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Abstract

Felines are definitive hosts of Toxoplasma gondii and can shed oocysts in their feces, contaminating the environment.
Sporulated oocysts are highly resistant to the environment and have higher infectivity, which are attributed to
many toxoplasmosis outbreaks. The aim of the present study was to evaluate a quantitative polymerase chain
reaction (QPCR) technique for the detection of T. gondii oocysts shed by cats. Twelve cats from a previous vaccine
experiment were challenged orally with 600 cysts of the TgDoveBr8 strain on day 72. Fecal samples were collected
daily using the centrifugal flotation technique, with microscopic examination (Sheather technique) and qPCR for
20 days after the challenge. Cats from all groups shed oocysts in their feces. Five negative cats in the Sheather
were positive according to qPCR on the 3 day post-inoculation (dpi). Oocysts were detected on the 4 dpi using
the Sheather; however, there was no statistical difference between the two methods (p=0.1116). In addition,
there was no statistically significant difference in oocyst shedding between the groups according to the Sheather
technique (p=0.6534) and gPCR (p=0.9670). In conclusion, these results demonstrate that qPCR can be used as
an alternative to the Sheather to detect and quantify T. gondii oocysts.
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Resumo

Felinos sao hospedeiros definitivos do Toxoplasma gondii e podem eliminar oocistos nas fezes, contaminando o
meio ambiente. Oocistos esporulados sdo altamente resistentes ao meio ambiente com elevada infectividade,
sendo atribuido a muitos surtos de toxoplasmose. O objetivo do estudo foi avaliar a reagdo em cadeia da polimerase
quantitativa (QPCR) para a deteccdo de oocistos de T. gondii eliminados por gatos. Doze gatos de um experimento
prévio de vacina foram desafiados por via oral com 600 cistos da cepa TgDoveBr8 no dia 72. Amostras fecais foram
coletadas diariamente pela técnica de centrifugo-flutuacdo seguida de exame microscopico (técnica de Sheather)
e qPCR por 20 dias ap6s desafio. Gatos de todos os grupos eliminam oocistos nas fezes. Cinco gatos negativos na
técnica Sheather foram positivos de acordo com a qPCR no 3° dia pds-inoculagdo (dpi). Oocistos foram detectados
no 4° dpi no Sheather; entretanto, ndo houve diferenca estatistica entre os dois métodos (p=0,1116). Ndo houve
diferenca estatisticamente significativa na eliminacdo de oocistos entre os grupos de acordo com a técnica de
Sheather (p =0,6534) e qPCR (p = 0,9670). Em conclusao, esses resultados demonstram que gPCR pode ser usada
como uma alternativa ao Sheather para detectar e quantificar oocistos de T. gondii.
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Toxoplasmosis in cats

Introduction

Felines, including domestic cats, are definitive hosts of Toxoplasma gondii and can shed oocysts in their feces,
thus contaminating the environment (Frenkel et al., 1970). A cat can shed millions of oocysts by ingesting a single
bradyzoite, which, in ideal environmental conditions, become infectious within one to five days during the sporulation
process, although this event is not synchronized, as some oocysts can sporulate early while others can take more
time (Dubey, 2001). Sporulated oocysts are more resistant than those that are not, and have a double wall, making
them as strong as ordinary plastics, resistant to low and high temperatures, or treatments, such as chlorination,
ozonation, ultraviolet radiation, and freezing, and to disinfectants (Jones & Dubey, 2010).

Studies investigating T. gondii oocysts have demonstrated their viability in soil for up to 18 months (Frenkel et al.,
1975), under refrigeration at 4°C for up to 4.5 years, in seawater for 2 years, and frozen at -10°C for 106 days (Dubey,
1998; Lindsay & Dubey, 2009). Worms, flies, and cockroaches can also spread oocysts in the environment, directly
contaminating food (Chinchilla et al., 1994). In addition, oocysts possess a high infective capacity for intermediate
hosts, in which a single oocyst can cause infection in pigs (Dubey et al., 1996).

The epidemiology of human toxoplasmosis outbreaks has changed over the past few decades and, currently,
oocyst ingestion is the primary source of infection in outbreaks of human toxoplasmosis (Pinto-Ferreira et al., 2019).
Livestock animals may also become infected by oocysts, and many studies have reported the presence of cats as a
risk factor for T. gondii infection; domesticated animals are more exposed to the parasite than farms without cats
(Garcia-Bocanegra et al., 2010; Vieira et al., 2018).

Centrifugal flotation followed by optical microscope examination (Sheather technique) is the most common
method used to detect T. gondii oocysts in feline feces. However, limiting factors, such as similar morphology to
other coccidian oocysts, lead to false-positive results, and samples with few oocysts can lead to false-negative
results because the detection threshold is between 250 and 1000 oocysts/g of feces (Jones & Dubey, 2010).
A modified Kato-Katz technique with Kinyoum's staining demonstrated sensitivity for a more extended period than
centrifugal flotation. It can generate a permanent record of oocysts (stained slides); however, it is a semi-quantitative
technique, much like centrifugal-flotation (Meireles et al., 2008). The mouse bioassay is the only technique capable
of detecting viable and infectious oocysts; however, it is expensive and requires resources, time, and infrastructure
(Salant et al., 2007).

Molecular approaches that detect DNA are highly specific and widely used in scientific research (Dabritz et al.,
2007). An experimental study reported a detection sensitivity of 1-2 oocysts in 200 pL of feces by amplifying a
repetitive 529 base pair (bp) DNA fragment (Salant et al., 2007). However, detection in fecal samples from naturally
infected animals and environmental samples is not very sensitive due to the difficulty of breaking the oocyst wall
and the presence of polymerase chain reaction (PCR) inhibitors (Dabritz et al., 2007).

Most cats have free access to the street, even those that are domiciled, and the number of wandering animals
is high, while many others are abandoned. These factors perpetuate the T. gondii life cycle because these animals
do not have a proper place to defecate and bury their feces in the environment. The seroprevalence of T. gondii
is higher in older animals (Schares et al., 2008); however, this is not a protective factor because a previous study
demonstrated that seropositive adult cats can re-shed oocysts in large numbers, especially when re-infected with
a different strain, which may be relevant in sites with high clonal diversity and genetic recombination (Zulpo et al.,
2018). Although oocysts shed by cats are epidemiologically important in the spread of T. gondii, few studies have
investigated methods to control oocyst shedding. Moreover, high-sensitivity and high-specificity techniques are
required to detect and quantify oocysts shed by cats to estimate environmental contamination. Therefore, the aim
of this study was to evaluate a molecular approach for the detection of T. gondii oocysts shed by cats.

Material and Methods

Animals

Twelve short-haired domestic cats (Felis catus; 8 males, 4 females; 6 to 9 months of age) from a previous vaccine
study (unpublished data) were used in the experiment. The animals were examined, vaccinated against feline viral
diseases (rhinotracheitis, calici, and panleukopenia viruses; Feligen, Virbac, Carros, France), and dewormed (Vetmax
plus, Vetnil, Louveira, Brazil). None of the cats included in the study exhibited detectable anti-T. gondii antibodies
according to indirect fluorescent antibody test or T. gondii oocysts shedding before the study.
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The cats were randomly allocated to individual cages and fed a commercial dry food diet with water ad libitum
access to water. Monitoring was performed for two months, which consisted of daily physical examination, cleaning,
feeding, and welfare checks.

All procedures involving the animals were performed according to current Brazilian regulations and approved
by the Ethics Committee on Animal Use at the State University of Londrina, Parana, Brazil (No. 102/12).

Challenge

The cats were divided into three groups, each comprising four animals: G1 (25 pg of rROP2 plus 25 pg of
rHSP70 and 20 pg of Quil-A); G2 (25 pg of Escherichia coli and 20 pg of Quil-A); and G3 (control, only isotonic sodium
chloride solution). All cats were challenged on day 72 with 600 cysts of the TgDoveBr8 strain (ToxoDB#1), isolated
from a dove (Barros et al., 2014). Inoculation was performed via stomach tube, after which the cats were injected
with 5 mL of isotonic sodium chloride solution to avoid residuals. The animals were anesthetized with tiletamine
plus zolazepam (3.15 mg/kg [intramuscular], Zoletil, Virbac) to perform the challenge.

Fecal examination

Fecal samples from each cat were examined daily for 20 days using the centrifugal flotation technique to detect
T. gondii oocysts, as previously described (Sheather, 1923). Each day, the total volume of feces from each cat was
pooled, homogenized, and weighed. Two grams of this homogenate was mixed with 10 mL of sucrose solution
(density 1.18 g/cm?), filtered using gauze, and centrifuged (1,200 x g for 10 min). One drop of the solution was
removed from the meniscus and examined under a microscope. Then, the supernatant was collected, mixed with
40 mL of water in a 50 mL tube, and centrifuged (1,200 x g for 10 min). The supernatant was discarded, the pellet
was resuspended in water (1 mL). This yield solution was used for oocyst quantification and stored in labeled
microtubes at -20°C until molecular analysis. Oocyst quantification was performed using a four WBC chambers
(i.e., Neubauer) hemocytometer.

DNA extraction

For DNA extraction, 100 pL of the yield solution from centrifugal-flotation in the sucrose solution was
homogenized by vortexing with 900 pL TE buffer (100 mM Tris HCI; 10 mM EDTA, pH 8.0) followed by centrifugation
at 10,000 x g for 5 min at room temperature. The supernatant was discarded, and the pellet was resuspended by
vigorous vortexing in 300 mL lysis buffer (T1 buffer, Macherey-Nagel GmbH, Duren, Germany). Five freeze-thaw
cycles (-80°C for 10 min and 65°C for 5 min) were performed, and lysis was achieved using overnight incubation
with proteinase K (2 mg/mL) at 65°C.

Total DNA was extracted by adding ultrapure buffered saturated phenol (v/v), homogenized, and centrifuged
(10,000 x g) for 5 min at room temperature. The supernatant was transferred to a new clean tube with an equal
volume of phenol/chloroform/isoamyl alcohol (25:24:1). The samples were mixed and centrifuged again, as described
above. The translucent aqueous phase (250 plL) was transferred to a clean tube, and DNA was precipitated using
cold 100% ethanol (3:1) and ammonium acetate (10 M). The mixture was homogenized and stored at -20°C for
1 h. The sample was then centrifuged (10,000 x g) for 15 min at 4°C, the supernatant was discarded, and DNA
purification was performed by washing with 1 mL of 70% ethanol and centrifuging for 15 min at 10,000 x g. After
drying the pellet at 37°C, DNA was eluted using ultrapure water (25 pL) and stored at -20°C until PCR.

Quantitative PCR (gqPCR)

The gPCRreactionincluded 5 pL of SYBR Select Master Mix (Thermo-Fisher Scientific, Waltham, MA, USA), 0.2 pL
(10 uM) each of forward and reverse primer, 0.4 pL of bovine serum albumin (BSA), 3.2 pL ultrapure water, and
1 L of DNA template, resulting in a total volume of 10 yL. BSA (10 pg/pL) was added to the reaction mix to mitigate
the effects of PCR inhibitors without affecting the PCR reaction. The forward (Tox-9) and reverse (Tox-11) primer
set targeted a repetitive 529 bp DNA fragment, as described previously (Reischl et al., 2003).

Cycling conditions (ABI 7500 StepOnePlus™ Real-Time PCR system, Thermo-Fisher Scientific) were as follows:
95°C for 10 min; 40 cycles at 94°C for 15; 59°C for 30 s; and 72°C for 30 s. Fluorescence was measured at the end
of each cycle. An additional step, 95°C for 15 s and 60°C to 95°C for 1 min (0.3°C/s), was added to obtain the melting
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curve. Data were analyzed using StepOne™ version 2.2.2 (Thermo-Fisher Scientific). Each sample was tested in
duplicate, and each gqPCR plate contained a negative control.

The standard curve was constructed using genomic DNA isolated from 1.4x10° T. gondii oocysts (five points
at 1:10 dilution) and included on each plate. The slope of the standard curve was used to calculate amplification
efficiencies using the formula E=10(-1/s) -1, in which E represents the amplification efficiency and s the slope.

Statistical analysis

The Kruskal-Wallis test was used to compare oocyst shedding among the groups, while the t-test was used to
evaluate differences between the techniques (i.e., Sheather versus qPCR). All statistical analyses were performed
using GraphPad Prism version 6.0 (GraphPad Inc, San Diego, CA, USA); differences with p<0.05 were considered
to be statistically significant.

Results

All the cats shed T. gondii oocysts in feces; however, none of the animals exhibited showed significant clinical
signs. Post-amplification melting curve analysis revealed one peak (Figure 1). According to gPCR, it was possible
to quantify oocysts in all samples analyzed based on a standard curve (Figure 2). Five animals that were negative

Melt Curve

Derivative Reporter (-Rn

85.0 70.0 75.0 80.0 85.0 90.0 a5.0
Tm: 85.45
Temperature (°C)

Figure 1. Post-amplification melting curve using SYBR Green dye (Thermo-Fisher Scientific, Waltham, MA, USA) Toxoplasma
gondii-positive samples yielded one peak.
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Figure 2. Standard curve for a serial 10-fold dilutions of Toxoplasma gondii oocysts from cat feces. Slope, -3.772; Y-intercept,
-42.3089; correlation (i.e., r?), 0.991.

according to the centrifugal flotation technique on the 3 dpi were positive according to qPCR, with 328, 450,
470, 509, and 1828 oocysts shed per gram of feces (OOPG). Using the Sheather technique, oocyst detection and
quantification were only possible on the 4t dpi. Although it was possible to detect and quantify oocysts using gPCR
earlier than the Sheather technique, there was no statistical difference between the two techniques (p=0.1116).

Oocyst shedding per group according to each of the techniques is reported in Figure 3. G2 animals shed fewer
OOPG compared to the other groups. The average number of OOPG according to the Sheather technique was
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Figure 3. Evaluation of quantitative polymerase chain reaction and the Sheather technique for detection of Toxoplasma gondii
oocysts shed by cats immunized with rROP2 and HSP70 (G1), adjuvant (G2), and control (G3).
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90,888 and 144,976 for qPCR. Cats in G1 shed an average OOPG of 114,120 and 160,760 according to the Sheather
technique and gPCR, respectively. Cats in G3 had an average OOPG of 134,263 according to the Sheather technique
and 162,907 according to qPCR. However, there was no statistically significant difference between the groups
according to Sheather technique and gPCR results (p=0.6534 and p=0.9670, respectively).

Discussion

We detected T. gondii DNA detection using the centrifugal flotation technique, while no DNA was detected
using total feces. This may be due to fewer impurities and a higher concentration of oocysts, thus facilitating
DNA extraction and mitigating the negative impact of PCR inhibitors usually found in total feces. The oocyst wall
consists of a proteinaceous structure with a lipid coating, providing high environmental resistance, and the freeze-
thaw cycling has been reported as a necessary step to yield a greater DNA concentration (Cornelissen et al., 2014;
Freppel et al., 2018).

In this study, cats that were positive according to gPCR were negative according to the centrifugal flotation
technique. This technique is widely used and considered to be inexpensive because specialized equipment is
not required. However, it requires training and experience for oocyst identification and quantification, and has a
high detection threshold. We found that samples that were negative according to the Sheather technique yielded
1828 OOPG according to gPCR, indicating that Sheather detection threshold is likely > 1828 OOPG; however,
previous studies have indicated that coproparasitological examination requires > 1000 oocysts to be positive
(Jones & Dubey, 2010). Moreover, it requires training and experience for oocyst identification and quantification
(Lalonde & Gajadhar, 2011). Furthermore, we observed that centrifugal flotation is necessary for gPCR detection,
corroborating a previous study that demonstrated the utility of flotation with saturated NaNO, before microscopic
and molecular detection of T. gondii oocysts (Sroka et al., 2018).

The qPCR was able to detect oocysts in the feces earlier than coproparasitological methods. This molecular
technique has advantages over conventional PCR because it yields better sensitivity and specificity, and primarily
quantifies parasitic DNA (Hunt, 2011). However, caution should be exercised because this technique may detect T.
gondii DNA from infected prey instead of oocysts (Poulle et al., 2016). Cornelissen et al. (2014) also suggested that
gPCR can detect DNA fragments in feces without oocysts and should be carefully analyzed, especially in studies
evaluating vaccine efficacy and varying challenge doses.

According to both techniques used in the present study, oocyst shedding was detected on the 3 dpi to
the 11% dpi. Previous studies have also reported oocyst shedding at a similar interval (Zulpo et al., 2012, 2017;
Cornelissen et al., 2014); however, characteristics related to the cats’' immunity, genotype, and infectious dosage
can influence this interval (Garcia et al., 2007; Zulpo et al., 2018).

Cats in G3 had an OOPG average higher than those in the other groups; however, the difference was not
statistically significant. In contrast, cats in G2 had the lower OOPG average, according to both techniques. These
differences were not statistically significant and are merely casual. A previous study also demonstrated the
immunomodulatory effect of Quil-A, indicating that it is a useful adjuvant for vaccines (Zulpo et al., 2012).

Oocysts quantification is commonly performed in experimental studies; however, few investigations have
quantified the shedding of oocysts in the feces of naturally infected cats (Dubey et al., 2020). In addition, the used
molecular methods, such as PCR-RFLP, would contribute to the similar parasites in felines stools (Da Silva et al.,
2009). Thus, molecular and coproparasitological techniques, such as gPCR and the Sheather technique, can be
used concomitantly to estimate potential environmental contamination by T. gondii oocysts in feline stool samples.

Conclusions

gPCR method was comparable to centrifugal flotation for detection of oocysts in experimentally infected cats;
thus, it may be used as an alternative tool for the detection and quantification of T. gondii oocysts in stool samples
from infected cats.
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