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Abstract

Platynosomiasis is a parasitic infection reported in non-human primates, including marmosets, and is frequently
difficult to diagnose. In this study, the Kato-Katz method and the spontaneous sedimentation method were evaluated
for their usefulness in identifying Platynosomum eggs in fecal samples from Callithrix penicillata that naturally harbor
Platynosomum illiciens. Spontaneous sedimentation allowed the diagnosis of 41.7% (5/12) and 66.7% (8/12) of infected
marmosets from one and three slides, respectively, prepared from the same fecal sample. The examination of a single
Kato-Katz thick smear detected 83.3% (10/12) of infection cases. The analysis of feces on three different days increased
the rate of diagnosis, since 75% (9/12) and 100% (12/12) of the primates with platynosomiasis were identified using serial
spontaneous sedimentation (3 slides/day) and the Kato-Katz method, respectively. The mean number of Platynosomum
eggs per gram of feces determined via the Kato-Katz method was 71.7 (8-240). The spontaneous sedimentation method
when performed in series is acceptable for the diagnosis of platynosomiasis. However, the Kato-Katz method, which
was here used for the first time to detect this infection, has a higher diagnostic sensitivity and the advantage that a
quantitative analysis of the eggs released in the host feces is possible.

Keywords: Fecal parasitological diagnosis, platynosomiasis, Platynosomum, marmosets, spontaneous sedimentation,
Kato-Katz thick smear.

Resumo

A platinossomose é uma infec¢io parasitdria relatada em primatas nao-humanos, inclusive saguis, cujo diagnéstico
é frequentemente dificil. Neste estudo, os métodos de sedimentagio espontinea e Kato-Katz foram avaliados quanto
3 sua utilidade na identificagio de ovos de Platynosomum em amostras fecais de Callithrix penicillata naturalmente
albergando Platynosomum illiciens. A sedimentagio espontinea permitiu o diagndstico de 41,7% (5/12) e 66,7% (8/12)
dos saguis infectados a partir da andlise de uma e trés laminas, respectivamente, preparadas de uma mesma amostra
fecal. O exame de uma tnica [Amina de Kato-Katz detectou 83,3% (10/12) dos casos de infeccao. A andlise de fezes
em trés dias diferentes aumentou as taxas de diagndstico, uma vez que 75% (9/12) e 100% (12/12) dos primatas que
apresentaram a platinossomose foram identificados, usando-se a sedimentagao espontinea (trés lAminas/dia) e o Kato-Katz
em série, respectivamente. O nimero médio de ovos de Platynosomum por g de fezes, determinado através do método
de Kato-Katz, foi de 71,7 (8-240). O método de sedimentacio espontinea, quando realizado em série, é aceitdvel para
o diagndstico da platinossomose. Entretanto, o método de Kato-Katz, o qual foi pela primeira vez usado para se detectar
essa infec¢io, mostrou uma maior sensibilidade diagnéstica, com a vantagem de que é possivel uma andlise quantitativa
dos ovos liberados nas fezes do hospedeiro.

Palavras-chave: Diagndstico parasitoldgico fecal, platinossomose, Platynosomum, saguis, sedimentagio espontanea,
Kato-Katz.
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Platynosomiasis, a parasitic disease caused by dicrocoeliid
trematodes of the genus Platynosomums, often results in lesions in
the biliary tract and gallbladder of birds and mammals harboring
the adult parasite (RODRIGUES, 1963; KAZACOS et al., 1980;
FOLEY, 1994; FERREIRA etal., 1999; ANDRADE etal., 2012;
BASU & CHARLES, 2014). In South America, the terrestrial
mollusk Subulina octona and some isopods (Oniscidea species
and Nagurus nanus) are the first and second intermediate hosts,
respectively, of the fluke. Lizards are also involved in this life cycle
as paratenic hosts (PINTO et al., 2014).

Species of Platynosomum have been reported in nonhuman
primates, including apes (Pongo sp.), Old World (Macaca fascicularis)
and New World monkeys (Callicebus moloch, Callimico goeldii,
Callithrix spp., Cebuella pygmaea, Chiropotes satanas, and Saguinus
spp.) (KINGSTON & COSGROVE, 1967; COSGROVE etal.,
1968; SHANTA, 1970; PORTER, 1972; TANTALEAN etal., 1990;
WARREN et al., 1998; MELO, 2004; KAWHAGE et al., 2005;
SOUSA etal., 2008; SILVA et al., 2012). Clinical manifestations
have been absent or mild among New World monkeys infected
with Platynosomum, although some deaths have also be attributed
to the parasite (MELO, 2004; SOUSA et al., 2008; SILVA et al.,
2012). The prognosis of the disease depends on the severity of
chronic fibrosing hepatopathy, which is likely to be correlated
with the parasite burden and the individual infected host response
(SOUSA etal., 2008). Thus, a highly sensitive quantitative method
of stool analysis is desirable for the diagnosis of platynosomiasis.
Most new cases of the infection in nonhuman primates are
diagnosed during necropsies, and coproparasitological diagnostic
studies are rarely performed. As a result, primate specimens
harboring Platynosomum spp. cannot usually be subjected to
effective therapeutic intervention.

Considering that the veterinary management of primate
platynosomiasis, including parasitological diagnosis, is still little
known, the aim of the present study was to evaluate and compare
the accuracy of two coproparasitological methods, the Kato-Katz
method and spontaneous sedimentation, in identifying Platynosomum
eggs in the feces of black-tufted marmosets (Callithrix penicillata),
which are naturally infected with P. illiciens. In addition, previously
published findings relating to other parasitological methods that
have already been employed for the diagnosis of platynosomiasis
in non-primate host are discussed.

Captive specimens of C. penicillata (n = 12; 7 females and
5 males) that were naturally infected with Platynosomum illiciens
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(= P fastosum) and maintained in the marmoset facility of the
Instituto de Ciéncias Bioldgicas (ICB) of the Universidade Federal
de Minas Gerais (UFMG) were studied. The definitive diagnosis
of chronic infection with P illiciens in each subject had been
previously determined by a long series of routine parasitological
tests using spontaneous sedimentation technique.

In this study, fresh samples of feces from all of these known
positive marmosets were then collected three times in a week in
order to evaluate the accuracy of the spontaneous sedimentation
method (LUTZ, 1919) and the Kato-Katz method (KATZ et al.,
1972).

One to three slides of fecal sediment obtained by spontaneous
sedimentation were examined per day for each daily sample,
but when the first slide examined was found to be positive for
infection, no further analysis of the other slides was performed.
This technique was chosen as the standard parasitological test
because it is commonly used in Brazilian laboratories for the
screening of helminth infections of wild animals.

Regarding the Kato-Katz thick smear, only one slide was
prepared and examined per day. Once a positive result was
obtained, no further testing was performed on subsequent days.
In the quantitative analysis, the trematode eggs present in the
Kato-Katz thick smears were counted and the number of eggs
per gram of feces (g™') was estimated. Briefly, each fecal sample
was placed on paper and sieved through a screen using a small
metal spatula. Sieved feces were deposited into a well in a plastic
template (41.7 mg of feces) on a microscope slide and then
covered with cellophane coated in glycerol and malachite green.
This preparation was pressed against a hard surface to spread the
sample evenly on top of the slide (a thick smear preparation).
The number of Platynosomum eggs observed in each thick smear
was multiplied by 24 to estimate the number of eggs per gram
of feces (KATZ et al., 1972). All slides were evaluated under a
light microscope (100x total magnification) by the same author.

The sensitivity of each method was calculated and the McNemar
test was used to compare data obtained, where differences were
considered significant if p < 0.05. The use of marmosets was
authorized by the Brazilian Institute of the Environment (Instituto
Brasileiro do Meio Ambiente e Recursos Naturais Renovivelis,
IBAMA), and the experimental procedures were conducted in
accordance with the animal research ethics committee of UFMG.

Both parasitological methods enabled the observation of
typical eggs of Platynosomum in feces of C. penicillata (Figure 1).

e -~ - L

Figure 1. Eggs of Platynosomum illiciens observed during fecal analysis of specimens of naturally infected Callithrix penicillata, by using
spontaneous sedimentation (a) and the Kato-Katz method (b). (c) Detail of a parasite egg in a Kato-Katz thick smear at a higher magnification.

Scale bars = 40 pm.
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The specific identification of 2 illiciens was confirmed during
necropsies of two marmosets that subsequently died.

The individual results for each marmoset using both methods
are shown in Table 1. Spontaneous sedimentation allowed the
identification of platynosomiasis in 66.7% (8/12) of infected
primates by using three slides prepared from each fecal sample.
Only 41.7% (5/12) of platynosomiasis cases were identified
when only one slide was evaluated. The examination of a single
Kato-Katz thick smear detected 83.3% (10/12) of infection cases.
However, possibly due to the limited sample size, there was no
statistically significant difference between the diagnosis rates of
the two methods (p = 0.449).

The serial analysis of feces over three days numerically increased
the diagnostic sensitivities. In fact, 50% (6/12) and 75% (9/12) of
primates with platynosomiasis were identified by the spontaneous
sedimentation method when one and three slides were evaluated
per day, respectively. Furthermore, serial evaluation of a single
Kato-Katz thick smear per day identified 100% (12/12) of the
C. penicillata infected with P, illiciens, with a mean of 71.7 (8-240)
Platynosomum eggs per gram of feces. This is a clinically relevant
pathological finding, although the rate of diagnosis of this method
only differed significantly from the spontaneous sedimentation
method when that analysis used only one slide per day (p = 0.041).

The great importance of platynosomiasis in veterinary practice
contrasts with the scarcity of studies on the standardization of
parasitological methods for its diagnosis. These methods, in
addition to identifying Platynosomum eggs, allow the parasite
burden to be estimated and, thus, may inform the decisions taken
by veterinarians. This is the first study of the accuracy of fecal
methods of platynosomiasis diagnosis in primates. However, different
qualitative methods have already been used for the identification of
platynosomiasis in domestic cats (PALUMBO etal., 1974, 19765
CHUNG e etal., 1977; TAYLOR & PERRI, 1977; RAGOZO etal.,
2002; SOUZA-DANTAS et al., 2007; KRECEK et al., 2010;
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LEAL etal., 2011; ROCHA et al., 2014), although the sensitivity
of these methods have not usually been analyzed.

According to Palumbo etal. (1976), the identification of feline
platynosomiasis by coproscopy may be difficult due, at least in part,
to the dicrocoeliid eggs being relatively small, very few of these
stages being individually released per day by each parasite, and the
variable morphology of both immature and mature eggs found
in host feces. The number of eggs of P illiciens released in feces
has been found to correlate with the total number of trematodes
in the host and the daily egg production by each fluke (FOLEY,
1994). Furthermore, the prepatent period for P illiciens is relatively
long and may lead to negative results. In cats, immature eggs were
observed after 8 weeks of infection and mature eggs were only
seen after 10—12 weeks of infection (TAYLOR & PERRI, 1977).

In the present study, the Kato-Katz and spontaneous
sedimentation methods allowed the diagnosis of platynosomiasis in
marmosets. The diagnostic sensitivities of both tests were possible
to be calculated, since the infections of marmosets were previously
known (certain diagnosis). It is noted that a “gold standard”
test for the diagnosis of platynosomiasis is not well established
in the literature. Considering, for example, methods of stool
analysis already employed for the parasitological diagnosis of this
infection in cats, there are contradictory values for sensibilities
obtained by centrifugal sedimentation (RETNASABAPATHY &
PRATHAP, 1971; PALUMBO et al.,, 1974; LEAL et al., 2011;
BASU & CHARLES, 2014) and flotation (PALUMBO et al.,
1974; LEAL et al., 2011; ROCHA et al., 2014) methods. The
diagnostic sensitivity may indeed vary with the number and
physiology of flukes in the host. Furthermore, no conclusive
detailed comparison was possible between the obtained data and
those from other studies using different coproparasitological
tests since neither of the methods evaluated had previously been
used to identify eggs of Platynosomum spp. The formalin-ether
sedimentation technique (RITCHIE, 1948) has been considered

Table 1. Qualitative and quantitative parasitological fecal examination performed on three different days using the spontaneous sedimentation
and the Kato-Katz method for twelve specimens of Callithrix penicillata naturally infected with Platynosomum illiciens. FEC = fecal egg count

(gh).

Spontaneous sedimentation Kato-Katz
Subject One slide per day Three slides per day One thick smear per day FEC
Days Days Days
1 2 3 1 2 3 1 2 3
P1 - - - + + 48
P2 + + + 120
P3 - - - + + 48
P4 + + + 96
P5 + + + 120
P6 - - + + + 72
P7 - - - - - + + 24
P8 + + + 240
P9 - - - - - - - + 12
P10 - - - - - - - - + 8
P11 + + + 48
P12 - - - - - - + 24
Mean + SD 71.7 £ 65.7
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a good parasitological method for the diagnosis of infection in
domestic cats (FOLEY, 1994; BASU & CHARLES, 2014). A
sensitivity of up to 100% (9/9 cats) has already been reported for
this technique (PALUMBO et al., 1974), and it has been observed
to have a greater capacity for detecting feline platynosomiasis in
comparison to a direct smear, centrifugation in zinc sulfate, or
modified detergent and sugar flotations (PALUMBO etal., 1976;
KRECEK etal., 2010). Leal et al. (2011) achieved greater success
in the identification of infected cats using serial formalin-ether
sedimentation (80%; 8/10 cats) compared to a serial saturated
sucrose flotation (only 3 cats), and confirmed previous observations
that indicated that sedimentation methods are better than flotation
methods for finding Platynosomum eggs. In general, this kind of
test is considered superior to flotation techniques for observation
of trematode eggs because of their high density. Indeed, many
trematode eggs do not float or only float in solutions with a high
specific gravity (BALLWEBER et al., 2014). However, positive
results were observed for 12.5% of the fecal samples (5/40) from
cats when a method involving the centrifugal flotation of feces in
a sugar solution was used, whereas all samples were negative when
the centrifugal sedimentation technique was used (ROCHA et al.,
2014). Moreover, the parasitological diagnosis of platynosomiasis
using centrifugation-sedimentation method was already shown
to have a low sensitivity, especially for infections with reduced
number of trematodes, since eggs were only observed in the
feces of 34.7% (77/222) of cats that presented flukes at necropsy
(RETNASABAPATHY & PRATHAP, 1971).

Different qualitative methods have already been evaluated for
the diagnosis of platynosomiasis, but spontaneous sedimentation,
to our knowledge, has been largely unnoticed, except for a report
of it having a high sensitivity in cats (KRECEK et al., 2010).
This relative lack of studies of spontaneous sedimentation may
be because of the already widespread use of the formalin-ether
technique in the diagnosis of feline platynosomiasis, at least
considering the published cases. In the present study, the sensitivity
of the spontaneous sedimentation technique was lower when
only one slide was analyzed. However, the serial evaluation over
three consecutive days increased the diagnostic sensitivity to a
similar level to that observed for the Kato-Katz method. The
easy preparation and low cost of the spontaneous sedimentation,
besides the absence of contact with chemical products, may make
it a good alternative tool for the diagnosis of platynosomiasis,
especially when it is performed in series.

Successive analysis of slides to increase the sensitivity of the
diagnostic method, including those prepared by formalin-ether
sedimentation, has already been suggested (FOLEY, 1994;
LEAL etal., 2011). This recommendation is more logical when one
considers that, in cats, each specimen of Platynosomum produces
between 10 and 100 eggs per day, which corresponds to only
2-10 g in the feces of a host infected with few (1-5) parasites.
This information reinforces the finding that the number of eggs
released in the feces varies not only according to the number of
parasites, but also due to the intrinsically variable rate of egg
deposition (PALUMBO et al., 1976).

Less attention has been given to quantitative fecal analysis in
comparison to qualitative analysis of platynosomiasis. Among
the different techniques evaluated so far for the parasitological
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diagnosis of this infection, none is quantitative in the way
that the Kato-Katz method is, although quantitative data have
occasionally been presented (PALUMBO et al., 1976; TAYLOR
& PERRI, 1977; LEAL et al., 2011). The use of this method to
quantify the number of eggs may be comparatively easier than
by quantitative formalin-ether sedimentation, which was adapted
by Palumbo et al. (1976). In the present study, the Kato-Katz
technique has shown a mean concentration of eggs in feces of
71.6 g' among the marmosets infected with 2 illiciens. This value
resembles the quantitative data available for cats, but a comparison
using this parameter alone may not be adequate due to biological
differences between these definitive hosts. Perhaps with increased
knowledge about the biology of the parasite in primate hosts it
will be possible to estimate the parasite burden from the mean
concentration of eggs in the feces obtained in serial fecal analyses.

In human parasitology, besides its demonstrated importance
for the diagnosis of schistosomiasis (KATZ et al., 1972; WHO,
2013), the Kato-Katz method has also been used to diagnose
fascioliasis (ESTEBAN et al., 1997; EL-MORSHEDY et al.,
2002), clonorchiasis (CHOI et al., 2005), opisthorchiasis
(SOUKHATHAMMAVONG et al., 2011; LOVIS et al., 2012)
and dicrocoeliasis (ASHRAFI, 2010; TAY et al., 2011). However,
the Kato-Katz method is still not widely used in the diagnosis of
animal trematodiasis. Anh etal. (2008) used three sensible diagnostic
tests, including the Kato-Katz method, for the identification
of small trematode eggs (<50 pum) in fecal samples of domestic
animals. In addition to the Kato-Katz method, formalin-ether
sedimentation and a more laborious method combining filtration,
sedimentation, and centrifugation (the Danish Bilharziasis
Laboratory [DBL] method) were evaluated. In their study, the
sensitivity of the techniques of detection of small trematode eggs
was the same in cats as in pigs, whereas the Kato-Katz method
was slightly less sensitive in dogs. Anh et al. (2008) recognized
thar this last observation might be due to the amounts of feces
evaluated being small and/or the lack of a washing procedure in
the technique making the detection of eggs on the slide more
difficult. Moreover, the influence of the different number of
slides analyzed and the use of serial daily samples to increase the
sensitivity of the diagnostic methods was not considered. Indeed,
a limitation of the Kato-Kartz technique is its low sensitivity for
detecting eggs when they are present in small numbers in feces
(theoretical analytic sensitivity of 1 egg/41.7 mg =24 g™') (VLAS
& GRYSEELS, 1992).

Considering the two parasitological methods evaluated in the
present study, spontaneous sedimentation is easier to perform and
cheaper than the Kato-Katz method, and when carried out in series
is acceptable for the diagnosis of platynosomiasis in marmosets,
and possibly in other hosts. The Kato-Katz method has a higher
diagnostic sensitivity with the advantage that the number of
eggs excreted in the feces of the infected host can be quantified.
It is a practical method that may also be useful in veterinary
practice for identification and monitoring P illiciens infection and
complementing existing diagnostic methods. Parasitological surveys
in Neotropical primates should be encouraged in order to better
understand the epidemiology of platynosomiasis in these hosts.
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