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Introduction
Toxoplasma gondii is a widely distributed apicomplexan parasite 

of great medical importance infecting all mammalian cells. During 
acute infection, T. gondii differentiates into tissue cysts, residing 
principally in the muscles and brain. Symptomatic forms can occur 
when primary infection appears during pregnancy, which can result in 
severe neonatal malformations and ocular complications in the fetus. 
In patients infected with human immunodeficiency virus (HIV), low 
levels of CD4+ T cells allow reactivation of the latent infection. Parasite 
proliferation result in symptomatic disease (Toxoplasmic Encephalitis 
(TE)), a life-threatening condition without timely diagnosis and 
treatment [1,2]. 

TE remains a prevalent disorder of the Central Nervous System, 
particularly among severely immunosuppressed HIV-infected patients 
in the absence of antibiotic prophylaxis [3]. Its incidence among HIV-
infected individuals correlates directly with the prevalence of anti-T. gondii 
antibodies in general population. It represents the most common 
cerebral mass lesion in AIDS patients, despite free access to Highly 
Active Antiretroviral Treatment (HAART) [4]. 

The use of molecular diagnosis is particularly appropriate for such 
patients, since it does not depend on the immunological status of the 
host. Molecular diagnosis based on conventional PCR has become an 
indispensable tool for TE [5-9]. However, as consequence of several 
factors, twenty five year after the introduction of PCR in the diagnostic 
of toxoplasmosis, there is not a consensus respect the best molecular 
method, marker o set of primers to diagnose the disease. 

In this scenario, two targets have been preferentially used (B1 
gene and the 200 to 300-fold repeated 529 bp fragment) [10,11] and 
its efficacy have been compared in some studies [12-21]. In addition, 
both targets are used as routine in independent assays to confirm the 
diagnosis of the disease, but this procedure is more expensive and 
time consuming [21]. The objective of this study was to investigate 
how effective is to amplify both targets in the same PCR reaction, and 
evaluate this methodology to diagnose T. gondii infection in AIDS 
patients.

Material and Methods
Parasite preparation

T. gondii RH tachyzoites (2 × 105/ml) were inoculated
intraperitoneally in five OF1 Swiss mouse. Tachyzoites were harvested 
three days later from peritoneal lavage collected in 5 ml of phosphate-
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buffered saline (PBS), and centrifuged at 1000X g for 10 min. The 
pelleted parasites were suspended and washed twice in PBS. Cells were 
counted in a Neubauer chamber and diluted in PBS to a concentration 
of 11.2 × 106 cells/ml. 

For Me49, C56, Tg51 and Prug strains, brain tissue, at least 8 weeks 
post inoculation, were homogenized independently in 1ml of PBS and 
frozen at -20°C  until DNA extraction. 

For OH3 strain, fresh parasites were maintained in culture on 
human fibroblast (Dulbecco’s medium and 10% de fetal bovine serum, 
1 mM glutamine and 10 µg/mL gentamicin) (Sigma, ST Louis, MO, 
EEUU). Parasites were incubated at 37°C in 5% de CO2. After five days, 
parasites were collected from the culture and store at -20°C until DNA 
extraction. 

Patients

The study included 70 AIDS patients admitted to the clinical wards 
at the Institute of Tropical Medicine ¨Pedro Kourí¨, Havana, Cuba. 
Neurological symptoms were present in all of them. 

Patients were divided into two groups according to the CDC 
criteria for AIDS related TE [22]. Group I consisted of 30 AIDS patients 
with TE and Group II consisted of 40 patients with other AIDS-related 
disorders.

Five ml of blood in one ml of Acid Citrate Dextrose (ACD) was 
collected from each patient. After centrifugation, the pellets of cells 
were stored at -20°C until analyzed. 

DNA extraction

DNA from reference strains was isolated using Promega genomic 
DNA extraction kit, according to the manufacturer instructions for cell 
culture or tissue (Promega, USA). 

For blood samples, DNA was extracted using phenol-chloroform-
isoamyl alcohol method [23] taking in to account a comparison of DNA 
extraction methods (unpublished yet).

Optimization of the Multiplex PCR conditions

Multiplex PCR included two targets previously reported (B1 gene 
[10] and the 529 bp repetitive element [11]. B22 and B23 primers, 
previously reported by Bretagne et al, 1993 [5] were used to amplify 
a 115 bp fragment from the B1 gene, while 529 F and 529 R primers 
were designed in our lab (not published yet) to amplify a PCR product 
of 393bp from the nucleotide sequence of genomic 529 bp fragment 
from T. gondii.

The amplification was performed in 25 µl of reaction mixture 
containing, 1x PCR buffer (Promega, USA) and 200 µM dNTPs 
(Promega, USA). The rest of conditions, primers (0,2 µM- 0,5 µM); 
Magnesium chloride (1mM - 4mM) (Promega, USA); and taq 
polymerase (Promega, USA) (0,5 U- 2U), were carefully optimized as 
well as annealing temperature (57°C, 58.6°C, 60.1°C, 61.9°C, 63.4°C)  
before start the study (Table 1). RH strain was used as positive control. 
The primers sequence, size of each fragment and references are 
summarized in Table 2.

PCR analytical sensitivity and specificity

Two-fold serial dilutions ranging from 11.2 × 106 to 1 cell of 
the parasite (RH strain) were prepared and contaminated with 200 
µl of blood (collected from a seronegative person for T. gondii). 

DNA was extracted using the phenol-chloroform-isoamyl alcohol 
method [23]. PCR amplification of DNA extracted from yeasts 
(Cryptoccocus neoformans, Candida parapsilopsis), gram positive 
cocci (Staphylococcus aureus, Streptoccocus pneumoniae), gram 
negative rods (Pseudomona aeruginos, Escherichia coli, Haemophilus 
influenzae), gram negative coccus (Neisseria meningitides) and 
herpes virus (Herpes simplex, Epstein Barr, Varicela Zoster, 
Cytomegalovirus) was performed to demonstrate the analytical 
specificity. 

Multiplex PCR for reference strains and clinical samples

T. gondii DNA was amplified in reference strains and blood samples 
using the multiplex PCR assay, detecting two specific fragments from 
T. gondii genome. For reference strains, two microliters of DNA 
from Me49, C56, Tg51, CT1, Prug and OH3 strains were amplified 
independently under optimized conditions. For blood samples, five 
microliters of extracted DNA was added as template. 

Each amplification run included two negative controls (ultra-pure 
water used in the mix PCR and a negative control of DNA extraction). 
For clinical samples, one positive control (DNA extracted from RH 
strain) was included. 

Physical separation for mixture preparation, DNA extraction and 
visualization of PCR products were carried out and decontamination 
procedures were used in all areas to avoid contaminations. PCR 
products were analyzed by 2% agarose electrophoresis in 0.5x tris-
borate-EDTA (TBE) buffer, stained with ethidium bromide (0.5 mg/
ml) and visualized under UV illumination. 

All clinical samples were evaluated in triplicated as independent 
samples. An inhibition test was done in all negative samples in order to 
discard PCR inhibitors. (i.e., DNA equivalent to 5 cells of T. gondii RH 
was added to the negative samples).

Statistical analysis 
Predictive values, diagnostic sensitivity and specificity were 

calculated using the CDC criteria for TE as “gold standard” [24,25]. 
EPIDAT 3.1 version program was used to calculate all the values.

Ethic aspects
Ethical approval for the study was obtained from the Institute of 

Tropical Medicine “Pedro Kourí” Ethic Committee, which followed 
international ethic criteria. Patients were informed about the study and 
a written informed consent from all of them or their relative closest was 
obtained. 

Condition Values evaluated
Polymerase enzyme  0.5 U; 1.0 U; 1.5 U; 2.0 U
Primers  0.2 µm; 0.3 µm; 0.4 µm; 0.5 µm
Magnesium chloride
Annealing temperature

 1.0 mM; 2.0 mM; 3.0 mM; 4.0 mM
 57°C; 58.6°C; 60.1°C; 61.9°C; 63.4°C

Table 1: PCR conditions evaluated to optimize the multiplex PCR assay.

Primer Sequence   (5’-3’) size (bp) Reference
B22 TGT TCT GTC CTA TCG CAA CG

115 Bretagne et 
al, 1993B23 TGG GTC TAC GTC GAT GGC ATG ACA AC

529F GAGACCGCGGAGCCGAAGTGC 
393 Present 

study529R  CCTCCTCCTCCCTTCGTCCAAG

Table 2: Primers sequence, size of each fragment and references for each 
fragment.
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Results
Optimization of multiplex PCR assay

A multiplex PCR amplifying specific sequences for B1 gene and 529 
bp element was evaluated in order to assess PCR efficiency detecting 
T. gondii in reference strains and blood samples from AIDS patients 
with TE. 

During optimization, represented in Figure1, specific products 
were successfully amplified. Selected conditions are resumed in Table 3. 
For MgCl2, optimization resulted in similar efficiencies for 529 element. 
However, 2 mM concentration is better for B1 fragment (Figure 1A). 
In contrast, PCR products intensity of both markers increased after 
increment primers concentration. At 0.5 µm, both bands look efficiently 
amplified. Polimerase (Gotaq) optimization resulted in similar high 
efficiency from 1 U to 2.0 U. The annealing temperature gradient 
evidenced similar profile for B1 gene, while visual estimation of PCR 
product corresponding to 529 repetitive element was more intense at 
57°C and 60.1°C (Figure 1D)

Analytical sensitivity and specificity of multiplex PCR assay

The multiplex assay was sensitive enough to detect as a faint band 
for both markers a minimum of one parasite. A representative agarose 
gel of PCR products is shown in Figure 2. No differences in analytical 
sensitivities were observed between the markers, even at low parasite 

concentrations. No product was produced using DNA from other 
microorganism described in section 2.5 (data not shown).

 Evaluation of multiplex PCR for reference strains and clinical 
samples 

To confirm the amplification of both markers in different T. gondii 
strains corresponding to isolations from different host, genetically 
different (Genotypes I,II,III) and phenotypically virulent and non-
virulent, DNA amplification was performed for each one independently. 
The PCR produced a 393 bp and 115 bp products in all six T. gondii 
strains that were tested, observing similar patterns, more intense for 
393 bp PCR products. Some unspecific bands appear up to 500bp 
(Figure 3). 

For clinical samples, in 25/30 (86.6%) cases from group I both 
marker were positives. In one case, DNA amplification did not occur 
for 529F-529R primers while, B22-B23 primer evidenced a clear 
amplification. However, statistically significant differences were not 
evident in the diagnostic sensitivity of the two markers independently 
analyzed. In group II, corresponding to patients without suspected TE, 

Figure 1: Agarose gel electrophoresis analysis after optimization process: MM: 100-bp ladder (Fermentas); (A) MgCl2; (B) primer (C) Go taq enzyme; (D) annealing 
temperature. Optimal concentrations are represented with white arrows as well as optimal temperature for annealing process.

Protocol Optimal concentrations Amplification conditions

MB1-529

Primers B22-B23: 0.5 µM 95°C 3 min

Primers 529F-529R: 05 µM 35 cycles of  (95°C  30 seconds, 60.1°C  
1 min, 72°C  1 min)

MgCl2: 2.0 mM 72°C  5 min
Taq DNA polimerase:      1 U 4°C  

Table 3: Optimal concentrations of reagents and amplification conditions for 
multiplex PCR assay (MB1-529).

Figure 2:  Analytical sensitivity of multiplex PCR assay. MM: 100-bp ladder 
(Fermentas); lane 1-6: number of parasites in the PCR amplification. 
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all results were negative. Table 4 shows the results of each individual 
primer set in detail and Figure 4 show a representation of the results 
obtained for three clinical samples.

Discussion
 To reduce the cost and time for detecting the causative protozoan 

parasite in Toxoplasma encephalitis, we developed and evaluated a 
multiplex PCR using two “ideal targets” with remarkable sequence 
conservation [11,26] which in theory increase the possibility of 
amplification wherever the genotype of the sample. 

In order to amplify all specific PCR products with the similar 
efficiency, a carefully optimization of multiplex PCR mix components 
was performed. Ideally, in a multiplex PCR, the objective is enable 
similar amplification efficiencies for all targets [21]. However, 
contrarious phenomenon is known in multiplex PCRs that are designed 
to amplify more than one target simultaneously [27-29]. In our case, 
preferential amplification of 529 target sequence over B1 gene occurred 
in all the modification tested in the optimization. PCR selection process, 
defined as a mechanism which inherently favors the amplification of 
certain templates due to the properties of the target, the target's flanking 
sequences, or the entire target genome [30], could play an important 
role in our results. This phenomenon include interregional differences 

in GC content, leading to preferential denaturation; higher binding 
efficiency because of GC-rich primers; differential accessibility of 
targets within genomes due to secondary structures; and the gene copy 
number within a genome [30]. In these two sequences (B1 and 529), 
there are no significant differences in GC content flanking these target 
sequences. However, GC content for primer designed for 529 element 
is significant higher respect B1 gene and 529 element is repeated in 
tandem 200-300 times respect the 35 repetitions for the B1 gene, maybe 
leading these factors, to higher amplification efficiency for 529 element, 
and consequently more intense bands.

PCR on parasites dilutions evidenced that it is possible to amplify 
both targets in a multiplex assay with high analytical sensitivity, even 
at low parasite concentrations. At respect, it is important to note that 
below 10 parasites, there were no differences between electrophoresis 
patter for each marker. The same phenomenon occurred in the 
evaluation of blood samples. These results could evidence that at low 
parasite concentration in the clinical samples, the amplification could 
occur at the same time for both markers, reducing the cost and time 
for detecting T. gondii infection in routine assays. To amplified DNA 
from different reference strains, corresponding to different genotypes, 
in theory allow amplification wherever the genotype of T. gondii in the 
clinical sample. In practical terms, this methodology could be used in 
different geographical areas where different genotypes are prevalent.

Respect to use blood samples to diagnose Toxoplasmic encephalitis, 
this fluid have proven adequate diagnostic sensitivity and specificity 
in some studies [7,19]. The use of CSF looks better to diagnose the 
disease, but less invasive diagnosis in patients in which it is impossible 
to perform a lumbar puncture is necessary. In our study, 25/30 blood 
samples from group I (patients with TE) were positive for both targets 
in the multiplex assay, showing very similar visual estimation. The same 
event was observed at low parasite concentrations in the analytical 
sensitivity assay. These data indicate that the relative high proportion 
of 529 sequence respect B1 gene could be not evident at low parasite 
concentrations, at least using agarose electrophoresis to evaluate the 
final results in a non-quantitative PCR assay. At respect, in a clinical 
sample, the host DNA would be more abundant than the parasite’s, 
maybe interfering in negative form in the accessibility to the specific 
regions and annealing process. In consequence amplification process is 
not completely efficient like occur when you use DNA from reference 
strains, which should be normally abundant respect host DNA one. 

One sample was positive only by B1 gene. Easier amplification of 
a small fragment respect larger fragments in the same template could 
occur. No inhibition was observed in the traditional inhibition test. 
The amplification for one marker in the multiplex assay constitutes 
another inhibition test. In a practice point of view, to amplify two 
sequences by PCR in a multiplex assay is not only less expensive and 
time consuming. It is an efficient way to evaluate false negative results 
for one target respect the other and to discard rapidly an inhibition of 
the amplification, using the same DNA extraction conditions and the 
same DNA concentration in the same sample. 

Even when nested PCR increases the diagnostic sensitivity of PCR 
methodologies, it also complicates the practical application of multiplex 
PCR. The second round of amplification delays results and increases 
the chance of cross-contamination [21]. In our case, we considered not 
practice to design a nested PCR to increase the diagnostic sensitivity.

Results of comparisons for these two sequences in independent 
studies are variable. Four studies comparing these markers 
demonstrated higher sensitivity for 529 repetitive element [12-14,16]. 

Figure 3: Agarose gel electrophoresis analysis of PCR amplification for DNA 
corresponding to different reference strains: MM: 100-bp ladder (Fermentas); 
lane NC: Negative Control for multiplex PCR mix; Me 49, C56, Tg51, CT1, 
Prug, OH3: reference strains.

Figure 4: Agarose gel electrophoresis for four clinical samples (M1-4) after the 
evaluation of the multiplex PCR assay. MM: 100-bp ladder (Fermentas); lane 
M 1-4 clinical samples, NC1: Negative Control of multiplex PCR mix, NC2: 
negative Control of DNA extraction process.

Group I Group 2 Sensitivity (%) Specificity(%) PPV(%) NPV(%)

Positive
MB1-529 26* 0       86.6                   100  100 90.91

Negative
MB1-529 4 40

*one sample was positive only for B1 gene. 
Table 4: Diagnostic efficiency of the multiplex PCR assay (MB1-529) after   the 
evaluation of 70 blood samples from aids patients: sensitivity, specificity, PPVs, 
NPVs.  
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In opposition, three studies found that B1 gene is more adequate target 
for the detection of T. gondii in different clinical sceneries [18-20]. 
The higher sensitivity reported for B1 gene in these last correspond to 
B22-B23 primers reported by Bretagne et al, 1993 while these primers 
were not evaluated in the first four studies. More recently, Stekers et al. 
(2010), in a multicenter comparative analytical performance study for 
molecular detection of T. gondii show that 529 element is better for the 
diagnosis of congenital toxoplasmosis than the widely used B1 gene. 
However, only 1/6 laboratories comparing both sequences included 
B22-B23 primers [21]. In that form, there are not concluding remarks 
about the best sequence and both markers look efficient to detect T. 
gondii DNA in clinical samples. In addition, B22-B23 could represent 
one of the best primers designed for the B1 gene. In our case, B22-B23 
set of primers was more efficient to detect T. gondii DNA in clinical 
samples but this difference was not significant.

In this study, we designed a new and rapid diagnostic method based 
on Multiplex PCR to detect T. gondii DNA. Even when the results 
requires expansion to make it more useful in practical scenario, it has 
the potential to produce considerable savings of time and effort within 
the laboratory, without compromising test utility, minimizing the time 
and avoiding contaminations. It is possible to use this assay to detect 
T. gondii DNA in blood samples avoiding independent PCR assays for
each marker with high specificity, easy performance, enough sensitivity, 
speed, no additional PCR test, no additional volume of sample, no a
second electrophoresis and a reduction of contamination.
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