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H I G H L I G H T S

• The study compares Mini-FLOTAC
with Kova Slide for detection of
T. gondii oocysts.

• Thousand times higher sensitivity
of Mini-FLOTAC has been shown.

• Mini-FLOTAC is more sensitive
with more accurate quantification
of oocysts.

• We therefore recommend its use
for regular screening.
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A B S T R A C T

Oocysts of Toxoplasma gondii represent one of the most common environmental contaminants causing
the zoonotic infection toxoplasmosis. The aim of the present study was to compare the Mini-FLOTAC device
with traditional cell counting plates (Kova Slide) for the detection of T. gondii oocysts from feline feces.
Two types of experiments were performed: (i) purified oocysts were counted in different dilutions and
(ii) specific pathogen free T. gondii-negative cat feces was inoculated with numbers of purified oocysts
and counting was performed directly from feces. Our analysis showed a thousand times higher sensi-
tivity of Mini-FLOTAC (5 × 102 oocysts) compared to Kova Slide (5 × 105 oocysts). Also, when compared
by McNemar’s test, counting of the purified oocysts showed a higher sensitivity of Mini-FLOTAC com-
pared to Kova Slide, for a dilution of 103 oocysts/ml (chi2 = 6.1; P < 0.05). A better sensitivity was also found
with Mini-FLOTAC in dilutions of 105 and 104 oocysts/ml, when counted from feces (chi2 = 4.2 and 8.1,
respectively, P < 0.05). Our results show that Mini-FLOTAC is more sensitive than traditional methods of
T. gondii oocysts detection and quantification is more accurate. Furthermore, Mini-FLOTAC simplicity and
cost effectiveness allow it to be used with light microscopes in any laboratory or field conditions. We
therefore recommend its use for regular screening. Further studies are needed to validate Mini-FLOTAC
for the detection of oocysts in soil and water samples in field conditions.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

The cosmopolitan protozoan Toxoplasma gondii, able to infect
humans and all warm-blooded animals, is estimated to be present
in one third of the global human population, rendering it the most
successful parasite on Earth (Dubey, 1996; Hill et al., 2011). The pa-
rasite’s life cycle includes a sexual phase completed in the intestines
of members of the Felidae family (definitive hosts) resulting in the
production of oocysts, and an asexual one in which encysted para-
sites circulate between prey and predators (intermediate hosts).
T. gondii achieves persistence in the host by conversion from the
proliferative tachyzoite stage into quiescent encysted bradyzoites,
a mechanism controlled by the host immune response (Sullivan
and Jeffers, 2012). Thus, although generally mild and self-limiting
in immunocompetent individuals, T. gondii infection may cause
life-threatening disease in the fetus and in the immunocompromised
host.

Humans get infected by ingestion or inhalation of oocysts from
the environment (especially water, fruits and vegetables) contami-
nated by cat feces, and intake of tissue cysts present in the muscles
of infected animals (Torrey and Yolken, 2013). Consumption of un-
washed raw vegetables, poor hand hygiene and contaminated water
sources were linked to cases of toxoplasmosis in humans (Jones and
Dubey, 2010; Skinner et al., 1990). Considering the number of felids
that can contaminate human environment and the number of oocysts
shed, domestic cats are the species mostly associated with a risk
of human infection (Hill and Dubey, 2002). Cats can excrete mil-
lions of oocysts after ingestion of a single bradyzoite. The importance
of oocysts in the transmission of T. gondii is highlighted by the fact
that, despite the world-wide distribution of the parasite, infection
is virtually absent on small islands and atolls which have never been
inhabited by cats (Yu et al., 2013).

Although consumption of undercooked meat has been identi-
fied as a major risk factor for T. gondii infection in humans, this
finding does not explain outbreaks and high seropositivity in popu-
lations of vegetarians (Buffolano et al., 1996; Cook et al., 2000; Paul,
1998).

Many methods have been used to detect T. gondii oocysts in feces,
environmental samples (soil, water), and fruits and vegetables
(Aramini et al., 1999; Dumetre and Darde, 2003; Herrmann et al.,
2011; Lalonde and Gajadhar, 2011; Meireles et al., 2008; Salant et al.,
2010; Sullivan and Jeffers, 2012; Villena et al., 2004). Recent studies
use PCR for the detection of oocysts (Lalonde and Gajadhar, 2011),
while others use cell counter plates such as Kova Slide (Lelu et al.,
2011) or Kato Katz (Meireles et al., 2008). Although these tech-
niques are reliable, they either lack sensitivity/accuracy/precision
or their cost effectiveness is not justified, and if not disposable,

materials cannot be washed because of the water contamination.
Different uses of multivalent techniques belonging to the “FLOTAC
family” are described for the copro-microscopic detection of par-
asitic elements in human and animal feces (Cringoli, 2006; Cringoli
et al., 2010).

Mini-FLOTAC is an easy-to-use apparatus from the FLOTAC family
which is considered promising for detecting and counting hel-
minth eggs and protozoa (oo)cysts in animals and humans (Cringoli
et al., 2013).

In the present study, Mini-FLOTAC and Kova Slide were com-
pared (in terms of sensitivity and accuracy) for the detection of
T. gondii oocysts from cat feces in a controlled trial. An efficient and
accurate method for the detection of T. gondii oocysts in cat feces
would facilitate early identification of environmental contami-
nants and improve prevention of human infection.

2. Materials

2.1. Preparation of reference material

One four-month old specific pathogen free (SPF) cat was orally
inoculated with a mouse brain containing approximately 100 cysts
of T. gondii strain type II (76K) (Ethics committee approval number:
21/01/13-2). Prior to infection feces were examined by Kova Slide
as described below for the presence of T. gondii oocysts. After in-
fection (day 0), fecal samples were collected daily in plastic collection
cups with screw lids, according to the manual of OIE for fecal samples
collection (OIE Terrestrial Manual 2013). Each sample was stored
at +4 °C, until analysis. The whole quantity of feces was homog-
enized and 10 grams were put in a 50 ml tube and mixed with a
sucrose solution (52%, specific gravity = 1.2) as described by Lelu et al.
(2011). Ten μl were examined under Kova Slide. Light microscope
(Leica DMI 4000B) with ×200 magnification and blue ultra fluores-
cent light was used for oocysts detection taking advantage of auto
fluorescence of T. gondii oocysts. For our study fecal sample from
day six after inoculation was chosen as representative (approxi-
mately 10 × 106 oocysts/g, counted on Kova Slide).

2.2. Preparation of pure oocysts and fecal samples for counting

From a suspension of purified oocysts six-fold dilutions were
made; from 1 × 106 to 10 oocysts/ml with 40 tubes for each dilu-
tion (in total 240 tubes). Feces for inoculation with oocysts
(originating from another SPF cat – negative control), was divided
in 120 tubes (10 g/tube). From each oocyst dilution 20 tubes were
mixed with 20 tubes of feces. Out of 40 tubes for each dilution, 20
were used per method; 10 for counting the purified oocysts and 10
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