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Brazilian donkeys (Equus asinus) have a low exposure to 
Neospora spp.

Asininos (Equus asinus) brasileiros têm uma baixa exposição à Neospora spp.
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Abstract

Donkeys (Equus asinus) are closely related to horses and are known to be infected by several equine pathogens. 
Neospora caninum and Neospora hughesi are protozoan parasites that infect horses, but they were not confirmed in donkeys 
up to this date. The aim of this study was to evaluate the exposure of donkeys (Equus asinus) to Neospora spp. using 
tachyzoites of N. caninum as antigen and employing two common serologic methods, IFAT and immunoblot. Sera from 
500 donkeys were obtained from 30 municipalities in Bahia state and tested by IFAT. Two of 500 sera were positive for 
Neospora spp. by IFAT with antibody titers of 100, and recognized a 37kDa antigen in immunoblot. Approximately 
22% of the samples showed strong apical reactions and/or incomplete fluorescence, what may cause confusion in the 
interpretation of IFAT. We concluded that Neospora spp. are possibly of minor importance for Brazilian donkeys. Future 
studies are necessary to prove that Neospora spp. can naturally infect donkeys.
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Resumo

Asininos (Equus asinus) são próximos filogeneticamente a equinos e podem ser infectados por vários patógenos 
de cavalos. Neospora caninum e Neospora hughesi são parasitos protozoários que infectam equinos, porém não foram 
confirmados em asininos até o momento. O objetivo deste estudo foi avaliar a exposição de asininos (Equus asinus) a 
Neospora spp., usando-se taquizoítos de N. caninum como antígeno e empregando-se duas técnicas sorológicas comuns 
para esta finalidade, reação de imunofluorescência indireta (RIFI) e immunoblot. Soros de 500 asininos, obtidos em 
30 municípios no Estado da Bahia, foram testados por meio da RIFI. Dois dos 500 soros foram positivos para Neospora spp. 
pela RIFI com títulos de anticorpos de 100, e reconheceram um antígeno de 37kDa no immunoblot. Aproximadamente, 
22% das amostras apresentaram fortes reações apicais e/ou fluorescência incompleta, o que pode causar confusão na 
interpretação da RIFI. Conclui-se que Neospora spp. são, possivelmente, de pouca importância para asininos brasileiros. 
Estudos posteriores são necessários para provar que Neospora spp. podem causar infecção natural em asininos.
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Introduction

Neospora caninum is a protozoan parasite that causes 
a great economic impact in cattle industry worldwide 
(REICHEL et al., 2013). The parasite is commonly transmitted 
to herbivores via transplacental infection or through ingestion 

of oocysts shed in the feces from definitive hosts (DH). There 
are four canid species identified as DH of N. caninum, which 
are domestic dogs (MCALLISTER  et  al.,  1998), coyotes 
(GONDIM et al., 2004), Australian dingoes (KING et al., 2010) 
and grey wolves (DUBEY  et  al.,  2011). A great number of 
mammalian species, including horses, may serve as intermediate 
hosts for N. caninum. Some of these hosts may present neosporosis 
(GOODSWEN et al., 2013).
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A second species was proposed in the genus Neospora (N. hughesi), 
isolated from a horse with neurological disease. Its classification was 
based on molecular, antigenic and ultrastructural differences from 
N. caninum (MARSH et al., 1998). Therefore, the equine protozoal 
mieloencephalitis (EPM), a serious neurologic disease of horses, 
which had Sarcocystis neurona as its sole agent (DUBEY et al., 1991), 
was shown to have Neospora hughesi (N.  hughesi) as a second 
etiologic agent. Walsh et al. (2000) tested whether dogs could serve 
as definitive hosts for N. hughesi. Two dogs were fed brains from 
N. hughesi-experimentally infected mice. The dogs did not excrete 
Neospora-like oocysts in their feces. These authors concluded that 
dogs do not appear to be definitive hosts of the parasite. So far, 
no animal has been identified as DH of N. hughesi.

Horses are infected by both N. caninum and N. hughesi. The former 
may cause abortion in horses and the latter was only associated with 
neurologic disease in this animal species (MARSH et al., 1998; 
PITEL et al., 2003). However, no serologic test has been proved 
to differentiate infections caused by N. caninum and N. hughesi 
(GONDIM et al., 2009).

Donkeys (Equus asinus) are closely related to horses and are 
affected by several microorganisms that are commonly found in 
equines, including the protozoa Theileria equi and Babesia caballi 
(MACHADO et al., 2012). In two publications, donkeys from Italy 
and Iran were reported to be exposed to Nespora spp. based on the 
detection of anti-Neospora sp. antibodies (GHAREKHANI et al., 2013; 
MACHAČOVÁ et al., 2013). In each of these reports, a single 
serologic method was used to test the animal sera. Up to this 
date, there is no confirmation of Neospora DNA or detection 
of any Neospora stages (tachyzoites or encysted bradzyoites) in 
tissues from donkeys.

The aim of this study was to test whether donkeys raised 
in Bahia state, Brazil, are exposed to Neospora sp. through two 
serologic tests.

Materials and Methods

Animals

The sample size for this study was calculated according to the 
reported population of donkeys (271.401) in Bahia state, (Brazilian 
Agency of Geography and Statistics - IBGE (2010). At the time the 
experiment was planned, no epidemiological data were available 
for Neospora sp. in donkeys. Therefore, an expected frequency for 
Neospora spp. antibodies in horses (2.5%) (HOANE et al., 2006) 
was used for the sample size estimation. A confidence interval of 
95% and precision of 5% were used in the sample calculation. 
Values of p<0.05 were considered significant.

Bahia state has a country-like territorial extension (564,733,177 km2) 
which is larger than countries such as France and Germany. It 
possesses the largest population of donkeys in Brazil, corresponding 
to 271.401 animals (IBGE, 2010).

A total of 500 sera from donkeys were obtained between 
the years of 2009 and 2012. The animals were originated from 
30 municipalities distributed in the state of Bahia (Figure 1). Most 
animals (275) were 5 to 10 years old, 159 were below 5 years 
old, and 66 animals had ages above 10 years. Males and females 

corresponded to 191 and 309 donkeys, respectively. Sera from 
173 animals were obtained in a donkey breeding farm in the 
municipality of Valente, Bahia, which sells donkeys for several 
regions in Bahia and to other Brazilian states, mainly for the 
production of hybrids (mules). The remaining sera (327 samples) 
were originated from 29 municipalities.

Cell culture and antigen preparation for IFAT

Tachyzoites of N. caninum (NC-Bahia strain) were used as 
antigen for IFAT reactions. The parasites were maintained in 
monolayers of VERO cells, cultured with RPMI-1650 + L-glutamin 
(Invitrogen/Gibco, New York, USA), supplemented with 
antibiotic-antimycotic:100 units/mL of penicillin, 100 µg/mL 
of streptomycin and 0.25 µg/mL of Fungizone-amphotericin B 
(Gibco, USA), 10% of inactivate calf serum (Invitrogen/Gibco, 
Auck-land, NZ) at 37 °C in 5% CO2. Tachyzoites were harvested 
with a cell scraper when approximately 2/3 of cell mono-layer 
was disrupted by the parasites. The harvested suspensions were 
centrifuged at 1000 × g for 10 min at 4 °C, resuspended in 
filtered phosphate buffered saline (PBS) pH 7.2, passed through a 
22-Gauge needle and purified using a 5µl-syringe filter. The filtered 
zoites were washed three times with sterile PBS (pH 7.2), placed 
in 5mm-well slides, and fixed by methanol for 5 min. The slides 
were stored at –20 °C no more than 2 months until used.

Indirect immunofluorescence antibody test (IFAT)
The samples were analyzed in a second time by a different person. 

The number of sera included in the analysis was 499, because one 
of the 500 samples was in small amount and in insufficient for 
other tests. At this time, NC-1 tachyzoites were used as antigens 
and the samples were examined according to methods described 

Figure 1. Serum samples from donkeys were obtained in 30 municipalities 
in Bahia state, Brazil, during the years of 2009 and 2012.
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by Schares et al. (1999). Positive and negative controls from a 
N. caninum-positive bovine were used in each antigen slide.

1D SDS PAGE and immunoblot using N. caninum 
antigen

Tachyzoites of the N. caninum strain NC-1 (DUBEY et al., 1988) 
were cultured similarly as described above, but Marc-145 was 
employed as host cells with DMEM as culture medium. The parasites 
were separated from the host cells using 5µm filter and pelleted 
by centrifugation. A pellet containing 4.8 × 108 tachyzoites was 
used for antigen preparation. The SDS PAGE and immunoblot 
were performed according to Schares et al. (1998). The parasites 
were mixed with a sample buffer (2% SDS, 10% glycerol, 62 mM 
TrisHCl, pH 6.8), heated at 97 °C for 10 min, and centrifuged for 
13,000g for 10 min at 4 °C. The supernatant containing antigen 
and a protein marker were run on a SDS-polyacrilamide gel 
(12.5%) and transferred to a Polyvinylidene difluoride (PVDF) 
membrane. The membrane was blocked with PBS Tween (PBS-T) 
(0.05% Tween 20) containing 2% of gelatin (PBS-T-Gelatin), 
and cut in stripes of approximately 2mm of width.

The donkey sera (499 samples) were diluted 1:100 and 
incubated with the antigen stripes at room temperature under 
agitation for 1h. Positive and negative controls from bovine were 
included in each analysis at 1:500 dilutions. The membranes were 
washed 5 times in PBS-T, and a peroxidase conjugate anti-donkey 
IgG in PBS-T-Gelatin was added to the reactions. A peroxidase 
anti-bovine IgG conjugate was employed for the bovine sera. 
The  membranes were incubated for 1h, washed 3 times with 
PBS-T, 3 times with PBS, then incubated with 4-Chloro-1-naftol 
in methanol (1:4 in PBS with 0.1% H2O2) as substrate. When the 
reactive bands were clearly seen, the reactions were stopped by 
adding water into the wells.

Results

Antibodies against Neospora spp. were initially detected by 
IFAT in 21.6% (108/500) of the donkeys. A second analysis was 
performed by a second veterinarian who noted that most positive 
reactions were in fact strong apical reactions and/or incomplete 
fluorescence around the surface of the tachyzoites. The number 
of true positive samples in the second analysis was 2/500 (0.4%). 
These reactions were characterized by complete fluorescence in the 
periphery of the tachyzoites. Both reactive samples had antibody 
titers of 100.

Immunoblot using non-reduced antigen of N. caninum was 
performed in all samples from donkeys. The two reactive samples 
observed by IFAT showed reactions against a 37kDa antigen 
(Figure 2).

Discussion

In the current study, we tested the exposure of 500 donkeys 
to Neospora spp. Donkeys are closely related to horses and may be 
potentially infected by N. caninum and N. hughesi, which cause 
disease in horses (MARSH et  al., 1998; PITEL  et  al., 2003). 
The donkey sera were analyzed by IFAT and immunoblot. Donkeys 
exhibited a low frequency of antibodies against Neospora sp. by 
IFAT. When tested by immunoblot using non-reduced antigen from 
N. caninum, two serum samples reacted against a 37kDa antigen.

It is important to note that 21.6% of the samples in the 
initial analysis were incorrectly interpreted as positive by IFAT. 
The examination of the tested sera by a second veterinarian revealed 
that most reactions assumed as positive in the first analysis were 
in fact apical and/or incomplete reactions, what caused confusion 
in the classification of the positive results. After immunoblot, two 
sera with IFAT titers of 100 recognized a 37kDa antigen, regarded 
as one of the immunodominant antigens of N. caninum (BARTA 
& DUBEY, 1992).

Neospora caninum is spread in cattle in Bahia state and has 
also been isolated from a naturally-infected dog in the same 
region (GONDIM et al., 2001; GONDIM et al., 1999). In the 
current study, the low frequency of antibodies observed in 
donkeys bred in Bahia, where dogs are commonly raised close to 
donkeys, is suggestive that Neospora spp. are of minor importance 
for this animal species. In a study performed in Italy, 11.8% of 
238 donkeys were positive for Neospora spp. using a commercial 
competitive-inhibition ELISA (cELISA, VMRD, Inc., Pullman, WA, 
USA) for N. caninum (MACHAČOVÁ et al., 2013). In another 
study conducted in Iran, 100 sera from donkeys were tested by a 
Neospora modified agglutination test (N-MAT) and revealed 52% 
of reactive samples. Despite both techniques (cELISA and N-MAT) 
that were employed in the studies from Italy and Iran have been 
tested using other animal species (reviewed by BJORKMAN & 
UGGLA, 1999), they had not been tested before with sera from 
donkeys. It is uncertain whether the positive reactions truly represent 
exposure to Neospora spp. or are due to potential cross-reactivity 
to other cyst-forming coccidian from donkeys.

In the present work, the combination of IFAT and immunoblot 
using antigens derived from N. caninum tachyzoites is suggestive 

Figure 2. Immunoblot using serum from a Neospora caninum-infected 
bovine (1), a negative control serum from bovine (2), and serum from 
a donkey which tested positive by IFAT for Neospora spp. with an 
antibody titer of 100 (3). Note the weak positive reaction of a band 
at approximately 37kDa.
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that only two of the 500 tested Brazilian donkeys were exposed to 
Neospora spp. However, Neospora spp. have never been reported 
in donkeys and the putative detection of antibodies to Neospora 
spp. in our study does not prove that the animals were infected 
by the parasites.

Four immunodominant antigens have been identified in 
immunoblot for N. caninum (16/17, 29, 37 and 46kDa) using 
non-reduced antigen from tachyzoites (BARTA & DUBEY, 1992). 
Sondgen et al. (2001) performed immunoblot using fetal fluids from 
aborted bovine fetuses and non-reduced antigen from N. caninum 
tachyzoites. These authors observed that the 37kDa, followed by 
the 29kDa antigens were the most frequently identified antigens 
by Neospora-positive animals.

We conclude that, up to this date, there is no strong serologic 
evidence that Neospora spp. is able to infect donkeys. We used a 
quite large sample size and two serologic techniques, but only two 
animals were reactive with low antibody titers by IFAT. In addition, 
their sera recognized only one N. caninum immunodominant 
antigen of 37kDa by immunoblot. Further studies are necessary 
to confirm whether N. caninum and N. hughesi are able to infect 
donkeys.
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