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Abstract

Sarcocystis neurona is the major agent of equine protozoal myeloencephalitis. It infects several mammalian species in
the Americas, where the definitive hosts, marsupials of the genus Didelphis (D. virginiana and D. albiventris) are found.
Domestic cats are one of the confirmed intermediate hosts of the parasite; however, antibodies against S. neurona had
never before been demonstrated in Brazilian cats. The aim of this study was to determine whether cats in Bahia, Brazil,
are exposed to the parasite. A total of 272 feline serum samples (134 from feral and 138 from house cats) were subjected
to an indirect fluorescent antibody test using cultured merozoites of S. neurona as antigen. Positivity was detected in
4.0% (11/272) of the tested samples, with titers ranging from 25 to 800. The feline sera were also tested for antibodies
against the protozoan Neospora caninum, with an observed antibody frequency of 2.9%. To the author’s knowledge,
this is the first study to report antibodies against S. neurona in Brazilian cats. We conclude that cats are exposed to the
parasite in the region of this study. Further investigations are needed to confirm the role of cats in the transmission
cycle of S. neurona in Brazil.
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Resumo

Sarcocystis neurona é o principal agente da mieloencefalite protozodria equina. Esse parasito infecta vdrias espécies
de mamiferos nas Américas, onde sio encontrados os hospedeiros definitivos, os marsupiais do género Didelphis
(D. virginiana and D. albiventris). O gato doméstico é um dos hospedeiros intermedidrios do parasito. Contudo,
anticorpos contra S. zeurona ainda nao tinham sido demonstrados em gatos brasileiros. O objetivo deste trabalho foi
determinar se gatos da Bahia, Brasil, s3o expostos ao parasito. Amostras séricas de 272 felinos (134 de gatos errantes
e 138 de gatos domiciliados) foram testadas pelo teste de imunofluorescéncia indireta, utilizando-se como antigeno,
merozoitos produzidos em cultura celular. Entre as amostras testadas, 4,0% (11/272) foram positivas com titulos entre
25 ¢ 800. Os soros dos felinos foram também testados para anticorpos contra o protozodrio Neospora caninum, cuja
frequéncia de anticorpos foi de 2,9%. Esse ¢ o primeiro relato de anticorpos contra S. neurona em gatos brasileiros.
Conclui-se que os gatos da regido estudada sio expostos a S. neurona. Estudos futuros sio necessdrios, a fim de se
confirmar o papel dos gatos no ciclo de transmissao de S. neurona no Brasil.
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Introduction

Sarcocystis neurona is a tissue cyst-forming protozoan parasite
and the main agent of equine protozoal myeloencephalitis (EPM),
a serious disease that affects horses in several countries in the
Americas, including Brazil (DUBEY et al., 1991; MASRI et al.,
1992).

Marsupials of the genus Didelphis are definitive hosts (DH)
for S. neurona; D. virginiana is the DH in North America
(FENGER et al., 1995), and D. albiventris has been identified
as a DH in South America (DUBEY et al., 2001a). Domestic
cats (Felis catus) were the first intermediate hosts of S. neurona
identified experimentally (DUBEY et al., 2000). In addition to
infecting cats, the parasite may also cause disease in this animal
species (DUBEY et al., 2003). Myeloencephalitis caused by
S. neurona was reported in a cat on the third day after surgery
for routine castration and onychectomy; the diagnosis was based
on morphology and immunostaining of the parasite, albeit not
confirmed by molecular analysis (DUBEY et al., 2003).

Infection by S. neurona has been confirmed in other
mammalian and avian species, such as armadillos (Dasypus
novemcinctus) (CHEADLE etal., 2001a), raccoons (Procyon lotor)
(DUBEY etal., 2001b), sea otters (Enhydra lutris) (DUBEY et al.,
2001c), skunks (Mephitis mephitis) (CHEADLE etal., 2001b) and
brown-headed cow birds (Molothrus ater) (IMANSFIELD et al.,
2008).

Exposure of cats to S. neurona has been reported in
North America (ROSSANO et al., 2002; TURAY et al.,
2002; STANEK et al., 2003; HSU et al., 2010). Only one
seroepidemiological study of S. neurona in cats has been conducted
in Brazil; however, no positive reactions were observed among
the tested animals (DUBEY et al., 2002). The aim of this study
was to determine the frequency of antibodies against S. neurona
in outdoor and indoor cats in the city of Salvador, state of Bahia,
Brazil.

Materials and Methods
Animals

Blood samples were drawn from 272 cats in the city of
Salvador, Bahia, between 2010 and 2011. The sample size
was calculated for an infinite population, using an expected
prevalence of 50%, accuracy of 6% and a confidence interval
0f 95%. The animals were divided in two groups: 134 cats were
outdoor animals rescued from the streets and kept in a shelter,
while 138 animals were indoor cats living with their owners,
without outdoor access (Table 1). Blood samples were collected
during routine clinical examination of the cats, and placed in
tubes without anticoagulant. The sera were separated and stored
at —20°C until tested.

Parasite culture and serology

Sarcocystis neurona merozoites of the strain SN37R
(SOFALY et al., 2002) were employed to screen the positive
and negative samples. For titration, the SN6 (DUBEY et al.,
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Table 1. Frequency of antibodies against Sarcocystis neurona and
Neospora caninum tested by IFAT in sera of domestic cats from
Salvador, Bahia, Brazil.

o —————
Animals (n) Seropositive animals (%)

S. neurona N. caninum
Indoors (138) 3(2.17) 3(2.17)
Outdoors (134) 8 (5.97) 5(3.73)
Total (272) 11 (4.04) 8 (2.94)

1999b) and SN138 (LINDSAY et al., 2004) strains were also
used, in addition to SN37R. The merozoites were maintained
in CV-1 cell monolayers cultured with RPMI containing 100
units/mL of penicillin, 100 pg/mL of streptomycin, 0.25 pg/
mL of amphotericin B, and 5% of bovine calf serum, at 37°C
in a 5% CO, atmosphere. The culture flasks were scraped when
approximately 80% of the cell monolayers were infected. The cells
thus removed were centrifuged at 1200xg for 10 min, washed with
sterile PBS pH 7.2, passed through a 26G needle, and filtered
through a Spm syringe filter.

Purified merozoites were diluted in PBS (500-1000
merozoites/pl) and distributed in 12-well Teflon-coated slides. The
slides were dried at 37°C for 30 min, fixed in methanol for 5 min,
and stored at —20°C for no longer than 2 months, until analysis.

Neospora caninum (NC-Bahia strain) tachyzoites were cultured
in the same way as the S. neurona merozoites. Vero cells were used
instead of CV-1 cells, and the medium was supplemented with
5% of horse serum. The antigen purification and slide preparation
methods for V. caninum were the same as those described above.

The IFATs for S. neurona and N. caninum were performed
using serum dilutions of 1:25 and 1:50, respectively. A fluorescein
isothiocyanate-labeled goat anti-cat IgG (Bethyl, Montgomery,
TX, USA) was used as a secondary antibody. Positive sera were
diluted 2-fold until an endpoint was reached. Negative and
positive control sera for both parasites were included on each
slide; these controls consisted of sera from the same tested cats
that had been screened previously by IFAT.

Statistical analysis

The means of the two groups of animals (outdoor and indoor)
were compared by Fisher’s exact test with a 95% confidence
interval. P<0.05 was considered significant.

Results

Antibodies against S. zeurona were detected in 4.0% (11/272)
of the feline sera, and N. caninum antibodies in 2.9% (8/272)
of the cats (Table 1). The antibody titers for S. neurona were 25
(1/11), 50 (1/11), 200 (1/11), 400 (2/11), and 800 (6/11). All
the cats seropositive for V. caninum had titers of 50.

Seropositivity for S. neurona or N. caninum showed
no significant difference between indoor and outdoor cats
(P =0.072). Among the 11 cats seropositive for S. neurona, four
were also positive for V. caninum.
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Discussion

In this study, antibodies against S. neurona were detected by
IFAT in domestic cats in the state of Bahia, Brazil. High antibody
titers to the parasite (up to 800) were found, which is suggestive of
true exposure to S. zeurona; however, true infection by this parasite
was not confirmed in these cats. To the best of our knowledge,
this is the first report of S. neurona antibodies in Brazilian cats.

At the time this study was concluded, only one serological
survey for S. neurona had been performed in Brazilian cats
(DUBEY et al., 2002), but no seropositive animals were found.
The above cited authors attributed the negative results to the fact
that the tested sera came from urban cats, which probably had
no contact with the parasite’s sporocysts.

In the current study, the difference in seropositivity for
S. neurona between indoor and outdoor animals was not
significant (P = 0.072); however, the number of outdoor cats
seropositive for the parasite was 2.7 times higher than the number
of indoor animals. Cats are intermediate hosts of S. neurona and
may become infected after ingesting S. neurona sporocysts shed by
opossums (DUBEY et al., 2000). Opossums also shed sporocysts
of other Sarcocystis spp., including S. falcatula, which is closely
related to S. neurona (MARSH etal., 1999; TANHAUSER et al.,
1999). Nevertheless, the ingestion of S. falcatula sporocysts by cats
does not seem to induce a serological cross-reaction to S. neurona.
Cats infected experimentally with S. neurona sporocysts developed
high antibody titers to the parasite, whereas a cat inoculated
with S. falcatula sporocysts did not cross react against S. neurona
(DUBEY et al., 2002).

Antibodies against S. neurona have been detected in North
American cats, with a prevalence of exposure of up to 10%
(GILLIS etal., 2003; HSU et al., 2010; ROSSANO et al., 2002;
TURAY et al., 2002). In one study, serum samples from farm
cats where EPM had been diagnosed previously were compared
with sera from spay/neuter clinic samples (STANEK et al., 2003).
Antibodies against S. neurona were found in 40% of the farm
cats, while 10% of the samples from the spay/neuter clinic were
seropositive for the parasite, suggesting that farm cats may be
more commonly exposed to S. neurona.

In the present survey, the feline serum samples were also tested
by IFAT for the closely related parasite N. caninum, and 2.94%
(8/272) of the cats were seropositive, albeit with low antibody
titers. In previous serological studies involving Brazilian cats,
variable rates of exposure were reported (BRESCIANI etal., 2007;
DUBEY etal., 2002), although natural V. caninum infections in
cats have never been confirmed.

Among the S. neurona positive samples, four were reactive for
N. caninum. In the same study mentioned above (DUBEY etal.,
2002), 60 of 502 cats were positive for N. caninum antibodies,
but none of the cats were seropositive to S. neurona. These results
indicate that antibodies against V. caninum do not cross react
with S. neurona antigen.

In Brazil, studies on S. neurona have been performed on
other animal species, including horses (DUBEY et al., 1999a;
HOANE et al., 2006), opossums (DUBEY et al., 2001a) and
capybaras (Hydrochoerus hydrochaeris) (VALADAS et al., 2010),
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but no serological investigation of any confirmed intermediate
host of the parasite has been reported, other than cats. Further
studies are needed to confirm the role of cats as true intermediate
hosts of S. neurona. These studies may be performed by testing
whether tissues from naturally exposed (seropositive) Brazilian cats
are able to induce infection in Brazilian opossums (D. albiventris)
or in susceptible rodent models, such as interferon gamma
knockout mice (DUBEY at al., 1999b).

Conclusions

The high titers of antibodies against S. neurona observed in
feline sera possibly indicate exposure of the cats to the parasite in
Bahia, Brazil. The low antibody titers observed for N. caninum do
not confirm true exposure of the cats to this parasite.
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