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Abstract We determine if peripheral blood sample could
be used for diagnosis of cerebral toxoplasmosis by a
real-time PCR assay and we analyzed the clinical and
laboratory findings in 22 patients with confirmed cerebral
toxoplasmosis compared to 27 patients with other neuro-
opportunistic infections. We compared two gene targets (B1
and RE) in the Tagman-PCR real-time assay. Efficiency
values were also calculated. We found that 18.8% (4/22)
of cases with cerebral toxoplasmosis and 7.4% (2/27) of
patients with other neuroinfections had positive results with
the Tagman PCR assay. The mean number of parasites was
67.7 (SD 69.0) tachyzoites/mL in patients with cerebral
toxoplasmosis and of 31.8 (SD 6.3) tachyzoites/mL in
other neuroinfections. Clinical symptoms as headache were
significantly less frequent and focal neurological symptoms
were significantly more frequent in cerebral toxoplasmosis
than in other neuroinfections. In our conditions, real-
time PCR on peripheral blood samples was not useful for
diagnosis of cerebral toxoplasmosis.
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1 Introduction

Neurological opportunistic infections are an important
indicator of infection by the human immunodeficiency virus
(HIV). Contrary to the recent reports in Europe and United
States where a significant reduction of neurological oppor-
tunistic infections has been observed, in Latin America
countries, there is still an increase in opportunistic infections
and frequently are the first manifestation and the first motive
for consultation in a person with HIV infection [13]. In spite
of the introduction of the highly active antiretroviral therapy
(HAART), that reduces the morbidity and mortality, the
barriers for the patients to get access to these medications in
Latin American countries explain the continuous presence

of these manifestations [15]. In Colombia, a report of
131 cases with opportunistic infections of the central
nervous system, seen during the years 1995 to 2005 at
the city of Cucuta, found that cerebral toxoplasmosis was
the etiology in 56% of cases [12]. Notoriously, most of
the cases (79%) were diagnosed since the year 2000. In
another region of Colombia, in a case series at the Hospital
of Quindio Department, in 21 patients seen during 20006,
toxoplasmosis was the etiology in 62% of cases [4]. In
both Colombian series, cryptococosis was the second most
frequent opportunistic infection in central nervous system
(38% in Cucuta and 23% in Quindio) [4,12].

An accurate diagnosis of these neurological complica-
tions is crucial for HIV infected patients, since most such
complications are likely to be treated, and a prompt effective
intervention may eventually yield to longer survival or better
quality of living. Several studies have demonstrated the
usefulness of PCR on cerebrospinal fluid (CSF) samples for
the diagnosis of cerebral toxoplasmosis [1, 15, 19]. However,
a lumbar puncture could be contraindicated in a subgroup of
patients with expansive cerebral lesions [6]. In this setting,
peripheral blood samples present an additional advantage.
A previous study in Brazil on 64 patients with cerebral
toxoplasmosis and 128 controls reported a sensitivity of
80% and a specificity of 98% by using a conventional
polymerase chain reaction (PCR) targeting the B1 gene on
peripheral blood samples [7]. But the use of a variation of
the PCR method, the real-time PCR, has grown considerably
over the recent years; the technique has proven to be useful
for the early and accurate diagnosis of toxoplasmosis and for
guiding pre-emptive therapy in patients at high risk of devel-
oping invasive disease [14]. This method has the advantage
of automatic detection of amplified products, thus avoiding
potential contamination and reducing the risk of false
positive results. We report here our results obtained during
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the standardization of a quick real-time method to detect
toxoplasmic DNA and we analyze his performance to detect
parasitemias on peripheral blood of patients with neurologi-
cal opportunistic infections. Additionally, we examined and
compared the clinical and laboratory findings in patients
with cerebral toxoplasmosis compared to other etiologies.

2 Material and methods

2.1 Study design, patients and setting

This study was a descriptive clinical study, based on
prospectively collected information and a standardization
and clinical validation of a laboratory assay. The project
was approved by the research and ethics committees of the
institutions involved (Universidad del Valle and Hospital
Universitario del Valle). Patients were informed about the
study and written informed consent was obtained from each
one of them or their closest relative. Clinical, radiological
and laboratory data were collected from clinical charts at
the University Hospital, and the immunovirological markers
were determined for the specific purpose of the study at
Universidad del Valle- in Cali-Colombia, between April
2007 and April 2008. The study enrolled 49 HIV/AIDS
adult patients with advanced disease and central nervous
symptoms. Diagnosis was established following the
CDC [17] and American Academy of Neurology AIDS Task
Force criteria [5]. Blood samples were collected in tubes
with EDTA using a standard venipuncture technique before
initiation of any anti-Toxoplasma treatment. One mL of
whole blood was fractioned in 100 uL aliquot immediately
after collection and stored at —70°C until used. In
this group, 22 subjects were HIV-positive patients with
suspected cerebral toxoplasmosis according to the CDC
criteria which include the following clinical and radiological
features: (i) a recent onset of a consistent focal neurological
abnormality with intracranial disease or reduced level
of consciousness, (ii) a lesion having a mass effect
evidenced by cerebral tomography imaging and (iii) a
serum antibody to 7. gondii or successful response to
treatment of toxoplasmosis. Response to specific treatment
was exhibited two weeks later. Twenty-seven subjects were
HIV-infected patients who displayed neurological signs
by other diseases (9 with cryptococal meningitis, 5 with
cerebral mass, 5 with tuberculous meningitis, 3 with CMV
encephalitis, 4 patients with HIV-dementia and one with a
cerebral hemorrhagic episode).

2.2 Toxoplasma strain and DNA extraction from parasites
and blood samples

Tachyzoites of the Toxoplasma gondii RH strain were
obtained from ascitic fluid from Swiss mice intraperitonally
inoculated. The tachizoites were counted in a hemocytome-
ter. DNA extraction was performed on 300 uL of harvested

tachyzoites from mice or from whole blood samples by
using Wizard Genomics Kit (Promega, Madison, WI, USA)
according to the manufacturer’s instruction. Then, 100 uL
of DNA rehydration solution was used to elute the DNA and
9 uLL of the DNA was used for each PCR. Purified DNA of
tachyzoite was quantified with Quant-iT dsDNA HS assay
kit on a Qubit flurometer (Invitrogen, Carlsbad, CA, USA).

The Wizard Genomic DNA Purification Kit (Promega,
USA) was used for processing the blood samples and pro-
cedures were performed as recommended by the manufac-
turer. Briefly, DNA from white blood cells was obtained by
incubating sample for 10 min at room temperature with the
cell lysis solution. After centrifuging at 13,000 g for 20s
at room temperature, supernatant was discarded and pellet
recovered. The cellular proteins were then removed by a salt
precipitation step and genomic DNA was concentrated and
desalted by isopropanol precipitation.

2.3 PCR assays

A real-time PCR TagMan probe-based assay was used for
this study. This test amplifies an 87-bp fragment of the B1
gene of Toxoplasma, which is the locus most often routinely
used for PCR detection and is tandemly arrayed 35-fold-
repetitive, and a 77-bp of a 529-bp repetitive fragment (RE)
that is reported to be repeated 300 times in the genome
of T. gondii (Genebank accession numbers AF179871 and
AF146527) [3]. Human GAPDH gene was co-amplified
and detected as the internal control for DNA isolation and
PCR amplification from whole blood samples. The primers
for B1, FF-GAGACACAGCGTGTTATGAACAAAT & R-
GCACGTCTCTTGTTCTTCTTCTGTA, with the TagMan
probe CCTCTTCGCGAAACCT, and the primers for
(RE) F-CTTGGAGGAGAGATATCAGGACTGT & R-
CTCGTCGCTTCCCAACCA, with the TagMan probe
CACCCTCGCCTTCATC, were designed using Primer
Express software (Applied Biosystems). The TagMan probe
was labeled at the 5’ with 6-carboxyfluorescein (FAM) and
at the 3’ with non-fluorescent quencher. Real-time PCR was
performed on Applied Biosystems 7500 PCR system using
TagMan Universal PCR Master Mix, No AmpErase with
uracyl-DNA-glycosylase 2X (Applied Biosystems, Foster
City, CA, USA). The amplification protocol consisted of 2
initial stages of 2 min for 50 °C and 10 min for 95 °C, after
45 cycles of 15 s of denaturation for 95 °C followed by 1 min
of annealing and extension for 60 °C. For quantification,
5-fold dilutions of T. gondii DNA were included. Results of
the PCR (Cycle thresholds or Ct values) were extrapolated
into numbers of tachyzoites per mL of blood.

2.4 PCR analytical sensitivity and specificity

Amplification efficiency from the slope of one calculated
standard curve (10~1/51°P¢) was obtained from purified
T. gondii DNA in a five-fold serial dilution standard curve



Journal of Neuroparasitology

(0.25 to 1 x 10° tachyzoites). Slopes between —3.1 and
—3.6, giving reaction efficiencies between 90% and 110%,
are typically acceptable. In order to determine the real-time
PCR sensitivity and to estimate the loss of 7. gondii DNA
during the extraction procedure from blood, seronegative
human blood spiked with five-fold serial dilutions with
tachyzoites ranging from 0.25 to 5 x 10° tachyzoites/mL
was prepared. After this procedure, DNA extraction was
performed as described previously. Samples were tested
in triplicate in each independent experiment (inter-assay
variation) and three to seven different experiments in
different dates were performed to estimate the intra-assay
variation. A percent of the coefficient of variation (CV) was
calculated as a measure of the experimental variation using
the formula: CV = standard deviation (replicates)/mean
Ct (replicates) x100. To determine the specificity of the
experiment, a real-time PCR was performed using DNA
by testing DNA extracted from mouse and human and
the following purified or concentrated parasites and fungi:
Giardia, Blastocystis, and Candida.

3 Statistical analysis

Differences in proportions were compared by the Fischer’s
exact test. The Kruskal-Wallis test was applied to continuous
variables. Odds ratios (ORs) with a 95% confidence interval
were calculated for all variables. We considered P < .005
as a significant value. The statistical analysis was carried
out with the Epi-info software version 3.5.1 (CDC, Atlanta).
Sensitivity, specificity, positive predictive value, and nega-
tive predictive value were calculated according to applicable
tables.

4 Results

4.1 Standardization and optimization of the real-time PCR
assay

The efficiency of the assay was measured by a regression
curve of the Ct values versus the decimal logarithm of
the equivalent number of tachyzoites per PCR reaction.
The coefficient of correlation (r?) was of 0.998891 and
the slope was of —3.67 for B1 and a (r?) of 0.997345
and a slope of —3.45 was obtained for RE. Therefore,
efficiency was of 94.8% for primers detecting B1 gene
and of 87.2% for primers detecting RE gene. The limit
of detection with an acceptable intraassay and interassay
coefficient variation (less than 3%) was of 6 tachyzoites for
both primers, and the lower mean Ct values were obtained
with the primers targeted to RE gene (Figure 1). The greater
Ct values were observed in the blood samples (Figure 1).
T. gondii DNA amount detected in blood samples was six
fold less, compared to purified Toxoplasma DNA extracted
from peritoneal mouse fluid. No amplification was found

when using DNA from different organisms (human, mice,
Candida or Giardia).

4.2 Results of real-time PCR assay for B1 Toxoplasma gene
on clinical samples

For clinical samples only B1 target was assayed, due to
the lower efficiency of the RE target. In 18.8% (4/22)
of cases of cerebral toxoplasmosis, the parasite Bl DNA
real-time PCR assay was positive in blood, compared
with 7.4% (2/27) of the patients with different opportunist
infections or HIV-associated neurological complication;
the differences were not statistically significant (Fisher’s
test P: 0.38). In the two real-time PCR positive cases
with other neuro-opportunistic infections, both patients
had evidence of previous exposure or active systemic
toxoplasmosis and were IgG anti-Toxoplasma antibodies
positive. One of them was IgM anti-Toxoplasma negative,
but IgA anti-Toxoplasma positive. In the other case,
both specific anti-Toxoplasma immunoglobulins were
positive (IgM and IgA). The average value in cases of
cerebral toxoplasmosis was 67.7 (SD 69.0) tachyzoites/mL
compared with 31.8 (SD 6.3) tachyzoites/mL for cases with
other HIV-associated neurological complications.

4.3 Clinical and laboratory findings

The results of clinical and laboratory examinations
performed in both groups of patients are summarized
in Tables 1 and 2. Clinical symptoms as headache were
significantly less frequent and focal neurological symptoms
(e.g. hemiparesia) were significantly more frequent in
cerebral toxoplasmosis than in other neuroinfections.
Previous prophylaxis with trimetoprim/sulfa or previous
HAART did not influence in a statistically significant
manner the results of the quantitative PCR (Table 3).

5 Discussion

Among immunocompetent patients, toxoplasmosis diagno-
sis can be usually attained either through direct parasite
detection or differences in specific antibody titres in
serology tests. In the case of AIDS patients, however, it
is recommended to use an algorithm based on imaging
examination criteria, that is, brain CT scan and/or MRI,
along with therapeutic proof for around 14 days. Treatment
failure usually leads to serious clinical involvement due to
misdiagnosis.

We evaluated a PCR real-time assay for Toxoplasma
DNA detection on clinical samples from blood. The
targeting of Bl gene was more efficient than the RE
genomic repeated element. The PCR efficiency has a major
impact on the fluorescence history and the accuracy of
the calculated expression result and is critically influenced
by PCR reaction components [16]. Efficiency evaluation
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Figure 1: Mean + SD cycle threshold (Ct) for different Toxoplasma tachyzoites concentrations in PCR real-time for two
different gene targets (B1 and RE). Legends: Mean Ct intra B1: mean Ct in three different experiments for Toxoplasma DNA
extracted from peritoneal fluid of mouse in a real-time PCR assay targeted to the B1 gene. Mean Ct intra RE: mean Ct in
three different experiments for Toxoplasma DNA extracted from peritoneal fluid of mouse in a real-time PCR assay targeted
to the RE gene. Mean Ct Intra blood B1: mean Ct in three different experiments for Toxoplasma DNA extracted from human
blood in a real-time PCR assay targeted to the B1 gene. Mean Ct Intra blood RE: mean Ct in three different experiments for
Toxoplasma DNA extracted from human blood in a real-time PCR assay targeted to the RE gene.

is an essential marker in gene quantification procedure.
Constant amplification efficiency in all compared samples
is one important criterion for reliable comparison between
samples. This becomes crucially important when analyzing
the relationship between unknown sequences versus a
standard sequence, which is performed in all relative
quantification models [16]. Therefore, in our conditions, B1
targeting was the more adequate to precisely quantify the
number of parasites.

Despite a good analytical sensitivity and specificity,
and that the coefficient of variation index of our assays
was optimal to detect a concentration of parasites greater
than 6 tachyzoites on blood samples artificially spiked with
the parasite, few patients were positive for Toxoplasma
parasitemia on blood samples. Previous prophylaxis with
trimetroprim-sulfa did not influence this result and even
there was a greater percent of previous history of this
prophylaxis in patients positive for Toxoplasma in blood
than in patients who were negative. The presence of
parasitaemia in patients diagnosed with other neuro-
opportunistic infections different to Toxoplasma is not
surprising and this could not be attributed to false positive

results, because both patients had specific anti-Toxoplasma
antibodies. Our results are in agreement with a recent work
performed in HIV Brazilian patients [8]. As in our case, a
highly sensitive PCR real-time assay was positive in blood
in only 1.5% of cases and CSF testing produced better
results, with a sensitivity of 35.3% [8]. We think that our
results can be explained by an inhibitory effect of blood
on DNA detection as we could determine in our assays
comparing curves of increasing tachyzoites concentration
between DNA extracted from blood or from peritoneal
exudates from mice. Real-time PCR has been shown to be
useful in 7" gondii detection on amniotic fluid samples [18],
but in the context of the cerebral toxoplasmosis, the
preliminary works [10], recent findings [8] and our
results conclusively showed that it is not useful for use
on peripheral blood samples in HIV patients. Regarding the
discordance with published results by using conventional
PCR [7], it should be mentioned that real-time PCR is
not always more sensitive than conventional PCR [2]. An
additional consideration for results of conventional PCR is
that this assay may co-amplify human sequences [11]. This
lack of specificity can be counter balanced by the use of
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Variable Median value Range Median value Range P
in CT (n: 22) in non-CT (n: 27) (Kruskal-Wallis test)
Age in years 36 18-66 36 23-63 34
1gG anti-Toxoplasma levels (1U) 769 (N = 14) 49-2 764 451 (N =9) 2-16 320 81
Ey“?;’&‘fsf:y“’(”]lv“TZ)‘aChyZ"iteS/ ml 57.3 5.1-151 N=2319 27.4-36.4 89
fgiﬂ{?ﬁig‘;z;‘:)“ before 14.5 2-65 21 3-70 19
HIV viral load log 5.3 3.2-6.3 5.1 3.3-6.7 97
Blood CD4 number/mm? 64 14-118 66 13-296 .20
Blood CD8 number/mm? 468 74-1 006 369 54-14 443 .23
CD4/CDS8 ratio 0.15 0.05-0.35 0.1 0.05-0.98 .10
Hemoglobin levels 11.4 5.6-14.9 10.8 7.6-14.3 .84
Platelet number/mm? 243 500 77 000-493 000 258 000 19 000-801 000 .89
zg:z;:ilgnmgégg . 9 feb-90 16 feb-90 14
Karnofsky scale 85 50-100 90 30-703 .85

Table 1: ANOVA analysis of quantitative variables between cases with definitive clinical diagnosis of cerebral toxoplasmosis
(CT) versus other neuro-opportunistic manifestations (non CT) in HIV infected patients in Cali (Colombia, 2008).

Variable % in CT % in non-CT Odds ratio 1C95% P
Gender: male 90.9 70

Survival (at 90 days follow-up) 40.9 59.3 0.47 0.15-1.49 .16
Previous HAART 4.5 3.7 1.2 0.07-20.9 i
Previous trimeotprim/sulfa prophylaxis 36.4 14.8 3.8 0.8-12.9 .07
HIV de novo diagnosis 31.8 48.1 0.5 0.15-1.6 .19
Behavioral changes 45.5 423 1.13 0.3-3.5 .52
Headache 40.9 73.1 0.2 0.07-0.8 .02
Seizures 18.2 19.2 0.9 0.2-4 .61
Focal neurological deficit 50 154 5.5 1.4-21 .01

Table 2: Analysis of qualitative variables between cases with definitive clinical diagnosis of cerebral toxoplasmosis (CT,
n: 22 patients) versus other neuro-opportunistic manifestations (non CT, n: 27 patients) in HIV infected patients in Cali
(Colombia, 2008).

Variable % in positive qPCR % in negative qPCR Odds ratio 1C95% P
Previous HAART 0 4.7 0 Undefined .76
Previous prophylaxis with trimetoprim/sulfa 333 233 1.6 0.2-10 45

Table 3: Analysis of qualitative variables between cases with a positive test (n: 6) and a negative test (n: 42) at the qPCR for
B1 Toxoplasma gene assay in HIV infected patients in Cali (Colombia, 2008).

conventional PCR with complementary techniques, such
as nested PCR, restriction fragment length polymorphisms
(RFLP) analysis of the PCR product or hybridization with
a probe that anneals to an internal region of the amplified
product [11]. Therefore, the results of conventional PCR
should be taken with caution in absence of this kind of
modifications.

Consequently, the reports of studies that included
rigorous controls for PCR specificity and our own results

indicate that PCR in blood is not useful because in most
of patients during the clinical overt manifestation period
there is not a significant systemic parasitaemia, instead most
probably there exists a local reactivation. This assumption
is supported by the report of a higher PCR positivity
in cerebrospinal fluid than in blood [8] and the central
nervous system inflammation and pathological changes in
the brain during progression to AIDS that may lead to local
reactivation of latent CT [9].
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In conclusion, our work shows that blood examination

by a highly sensitive real-time PCR assay did not detect
Toxoplasma in peripheral blood samples from patients with
proved toxoplasmic encephalitis, and therefore it is not a
useful diagnostic tool in this specific situation.
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