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Seroprevalence and risk factors associated with Neospora caninum
in commercial sheep from northwest of Rio Grande do Sul, Brazil

Soroprevaléncia e fatores de risco associados a Neospora caninum
em ovinos comerciais do noroeste do Rio Grande do Sul, Brasil

Anggélica Consalter'"; Andressa Ferreira da Silva?; Vinicius Grangeia Gaia®; Eraldo
Lourenso Zanella*; Guilherme Nunes de Souza’; Ana Maria Reis Ferreira®

Highlights:

Neosporosis was detected in 20.3% of sheep flocks.

All flocks sampled had seropositive animals.

Sheep breeds > 1 year of age demonstrated a higher risk for infection by Neospora caninum.

Abstract

Neospora caninum is awidely distributed parasite, which significantly impacts reproduction in ruminants.
This study aimed to survey the seroprevalence and risk factors associated with neosporosis infection
in commercial herds of sheep in the northwest of Rio Grande do Sul, Brazil. Three hundred sheep
serum samples were used to investigate anti-N. caninum antibodies using indirect immunofluorescence
reaction at a 1:40 dilution. The presence of anti-N. caninum antibodies was detected in 20.3% (61/300)
of the samples evaluated; however, positive reactions were observed in all (13/13) flocks sampled.
Sheep breeds > 1 year of age had 1.2-fold higher risk for infection with N. caninum (odds ratio 2.2
[95% confidence interval 1-5.1]; P < 0.001). These findings should raise awareness on the importance
of serological screening, identification of risk factors, and maintenance of preventive measures, such as
not allowing dogs to contact sheep feed and not offering the placental remains of ruminants to canids.
Key words: Neosporosis. RIFI. Serology. Sheep.

Resumo

Neospora caninum é um parasita amplamente distribuido e de grande importincia para
a reproducdo de ruminantes. O objetivo deste estudo foi realizar um levantamento da
soroprevaléncia e dos fatores de risco associados a neosporose em rebanhos comerciais de
ovinos no noroeste do Rio Grande do Sul. Foram utilizadas 300 amostras de soro de ovelhas
para investigar anti-N. caninum por Reacdo de Imunofluorescéncia Indireta (IFAT) com uma
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dilui¢@o de 1:40. A presenca de anticorpos anti-N. caninum foi detectada em 20.3 % (61/300)
das amostras avaliadas. Reagdes positivas foram observadas em todos (13/13) os rebanhos
amostrados. Ovinos com mais de um ano tiveram 1.2 mais chances de serem infectados
por N. caninum (odds ratio 2.2, intervalo de confianga 1-5.1) (P < 0.001). Com esses dados,
chamamos atencdo para a importancia da triagem sorologica, identificacao de fatores de risco e
manutencao de medidas de prevaléncia, como nao permitir que os caes entrem em contato com
a alimentacdo das ovelhas e ndo oferecer os restos placentarios dos ruminantes aos canideos.
Palavras-chave: Neosporose. RIFI. Sorologia. Ovinos.

Neospora caninum is a protozoan belonging to
the phylum Apicomplexa, family Sarcocystidae and
subfamily Toxoplasmatinae, and morphologically
similar to Toxoplasma gondii, but biologically
different (Cerqueira-Cézar et al., 2017; J. P. Dubey
et al.,, 2002). Neosporosis is primarily disease
of cattle, causing abortion in the species, while
toxoplasmosis is a serious disease in humans, sheep,
and many other warm-blooded animals (J. P. Dubey
& Schares, 2011).

The transmission of N. caninum to intermediate
hosts occurs through the ingestion of oocysts
eliminated in the environment, and bradyzoites
present in tissue cysts and transplacentally ( J.
P. Dubey et al., 2002; Filho et al., 2017). Canids
(domestic and wild canids, dogs, coyote, and
wolf) are essential for transmission of N. caninum,
because they are the final hosts of the parasite, and
they pose a risk to sheep (Cerqueira-Cézar et al.,
2017; Wang et al., 2018) In addition, grazing dogs
are used to assist in handling and frequently come
into contact with sheep.

Neospora caninum infection can lead to
spontaneous abortion or the birth of weakened
lambs (Moreno et al., 2012; Razmi & Naseri, 2017).
Its prevalence in Brazilian herds ranges from 8%
in Sdo Paulo (Machado, Kikuti, Langoni, & Paes,
2011) to 39.8% in Sergipe (H. Rizzo et al., 2017).
However, its clinical and economic impact on sheep
is not fully understood, with few, if any, published
studies in the surveyed region. As such, the objective
of this study was to characterize the epidemiological
importance of N. caninum infection in commercial

sheep flocks in the northwest of Rio Grande do Sul

by surveying the seroprevalence and risk factors
associated with neosporosis.

The minimum sample size required for this
study was calculated using Epilnfo 7.1.5 (Centers
for Disease Control and Prevention [CDC], 2002),
using 16.3% (Ferreira et al., 2016) as the expected
prevalence, with a margin of error of 5%, and a
confidence interval of 95%. Given an estimated total
population of 327.828 sheep in the region studied
according to data from the Instituto Brasileiro de
Geografia e Estatistica [IBGE] (2014), a minimum
sample size of 224 was required.

A cross-sectional study was performed using
blood samples from 300 sheep, both female and
male (> 1 year of age), in 10 municipalities from
13 rural properties (Tablel) in the northwest region
of Rio Grande do Sul to perform serological tests
for anti-N. caninum antibodies. Blood samples
were collected by venipuncture of the jugular
vein in 10 mL tubes (Vacutainer, BD Biosciences,
Franklin Lanes, NJ, USA) without anticoagulant,
then conditioned in an isothermal container at 5°C,
and centrifugated at 1000 x g for 10 min. Sera were
stored in microtubes at -20°C.

An individual survey of sheep characteristics was
recorded including sex, age, and breed. In addition,
farmers answered questionnaires surveying specific
topics about the flock, including: location; purpose
and type of the holding; sheep contact with other
animals; water source(s); water supply; food
location; veterinary care; presence of dogs on the
property; and presence of poor fetal formation and
abortion in the past 12 months.
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Table 1
Seroprevalence of antibodies anti-Neospora caninum in sheep from northwestern Rio Grande do Sul State,
Brazil
Municipalities Farm no. n % Pos.
Passo Fundo 1 30 33
Vila Maria 2 30 16.6
Marau 3 21 23.8
Nova Araca 4 20 15.0
Nova Bassano 5 20 45.0
Soledade 6 26 19.2
Guaporé 7 23 26.0
Erechim 8 23 17.3
Erechim 9 20 25.0
Gaurama 10 20 20.0
Erechim 11 20 30.0
Cruz Alta 12 27 14.8
Passo Fundo 13 20 20.0
Total 300 20.3

Serum samples were diluted 1:40 in phosphate
buffered saline (PBS, pH 7.2) and prepared
according  to  manufacturer’s  instructions
(Imunoteste®, Neospora caninum [IFAT], Ovino,
Imunodot, Jaboticabal, SP, Brazil). After incubation
in a humid chamber at 37°C for 30 min, the samples
and the positive and negative control were washed
three times with PBS and dried for 5 min. The anti-
sheep immunoglobulin G was conjugate, prepared
with Evans blue solution, was added and incubated
again for an additional 30 min in a darkroom in
an oven at 37°C. After further washing with PBS
solution, the slides were assembled and observed
using a fluorescence microscope (Axio Lab.Al,
Carl Zeiss GmbH, Jena, Germany) equipped with
a 40x objective. Samples were positive when they

demonstrated clear fluorescence.

The protocols performed in this study were
approved by the Animal Use Ethics Committee of
the Fluminense Federal University under protocol
number 832 and by the University of Passo Fundo
under protocol number 035.

Independent or explanatory variables, obtained
the of
possible risk factors associated with seropositivity

from epidemiological questionnaires,
for antibodies to anti-N. caninum were selected
based on frequency distribution after analysis
using the chi-squared test, with the threshold for
statistical significance set at P < 0.05. Variables that
met the significance level were tested together in the

forward conditional regression model.

Neospora caninum can lead to abortion or the
birth of weakened lambs (Moreno et al., 2012;
Razmi & Naseri, 2017), however, transplacental
transmission of this parasite in naturally infected
small ruminants has been observed in Brazil (Nunes
et al., 2017). The presence of anti-N. caninum
was detected in 20.3% (61/300) of sheep and in
all (13/13) flocks sampled in the northwest of Rio
Grande do Sul. This state has the largest commercial
flock of sheep in Brazil (IBGE, 2014), thus research
investigating the health status of these animals
essential. Moreover, few studies involving sheep
have been performed.
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Over the span of a decade, researchers found
a prevalence of 3.2% (2/62) in sheep sampled
from Rio Grande do Sul state (Vogel, Arenhart, &
Bauermann, 2006) and a recent study reported a
seroprevalence of 16.3% (49/300) in ovine (Ferreira
et al.,, 2016). However, a study by Ferreira et al.
(2016) included only one city, Bossoroca, where
only 30 sheep samples were collected from this
region. Vogel et al. (2006), collected only 22 sheep
samples from the city of Joia, also in the northwest
of the state. Thus, it is necessary to conduct research
with consolidated sampling of each region.

In other Brazilian states, such as Sdo Paulo, Rio
de Janeiro and Maranhao, the prevalence was 8%,
6.2%, and 18.7%, respectively (Cosendey et al.,

2018; Machado et al., 2011; Moraes et al., 2011).
Despite the low prevalence reported in the State of
Sao Paulo, investigators described the association
of seropositivity with the presence of reproductive
problems such as abortion, stillbirths and recurrent
estrus (Machado et al., 2011). However, there was
no such association found in this study, as shown in
Table 2. However, it is possible that bias may have
been introduced in the questionnaire answers from
the producers regarding reproductive data because
tabulation of these data on the property is often
absent or inadequate, thus making it difficult to
report on the period in which the changes occurred.
The failure to identify a common starting time for
illness may also have led to bias (Choi & Pak, 2004).

Table 2
Frequency and association of Neospora caninum antibodies in sheep from northwestern Rio Grande do Sul,
Brazil
. Negative Positive
Variable Category P
n % n %
Gender Male 45 80.4 11 19.6 0.887
Female 194 79.5 50 20.5
Breeder >1 176 77.2 52 22.8 0.058
<1 63 87.5 9 12.5
Age 63 87.5 9 12.5 0.164
2 46 78.0 13 22.0
>3 130 76.9 39 23.1
Breed Dorper 97 82.9 20 17.1 0.265
Lacaune
Pool Dorset,Suffolk
Mixed breed
Texel 142 77.6 41 22.4
Production objective Genetics 104 83.9 20 16.1 0.207
Meat 39 81.3 9 18.8
Mixed 96 75.0 32 25.0
continue
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continuation
Production system Intensive 19 79.2 5 20.8 0.949
Semi-intensive 220 79.7 56 20.3
Consortium with other animal Yes 102 79.1 27 20.9 0.823
No 137 80.1 34 19.9
Water source Mixed 75 78.9 20 21.1 0.986
Cistern 16 80.0 4 20.0
Artesian well 104 79.4 27 20.6
Weir 44 81.5 10 18.5
Water supply Reservoir inside 94 75.2 31 24.8 0.41
Reservoir outside 39 83.0 17.0
Direct from the source 19 79.2 20.8
Mixed 87 83.7 17 16.3
Food supply Reservoir inside 168 76.7 51 233 0.071
Reservoir outside 23 85.2 4 14.8
Mixed 29 96.7 33
Absent 19 79.2 5 20.8
Veterinary care Yes 223 79.6 57 20.4 0.616
Not 16 80.0 4 20.0
Presence of dogs Yes 222 79.3 58 20.7 0.391
Not 17 85.0 3 15.0
Fetal malformation in the last Yes 27 675 13 35 0.111
12 months
Not 166 79.0 44 21.0
Abortion in the last 12 months Yes 137 81.5 31 18.5 0.361
Not 102 77.3 30 22.7

* Significance level of P <0.05.

In the state of Sergipe, a prevalence (39.8%)
higher than that found in this study was observed;
associated risk factors included water source,
absence of quarantine, and the presence of dogs and
wild animals (H. Rizzo et al., 2017). These results
were possibly due most likely to exposure to food

or water contaminated with N. caninum oocysts

eliminated by dogs. We could not assess the influence
of dogs on sheep seropositivity because they were
present on all farms. It is important to note that most
herding dogs had access to placenta, aborted lambs,
and fetal membranes of ruminants in this study. Such
management failures may lead to continued exposure
of the animals to N. caninum (Munhoz et al., 2010).
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Compared with other countries in the world,
the lowest prevalence was in New Zealand (0.6%),
Argentina (1.54%), China (8.4) and Costa Rica
(10.9%) (Hecker et al., 2018; Nie et al., 2018;
Reichel, Ross, & McAllister, 2008; Villagra-Blanco
et al., 2019). Accordingly, Cerqueira-Cézar et al.
(2017) more serological studies for N. caninum
infection in animals have been conducted in Brazil
than the rest of the world, however, these results
are not comparable due to differences in serological
tests, cut-offs, and antigens used.

Sheep breeds >1 year of age had a 1.2-fold
(odds ratio 2.2 [95% confidence interval 1-5.1])
(P<0.001) higher risk for infection with N. caninum
according to the Nagelkerke coefficient (R*=0.050)
and Hosmer-Lemeshow test for model fit (P=0.764).
These figures agree with those reported in the study
by Cosendey et al. (2018) in which rates appeared to
increase as lambs aged, which is due to continuous
exposure to environments contaminated by oocysts.
Furthermore, our data draw attention to breeding
sheep because vertical transmission can occur in
this species (Filho et al., 2017).

The seroprevalence of N. caninum in male was
significantly higher than in female in Tibetan Sheep
from China (Nie et al., 2018), which is contrary
to data reported by Rizzo et al., 2018 who found
a higher prevalence in female sheep from Sao
Paulo state; however, but we did not find such an
association in the present study (Table 2). Other
authors also did not find an association with sex
(Faria et al., 2010; Salaberry et al., 2010).

Bovine neosporosis is an important cause of
abortion in the south of the country (L. G. Corbellini,
Driemeier, Cruz, Gondim, & Wald, 2002; L. G.
Corbellini et al., 2006), and the association of N.
caninum infection in cattle was found on farms in
Rio Grande do Sul, which had dogs close to the herd
(L. G. Corbellini et al., 2006). On properties where
sheep are reared together with cattle, sheep may
be eventually participated in the epidemiology of

infection (Vogel et al., 2006). Although there was no
association between the prevalence of N. caninum
in sheep and the association with other species,
such as bovine, the importance of this factor is,
nevertheless, recognized (Moura et al., 2014).

Additional factors associated with neosporosis
in sheep include water source(s), absence of
quarantine, and farm size and system of production
(Faria et al., 2010; Rizzo et al., 2017). Compared
with previous studies, no association was found
among these variables. A study performed with
herds in the municipality of Gravata/PE, observed
that in intensive regimens, the indices increased due
to the higher concentration of animals exposed to
contaminated food (Souza et al., 2009). Therefore,
it is recommended to avoid contact of dogs with
the ruminant feed and carry out periodic controls of
rodents in order to reduce the risk of infection by .
caninum (McAllister et al., 1998).

Although neosporosis was detected in 20.3%
of sheep flocks from the northwestern mesoregion
of Rio Grande do Sul, all flocks sampled had
seropositive animals. Sheep breeds > 1 year of age
exhibited a higher risk for infection with N. caninum.
Data from this study should raise awareness on the
importance of serological screening, identification
of risk factors, and the maintenance of preventive
measures, such as not allowing dogs to contact
sheep feed and not offering the placental remains of
ruminants to canids.
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