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Abstract

Neosporosis is an infectious disease caused by the parasite Neospora caninum. Knowledge regarding neosporosis in
goats is still quite limited, especially in the state of Santa Catarina (SC), southern Brazil. Therefore, this study aimed
to assess the seroprevalence and risk factors for V. caninum in goats in the western and mountain regions of SC.
Blood samples were collected from 654 goats in 57 municipalities. The indirect immunofluorescence test was used
for antibody detection against N. caninum. Thirty samples (4.58%) were seropositive, with titers ranging from 1:50
to 1:6400. An epidemiological survey was also conducted in order to identify risk factors for neosporosis in goats. It
was found that reproductive problems on the farms, as well as the diet and direct contact with dogs were casual risks
for neosporosis. These results indicate that V. caninum infects goats in these regions, which may lead to reproductive
problems.

Keywords: Neosporosis, risk factors, reproductive problems, small ruminants.

Resumo

Neosporose ¢ uma doenga infecciosa causada pelo parasito Neospora caninum. Nos caprinos, as informagoes sobre
neosporose ainda sio bastante limitadas, especialmente no Estado de Santa Catarina (SC), Sul do Brasil. Em virtude
disso, este estudo teve como objetivo avaliar a soroprevaléncia e os fatores de risco envolvidos na infeccio por N. caninum
em caprinos das regies Oeste e Planalto Serrano do Estado de SC. Amostras de sangue foram coletadas de 654 caprinos
em 57 cidades. A técnica de imunofluorescéncia indireta (RIFI) foi usada para a detecgio soroldgica de anticorpos
contra N. caninum. Trinta amostras (4,58%) foram soropositivas para o agente infeccioso com titulos variando entre
1:50 a 1:6400. Durante a coleta de sangue, um levantamento epidemiolégico foi realizado para identificar fatores de
risco para neosporose em caprinos. Problemas reprodutivos presentes nas fazendas, bem como a dieta e o contato direto
com caes foram detectados como fatores de risco para a doenca. Os resultados indicam que N. caninum infecta cabras
nas regioes avaliadas, o que pode estar relacionado a problemas reprodutivos nesta espécie.

Palavras-chave: Neosporose, fatores de risco, problemas reprodutivos, pequenos ruminantes.
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Introduction

Neospora caninum is an obligate intracellular coccidian of the
phylum Apicomplexa (DUBEY et al., 1988). Infection by V.
caninum can cause a clinical disease called neosporosis, which is
characterized mainly by abortion (LARSON et al., 2004), fetal
death, reabsorption, mummification, autolysis or stillbirth; or by
live birth but with adverse clinical signs; or by clinically normal
birth but with chronic infection (DUBEY; LINDSAY, 1996).

Thus, neosporosis is a serious disease of cattle and dogs
worldwide. However, clinical neosporosis has also been reported
in sheep and goats (DUBEY, 2003). Serological surveys have so far
been carried out in a few countries. Antibodies against V. caninum
were reported in goats in Sri Lanka (NAGULESWARAN et al.,
2004), Argentina (MOORE et al., 2007), Brazil (FARIA et al.,
2007) and Poland (CZOPOWICZ et al., 2011). In order to confirm
the diagnosis relating to abortion in goats, molecular techniques
have been used in some Italian studies, in which presence of V.
caninum was associated with aborted fetuses in 2 out of 23 animals
(8.7%), from PCR (MASALA et al., 2007).

Goats are economically important in many countries, including
Brazil, where this species is a valuable source of meat and milk for
humans, particularly in the northeastern region, where 93.7% of
the goats are concentrated (IBGE, 2012). Low animal productivity
is often caused by a lack of information on disease control, and, in
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this regard, there is a severe lack of information about neosporosis
in goats. Some studies have reported occurrences of seropositive
goats in different Brazilian states, such as Bahia (UZEDA et al.,
2007), Sao Paulo MODOLO et al., 2008), Rio Grande do Norte
(LIMA et al,, 2008) and Alagoas (ANDERLINI et al., 2011).
However, in the state of Santa Catarina, there are still no studies
on neosporosis in goats. Therefore, the objective of this study
was to assess the seroprevalence of and determine the risk factors
for N. caninum in serum samples from goats in two geographical
regions of the state of Santa Catarina, Brazil.

Materials and Methods

Animal sampling

In this study, blood samples were obtained from 654 goats in
57 municipalities in the western and mountain regions of the state
of Santa Catarina (SC), Brazil (Figure 1), between August 2012 and
March 2013. The sample distribution was in accordance with the
goat herd distribution in SC. This study quantified municipalities
with the highest numbers of goats, with an expected prevalence of
25%, error of 3.2% and confidence level of 95% (OPAS, 1979).

The animals were randomly chosen so as to represent different
stages of development and weight, as well as different productive
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Figure 1. Map of the epidemiological distribution of neosporosis positivity (n = 30) out of 654 goats in Santa Catarina State, Southern Brazil.
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purposes (meat and milk). The animals were manually restrained
and blood samples were collected by venipuncture (Vacutainer®)
from the external jugular vein. Blood samples were placed in
tubes without anticoagulant and kept under refrigeration (10 °C).
They were then centrifuged and the serum was frozen (-20 °C)
until analysis.

Serological tests

The separated serum was processed by means of the indirect
immunofluorescence assay (IFA) in order to detect anti-V. caninum
(CONRAD et al., 1993). Briefly, N. caninum tachyzoites (NC-1
strain) grown in Vero cells were used as antigens. Anti-IgG goat
antibodies conjugated with fluorescein were used as the secondary
antibody (LOCATELLI-DITTRICH et al., 2006). Samples were
considered to be positive when fluorescence occurred on the entire
tachyzoite surface and negative when fluorescence was absent or
only apically present. Known positive and negative samples were
used as controls (PARE et al., 1995). The serum samples were
tested for antibodies at a dilution of 1:50. Positive samples were
tested up to the maximum dilution at which was possible to detect
antibodies against the protozoa.

Epidemiological survey

Information about each herd was obtained through direct
interviews with the producers in order to ascertain the real situation
of these animals on the farms, as well as to identify risk factors for
neosporosis. The following questions were asked regarding each
animal: breed (non-breed, Boer or Anglo), sex (male or female),
age (between 6 months and 1 year, or more than 1 year), diet
(with concentrate or without concentrate), water source (natural,
river, well water or piped water), reproductive issues (yes or no),
neurological issues (yes or no), type of production (milk, meat
or mixed) and contact with dogs (yes or no).

Statistical analysis

The data generated by the survey and by the serological tests
for neosporosis were recorded and analyzed using the R statistical
software, version 2.13.1. Cross-tabulation was performed and
descriptive statistics were produced. The variables were first screened
based on the results from the response variable of the TFA test
(positive or negative); variables with large amounts of missing
data (> 10%) and limited variability (< 20%) were not included
in the logistic regression model. The remaining variables were
used in a univariate analysis using the chi-square test or Fisher’s
exact test, and variables with P < 0.25 were selected for inclusion
in the logistic regression model. Subsequently, all the screened
variables were subjected to association analysis. The non-collinear
variable was > 0.7. Interactions between all pairwise variables
suitable for the final model were examined and, if significant
(P < 0.05), were subjected to further analysis. Subsequently, the
selected variables (n = 4) were included in the multivariable model
(breed, diet, reproductive issues and type of production). The
multivariable variance models, using binary logistic regression,
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were built using a manual forward method; and each remaining
variable was added to the best previous model, as selected using the
Akaike information criterion (AIC) and the Bayesian information
criterion (BIC). Finally, a backward elimination step was used, thus
resulting in a final model in which only variables with P < 0.05
were retained. Confounding effects were investigated by checking
changes in estimated points for the variables that were kept in
the model. Changes in parameters that were estimated as > 25%
were considered to be confounding factors: age was found to be
a potential confounding factor and, thus, it was controlled for
during the regression. The goodness-of-fit of the final model was
tested using the Hosmer-Lemeshow method (DOHOO et al.,
2009), the discrimination power was tested by means of the ROC
curve and the classification matrix to measure the performance
(DOHOQO et al., 2009), and The Wald %2 test was used to
determine significance of each model as a whole as well as to
determine significance of individual B coefficients.

Results

Serological analysis

Out of the 654 samples analyzed, only 30 were seropositive for
N. caninum by means of IFA, thus corresponding to a prevalence
0f 4.59% distributed in different locations/farms (Figure 1). The
positive samples had titers ranging from 1:50 to 1:6400 (Figure 2).

Risk factors for neosporosis infection

There was a weak correlation between age and neosporosis
infection; however, this was identified as a confounding factor,
given that it changed the parameter estimates for some of the
selected variables by more than 25%, which consequently forced
it into the model.

In the univariate analysis, the goat breed, diet provided for
the animals, contact with domestic dogs, reproductive issues
like abortion and type of production practiced by the farm were

Indirect Immunofluorescence Assay (IFA)
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Figure 2. Results of serological tests and their respective titers in

positive goats (n=30) for Neospora caninum from two geographical
regions of the state of Santa Catarina, Brazil.
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significantly associated with neosporosis infection (P < 0.25)
(Table 1). Nevertheless, for the multivariate variance model, one
selected confounding variable was forced into the model, since it
changed the parameter estimated, as described above, and because
of prior knowledge: in the light of analyses on the diet used and
presence of reproductive issues, animal age was considered to be a
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risk factor. Reproductive issues found on the farms present a casual
risk that was 2.94 times greater than in the absence of such issues
(95% CI: 1.45-5.47) and the farms that provide concentrate feed as
a supplement to the animals presented a risk that was 2.94 greater
than when no supplement was provided (95% CI: 1.17-7.34), with
regard to the risk of neosporosis (Table 2). The model fitted the

Table 1. Univariate analysis of risk factors for Neospora caninum infection in 654 goats from Southern Brazil.

Variables No. of animals Frequency (%) P —value RR (IC 95%)
Neosporosis
Breed 654 0.10
Not breed 70 0.53 (0.28-1.00)
Boer 27 0.57 (0.10-3.28)
Anglo 3
Sex 654 0.39
Male 20 -
Female 80 0.62 (0.25-1.53)
Age 654 0.47
6 months -1 year 22 -
>lyear 78 0.81 (0.58-1.13)
Diet 654 52 0.03
Without concentrate 48 2.28 (1.19-4.37)
With concentrate -
‘Water source 654 0.38
Natural spring 53 2.47 (0.44-13.606)
River 9 0.73 (0.37-1.43)
Well water 30 0.82 (0.28-2.38)
Tap water 8 -
Reproductive issues 654 0.18
Yes 23 0.48 (0.19-1.17)
No 77 -
Neurological issues 654 0.98
Yes 4 4.12.93 (0.00-00)
No 96 -
Type of production 654 0.08
Milk 3 -
Meat 87 3.82 (1.03-14.07)
Both 10 6.00 (1.06-33.66)
Contact with dogs 654 0.03
Yes 71 -
No 29 0.67 (0.35-1.27)

Table 2. Final logistic regression analysis of the risk factors for Neospora caninum infection in 654 goats from Southern Brazil*.

Variables Estimate (3) P —value RR (CI: 95%)
Intercept 3.84 <0.001 46.66 (19.36-93.45)
Confunding
Age 0.30
6 months -1 year —0.52 0.59 (0.25-1.35)
> 1 year - -
Risk factors
Reproductive issues
Yes 1.07 0.05 2.94 (1.17-7.34)
No - -
Type of diet
With concentrate 1.03 0.01 2.82 (1.45-5.47)

Without concentrate

*Roc curve = 66%, Hosmer test= p = 0.91, Wald test: > = 9.4, df = 3, p = 0.024.
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Table 3. Classification matrix for the prediction results of the multivariate analysis.

Predicted value
Observed value Positive Negative Correct classification
Positive 19 11 63.33%
Negative 187 437 70.03%

data sufficiently well as demonstrated by the Hosmer-Lemeshow
test (P = 0.91). The area under the curve (AUC) is 0.667, with a
69.72% hit rate for classification (Table 3).

Discussion

This study provides the first report of N. caninum seroprevalence
in goats in the state of Santa Catarina, Brazil. Our results showed
that the V. caninum seroprevalence was around 5% (4.59%)
among goats. According to the literature, neosporosis may be
an important cause of abortion in goats (COSTA et al., 2012),
and it may explain their low productivity rates (MASALA et al.,
2007). Our results were close to what was reported by Bartova
and Sedlak (2012), who found a seroprevalence of 6% in goats in
the Czech Republic. Antibodies against N. caninum were found
in 6.4%, 6.6% and 9% in Brazil (FARIA et al., 2007), Argentina
(MOORE et al., 2007) and Poland (CZOPOWICZ et al.,
2011), respectively. Thus, our results are quite similar to those
mentioned above. The serological survey carried out by Moore et al.
(2007) in Argentina provided important data, since Argentina
is a country neighboring Brazil with similar geographic and
climatic characteristics. Another interesting comparison is in
relation to the prevalence study conducted by Faria et al. (2007)
in the northeastern region of Brazil, the region with the highest
concentration of goats (IBGE, 2012).

Dairy goats are more likely to have direct contact with
reservoirs such as dogs, since they may come close to human
homes, and also because the majority of the farms evaluated
were of small sizes. Furthermore, this animal category (dairy
goats) usually receives a diet rich in concentrates, which is
an important risk factor for neosporosis that was observed in
our study. The possible explanations for these findings might
include inappropriate food storage (which was not investigated
in this study) or direct contact with domestic animals, especially
dogs. In comparing the univariate analyses on data regarding
goat breed, diet, direct contact with dogs, reproductive failure
(abortion) and production category, we found significant positive
correlations (P < 0.25). All these correlations are associated with
infection by N. caninum.

Among the 57 municipalities surveyed, positive samples were
found in 21 of them. This number shows the epidemiological
importance of these findings in terms of the geographic distribution
of neosporosis within the production cycle in this region, especially
considering that there are difficulties in neosporosis control
(REICHEL; ELLIS, 2006, 2008) and that vaccination and
chemotherapy have only been identified as economically promising
options, and not yet as safe and efficient (HASLER et al., 2006a,
2006b). Additionally, this serologically assessed region has a
significant population of dairy cattle (IBGE, 2012), and some

studies have shown that the prevalence is elevated in these animals
(GOTTSTEIN etal., 1998; REICHEL 2000; BARTELS et al.,
2006; WANG et al., 2010).

Reproductive problems on the farms represented a casual risk
that was 2.94 times greater in the presence of these problems. It is
well documented that in cattle, infection with N. caninum causes
quite important reproductive problems, such as stillbirth and
maternal infertility (MONNEY et al., 2011), and also, especially,
epidemic and endemic abortion (BUXTON et al., 2002; DUBEY,
2003; DUBEY et al., 2007; MONNEY et al., 2011). However,
regarding goats, some concerns regarding misdiagnosis and lack of
correct diagnosis of neosporosis by local veterinarians still persist in
Brazil. This might be partially explained by the close resemblance
between Toxoplasma gondii, which is of high medical importance,
and N. caninum, since these are closely related protozoa that are
found in reproductive diseases (MONNEY et al., 2011). However,
this issue was mitigated when Dubey et al. (1988) successfully
isolated the parasite in the late 1980s.

Another important risk factor pointed out in the present
study was direct contact between goats and dogs. On small farms,
goats are usually housed together with other animals, like dogs,
which can contaminate the environment with 7. gondii and V.
caninum oocysts (BARTOVA; SEDLAK, 2012). Horizontal
transmission of N. caninum occurs through ingestion of tissue
cysts, which is more likely to be relevant for carnivores, and
through intake of food and water contaminated with sporulated
oocysts (DUBEY et al., 2007). Based on our statistical analysis,
the concentrate-based diet was considered to be a risk factor for
neosporosis, which might be explained through situations in
which dogs had access to the food storage facilities, or even to
the places where goats were fed.

Our serological results were quite similar to those obtained
from other studies throughout the world, showing relatively low
positivity for N. caninum. However, our results show some very
important casual risk factors such as reproductive problems, diet
handling and free contact with dogs. Thus, it is possible to conclude
that neosporosis is present, even at low serological levels, in the
goat herds of the western and mountain regions of the state of
Santa Catarina, Brazil, and is associated with some important risk
factors. Because of the unfavorable characteristics of V. caninum
infection, further epidemiological studies on neosporosis are
always important.

Ethical Approval

Experimental protocol was approved by the Animal Welfare
Committee of Universidade do Estado de Santa Catarina (UDESC)
under number 1.15.13.
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