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Abstract

Toxoplasma gondii is an intracellular parasite that causes a variety of clinical manifestations. Acute and chronic
phases of toxoplasmosis are considered as the presence of actively proliferating tachyzoites in the nucleated cells of
mammalian hosts such as humans, and spread through blood to other parts of the body, which subsequently forms
tissue cysts. The present study was aimed to evaluate the diagnostic value of nested real-time polymerase chain
reaction (PCR) for the acute and chronic phases of toxoplasmosis in the laboratory mice using compared to
conventional real-time PCR. To induce acute toxoplasmosis, 103 tachyzoites of Toxoplasma gondii RH strain were
intraperitoneally inoculated to 25 BALB/c mice. In order to induce chronic toxoplasmosis, the mice were
subcutaneously infected by the parasite and then treated with sulfadiazine from day one to day 14 post-injection.
Genomic DNA was extracted from blood and brain tissues. Real-time and nested real-time PCR targeting 529 bp
repeated element (RE) was performed. All mice with acute infection were positive for Toxoplasma gondii using
nested real-time PCR and 21 were positive by real-time PCR. In the chronic phase, all blood samples were negative
with real-time PCR and three were positive using nested real-time PCR. However, of the 25 brain samples, 28%,
52% and 72% were positive with the microscopic, real-time PCR and nested real-time PCR methods, respectively.
The results of the present study showed that the molecular methods have high sensitivity for the diagnosis of acute
toxoplasmosis. In the chronic phase, a blood sample is not suitable for the detection of the infection, and other
tissue samples may be used instead. Also, nested real-time PCR has even higher sensitivity compared to the
conventional real-time PCR.

Keywords: Acute toxoplasmosis; Chronic toxoplasmosis; Nested
real-time PCR; Diagnosis; BALB/c mice

Introduction
Toxoplasma gondii is an intracellular coccidian parasite that

recognized as a cause of most prevalent food-borne parasitic diseases
[1]. Toxoplasmosis is generally transmitted orally when T.
gondii oocysts or tissue cysts are eaten. Oocysts become matured in a
humid environment and, as a result, it is much prevalent in humid
areas [2]. The prevalence of human toxoplasmosis is variable in
different countries and is estimated from 0.3% to 68% [3]. Toxoplasma
gondii causes a variety of clinical manifestations in humans as the
intermediate host [2], and is categorized into five clusters including;
immune-competent patients during pregnancy, congenitally acquired,
reactivated in immuno-deficient patients and ocular toxoplasmosis
[4,5]. Clinical manifestations are not specific in any group and
differential laboratory techniques are required for the diagnosis of the
infection [6]. Acute and chronic phases of toxoplasmosis are
considered as the presence of tachyzoites in human body fluids (mostly
nucleated blood cells) and cysts formation in different tissues,
respectively [4].

Lymphadenopathy and reticular cell hyperplasia are the main
clinical manifestations of acute toxoplasmosis [7] and it is diagnosed
commonly based on the clinical signs and some laboratory tests [8].
Chronic phase of the infection is usually asymptomatic [9], yet the cyst
may tear to pieces and cause an active infection like the acute phase of
disease [10]. Moreover, recent studies revealed that not only chronic
toxoplasmosis is unsafe, but also could cause different mental disorders
such as schizophrenia, depressive [11,12] epilepsy, Alzheimer's disease,
Parkinson's disease, mental retardation [13], suicide attempts [14,15]
and risk of traffic accidents [16]. Because of these problems, diagnosis
of chronic toxoplasmosis is vitally crucial.

Serological techniques such as antibody detection and IgG avidity
test have been established to diagnose the acute and chronic
toxoplasmosis, but these methods are not specific enough in
immunodeficient patients [17-19]. Molecular techniques, mostly PCR
has been broadly used as a fast, sensitive and specific diagnostic
technique in comparison with conventional parasitological and
serological methods [20] and different molecular methods have been
developed to increase the diagnostic accuracy of the several forms of
toxoplasmosis [21,22]. Nested PCR is a modification of PCR intended
to reduce non-specific binding in products due to the amplification of
unexpected primer binding sites and heighten the specificity of the test.
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Although, nested PCR has increased the sensitivity and specificity of
conventional PCR technique, the method is laborious and have a risk
of laboratory contamination via short amplified DNA fragments [23].
Nested real-time PCR with a high sensitivity as a combination of
conventional PCR and sensitive real-time PCR has recently used for
diagnosis of tuberculosis [24] malaria [25] and various other
infections.

It was shown that nested q-PCR improved the sensitivity of the
detection of Plasmodium falciparum in its’ blood stage from clinical
Dried Blood Spot (DBS) samples to use as an effective surveillance of
the disease in areas of submicroscopic asymptomatic infections.
During the chronic phase of Toxoplasma infection, the parasite shifts
into the tissues to form the tissue cysts and having fewer activities in
blood, therefore a more sensitive diagnostic tool is necessary to
diagnose the infection.

The aim of the present study was to evaluate the nested real-time
PCR as a novel technique that is the combination of nested real-time
PCR and real-time PCR, to detect the presence of Toxoplasma DNA in
blood and brain tissues in experimentally infected mice. Therefore,
diagnosis of infection in the primary step, especially in chronic phase
is important for successful treatment and reducing the damaging
effects.

Materials and Methods

Experimental infections
Tachyzoites of Toxoplasma gondii RH strain were obtained from

Toxoplasmosis Research Center, Tehran University of Medical
Sciences, Tehran, Iran. Parasites were inoculated into peritoneum
cavity of female BALB/c mice, collected from days three to five post-
infection and counted by light microscope [26] to use in subsequent
experiments.

For induction of acute toxoplasmosis, 25 female BALB/c mice were
inoculated with 103 tachyzoites via intraperitoneal injection. After five
days, the mice were anesthetized and 2 ml of their heart blood was
collected and used for DNA extraction. For the chronic phase of the
infection, 25 female BALB/c mice were subcutaneously infected with
103 tachyzoites of Toxoplasma gondii.

One Sulfadiazine tablet (SDZ) (300 mg/l) and NaHCO3 (3 g) were
dissolved in 2 litters of mice drinking water from day one to day 14
after infection [27]. Sulfadiazine as an anti-toxoplasma drug was used
to prevent causing acute phase of toxoplasmosis. After 40 days, all
infected mice were anesthetized, and Blood samples were collected
from the heart.

Brain tissues were removed, and samples were homogenized with
Phosphate-buffered saline (PBS) for microscopic examination in order
to determine the presence of tissue cysts and finally DNA was
extracted from tissues and whole blood for molecular study in order to
evaluate the presence of parasite DNA. Also, 25 mice were subjected to
the subcutaneous inoculation with PBS and considered as negative
controls.

Amplification of repeated element by nested real-time PCR
Blood samples for acute phase (taken four days after injection) and

both blood samples and brain tissues (taken 40 days after injection)

were collected. The genomic DNA was extracted and purified using
genomic DNA purification kit (GeneAll Korea) according to the
manufacturer’s instructions.

Nested real-time PCR consists of two repeated PCR amplification
steps with two pairs of inner and outer primers that the second step is
replaced by real-time PCR assay. For the first step, the conventional
PCR was done by a pair of outer primers sequences. Primer sequences
are as follows: forward primer 5′- TGACTCGGGCCCAGCTGCGT3′-
and reverse primer 5′- CTCCTCCCTTCGTCCAAGCCTCC3′-and the
second run was done by a pair of inner primer sequences as follows:
forward primer 5′-AGGGACAGAAGTCGAAGGGG3′-) and reverse
pimer5′-GCAGCCAAGCCGGAAACATC5′- [28].

PCR reaction was carried out in a final volume of 20 µL containing
100 ng of genomic DNA, 2 µL of 10X buffer, 0.2 mM dNTP, 2 mM
MgCl2, 0.5 pM each outer primer and 1 unit of Taq DNA polymerase.
Amplification program was started with an initial denaturation at 95ºC
for 5 min, followed by 30 cycles with denaturation at 94ºC for 20 sec,
annealing at 55ºC for 1 min and an extension step at 72ºC for 30 sec
followed by 5 min of final extension at 72ºC.

For second PCR, 2 µL of the 1:50 diluted product of the first PCR
was added to real-time PCR mixture containing 10 µL of SYBR green
Ampliqon premix, 0.4 µL of each inner primer (10 pmol/µL) and 7.2
µL of sterile distilled water.

Reaction was started using a Step One™ Real-Time PCR System
(Applied Bio systems, Massachusetts, USA) and carried out as follows:
10 min hot start at 95°C and 40 cycles of 95°C for 10 sec, 60°C for 30
sec, followed by 95°C for 15 sec, 60°C for 1 min and 95°C for 15 sec.

The primers amplified 164 bp fragment of 529 bp region that is
repeated 200-300 times in the parasite genome. Melting curve analysis
was done to confirm that the correct products had been amplified in
positive samples and also to evaluate the primers specificity. This study
is proved by ethical committee of Isfahan University of Medical
Sciences.

Results

Assessment of parasite infection in the acute phase
After 3-5 days of Toxoplasma gondii inoculation (RH strain), acute

infection was identified in mice using real-time and nested real-time
PCR on blood specimen. Twenty-one (84%) out of 25 mice were
positive with the real-time PCR whereas 100% were positive using the
nested real-time PCR based on RE genes in the acute phase of
toxoplasmosis.

Identification was proven by amplification plot curve based on cycle
threshold value (Ct) so that all samples were positive according to
amplification plot which surpassed the threshold line by nested real-
time PCR (Figures 1-6).

Effects of SDZ in the treated mice
All of the 25 subcutaneously infected and SDZ-treated mice were

survived, and brain tissue cysts were microscopically observed in (7
cases) 28% of them (Figure 3). In the control group, which were not
infected by Toxoplasma gondii, all the mice were negative for both
microscopically and molecular tests.
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Figure 1: Real-time amplification plot for RE gene of Toxoplasma gondii in acute infection group of mice (blood samples). PC and NC stand
for positive and negative control, respectively. Based on this curve, the cycle threshold value (Ct) was detected. All tests were done for each
sample in duplicate.

Figure 2: The melting curve of Real-time PCR for RE gene of Toxoplasma gondii in the infection group of mice with acute-phase (blood
samples), the positive and negative control were done in duplicate.
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Figure 3: Tissue cyst in the brain of mice injected subcutaneously with tachyzoites of Toxoplasma gondii, RH strain and treated with SDZ
(Giemsa staining).

Figure 4: Real-time amplification plot for RE gene of Toxoplasma gondii in chronic infection group of mice (brain tissue). PC and NC stand
for positive and negative control, respectively. Based on this curve, the cycle threshold value (Ct) was detected. All tests were done for each
sample in duplicate.

Assessment of parasite infection in the chronic phase
In the chronic phase, all 25 blood samples were negative for

Toxoplasma gondii with the real-time PCR method, however; 3 cases
were positive by nested-real time PCR. Brain samples were assessed by
microscopic examination, real-time and nested real-time PCR
methods and the results showed that 7 (28%), 13 (52%) and 18 (72%)
samples were positive for Toxoplasma, respectively (Table 1).

To evaluate detection limit of the methods, six serial dilutions of
Toxoplasma gondii DNA ranging from one to 10000 tachyzoites per
reaction were used to show the capability of real-time PCR to detect
the presence the RE gene as low as one tachyzoites in a 20 µl reaction
volume (Ct=21.49).
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Figure 5: The melting curve of Real-time PCR for RE gene of Toxoplasma gondii in the infection group of mice with chronic-phase (brain
tissue), the positive and negative control were done in duplicate.

Figure 6: Real-time amplification plot to detect the presence of Toxoplasma gondii. DNA dilutions ranging from 1 to 10000 tachyzoites per
reaction, all tests were done in duplicate.
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Diagnosis of acute and chronic
phase of toxoplasmosis

Blood sample

Brain tissue

Microscopic
examination

Real Time PCR Nested- real time PCR

Real Time PCR Nested- real time
PCR

Acute phase

(n=25)
21 (84%) 25 (100%) 0 (0%) 0 (0%) 0 (0%)

Chronic phase (n=25) 0 (0%) 3 (12%) 7 (28%) 13 (52%) 18 (72%)

Negative group

(n=25)
0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Table 1: Results of microscopic real time and nested-real time PCR techniques for diagnosis of acute and chronic phase of toxoplasmosis in blood
and brain tissue samples.

Discussion
Nowadays, the sensitivity of laboratory tests is not quite 100%.

Serological findings only show the infection, but molecular tests by
finding the DNA of pathogens, confirm the existence of parasites [29].
Molecular methods such as conventional PCR and real-time PCR have
been developed for accurate detection of Toxoplasma gondii in
different forms of toxoplasmosis, especially in immunodeficient
patients and pregnant women [30,31].

Acute and chronic toxoplasmosis was assessed by using real-time
and nested real-time PCR. Enzyme-linked immuno-sorbent assay
(ELISA) test on blood donors indicated that analysis of anti-
Toxoplasma antibodies could not be trustworthy because numerous
cases were reported to be negative for anti-Toxoplasma gondii IgM
antibodies, those negative cases were positive for Toxoplasma mRNA
by real-time PCR [3]. In a similar study by Villard et al., PCR and
ELISA were used for diagnosis of toxoplasmic chorioretinitis on
aqueous humor samples and the result revealed that PCR technique
diagnosed 28% of patients with active lesions [32].

Zainodini et al. used real-time PCR and ELISA tests for the
detection of acute and latent toxoplasmosis in blood donors and
indicated that molecular diagnostic tests are more sensitive to detect
acute infections. Their results suggesting that anti-Toxoplasma IgM
ELISA results are not capable of diagnosing all acute infections, and
there is a high potential risk of Toxoplasma transmission through
blood transfusion among the human population, especially in
immunosuppressed individuals [33].

In the present study, active toxoplasmosis was diagnosed by a nested
real-time PCR method on the blood samples after five days of
experimental inoculation. This study indicated a high rate of
parasitemia in the acute stage of the infection, whereas only 3 cases in
chronically infected mice show positive results with this method.

The latter happens when the parasite shifts from blood to the tissues
in the chronic phase of the infection. It results in a low parasite load in
peripheral blood and that is why blood samples are not suitable for
detection of Toxoplasma gondii in the chronic phase of toxoplasmosis.
In a similar research carried out by Kompalic-Cristo et al., they
detected Toxoplasma DNA in four out of 110 patients with chronic
infection. Thus, it suggests that patients with chronic toxoplasmosis
have low parasite burden in their blood [34].

In this study, brain samples were collected from the chronic group
and assessed using microscopic and molecular methods. Results
indicated that out of 25 mice, 7 (28%), 13 (52%) and 18 (72%) samples
were positive for microscopic, real-time and nested real-time PCR,
respectively. In a study performed by Hade, they detected acute
toxoplasmosis in 76.5% of sheep serum samples with the nested PCR
method. Additionally, Jassem reported the diagnostic rate of 90.3% in
rats eight weeks post-infection using real-time PCR [35]. In a similar
study conducted by Aigner et al., real-time PCR technique was used for
detection of Toxoplasma gondii DNA in brain and heart samples of
serologically positive outdoor chickens. Parasite DNA was detected in
92.3% of samples with real-time PCR and also no significant
differences between tissues were indicated [36].

Finally, the results of current and similar works indicated that
serological and molecular tests are not sensitive for detection of
chronic toxoplasmosis on a blood sample and also it is suggested tissue
samples are the better choice for detection of the infection in the
chronic phase. Another important factor to accurately detection is to
use suitable techniques such as nested PCR and real-time PCR, that in
the current work, it’s appeared that nested real-time PCR was sensitive
than the conventional real-time PCR. Appropriate selection of target
genes is an important parameter to enhance the sensitivity of
molecular diagnosis. Since the B1 gene has 35 and RE gene has 200 to
300 copies in parasite genome, it can be expressed that the use of RE
fragment as a PCR target would increase the analytical sensitivity.

Conclusion
According to the results of the present study, nested real-time PCR

is a highly sensitive method for detection of acute toxoplasmosis. The
suitable molecular methods for diagnosis of chronic toxoplasmosis are
yet to be introduced. Further population-based studies among
seropositive and seronegative humans with the molecular methods can
also be suggested to determine its capability for clinical use.
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