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Avariety of laboratory techniques are used in parasitological diagnosis. However, studies that
analyze their laboratory efficiency are very scarce, especially with regard to biological samples
from wild animals that are little known, with little popular attachment, such as artiodactyls.
These can be infected by different parasites, including protozoa of the phylum Ciliophora, which
includes the parasites Balantioides coli and Buxtonella sulcata. In this light, the aim of this study
was to compare the efficiency of five coproparasitological techniques for diagnosing protozoan
cysts of the phylum Ciliophora in the feces of free-living artiodactyls. To this end, 101 fecal
samples were collected from trails in Pedra Selada State Park, Rio de Janeiro state, from 2020
to 2021. All the samples were analyzed using the qualitative techniques of modified Sheather
floatation, modified Ritchie sedimentation and Lutz, as well as the quantitative techniques
of Mini-FLOTAC and McMaster. Cyst recovery was best achieved using the modified Ritchie
technique, in which 62.5% positivity was detected, followed by Lutz (47.5%), modified Sheather
(37.5%) and the quantitative techniques of Mini-FLOTAC (30%) and McMaster (17.5%). In most
of the comparisons between the techniques, reasonable agreement regarding the diagnosis
was observed (Kappa 0.21 to 0.40), which was statistically significant (p<0.05). McMaster
showed higher mean and standard deviation values for counts of cysts per gram of feces than
Mini-FLOTAC. However, there was no significant difference in the estimates for cyst counts
(Wilcoxon p>0.05). Sedimentation qualitative techniques were more indicated for diagnosing
cysts of protozoa of the phylum Ciliophora in the feces of free-living wild artiodactyls. These
techniques can therefore be used as laboratory tools for environmental parasite monitoring. In
addition, between the two quantitative techniques, Mini-FLOTAC presented better performance,
thus showing its potential as a tool for estimating the abundance of cystic forms of the phylum
Ciliophora in environmental samples.

INDEX TERMS: Parasitological diagnosis, cyst, phylum Ciliophora, wild animals.

RESUMO.- [Avaliac¢do de cinco técnicas parasitolégicas para
o diagnéstico de cistos do filo Ciliophora em amostras fecais
de artiodactilos silvestres em vida livre.] Diversas sdo as
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técnicas laboratoriais utilizadas no diagndstico parasitoldgico.
No entanto, estudos que analisam a eficiéncia laboratorial das
mesmas sdo muito escassos, principalmente quando se trata
de amostras bioldgicas de animais silvestres, que possuem
pouca divulgacdo e apego popular, como os artiodactilos.
Estes podem se infectar por diferentes parasitos, incluindo os
protozoarios do Filo Ciliophora, no qual se inclui Balantioides
coli, bem como Buxtonella sulcata. Mediante o exposto, este
estudo objetivou comparar a eficiéncia entre cinco técnicas


mailto:alynnedsb@gmail.com
https://orcid.org/0000-0001-9131-7588

https://orcid.org/0000-0002-7267-9310
https://orcid.org/0000-0001-9694-9453
https://orcid.org/0000-0002-4092-3358

https://orcid.org/0000-0002-4176-5224
https://orcid.org/0000-0002-5007-1339
mailto:alynnedsb@gmail.com

2 Jessica L. Pinheiro et al.

coproparasitologicas para o diagnéstico de cistos de protozoario
do Filo Ciliophora em fezes de artiodactilos em vida livre. Entre
2020 e 2021 foram coletadas 101 amostras fecais em trilhas
do Parque Estadual da Pedra Selada localizado no estado do
Rio de Janeiro. Todas as amostras foram analisadas pelas
técnicas qualitativas de flutuagdo de Sheather modificada,
sedimentacdo de Ritchie modificada e Lutz, bem como por
meio das técnicas quantitativas de Mini-FLOTAC e McMaster.
Pode-se verificar uma superioridade na recuperagdo dos
cistos por meio da técnica de Ritchie modificada, no qual foi
detectado 62,5% de positividade, seguida pelo Lutz (47,5%),
Sheather modificada (37,5%) e pelas técnicas quantitativas
de Mini-FLOTAC (30%) e McMaster (17,5%). Na maioria
das comparacoes entre as técnicas foi possivel verificar uma
concordancia razoavel (Kappa 0,21 a 0,40) em relagdo ao
diagnéstico entre as mesmas, sendo este estatisticamente
significativo (p<0,05). McMaster em comparagdo com o Mini-
FLOTAC foi a que apresentou os maiores valores médio e de
desvio padrao na contagem dos cistos por grama de fezes.
No entanto, nao foi evidenciado diferenca significativa na
estimativa de contagem dos cistos (Wilcoxon=p>0,05). Pode-se
verificar que as técnicas qualitativas de sedimentagio foram
consideradas as mais indicadas para o diagndstico de cistos
do protozoario do Filo Ciliophora em fezes de artiodactilos
silvestres em vida livre, podendo ser utilizadas como ferramentas
laboratoriais de monitoramento parasitario ambiental. Além
disso, dentre as técnicas quantitativas, o Mini-FLOTAC foi
a que apresentou a melhor performance, denotando o seu
potencial como uma ferramenta para se estimar a abundancia
de formas cisticas do Filo Ciliophora em amostra ambiental.

TERMOS DE INDEXAGAO: Diagnéstico parasitolégico, cisto, filo
Ciliophora, animais silvestres.

INTRODUCTION

The order Artiodactyla is a very varied group of animals that
includes ungulate mammals inhabiting all world biomes. Most
species are terrestrial, with walking and running abilities.
Some are herbivores, and others are omnivores. In Brazil,
four families of artiodactyls are present: Suidae, Tayassuidae,
Cervidae and Bovidae (Tiepolo & Tomas 2006). In addition,
artiodactyls play an importantrole in energy transfer within
an ecosystem since they usually form the prey for animals
at the top of the food chain, such as carnivores (Marchini et
al. 2011). In Rio de Janeiro state, where the Atlantic Forest
biome predominates, the wild artiodactyls present are Pecari
tajacu, Tayassu pecari, Mazama gouazoubira and the bioinvader
Sus scrofa scrofa (Desbiez et al. 2012, Duarte et al. 2012,
Keuroghlian etal. 2013, Ministério do Meio Ambiente 2017).

Many gastrointestinal parasites can infect these animals and
harm them. These include protozoa of the phylum Ciliophora,
especially Balantioides coli, a parasite with zoonotic potential.
Evolutionary forms compatible with this protozoon have been
reported in other studies on artiodactyls in Brazil, including in
P tajacu, in captivity in Rio de Janeiro Zoo; in Sus scrofa scrofa,
free-living in the Itatitaia National Park, which straddles the
border between Minas Gerais and Rio de Janeiro states; and
in T pecari, in captivity in Rio Grande do Sul state (Farret et
al. 2010, Barbosa et al. 2018, Dib et al. 2020). In general, B.
coli cysts are morphologically similar to other protozoa of the
phylum Ciliophora, especially concerning Buxtonella sp. This
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ciliated protozoon has already been detected in the feces of
other herbivore animals, including cattle and buffaloes, and
in non-human primates (Honer & Neitz 1981, Pomajbikova
et al. 2013, Omeragi¢ & Crnki¢ 2015). Although ciliated
protozoa can infect several species of animals, the clinical
changes determined by these agents are little known (Barbosa
et al. 2018). As well as for humans, in non-human primates,
especially in gorillas, infections with B. coli can manifest as
chronic diarrhea with mucus or dysentery with mucus and
blood (Lee etal. 1990). This protozoan has also been identified
as a gastrointestinal parasite capable of altering the milk fat
index in lactating female rhesus macaques (Hinde 2007).

The diagnosis of protozoa of the phylum Ciliophora can
be made through the detection of trophozoites and cysts:
the first is detected mainly in diarrheal feces and the second
in solid and semi-solid feces (Schuster & Ramirez-Avila
2008). Although cysts can be recovered through microscopic
coproparasitological techniques with different bases, there
is little information on the efficiency of these techniques for
diagnosing these structures. Especially with regard to material
collected directly from the environment, wild animals in free-
living of elusive nature, and wild animals under human care
such as requests in Zoos.

Therefore, this study aimed to compare the efficiency
of recovery of cysts of the phylum Ciliophora among five
coproparasitological techniques based on floatation and
sedimentation, including in this analysis some more modern
laboratory tests such as Mini-FLOTAC, using fecal samples
from free-living wild artiodactyls.

MATERIALS AND METHODS

Ethical considerations. This study was approved by the “Instituto
Estadual do Ambiente” (State Institute of the Environment- INEA),
Rio de Janeiro, underno.070002/002752/2020, given that the place
of sample collection is a state park. The fecal samples were collected
from the ground without any direct contact with the animals, then the
Animal Ethics Committee of the “Universidade Federal Fluminense”
(UFF) stressed that no approval was needed from that committee.

Place of collection of fecal samples. A total of 101 fecal samples
from free-living wild artiodactyls were collected from trails in the
“Parque Estadual da Pedra Selada” from July 2020 to August 2021.
This park is located in Visconde de Maua, Rio de Janeiro state, with
an approximate area of 8,036 hectares. It cuts into the municipalities
of Resende and Itatiaia, in the middle of Paraiba Valley. The Serra
da Mantiqueira is in the southern region of Rio de Janeiro state
(Fig.1). This state conservation unit lies within the Atlantic Forest
biome at altitudes ranging from 600 to 2,100 meters. The climate in
the region is classified as high-altitude subtropical, with minimum
temperature that can reach 11°C. This park’s area has several endemic
and endangered animal species, including birds, amphibians and
mammals. In the latter group, non-human primates, artiodactyls
and felids can be highlighted (Parques Estaduais 2017).

Collection of fecal samples. The Fecal samples were collected
atthe same point on the trails where the fauna had previously been
monitored by park guards, mainly through trap cameras. Six areas
were covered; these presented a very high difficulty level because
they included hills and valleys with closed forests. During the
fieldwork, to be collected, fecal samples needed to be intact and to
have morphology compatible with that of artiodactyls, following
the characteristics described by Chame (2003) and Borges &
Tomas (2004), i.e., feces with a cylindrical to rounded pelota shape,
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with one of the extremities pointed and the other concave. The
samples were stored individually in plastic bags without chemical
preservatives. They were properly enumerated and sent to the
parasitology laboratories of the Biomedical Institute, Fluminense
Federal University, in thermal boxes.

Parasitological techniques. As soon as it arrived at the laboratory,
not exceeding one week of storage in the fridge, parts of each fecal
sample were subjected to five coproparasitological techniques: three
qualitative and two quantitative. For the qualitative techniques,
part of the fecal sample was homogenized in distilled water and
filtered in pots containing gauze, and the filtrate was deposited in
a conical-bottomed 250mL beaker. This filtrate was aliquoted into
conical-bottomed 15mL centrifuge tubes to perform centrifugal
sedimentation, as described by Ritchie (1948) and modified by
Young et al. (1979), and centrifugal floatation, as described by
Sheather (1923) and modified by Huber etal. (2003). The remaining
filtrate was left to settle in a conical-bottomed beaker for 24 hours
to perform the Lutz technique (Lutz 1919). In addition to these
qualitative techniques, feces were also subjected to the quantitative
techniques of Mini-FLOTAC, as described by Cringoli et al. (2017);
and McMaster, adapted from Gordon & Whitlock (1939). The Fill-
FLOTAC® type 5 fecal collector, which was designed for fecal samples
from production animals, was used in both techniques. Through this
device, a standardized amount of 5 grams of fecal material that is
then homogenized with sodium chloride solution at 1,200g/mL can
be analyzed. At the end of the cyst count, the result was multiplied
by a correction factor: 5 and 33 for Mini-FLOTAC and McMaster,
respectively. The microscopy slides obtained through the qualitative
techniques and from the Mini-FLOTAC and McMaster chambers
were read using an Olympus BX 41 binocular optical microscope,
firstly at a magnification of approximately 100X and then at 400X
for confirmation, when possible. This microscope was coupled
to a Samsung SDC415 digital camera equipped with Honestech
TVR capture software to produce photomicrographs. The same
microscopist was in charge of reading all the samples.

Analysis of results. The results regarding the frequency of cysts of
the phylum Ciliophora obtained through qualitative and quantitative
techniques were tabulated. They were presented descriptively and
together, highlighting their intersections through Venn diagrams.
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Fig.1. Location map of “Parque Estadual da Pedra Selada”, in Rio de
Janeiro, Brazil. Produced by the authors and with the ArcGIS
software version 10.8.

The McNemar test, Kappa concordance statistics (k) and Fisher’s
exact statistical test were used to compare the recovery of cysts of
protozoa of the phylum Ciliophora from the fecal material of the wild
artiodactyls among five laboratory coproparasitological techniques.
These statistical analyses were performed using the online version of
the GraphPad Prism software (2014), with a significance level of 5%.
The Kappa index was interpreted using the classification of Landis &
Koch (1977). The McNemar test was interpreted based on the null
hypothesis, i.e., assuming that the coproparasitological techniques
should agree in the investigations of protozoan cysts and that the
p-value would be greater than 0.05 in such cases. The difference
in quantitative capacity between the McMaster and Mini-FLOTAC
techniques was analyzed by means of Wilcoxon’s nonparametric
statistical test, i.e., for paired samples that did not follow the normal
distribution, using a significance level of 5%, utilizing the Jamovi®
version 2.2 software.

RESULTS

Among the 101 fecal samples collected, cysts of the phylum
Ciliophora were detected in 40 (39.6%) by combining the
results obtained from all the coproparasitological techniques.
The largest number of positive samples was obtained by using
the modified Ritchie centrifugal sedimentation technique, from
which cysts of these protozoa were diagnosed in 25 samples
(62.5%), followed by the Lutz spontaneous sedimentation
technique (19, 47.5%), the modified Sheather centrifugal
technique (15; 37.5%) and the quantitative techniques of
Mini-FLOTAC (12, 30%) and McMaster (7, 17.5%) (Table 1)
(Fig.2-7).

Analysis of the results separately showed that the modified
Ritchie technique yielded the highest frequency of diagnoses,
followed by Lutz, modified Sheather and Mini-FLOTAC. All the
samples that were positive for cysts through the McMaster
technique were also positive through another technique, and
no sample was diagnosed positive only through the McMaster
technique. The cysts of these protozoa were detected in
only three fecal samples using all the laboratory techniques
performed. Concordant diagnosis through performing four
techniques was found in three fecal samples, using the modified
Ritchie, Lutz, modified Sheather and Mini-FLOTAC techniques,
and in one other sample in which cysts were detected using
the modified Ritchie, modified Sheather, Mini-FLOTAC and
McMaster techniques (Fig.8).

From comparisons between the techniques, it could be seen
that they were not fully concordant in their results regarding the
diagnosis of cysts. In general, a reasonable agreement was shown,
reaching kappa 0.21 to 0.40 for most of the comparations that
presented statistically significant differences in Fisher’s exact

Table 1. Frequency of detection of cysts of the phylum
Ciliophora in fecal samples from free-living wild artiodactyls
through different coproparasitological techniques

Technique Number of positive samples
Modified Ritchie 25 (62.5%)
Lutz 19 (47.5%)
Modified Sheather 15 (37.5%)
Mini-FLOTAC 12 (30%)
McMaster 7 (17.5%)
Total number of positive samples 40
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test. This low agreement was confirmed by the McNemar test modified; between Ritchie modified and Mini-FLOTAC; between
when it presented p<0.05. These situations were observed with Ritchie modified and McMaster; between Lutz and McMaster;
regard to comparisons between Ritchie modified and Sheather ~ and between Sheather modified and McMaster (Table 2).
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Fig.2-7. Photos of cysts of protozoa of the phylum Ciliophora detected in fecal samples collected in the “Parque Estadual da Pedra Selada”,
RJ. (2) Cyst recovered using the Lutz technique. (3) Cyst recovered using the modified Ritchie technique. (4) Cysts recovered using
the modified Sheather technique. (5) Cyst viewed in McMaster chamber. (6) Cyst viewed in Mini-FLOTAC chamber. (7) The same cyst
viewed in a Mini-FLOTAC chamber, as shown in Figure 6 but at lower magnification. (2-3 and 6) Bar = 40um. (5 and 7) Bar= 25um.
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The McMaster technique presented higher mean and
standard deviation values than the Mini-FLOTAC technique
regarding the counts of cysts of the phylum Ciliophora. However,
there was no overall significant difference in the estimated
counts of cysts recovered from fecal samples between the
two quantitative techniques (p>0.05) (Table 3).

DISCUSSION

In this study, we chose to use coproparasitological techniques
with different bases for detecting cysts of protozoa of the phylum
Ciliophora, given that the efficiency of these techniques for
recovery of these structures from the feces of free-living wild
artiodactyls remains unknown. This is especially so when the
fecal material of these animals is obtained directly from the
environment and may be in varying stages of conservation.

In our study, cysts of protozoa of the phylum Ciliophora
were mainly recovered through sedimentation techniques,
especially using the Ritchie modified by Young et al. (1979)
technique. A similar result was previously reported by Barbosa
et al. (2016), who detected cysts of the phylum Ciliophora
in feces from pigs and captive non-human primates mainly
through the Lutz and modified Ritchie sedimentation techniques
when comparing the recovery of Balantioides coli-like cysts
using different qualitative coproparasitological techniques. As
well as in the present study, sedimentation techniques have
presented the best results regarding the recovery of different
parasitic structures in feces from wild animals in other places
in Brazil (Carvalho et al. 2017, Dib 2019).

Cysts detected in the stool had large dimensions: on average,
105.3um (+48.9) for the largest diameter and 101.4pum (+£26.6)
for the smallest diameter. This was compatible with phylum
Ciliophora structures specifically relating to cysts of B. coli
and Buxtonella sulcata. The large dimensions of the cysts and
possibly their high density, as already pointed out by Barbosa
et al. (2016), seems to have favored the recovery of these
structures by means of sedimentation techniques. In addition, it
isimportant to highlight that the use of ethyl acetate, a solvent

Ritchie mod.
12

Fig.8. Diagram showing fecal samples that were positive for cysts of the
phylum Ciliophora according to each coproparasitological technique.
Produced by the authors and with the PowerPoint version Microsoft
Office 365 and Adobe Photoshop version CS6 software.

solution together with a drop of neutral detergent, in the modified
Ritchie technique, seems to have favored cleaning of feces, as
this biological material contained a lot of debris and vegetable
fibers. Although the cysts showed similar morphometry to B.
coli, the fact that they belonged to free-living protozoan cysts
cannot be ruled out since the samples were collected directly
from the environment due to sample contamination.

The techniques based on floatation presented lower
frequencies of diagnoses of cyst-positive fecal samples, including
the modified Sheather and the quantitative Mini-FLOTAC and
McMaster techniques. Although salt or sucrose-based solutions
with different densities were used in the present study, these could
not supplant the results obtained through coproparasitological
sedimentation techniques. These solutions used in the flotation
techniques separate the parasitic structures from the fecal
material using a solution with specific density, being indicated
in the recovery of protozoan cysts and oocysts (Dryden et al.
2005, Ballweber 2006). However, in a small number of fecal
samples, cysts of the phylum Ciliophora were detected alone
only when the modified Sheather or Mini-FLOTAC techniques
were used. The diagnosis of isolated cysts in these techniques
may have occurred due to an uneven distribution of these
parasitic forms in the fecal material.

The low agreement of the diagnostic results obtained
between the coproparasitological techniques may have been
related to the fact that fecal samples are formed by a variety
of types of food remnants, given that some artiodactyls,
such as wild pigs and others, are omnivorous animals, and
samples may also vary because of age-related differences. It
is also worth noting that although the length of exposure of
these fecal samples to environmental weather conditions was
unknown, obtaining them noninvasively, directly from the

Table 2. Comparison between five coproparasitological
techniques regarding the efficacy of detection of cysts of the
phylum Ciliophora present in feces from wild artiodactyls

p-value

Techniques Kappa McNemar —;
Fisher’s Exact test
Ritchie mod. vs. Lutz 0.364  0.2864 0.0006*
Ritchie mod. vs. Sheather mod. 0.386  0.0442* 0.0002*
Ritchie mod. vs. Mini-FLOTAC ~ 0.388  0.0059* 0.0001*
Ritchie mod. vs. McMaster 0.229  0.0003* 0.0096*
Lutz vs. Sheather mod. 0.365  0.4795 0.0011*
Lutz vs. Mini-FLOTAC 0.434  0.1213 0.0001*
Lutz vs. McMaster 0.23 0.0095* 0.0223*
Sheather mod. vs. Mini-FLOTAC  0.531  0.5465 0.0001*
Sheather mod. vs. McMaster 0.498 0.0269* 0.0001*
McMaster vs. Mini-FLOTAC 0.481 0.1824 0.0002*

*p-value <0.05.

Table 3. Mean cyst counts per gram of feces obtained using
the quantitative McMaster and Mini-FLOTAC techniques in
fecal samples from wild artiodactyls

Quantitative technique Mean + SD Maximum
McMaster (n=7) 79.8 (157.2) 594
Mini-FLOTAC (n=12) 50 +75.7 265
Wilcoxon test (p-value) 0.572

p-value <0.05.
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environment, was a prerequisite for this survey. It is important
to highlight that it was prioritized to avoid collecting unshaped
fecal samples, with the presence of arthropods and trampled
on. Thus, fecal samples in different conservation states may
have been included in this survey. This situation may have
influenced the recovery of cystic forms of protozoa differently
among the laboratory techniques used. Each technique uses
different solutions and chemical reagents that may or may
not have favored the recovery of parasitic forms, especially
in more dry and deteriorated feces.

Even so, it should stand out that noninvasive sampling is
amethod that allows studies of free-ranging animals without
the need to capture, manipulate, or even observe them. In
this context, analyzing noninvasive samples becomes an
alternative with great cost-benefit for monitoring free-living
animals (Dib 2019).

In comparing the results obtained using quantitative
coproparasitological techniques, it was seen that Mini-FLOTAC
presented a better performance for diagnosing protozoan cysts
of the phylum Ciliophora than the McMaster technique. The
superiority of Mini-FLOTAC over McMaster has been widely
reported with regard to diagnosing the presence of helminths
in the feces of other hosts and different studies (Barda et al.
2014, Castro et al. 2017, Noel et al. 2017, Alowanou et al.
2021). The higher efficiency of Mini-FLOTAC, compared with
McMaster, for diagnosing phylum Ciliophora cysts in feces
obtained from the environment in the present study was
already expected. Since the counting chamber of Mini-FLOTAC
contains a greater volume of fecal suspension (Cringoli et al.
2017).In addition, itis important to emphasize that viewing
and recognizing the parasitic structure was found to be easier
in the Mini-FLOTAC technique because, with the Mini-FLOTAC
chamber, it was possible to view the cysts at a magnification
of 100X (Fig.7) and then confirm this at 400X (Fig.6), which
cannot be done with the McMaster chamber.

In this study, the Fill-FLOTAC device was used to perform
both quantitative techniques. This device eliminates the need
for other equipment to perform the techniques, including
the scale for weighing the material, which is not always
available in all laboratories, especially those far from large
urban centers. In addition, because Fill-FLOTAC is a closed
system, it minimizes the operator’s exposure to infectious
agents (Barda et al. 2014, Lima et al. 2015, Capasso et al.
2019). These infectious agents are often unknown, but they
may be zoonotic and harmful to the operator, especially in
analyzing biological material from free-living wild animals.

Although quantitative techniques do not present parasite
load estimates for protozoa in the way that they do for helminths
and especially for nematodes, quantifications of cysts through
McMaster and Mini-FLOTAC were performed to estimate
the number of parasitic structures that were present in the
fecal material and which could, to a greater or lesser extent,
contaminate the environment. Despite the higher correction
factor applied to McMaster counts of parasitic structures,
this adjustment could not statistically outdo the superior
performance of Mini-FLOTAC regarding the frequency of
diagnoses. In addition, Mini-FLOTAC presented a lower mean
standard deviation, thus denoting better efficiency in the cyst
count between the samples. These observations, therefore,
demonstrate that concerning quantitative techniques, Mini-
FLOTAC presented better performance as a diagnostic tool for
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parasites and as a means for estimating the abundance of cystic
forms of the phylum Ciliophora in feces from free-living wild
animals that may be contaminating the environment. However,
this technique presented lower diagnostic efficiency for cysts
than the sedimentation techniques in the present study:.
The performance of the Ritchie modified, and Lutz
techniques stood out in the present study. This highlights the
need for further analysis and comparisons, including with
other floatation solutions and other quantitative techniques
with a different basis, such as Kato-Katz. The latter was used
to detect B. coli cysts in the feces of schoolchildren in Bolivia
(Esteban et al. 1998). From further comparisons, it will be
possible to verify and validate the performance of qualitative
and quantitative coproparasitological techniques as appropriate
laboratory tools for diagnosing and monitoring the abundance
of parasitic structures such as cysts of the phylum Ciliophora.
These include the zoonotic protozoon B. coli which may
contaminate the environment and consequently non-habitual
hosts such as felids, canids and humans and species with
unknown zoonotic potential, such as Buxtonella sp.

CONCLUSION

In general, sedimentation techniques such as modified Ritchie
followed by Lutz demonstrated the highest frequency of
recovery of phylum Ciliophora cysts when compared with
the parasitological techniques of modified Sheatther flotation,
McMaster and Mini-FLOTAC. Then, sedimentation techniques
were more indicated for diagnosing cysts of protozoa of the
phylum Ciliophora in the feces of free-living wild artiodactyls.
In addition, between the two quantitative techniques, Mini-
FLOTAC presented better performance, thus showing its
potential as a tool for estimating the abundance of cystic
forms of the phylum Ciliophora in environmental samples.
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