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Abstract

Introduction: The mechanisms involved in the virulence and recurrences of ocular
toxoplasmosis are poorly understood. New detection methods are necessary to diagnose
atypical cases and to better understand recurrences. A sensitive method to identify Toxoplasma
gondii in peripheral blood of patients is necessary.

Purpose: To detect the presence of T. gondii in peripheral human blood using
immunohistochemistry and PCR.

Methods: Yellow fluorescent protein RH strain of T. gondii was cultured on fibroblast
monolayer for 5 weeks. Cytospins and whole blood smears from spiked blood were stained using
monoclonal antibodies on an automated Ventana. For real time PCR, different concentrations
of T. gondii were added to human blood and DNA was extracted. PCR was performed targeting a
62bp fragment of the B1 gene or the 529bp fragment. The primers used were: B1 Forward 5*-
CTA GTA TCG GTG CGG CAA TGT -3'and Reverse 5- GGC AGC GTC TCT TCC TCT TTT -3 For
the 529 bp fragment primers used were 5- CGC TGC AGG GAG GAA GAC GAA AGT TG- 3' and
reverse 5'- CGC TGC AGA CAC AGT GCA TCT GAA TT- 3. All assays were run in triplicate.

Results: The qPCR was able to detect fewer parasites than immunohistochemistry. Moreover,
gPCR targeting the 529 bp fragment was better than the B1 gene, being able to detect parasites
in concentrations as low as 1 toxo/mL.

Conclusions: The gPCR method using the 529bp target proved to be more sensitive than gPCR
using the B1 gene target and cytospins or blood smears using immunohistochemistry.

Categories: Genetics, Internal Medicine, Ophthalmology
Keywords: toxoplasma gondii, detection, fluorescence microscopy, trypan blue exclusion test,
toxoplasmosis, ocular, pcr, parasite detection, peripheral blood

Introduction

Toxoplasmosis is an infection caused by the obligate intracellular parasite, Toxoplasma gondii.
It can be acquired either congenitally or by ingestion of food or water contaminated with
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oocysts shed by cats or by eating undercooked or raw meat containing tissue cysts [1-2]. T.
gondii infects up to a third of the world's population [2-3]. It is responsible for most of the
world's infectious uveitis cases [2-3]. In some populations, up to 50% of all cases of posterior
uveitis is attributed to the disease [3-4].

The majority of toxoplasmosis patients are asymptomatic, with the most common clinical
manifestations being lymphadenopathy and retinochoroiditis. Ocular toxoplasmosis can be
seen in the setting of congenital or postnatally acquired disease as a result of an acute or
recurrent infection [5]. The diagnosis of ocular toxoplasmosis is mainly based on clinical
features, particularly in immune-competent patients. Atypical clinical presentations may be
seen in both immune-competent and immune-compromised patients, complicating the
diagnoses of ocular toxoplasmosis [6]. Given the high rate of prevalence and that the ocular
involvement usually presents months to years after the acute disease, positive anti-T. gondii
serology is not diagnostic in patients with ocular toxoplasmosis. The severity of the ocular
lesion and its propensity to reoccur varies among patients. This may be due to the strain of T.
gondii, chronic reinfection, or the genetic characteristics of certain patient populations [7].

The pathogenesis, ocular toxoplasmosis, is not well-understood, especially regarding severity
of the disease and recurrence of retinal lesions. Ocular recurrences could derive from activation
of retinal cysts or from cysts in other organs that become active causing parasitemia. Another
theory is that recurrences in humans could be induced by reinfection with a different strain,
which has been substantiated in a mouse model [8]. It has therefore been suggested that the
recurrence could be a systemic event and that parasites could be identified in peripheral blood.

Nevertheless, the diagnosis of ocular toxoplasmosis relies mainly on ophthalmological
examination, but biological approaches are particularly useful in patients with atypical lesions.
The use of serological tests for the demonstration of antibodies to T. gondii is the standard in
laboratory diagnostics, a panel of which is useful in establishing whether the individual has
been infected recently or in the distant past [9]. Molecular biology assays, such as polymerase
chain reaction (PCR), are critical for the diagnosis of the congenital infection [10-11]. It has also
been playing an increasing more relevant role in the diagnosis of the ocular disease [12-13], in
food safety [7, 14] and environmental testing [15-16] for the parasite. In order to validate the
diagnostic value of this technology, it is important to determine the number of T. gondii in a
titration curve of positive controls. Only that will allow the researcher to determine with
maximum precision the number of parasites in the sample from a patient. Furthermore, such
titration allows for the sensitivity of downstream PCR reaction to be established.

The trypan blue exclusion test is a rapid and simple technique, which determines the number of
viable cells present in a cell suspension and is the "gold standard" in identifying T. gondii in a
cellular suspension [17]. The trypan blue exclusion test is based on the principle that live cells
possess intact cell membranes that exclude the dye, whereas dead cells do not. The observer
then notes either a clear or blue-colored cytoplasm indicating cellular viability [18]. Similarly,
yellow fluorescent protein (YFP)-expressing T. gondii tachyzoites present endogenous

reporters allowing for the visualization of viable parasites in a cell suspension by fluorescence
microscopy [19].

A reliable, clinically available method demonstrating T. gondii in the peripheral blood of
patients with systemic and ocular toxoplasmosis could help to establish diagnosis in atypical
cases, monitor efficacy of treatment and better explain the mechanism of disease and
recurrence. We sought to investigate the reliability of both methods in determining the
concentration of T. gondii in a cell suspension and demonstrate that the fluorescence
microscopy method is an accurate way to train researchers in the counting of the parasite and
then compare the sensitivity of three different methods of T. gondii detection in peripheral
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blood; whole blood smears, immunohistochemistry, and PCR.

Materials And Methods
T. gondii cell culture and quantification

Yellow fluorescent protein (YFP)-expressing RH strain T. gondii tachyzoites (Boris Striepen,
PhD, University of Georgia, Athens, GA, USA) were kept on a monolayer of vero cells
maintained in DMEM medium supplemented with 10 % heat-inactivated fetal bovine serum
(FBS), 1 % penicillin-streptomycin (Invitrogen, Burlington, ON, Canada), and L-glutamin at
37° C, 5% CO,. Tachyzoites were harvested when approximately 80% of the monolayer was

lysed. After centrifugation at 2800 RCF for 15 minutes at room temperature, the pellet was re-
suspended in 2 mL of supplemented medium. A 1:1 mixture of YFP-expressing tachyzoites and
was prepared and left to incubated for 10 seconds. Quantification was performed by counting
the number of unstained, therefore viable, crescent-shaped cells in a Neubauer hemacytometer

to determine parasite concentration. Serial dilutions were made from the original solution: 105,

10% 103, 10% 10 and 107! parasites per milliliter. Quantification of the parasites by
fluorescence microscopy was carried out on the same sample subsequent to the trypan blue
exclusion test. Parasites were counted at magnifications of 200x for both the trypan blue
exclusion test and fluorescence microscopy. Fluorescence was confirmed using an inverted
fluorescent microscope (Nikon Eclipse TE2000-U). The procedure was performed six times by
three different pathologists.

Peripheral blood smear

Following methanol immersion, patient blood was fixed to a slide and was air dried prior to
counting.

Identification of T. gondii in peripheral blood by
immunohistochemistry

Samples of 3 mL of blood from a healthy volunteer were spiked with 1 mL solution of different
parasite concentrations. After 30 minutes of incubation at 25°C the samples were submitted to
either whole blood smear or white layer cytospins on a Cytospin3 machine (Shandon Scientific
Limited, Astmoor, UK). White blood cells were separated using Ficoll (Ficoll Paque Plus
Amersham Bioscience) and 250 uL of cell suspension spun at 30 RCF for three minutes onto a
slide. Immunohistochemistry was performed using the Ventana BenchMark LT (Ventana
Medical System Inc., Arizona, USA). Slides were incubated with rabbit polyclonal T. gondii Ab-1
antibody (Lab Vision Corp., Fremont, CA, USA) at a dilution of 1:30 for 30 minutes at 37°C,
followed by the application of biotinylated secondary antibody for eight minutes at 37°C and
then an avidin/streptavidin enzyme conjugate complex for eight minutes at 37°C. Finally, the
antibody was detected by Fast Red chromogenic substrate and counterstained with
haematoxylin.

Detection of T. gondii via quantitative real-time PCR method

A mixture containing 1 mL blood from healthy volunteers and 1mL of a media suspension

containing different concentrations of T. gondii 10%103, 102, 10! and 107! was prepared. DNA
was extracted using the QIAamp DNA Blood Midi/Maxi Kit (QIAGEN, Mississauga, ON, Canada)
as per the manufacturer's recommendations. The concentration of DNA in the samples was
determined using a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies,
Wilmington, DE, USA). The 260/280 and 260/230 nm ratios were used to evaluate DNA purity.
Quantification of two genomic targets were compared, the B1 gene [20] and the 529 bp
sequence [21]. The primers used were: B1: Forward 5- TCC CCT CTG CTG GCA AAA AGT -3’
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and Reverse 5- AGC GTT CGT GGT CAA CTA TCG ATT G -3 529bp: 5- CGC TGC AGG GAG GAA
GAC GAA AGT TG-3' and Reverse 5- CGC TGC AGA CAC AGT GCA TCT GGA TT- 3' (Integrated
DNA Technologies Inc., San Jose, CA, USA). Targets were quantified by real-time PCR using
QuantiTect one-step SYBR Green PCR method (Qiagen, Mississauga, ON, Canada). A Chromo4
Thermocycler (M] Research, Waltham, MA, USA) was used for all experiments and was
programmed for a 95° C 15 minutes hot start followed by 44 cycles at 94° C for 15 seconds,

58° C for 30 seconds and 72° C for 60 seconds. The elongation temperature was determined
experimentally. Each reaction was followed by a melting curve 60 to 90° C, 1° C per second.
Beta-actin was used as a positive internal control and for normalization. All results were
analyzed using the GeneEx software. Five microliters of PCR product were separated ona 1 %
agarose gel and visualized by ethidium bromide staining.

Results
T. gondii quantification

Counting by the trypan blue exclusion test yielded an average of 2.90 million parasites (ranging
from 1.8 — 4.0 million) per milliliter in cell suspension whereas, counting by fluorescence
microscopy yielded an average of 6.18 million parasites (ranging from 5.90 — 6.45) per milliliter
in the same sample. Fluorescence microscopy revealed more tachyzoites than the trypan blue
exclusion method; the exclusion test underestimated the concentration of the cell suspension
by 2.13 fold as shown in Figure 1.

100um

100um

B

FIGURE 1: Comparison between T. gondii identification by
trypan blue exclusion test visualized by light microscopy

Comparison between T. gondii identification by trypan blue exclusion test visualized by light
microscopy (A), a combination of light and fluorescence microscopy illustrating the majority of
viable parasites by florescence (B), and the typical visual field as seen when counting the
parasite by florescence microscopy (C). All images are of the same cellular suspension, with
photos taken in direct succession at a magnification of 200x

Accurate counting of parasites in suspension is challenging for the untrained eye. Tachyzoites
are elongated and thin shaped so they might go unnoticed when standing in the upright
position inside the counting chamber. Furthermore, the number of parasites might be
underestimated if they are clustered together. These dimensional arrangements contribute to
unreliable counting. Observers were trained in counting tachyzoites by quantifying first by
fluorescence microscopy followed immediately by light microscopy. In this way, a homogenous
count was achieved, where one field that yielded an average of 5.9 million parasites (ranging
from 5.55 — 6.25 million) per milliliter under fluorescent microscopy resulted in 6.0 million
parasites (ranging from 5.3 — 6.7 million) per milliliter under light microscopy. Counting
fluorescent parasites contributed to training in identification and determining the
concentration of parasites, resulting in a more accurate count.
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Identification of T. gondii in spiked whole blood

Cytospins were positive for concentrations of 109, 10° and 10%toxo/ml while the whole blood

smears were positive only for 10%and 10° toxo/mL. These results were evaluated by four
independent pathologists who graded positivity based on stained parasites.

Detection of T. gondii by Quantitative Real-Time PCR Method

The qPCR method was able to detect parasites in concentrations as low as 0.5 toxo/mL of blood.
The 529bp target primers were more sensitive in detecting T. gondii when compared with the
B1, as shown in Figure 2. Amplification of products resulted in uniform melting curves and
fragments with the expected length for each set of primers (Figure 3).
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number of tachyzoites / ml of blood

FIGURE 2: Graphic demonstrating the number of cycles during
PCR to yield a positive result for T. gondii spiked in whole
blood in the concentration shown.

Ladder 1 10 100 1000

529bp
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FIGURE 3: Agarose gel electrophoresis shows fragments with
the expected length for each set of primers.

Discussion

The quantification of T. gondii by fluorescent microscopy is a more accurate method of
determining the number of parasites in a cell suspension than the trypan blue exclusion test.
The trypan blue exclusion test is a simple and rapid technique that allows for the quantification
of cell viability but is not without limitations. The inherent subjectivity of the trypan blue
exclusion test coupled with uncertainties that face observers not experienced in counting, such
as the low contrast between viable and non-viable cells, variation of exclusion test protocols,
and the observer's professional training, all lead to irreproducible results. Counting by
fluorescence microscopy allows for not only a precise count but acts also as an aid in training
observers to properly employ the trypan blue exclusion test. The underestimation of parasite
concentration used to spike blood to determine the sensitivity of a method like PCR could lead
to overestimation of the sensibility of such technique. Therefore, we employed YFP transfected
parasites in all our experiments, which has resulted in more reliable and reproducible counting.

THC was able to detect a lower concentration of parasites in cytospins when compared to whole
blood smears. T. gondii is able to invade and multiply in all cells and tissue types and has an
affinity for muscle and neural cells [22]. Perhaps, the nucleated cells in the peripheral blood
attract the parasites in a similar fashion, which could explain the greater sensibility of
cytospins when compared to whole blood smears.

In 2000, Held, et al. compared IMC to PCR in the detection of T. gondii in bone marrow
recipients and found their sensitivity to be 65% and 75%, respectively [23]. In contrast,
sampling peripheral blood, only high concentrations of parasites could be detected by
IHC, demonstrating lower sensitivity when compared to PCR.

gRT-PCR was far more sensitive when compared with the two other methods. Moreover, the 529
bp target being more sensitive than B1 gene because of a greater copy number, confirming
previous reports [24]. The sensitivity of PCR to detect T. gondii varies depending with the PCR
technique used. In 2006, Calderaro, et al., was able to detect 100 parasites per milliliter using
FRET-PCR [25], while Edvinsson, et al., using RT-PCR DNA extracted from spiked blood, was
able to detect 1 toxo/ml [24]. Our method could detect as few as 0.5 parasites per milliliter.

To determine the sensitivity of the PCR most published papers add parasite DNA to the
reaction, either whole parasite DNA or specific sequences cloned using plasmid [25-28]. This
procedure ensures a known concentration per reaction tube. Here, we added tachyzoites to the
blood and then proceed with DNA extraction in order to reproduce the exact procedure to
which clinical samples will be processed.

Conclusions

The use of fluorescent microscopy is a valuable tool for identification of T. gondii in a research
setting. Fluorescent microscopy is user-friendly and requires no special training, only the
identification of fluorescent bodies. By contrast, the trypan blue exclusion test requires an
intimate knowledge of the parasite's morphology and its appearance in a cellular suspension.
The underestimation of parasites by the trypan blue exclusion test, when used for the
ascertainment of PCR sensitivity, for example, leads to a false perception of high sensitivity of
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the molecular test.

After determining the concentration of parasites per unit volume of our cellular suspension, we
performed a side-by-side comparison of three methods to detect T. gondii in peripheral blood.
All three methods were able to identify T. gondii in peripheral blood. However, the qRT-PCR

method proved to be 10° times more sensitive than cytospins or blood smears and one
particular primer set more sensitive than the other. The B1 sequence is the most widely used
amplification target for the diagnosis of toxoplasmosis [27, 29-31], but we have confirmed
previous reports that the amplification of the 529 bp target is the most sensitive method for the
identification of T. gondii in peripheral blood known to date. We were able to detect as little as
0.5 parasite per milliliter by q-PCR targeting the 529bp fragment, a level of sensitivity which
might allow this technology to be used as a diagnostic tool for toxoplasmosis and, explain the
mechanism of disease and recurrence.
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