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Abstract Cerebral toxoplasmosis is one of the neurologi-

cal infections with high morbidity and mortality in patients

with AIDS, so the accurate method for diagnosis of cere-

bral toxoplasmosis seems necessary. In this study, nested

PCR assay using B1 gene was evaluated in diagnosis of

toxoplasmosis in serum and peripheral blood mononuclear

cell (PBMC) among HIV/AIDS patients. One hundred

eight blood samples from HIV/AIDS patients, including

four patients with cerebral toxoplasmosis and 104 HIV/

AIDS patients without cerebral toxoplasmosis were eval-

uated for the Toxoplasma gondii antibodies using Enzyme

Linked immunosorbent Assay. DNA of serum and PBMC

of these patients were extracted and nested-PCR was car-

ried out. Of 108 participants, 95 cases (88%) were positive

for Toxoplasma IgG antibodies and one patient was found

positive for Toxoplasma IgM antibody. In general, four

patients, including three patients with cerebral toxoplas-

mosis, who were positive for Toxoplasma IgG antibodies

and one patient without cerebral toxoplasmosis who was

positive for Toxoplasma IgM antibody were found to be

PCR positive. DNA of T. gondii was detected in both

serum and PBMC in two cerebral toxoplasmosis patients;

however DNA was detected in only PBMC in other cere-

bral toxoplasmosis patient. All cases with cerebral toxo-

plasmosis were also diagnosed by clinical and radiological

manifestations. The results of this study showed that the

numbers of positive samples by PCR in PBMC were higher

than serum specimens for diagnosis of toxoplasmosis. If

molecular method and immunological assay are comple-

mented with magnetic resonance imaging, the results can

be useful for diagnosis of cerebral toxoplasmosis.
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Introduction

Opportunistic protozoan parasitic infections are among the

most serious infections in patients with AIDS, organ

transplant recipients and also cancer patients (Esteghamati

et al. 2019; Khanaliha et al. 2015; Masoumi-Asl et al.

2019). Toxoplasma gondii (T. gondii) is an opportunistic

apicomplexan protozoa that infects human and mammals

worldwide. Almost one-third of the world’s population are

infected by T. gondii in Europe, South America, Africa and

Asia (Nissapatorn 2008).

Toxoplasma gondii can cause congenital toxoplasmosis

during pregnancy in fetus and is dangerous for pregnant

women with acquired toxoplasmosis (Dubey 2008). In

addition, the relationship between depression and T. gondii

infection and severity of depressive clinical symptoms in

pregnant women has been reported (Shiadeh et al. 2016). T.
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gondii is a threatening disease in immunocompromised

patients, like patients with acquired immune deficiency

syndrome (AIDS) (Dubey 2008; Lee and Lee 2017; Luft

et al. 1984), organ transplant recipients (Fricker-Hidalgo

et al. 2009) and those with malignancy (Sayyahfar et al.

2015).

The reactivation of latent infection occurs in HIV/AIDS

patients, causing life-threatening disease, like encephalitis

(Hellerbrand et al. 1996). Cerebral toxoplasmosis is one of

the most prevalent neurological opportunistic infections in

AIDS patients in the last stages of disease (Luft and Chua

2000) and it is associated with the prevalence of T. gondii

antibodies in a population (Holliman 1988).

Diagnosis is based on clinical manifestation, histologi-

cal examination and serological tests using Enzyme Linked

Immunosorbent Assay (ELISA) with various antigens

(Khanaliha et al. 2012, 2014); however molecular methods

are effective to detect the parasite in biological samples,

such as Blood (Lamoril et al. 1996), Aqueous Humor

(Bourdin et al. 2014), cerebrospinal fluids (Novati et al.

1994) using oligonucleotide primers. Molecular methods

were used in several studies for diagnosis of toxoplasmosis

in acute phase when serological tests are not sufficient.

Nested-polymerase chain reaction (PCR) is a helpful

technique for diagnosis of toxoplasmosis (Wahab et al.

2010). A serological assay is considered as the most

challenging procedure, because specific antibodies may not

be present in the early stages of infection, especially in

immune deficient or pregnant patients (Sensini 2006).

The result of some previous studies have reported the

usefulness of PCR with the B1 target gene (Burg et al.

1989; Jones et al. 2000). The improvement of a sensitive

PCR protocol to identify T. gondii B1 gene can be effective

in diagnosis of toxoplasmosis. Overall, the results of

serology tests, molecular methods and imaging technolo-

gies, like computed tomography and magnetic resonance

imaging (MRI) can be useful to diagnose toxoplasmosis

(Rostami et al. 2018).

The aim of this study was evaluation of a PCR assay

using B1 gene for diagnosis of toxoplasmosis in serum and

PBMC among HIV/AIDS patients.

Materials and methods

One hundred eight blood samples from HIV/AIDS patients

including four patients with cerebral toxoplasmosis and

104 HIV/AIDS patients without cerebral toxoplasmosis

who were referred to hospitals associated with Iran

University of Medical Sciences were collected from

August 2017 to September 2018 and evaluated for the of T.

gondii antibodies using Enzyme Linked immunosorbent

Assay. One hundred and eight DNA samples of these

patients were extracted and carried out by nested-PCR.

About 10 mL of peripheral blood with EDTA was col-

lected for DNA extraction and PBMC preparation and

5 mL was used for immunological tests. The PBMC iso-

lation was performed from 5 mL of blood with EDTA by

density gradient centrifugation using Fycoll (Amersham

Biosciences Europe Gmbh, Milan, Italy), according to the

manufacturer protocol (Donyavi et al. 2019).

Blood samples were collected before special treatment

for three patients with cerebral toxoplasmosis and in one of

them Blood sample was collected on the first week of anti-

toxoplasma therapy.

DNA extraction and PCR

The genomic DNA was extracted from the patient serum

and PBMC obtained by using the QIAamp DNA minikit

(Qiagen, Hilden, Germany); the primers were designed

within B1 gene with amplification of 194-bp fragment.

B1-nested PCR

50-TCAAGCAGCGTATTGTCGAG 663–682

50-CCGCAGCGACTTCTATCTCT 949–930

50-GGAACTGCATCCGTTCATGAG 694–714

50-TCTTTAAAGCGTTCGTGGTC 887–868

PCR was performed in a 25 lL mixture containing the

template (3 lL of DNA), 2.5 U Taq DNA polymerase, and

2.5 lL of 10 9 PCR buffer, 20 pmol of each primer,

100 lmol dNTPs and 0.15 mmol MgCl2. Amplification

was performed as follows with denaturation at 94 �C for

30 s followed by annealing at 54 �C for 45 s and finally an

extension step at 72 �C for 30 s cycled 35 times and

expected band was 287 bp. The second step was performed

similar with first step except annealing temperature that

was carried out with 45 �C, initial denaturation at 94 �C for

5 min and end temperature at 72 �C for 5 min was per-

formed and the expected band was 194 bp. The PCR

positive and negative control samples were tachyzoite of T.

gondii RH strain and distilled water. The PCR products

were electrophoresed in a 1.5% agarose gel (Fallahi et al.

2014) .

Sequencing of PCR products

A second round of PCR was performed for more confir-

mation of the T. gondii PCR result and the product was

purified using the High Pure PCR Product Purification Kit

(Roche Diagnostic, Mannheim, Germany) according the

Kit procedure and were used for direct sequencing using

the dye termination method and an ABI 3730xl sequencer
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and finally DNA sequence was analyzed with genius

software version 10.1 and the results was compared and

blasted with deposited sequences in PubMed.

Enzyme linked immunosorbent assay (ELISA)

Specific IgG and IgM against T. gondii was detected using

Enzyme Linked Immunosorbent Assay (Uroimmun, Ger-

many) for 108 patients with HIV/AIDS according manu-

facture instruction. The tests determined the presence or

absence of anti T. gondii immunoglobulin (IgG) and (IgM)

antibodies.

Statistical analysis

Analysis was done using SPSS version 18 (Chicago, IL,

USA) and Chi-square, Predictive values test were used to

analyze statistical relationship.

Results

In this study, 108 HIV/AIDS patients were evaluated for

toxoplasmosis infection. The age of patients was between 5

and 60 years with the mean age of 39.7 ± 10.5 years. Of

the 108 participants, 66 cases were male (61.1%) and 42

cases were female (38.9%).

Enzyme linked immunosorbent assay

All 108 HIV/AIDS patients were evaluated for Toxoplasma

specific IgG and IgM antibodies and 95 subjects (88%)

were positive for IgG, including four patients with cerebral

toxoplasmosis and 91 subjects (87.5%) of 104 AIDS

patients without cerebral toxoplasmosis had Toxoplasma-

specific IgG antibodies. In the present study, Toxoplasma-

specific antibodies (IgG) were detected in the cerebral

patients that for two cases, IgG titers were high, but IgM

antibodies were negative in the cerebral toxoplasmosis

patients and one patient without cerebral toxoplasmosis

was IgM positive.

PCR

One hundred and eight HIV/AIDS patients were evaluated

for detection of B1 gene using PCR. In general, four

patients, including three patients with cerebral toxoplas-

mosis who were positive for Toxoplasma IgG antibodies

and one patient without cerebral toxoplasmosis were found

to be PCR positive and one patient without cerebral

toxoplasmosis was positive for Toxoplasma IgM antibody.

DNA of T. gondii was detected in both serum and PBMC in

two patients with cerebral toxoplasmosis and one patient

without cerebral toxoplasmosis. Furthermore, DNA was

detected only in PBMC in another patient with cerebral

toxoplasmosis.

PCR product of B1 gene in PBMC of HIV/AIDS

patients is shown in Fig. 1. A band of 194 bp indicating B1

gene was detected in agarose gel electrophoresis.

Result of clinical laboratory tests

All four patients with cerebral toxoplasmosis were admit-

ted to the infectious diseases ward, Rasoul Akram hospital,

Iran University of medical sciences. Cerebral toxoplas-

mosis was diagnosed based on the criteria of the Centers

for Disease Prevention and Control (CDC) with clinical

symptoms, including focal neurological abnormality,

decreased level of consciousness, ataxia and hemiplegia.

Multiple ring-enhancing lesions were observed in Magnetic

resonance imaging (MRI) results in these four patients and

consequently, the result of brain biopsy was positive for

toxoplasmosis in three of these patients. The images

showed multiple lesions in the involved cerebral hemi-

spheres, the left and right and occipital regions of hemi-

spheres in four patients. The results of clinical laboratory

tests showed positive Toxoplasma specific IgG antibody

and negative IgM results for patients with cerebral

Fig. 1 Agarose gel electrophoresis of 194 bp B1 PCR product of

Toxoplasma gondii in PBMC samples of HIV/AIDS patients,

M-100 bp DNA ladder marker
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toxoplasmosis and also CD4? T lymphocyte cell count of

less than 100 cells. CD4 level in HIV-positive patients with

toxoplasmosis was 51.5 ± 34.5 CD4 cells/lL of blood

ranged between 17 and 98, which was significantly lower

than HIV-positive patients without clinical manifestation

of toxoplasmosis (415.1 ± 211.3 CD4 cells/lL of total

blood ranged between 89 and 900) (P = 0.001).

Associated demographic, laboratory and epidemiologi-

cal parameters in 108 HIV/AIDS patients are summarized

in Table 1.

Results of sequencing

The new sequences were deposited in GenBank with the

accession numbers of MK031698, MK031699, MK031700

and MK031701. The results of new sequences were com-

pared and blasted with deposited sequences in PubMed.

These obtained sequences had 90–100% similarities with

KX270388, KX270387, KX270386 and KX270385.

The patients were treated with Trimethoprim/Sul-

famethoxazole (TMP-SMX) for 6 weeks and relative

remissions were observed after 2 weeks period.

Discussion

Cerebral toxoplasmosis is the most common brain focal

lesions in AIDS patient (Vidal et al. 2004). Brain biopsy

and PCR for cerebrospinal fluid (CSF) sample have been

used previously in diagnosis of cerebral toxoplasmosis, but

the accurate, less invasive and rapid method is necessary to

diagnose cerebral toxoplasmosis (Vidal et al. 2004).

These days, due to highly active antiretroviral combi-

nation therapy (HAART), the frequency of cerebral toxo-

plasmosis has decreased, however focal brain disorders are

still observed in regions using HAART among AIDS

patients in developing countries (Ammassari et al. 2000;

Sacktor 2002).

The results of some previous studies have demonstrated

the usefulness of the PCR assay using B1 gene as one of

the most conserved gene sequences among different strains

for diagnosis of T. gondii (Bretagne et al. 2000; Burg et al.

1989; Fallahi et al. 2014).

Several studies have been indicated that multi-copy

genes for detection of T. gondii DNA are much more

suitable than single-copy genes. It has been reported that

the 35-fold repeated B1 target is more sensitive than the

ribosomal genes (Burg et al. 1989; Jones et al. 2000).

Sensitivities of PCR in peripheral blood samples in HIV/

Table 1 Demographic, laboratory, and epidemiological parameters of individuals with human immunodeficiency virus infection

HIV/AIDS patients Toxoplasma DNA positive Toxoplasma DNA negative Total P value

No. of patients

Male 4 (100%) 62 (59.6%) 66 (61.1%) 0.134 Fisher’s exact test

Female 0 (0.0%) 42 (40.4%) 42 (38.9%)

Age (year) ± SD 49.5 ± 3.1 (46–53) 39.4 ± 10.5 (5–60) 39.7 ± 10.5 (5–60) 0.059 T test

Laboratory parameters

Viral load IU/mL (median) 50610.0 (39564–58325) 4593.0 (75–1011793) 6118.5 (75–1011793) 0.163 Mann–Whitney U

CD4 count 51.5 ± 34.5 (17–98) 415.1 ± 211.3 (89–900) 401.4 ± 218.7 (17–900) 0.001a T test

ALT1 (IU/L) 45.7 ± 8.4 (38–54) 48.5 ± 18.6 (21–91) 48.4 ± 18.3 (21–91) 0.948 Mann–Whitney U

AST2 (IU/L) 41 ± 8.2 (33–49) 43.1 ± 17.3 (19–83) 43.0 ± 17.0 (19–83) 0.896 Mann–Whitney U

Toxoplasma IgG antibody 4 (100%) 91 (87.5%) 95 (88%) 0.594 Fisher’s exact test

Toxoplasma IgM antibody 1 (25%) 0 (0%) 1 (0.92%) 0.963

Epidemiological parameters

IVDU 2 (50.0%) 50 (48.1%) 52 (48.1%) 0.662 Fisher’s exact test

IVDU partner 0 (0%) 32 (30.8%) 32 (29.6%) 0.239 Fisher’s exact test

History of imprison 1 (25.0%) 46 (44.2%) 47 (43.5%) 0.413 Fisher’s exact test

Tattooing 0 (0%) 18 (17.3%) 18 (16.7%) 0.477 Fisher’s exact test

Needle stick 0 (0%) 16 (15.4%) 16 (14.8%) 0.521 Fisher’s exact test

Unprotected Sex 0 (0%) 40 (38.5%) 40 (37.0%) 0.152 Fisher’s exact test

Mother to child 0 (0%) 2 (1.9%) 2 (1.9%) 0.927 Fisher’s exact test

Blood transfusion 0 (0%) 2 (1.9%) 2 (1.9%) 0.927 Fisher’s exact test

1Alanine aminotransferase (ALT); 2 Aspartate aminotransferase (AST); a Statistically Significant
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AIDS patients with some DNA targets have been reported

between 16 and 86% (Colombo et al. 2005; Dupouy-Camet

et al. 1993; Gianotti et al. 1997; Joseph et al. 2002; Pelloux

et al. 1997).

In some previous studies, T. gondii DNA was detected

in PBMC and serum samples from patients with toxo-

plasmic retinochoroiditis (Contini et al. 2005; Silveira et al.

2011). Although their results showed that the number of

positive samples by PCR in PBMC was higher than serum

specimens, the detection of T. gondii DNA in both PBMC

and serum was almost similar (Contini et al. 2005).

In the present study, T. gondii DNA was detected by

PCR using B1 gene in four blood samples of HIV/AIDS

patients, including three patients with cerebral toxoplas-

mosis that in one of them, the result of PCR was positive

only in PBMC sample and one toxoplasmosis patient with

other neurological disorder showed a positive PCR and

Toxoplasma IgM antibody results. Furthermore, PCR result

for one cerebral toxoplasmosis patient was negative who

was under anti-toxoplasma therapy.

In this study, Toxoplasma-specific IgG antibodies were

detected in cerebral toxoplasmosis patients and in two of

them, IgG titers were high, but IgM antibodies were neg-

ative in the cerebral toxoplasmosis patients, which supports

the idea of reactivation of the latent infection that occurs in

the secondary immune response.

Although the results of some previous studies proposed

that different levels of Toxoplasma-specific IgG antibodies

can not be used to determine a reactivation or presence of

cerebral toxoplasmosis (Luft and Chua 2000; Sadler et al.

1998), other studies have suggested that the high titers of

IgG may be representative of cerebral toxoplasmosis

(Derouin et al. 1996; Hellerbrand et al. 1996).

PCR using B1 gene was performed in blood samples of

64 patients with cerebral toxoplasmosis and 51 cases

(79.7%) were PCR positive and 58 cases (91%) had

detectable IgG Toxoplasma-specific antibodies and also

patients with cerebral toxoplasmosis showed higher titers

of anti-T. gondii IgG than patients without cerebral toxo-

plasmosis, which was statistically significant. The findings

of the study indicated the reactivation of the latent infec-

tion occurred in the secondary immune response in HIV

patients (Colombo et al. 2005).

In a study, 18.8% (4/22) of HIV positive patients with

cerebral toxoplasmosis and 7.4% (2/27) of patients with

other neurological disorder had positive results using B1

gene by a Real-Time PCR Assay. These two patients with

neurological disorder had active systemic toxoplasmosis

and laboratory data showed IgG anti-Toxoplasma anti-

bodies positive and IgM negative and also IgA positive in

one case and in the other case, both specific anti-Toxo-

plasma IgM and IgA were positive (Cardona et al. 2011).

Ninety-four blood samples collected from HIV positive

patients from the West of Iran were evaluated for toxo-

plasmosis infection by PCR using B1 gene. The results

showed that 19.1% (18/94) of them were positive for

Toxoplasma IgG antibodies and only one sample was

positive using PCR and this sample showed the highest

titer in IgG-ELISA (Rostami et al. 2014).

In a study, PCR using SAG2 gene as primer was useful

in detection of T. gondii in 22/38 (57.9%) samples,

including 5/12 (35.7%) samples from serum samples and

17/26 (65.8%) samples from the whole blood samples. All

PCR positive samples were IgG-positive, except for two

samples (Gashout et al. 2016).

Result of some studies have proposed that the sensitivity

of toxoplasmosis diagnosis is decreased, when the samples

are collected after the first week of anti-Toxoplasma ther-

apy (Cingolani et al. 1996), so this subject should be

considered before sample collection.

Although the results of present study showed that the

numbers of positive samples by PCR in PBMC were higher

than serum specimens in diagnosis of cerebral toxoplas-

mosis, further studies on more toxoplasmosis patients are

needed for more investigations.

Conclusion

PBMCs are one of the important sources for evaluation of

T. gondii infection. Although PCR is an appropriate tool in

diagnosis of T. gondii, the results of the study suggest that

molecular method and immunological assay, especially

high titer of Toxoplasma IgG antibodies using MRI result

can be useful to diagnose cerebral toxoplasmosis. This

strategy may prevent more invasive approaches, such as

brain biopsy.
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