10 38.81+0.05
Mice 2 28.26+0.08  32.47+0.11  28.84+0.05 32.40+0.09  31.88+0.08 35.17+0.05 26.58+0.08 32.41+0.17 28.18+0.09  38.84+0.09
Mice 3 28.80+0.08  32.74+0.18  29.29+0.03  32.56+0.08  31.52+0.07 34.76+0.19  26.71+0.12 32.03+0.17  28.29+0.06  39.30+0.06
Mice 4  28.46+0.08  32.65+0.16  29.09+0.12  32.50+0.17  31.14+0.09  35.13+0.07  26.46+0.08 31.97+0.05 28.82+0.04 39.17+0.06
Mice 5  28.30+0.14  32.45+0.06  29.30+0.05  32.45+0.10  31.25+0.09  34.27+0.14  26.30+0.18 32.11+0.06  28.60+0.07  39.20+0.16

Positive

control NA NA NA NA NA NA NA NA NA NA
(ME49)
Internal  17.98 18.29 17.63 18.16 17.35 18.16 17.53 18.75 17.82 18.83

control

*NA: No amplification

DNA extracted from tissues of mice infected ~ (AJ628254.1), SH (AY628253.1), ZS
with T gondii showed amplifications, while ~ (AJ628252.1), QH (AJ628251.1), P
DNA of tissues from control mice showed  (X75453.1), RH (X75429.1) and Sailie
no amplification. The average Ct values  (X75430.1). For all sequences, the results
obtained for each organ from five mice for = showed score bits of 124, 0% gaps and E-
RH strain were as follows: brain: 29.57 (Bl  values of 4e-26. Thus the target regions in
gene), 35.08 (ITS-1 gene), heart: 24.66 (B1 =~ DNA of T. gondii were accurately amplified
gene), 27.33 (ITS-1 gene), kidney: 23.55 (B1 by the newly designed real-time PCR primers
gene), 25.72 (ITS-1 gene), liver: 16.41 (B1  andprobes (datanot shown).
gene), 19.26 (ITS-1 gene) and spleen: 18.39
(B1gene), 20.17 (ITS-1 gene). Meanwhile the
average Ct values obtained for ME49 strain DISCUSSION
were as follows; brain: 28.43 (B1 gene), 32.68
(ITS-1 gene), heart: 29.10 (Bl gene), 32.45  After the first report on 7. gondii DNA
(ITS-1 gene), kidney: 31.34 (B1 gene), 34.70  detection by PCR was published, several
(ITS-1 gene), liver: 26.47 (B1 gene), 32.11  real-time PCR assays for quantifying 7.
(ITS-1 gene) and spleen: 28.50 (B1 gene),  gondii DNA were reported (Burg et al., 1989;
39.06 (ITS-1 gene). Liver of mice infected with ~ Lin et al., 2000; Buchbinder et al., 2003;
RH strain showed the highest parasite load, Peyron et al., 2004; Contini et al., 2005).
followed by spleen, kidney, heart and brain. However, only a few of these studies involved
Similarly, the liver of mice infected with  development of new primers, and most of
MEA49 strain also showed the highest parasite =~ them focused on the comparison of target
load, followed by brain, spleen, heart and  DNA rather than assay development for
kidney. clinical use.

The molecular diagnosis of toxo-
Sequence analysis of the PCR amplicons  plasmosis has been mainly performed using
The BLAST analysis of the sequences of  highly conserved regions such as the B1 gene
each PCR amplicons shows that amplified (35 copies), 529 bp repetitive element (200-
products for Bl gene were 100% identical 300 copies), and ITS-1 region which is part of
to the sequences of RH (AF179871.1, 18S rDNA gene (110 copies). In the present
AY259044.1), ME49 (AY259045), MAS  study primers and probes were designed
(AY143140.1), CTG (AY143139.1), COUG  targeting the B1 gene region and ITS-1 region.
(AY143138.1) and CAST (AY143137.1). For = Based on our previous study on triplex
ITS-1 region, there were 100% identical to  conventional PCR (Anizah et al., 2012), we
the sequences of B7 (AY143136.1), CN  observed no difference between the Bl
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gene and 529 bp repetitive element in terms
of diagnostic specificity and sensitivity.
However, there was greater band intensity
on agarose gel with B1 gene as compared to
529 bp repetitive element. Meanwhile ITS-1
region was included in the study due to its
genus specificity, therefore the assay would
be able to detect most strains of T. gondii.
In recent times, the 529 bp highly
repetitive region has been increasingly
used instead of Bl gene to detect T gondi?
DNA (Homan et al., 2000; Edvinsson et al.,
2005). Delhaes et al. (2013) evaluated three
real-time PCR assays using 73 samples from
congenital toxoplasmosis cases, using Bl
gene and 529 bp repeat element as targets;
and they reported that 529 bp repeat element
was more sensitive than B1 gene. In another
study, Reischl et al. (2003) designed two
assays to quantitatively detect B1 gene and
529 repeat regions, and evaluated them
using 51 T. gondii DNA-positive amniotic
fluid samples. They reported that the
detection limits for B1 gene and 529 repeat
regions were 200 fg and 20 fg respectively.
However based on the reports of several
studies, we selected B1 gene over 529 repeat
region as one of the target genes for detection
of T. gondii DNA. One such study was a
comparison done between 529 repeat regions
and B1 gene using real-time PCR on 63 blood
samples from 7. gondii DNA-positive HIV
patients, The results showed that the assay
based on 529 repeat regions did not detect
T. gondit DNA in three of the patients
samples, whereas the assay targeting the
B1 gene was able to detect the parasite DNA
in all samples (Wahab et al., 2010). Similarly
in another study, performance of three
different target genes, 18S rDNA, 529 repeat
region and B1 gene was evaluated using
amniotic samples from 7. gondii IgM and
IgG-positive pregnant women (Okay et al.,
2009). The results showed that the detection
using B1 gene was far more sensitive than
the 529 repeat region and 18S rDNA was
the least effective. More importantly, the
amplification of B1 gene has consistently
shown to be 100% specific as compared to
529 repeat element which sometimes showed
reduced specificity. In one study, a total of
135 amniotic fluid samples were analyzed
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by PCR, targeting both 529 bp repeat element
and Bl gene (Kasper et al., 2009). The
sensitivity and specificity were 88% and
100% for B1 gene and 100% and 98.2% for 529
bp. In another study, 529 repeat region and
B1 gene were compared using TagMan based
real-time PCR with blood and CSF samples
from AIDS patients in Brazil (Mesquita et al.,
2010). The results showed that the 529 repeat
region was more sensitive but less specific
than B1 gene. Sensitivity and specificity are
equally important for assay development;
however, the latter is critical for diagnosis of
congenital infection to avoid unnecessary
treatment of pregnant women. Thus, although
the high copy number of the 529 DNA target
was desirable for higher sensitivity and that
some reports showed Bl gene had lower
sensitivity compared to 529 repeat element,
the consistent high specificity of the former
was pivotal in our choice of target DNA in the
present study.

The relationship between the virulence
of the parasite as measured by parasite load
in amniotic fluid using real-time SYBR green
PCR was reported by Peyron et al. (2004).
In their study, the standard curve was
constructed using plasmid containing the
target sequence which was serially diluted
in amniotic fluid from a seronegative woman.
However, in the present study, the curve was
constructed using whole parasites suspended
in pooled amniotic fluid from seronegative
women. Meanwhile Contini et al. (2006)
developed a real-time fluorescence PCR,
targeting multiple tachyzoite and bradyzoite
stage-specific genes, and evaluated the assay
with acute and follow-up blood specimens
from immunocompetent patients with
lymphadenitis. In the study, a standard curve
using SAG-1 (P30) gene was constructed by
real-time SYBR green using 10 fold dilutions
from 1 to 107 parasites per ml. However P30
gene is not commonly used in standard curve
construction because it is a single copy
sequence and thus less sensitive to DNA
amplification as compared to repetitive
sequences like B1 and ribosomal DNA genes
(Yai et al., 2003; Jones et al., 2000).

Although many real-time PCR studies
have been reported, the sensitivity of the
assays can still be improved. The present



assay could quantify as little as one parasite
with reproducible results. Moreover, unlike
most other reports, we determined the linear
range of the assay in the presence of human
DNA, which is more representative of a real
biological sample. Besides, our multiplex
TaqMan real-time PCR was tested with more
than one strain of T. gondii.

A report by Kompalic-Cristo et al. (2007)
also described an assay which used TagMan
probe to target B1 gene for the detection and
quantification of T. gondii DNA in human
peripheral blood. The real-time PCR was able
to quantify the parasite load from 9.92 x 103
to 8.73 x 10! tachyzoites per ml of blood.
Similar to this study, the assay was reported
to detect as little as one parasite. However,
in the present study, two target regions
namely Bl gene and ITS-1 region were
simultaneously amplified in a multiplex
assay. Our assay was also tested using two
other body fluids (amniotic fluid and CSF)
besides blood sample. Most published reports
targeted one region, i.e. either B1 gene or 529
repeat regions, for detection of several
common 7. gondii strains such as RH, ME49
and VEG. However, in the present study,
ITS-1 region primers were included in order
to target other common strains of 7. gondis.

It was observed that the detection of RH
strain was slightly earlier as compared to that
of ME49 strain in all spiked samples even
though the same primers and probes were
used. This may imply that the primers used
were more efficient at amplifying the RH
strain, and may be related to the reported 1%
difference in DNA sequences between the two
strains (Dubey & Jones, 2008).

Itis also important to emphasize that the
use of heterologous internal control (HemM
gene) in this study contributed to equal
amplification of the targets. According to
Pina-Vazquez et al. (2008), most of the
previous studies on T. gondit quantification
used homologous internal control generated
by deletion of a fragment from the target
sequence. The drawback of this method is
the formation of heteroduplex molecules
which accumulated in the plateau phase of
the reaction and may interfere with the
analysis and quantification of the products.
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Heterologous internal control avoids this
problem; moreover since it was designed
to have the same length and G/C content as
the target, thus efficiencies of amplifications
of both target and controls were similar.
V. cholera HemM gene has also been
successfully used in previous conventional
PCR assays (Lalitha et al., 2008; Anizah et
al., 2012).

The real-time PCR in this study showed
the presence of tachyzoites in mice tissues
infected with both strains of T. gondis.
However there was uneven distribution of
the parasite in different types of organs, as
depicted by the variations in Ct values.
Among the organs tested, liver of both strains
of infected mice demonstrated the lowest Ct
value, thus the highest infection intensity. T
gondii RH-infected mice generally showed
higher parasite loads in all the organs as
compared to ME49 strain-infected mice; the
exception was with brain sample whereby
T. gondit ME49-infected mice showed
slightly higher infection intensity. This is
consistent with the fact that . gondii has
a predilection for brain and the mouse-
avirulent strain (ME 49) had ample time to
develop many more brain cysts than mice
infected with the mouse-virulent RH strain
which died in a short period of time.

In conclusion, the newly developed real-
time multiplex assay in this study showed
high sensitivity and specificity for detection
of T. gondii DNA in human and animal
samples. The standard curves constructed
can be used to compare results obtained at
different times or by different laboratories.

Acknowledgements. This study was funded
by USM Research University Grant (No: 1001/
CIPPM/8130132). The first author was a
recipient of USM fellowship. The authors
would like to thank Dr. Nik Hazlina Hussain
and Dr. Zeehaida Mohamed from the School
of Medical Sciences, USM for their help in
obtaining the amniotic fluid and CSF
samples, respectively and Dr. Lalitha
Pattabhiraman from School of Health
Sciences for providing the plasmid containing
V. cholera HemM gene.



REFERENCES

Anizah, R., Khoo, B.Y. & Rahmah, N. (2012).
Triplex PCR using new primers for the
detection of Toxoplasma gondii. Experi-
mental Parasitology 131: 231-238.

Buchbinder, S., Blatz, R. & Rodloff, A.C.
(2003). Comparison of real-time PCR
detection methods for B1 and P30 genes
of Toxoplasma gondii. Diagnostic
Microbiology Infectious Disease 45:
269-271.

Burg, J.L., Grover, C.M., Pouletty, P. &
Boothroyd, J.C. (1989). Direct and
sensitive detection of a pathogenic
protozoan, Toxoplasma gondii, by
polymerase chain reaction. Journal of
Clinical Microbiology 27: 1787-1792.

Contini, C., Seraceni, S., Cultrera, R.,
Incorvaia, C., Sebastiani, A. & Picot, S.
(2005). Evaluation of a real-time PCR-
based assay using the light cycler system
for detection of Toxoplasma gondii
bradyzoite genes in blood specimens
from patients with toxoplasmic retino-
choroiditis. International Journal of
Parasitology 35: 275-283.

Contini, C., Giuliodori, M., Cultrera, R. &
Seraceni, S. (2006). Detection of clinical-
stage specific molecular Toxoplasma
gondii gene patterns in patients with
toxoplasmic lymphadenitis. Journal of
Medical Microbiology 55: 771-774.

Delhaes, L., Hélene, Y., Ache, S., Tsatsaris,
V. & Houfflin-Debarge, V. (2013).
Contribution of molecular diagnosis to
congenital toxoplasmosis. Diagnostic
Microbioogyl Infectious Disease 76:
244-247.

Dubey, J.P. (2004). Toxoplasmosis —
waterborne zoonosis. Veterinary
Parasitology 126: 57-72.

Dubey, J.P. & Jones, J.L. (2008). Toxoplasma
gondii infection in humans and animals
in the United States. International
Journal of Parasitology 38: 1257-1278.

Edvinsson, B., Lappalainen, M. & Evengard,
B. (2006). Real-time PCR targeting a 529-
bp repeat element for diagnosis of
toxoplasmosis. Clinical Microbiology
and Infection 12: 131-136.

Gross, U., Luder, C.G., Hendgen, V., Heeg, C.,
Sauer, I., Weidner, A., Krczal, D. & Enders,
G. (2000). Comparative immunoglobulin
G antibody profiles between mother and
child (CGMC test) for early diagnosis of
congenital toxoplasmosis. Journal of
Clinical Microbiology 38: 3619-3622.

Homan, W.L., Vercammen, M., De Braekeleer,
J. & Verschueren, H. (2000). Identification
of a 200- to 300-fold repetitive 529 bp
DNA fragment in Toxoplasma gondi,
and its use for diagnostic and quantitative
PCR. International Journal of Para-
sitology 30: 69-75.

Jones, C.D., Okhravi, N., Adamson, P,, Tasker,
S. & Lightman, S. (2000). Comparison of
PCR detection methods for B1, P30, and
18S rDNA genes of 7. gondii in aqueous
humor. Investigative Ophthalmology and
Visual Science 41: 634-644.

Kasper, D.C., Sadeghi, K., Prusa, A.R.,
Reischer, G.H., Kratochwill, K., Forster-
Waldl, E., Gerstl, N., Hayde, M., Pollak, A.
& Herkner, K.R. (2009). Quantitative real-
time polymerase chain reaction for the
accurate detection of Toxoplasma
gondit in amniotic fluid. Diagnostic
Microbiology Infectious Disease 63: 10-
15.

Kijlstra, A. & Jongert, E. (2008). Control
of the risk of human toxoplasmosis
transmitted by meat. International
Journal of Parasitology 38: 1359-1370.

Kompalic-Cristo, A., Frotta, C., Suarez-Mutis,
M., Fernandes, O. & Britto, C. (2007).
Evaluation of a real-time PCR assay
based on the repetitive B1 gene for the
detection of Toxoplasma gondii in
human peripheral blood. Parasitology
Research 101: 619-625.

Lalitha, P., Siti Suraiya, M.N., Lim, K.L.,
Lee, S.Y., Nur Haslindawaty, A.R.,
Chan, Y.Y., Ismail, A., Zainuddin, Z.F.
& Ravichandran, M. (2008). Analysis of
lolB gene sequence and its use in the
development of a PCR assay for the
detection of Vibrio cholerae. Journal of
Microbiological Methods 75: 142-144.

384



Lin, M.H., Chen, T.C., Kuo, T.T,, Tseng, C.C. &
Tseng, C.P. (2000). Real-time PCR for
quantitative detection of Toxoplasma
gondii. Journal of Clinical Micro-
biology 38: 4121-4125.

Mesquita, R.T., Vidal, J.E. & Pereira-
Chioccola, V.L. (2010). Molecular
diagnosis of cerebral toxoplasmosis:
comparing markers that determine
Toxoplasma gondii by PCR in peripheral
blood from HIV-infected patients.
Brazilian Journal of Infectious
Diseases 14: 346-350.

Okay, T.S., Yamamoto, L., Oliveira, L.C.,
Manuli, E.R., Heitor Franco de Andrade
Junior & Negro, G.M.B.D. (2009).
Significant performance variation among
PCR systems in diagnosing congenital
toxoplasmosis in Sao Paulo, Brazil:
Analysis of 467 amniotic fluid samples.
Clinics 64: 171-176.

Peyron, F., Eudes, N., de Monbrison, F.,
Wallon, M. & Picot, S. (2004). Fitness of
Toxoplasma gondii is not related to
DHFR single-nucleotide polymorphism
during congenital toxoplasmosis.
International Journal of Parasitology
34: 1169-1175.

Pina-Vazquez, C., Saavedra, R. & Herion, P.
(2008). A quantitative competitive PCR
method to determine the parasite load in
the brain of Toxoplasma gondii-infected
mice. Parasitology International 57:
347-353.

Reischl, U., Bretagne, S., Kruger, D., Ernault,
P. & Costa, J.M. (2003). Comparison of
two DNA targets for the diagnosis of
toxoplasmosis by real-time PCR using
fluorescence resonance energy transfer
hybridization probes. BMC Infectious
Disease May 2, 3: 7.

Wahab, T., Edvinsson, B., Palm, D. & Lindh, J.
(2010). Comparison of the AF146527 and
B1 repeated elements, two real-time
PCR targets used for detection of
Toxoplasma gondii. Journal of Clinical
Microbiology 48: 591-592.

Yai, L.E.O., Vianna, M.C.B., Soares, R.M.,
Cortez, A., Freire, R.L., Richtzenhain, L.J.
& Gennari, S.M. (2003). Evaluation of
experimental Toxoplasma gondii
(Nicolle and Manceaux, 1909) infection
in pigs by bioassay in mice and
polymerase chain reaction. Brazilian
Journal of Veterinary Research and
Animal Science 40: 227-234.

385




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Albertus-ExtraBold
    /Albertus-Medium
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Cambria
    /CambriaMath
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond-Antiqua
    /Garamond-Halbfett
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /HGGothicE
    /HGPGothicE
    /HGPSoeiKakugothicUB
    /HGSGothicE
    /HGSoeiKakugothicUB
    /HGSSoeiKakugothicUB
    /MicrosoftSansSerif
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [1728.000 5184.000]
>> setpagedevice


