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Abstract

The protozoan Neospora caninum is the cause of reproductive diseases in some species of domestic
animals that results in severe economic losses to livestock production. These diseases might be
transmitted by infected females to their offspring or from oocysts eliminated within the feces of the
definitive hosts. The objective of this study was to determine the occurrence of serum antibodies of V.
caninum in sheep maintained on farms located in northern Parand, Brazil. Serum samples were obtained
from 381 sheep and 25 dogs that were maintained in 11 farming units to detect the presence of anti-N.
caninum antibodies by using the indirect immunofluorescence assay (IFA); titers of antibodies that were
> 50 were considered as positive. The results from this study demonstrated that 13.91% of sheep (10.7%
<CI 0.95% <17.9%) and 36% (18.7% <CI 0.95% <57.4%) of dogs were seropositive to N. caninum.
Further, significant differences were observed when the association between the serology results of
sheep and two variables were compared: the slaughter of animals within these units (P = 0.0041; OR
= 5.27) and the access of dogs to the viscera of slaughtered animals (P = 0.0001; OR = 1.49). These
results confirmed the epidemiological importance of the domestic dog relative to the dissemination and
maintenance of N. caninum with an environment.
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Resumo

Neospora caninum é um protozoario causador de doenga de esfera reprodutiva em algumas espécies de
animais, causando perdas economicas em rebanhos de produgdo. Esta doenga esta ligada diretamente a
problemas reprodutivos, podendo ser transmitida por fémeas infectadas aos seus descendentes ou através
de oocistos eliminados nas fezes de seus hospedeiros definitivos. O objetivo deste trabalho foi estimar a
soro-ocorréncia de anticorpos contra N.caninum em ovinos de propriedades rurais localizadas no norte
do Parana. Foram colhidas 381 amostras de sangue de ovelhas e 25 amostras de sangue canino de 11
propriedades rurais na regido norte do estado do Parana. Utilizou-se a reacdo de imunofluorescéncia
indireta (RIFI) para a detec¢do de anticorpos contra N.caninum e foram considerados positivos os
animais que apresentaram titulos > 50. Encontrou-se uma ocorréncia de 13,91% (10,7% < IC 0,95% <
17,9%) e 36% (18,7% < IC 0,95% < 57,4%) de anticorpos contra N. caninum nos ovinos € nos caes,
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respectivamente. Foi observada uma diferenca significativa na associag@o entre o resultado da sorologia
dos ovinos para N.caninum e as variaveis “abate animais na propriedade” (P=0,0041; OR=5,27) e “cdes

com acesso as visceras” (P=0,0001; OR=1,49).

Palavras-chave: Neospora caninum, ovinos, cies, imunofluorescéncia indireta, soro-ocorréncia

Introduction

Neospora caninum, a protozoan of the Phylum
Apicomplexa, Family Sarcocystidae, subfamily
Toxoplasmatinae (MUGRIDGE et al., 1999), is
recognized as an important parasite of cattle, dogs,
sheep, goats, horses, and cervids (BUXTON et al.,
1997; DUBEY, 1999).

In sheep, natural and experimental infections
have demonstrated the occurrence of vertical
transmission and reproductive failures (HASSIG et
al., 2003; WEST et al., 2006). This has resulted in
death, embryo reabsorption, abortions, mummified
fetus, neonatal deaths, and the births of fragile
neonates or neonates that are physically healthy, but
congenitally infected relative to the gestation stage
of the adult sheep (HASSIG et al., 2003; BUXTON
etal., 1997; MCALLISTER et al., 1996). Repetitive
abortions, as have been described in cows, can also
occur in sheep (JOLLEY et al., 1999). Cerebral
neosporosis was detected in an adult Merino sheep
from Australia suspected of dying with acute non-
suppurative meningoencephalitis and mild to
moderate non-suppurative myelitis (BISHOP et al.,
2010).

In 2003, the ovine herd of Brazil was estimated
at 14.5 million (IBGE, 2009). During the 90s, the
Brazilian sheep herd was 20 million, but due to
retraction in commercial wool sales, there was
reduction in the national herd. Currently, sheep
rearing is expanding but with more emphasis on
meat production. The South of Brazil contains
31.75% of the national sheep herd, being only
second to the Northeast where 56.56% of the sheep
reared in Brazil is located. In the state of Parana,
the ovine population consists of 601,704 animals,
which are distributed throughout the State; this has
resulted in an unstable supply of sheep for slaughter
(IBGE, 2009).

Due to the fact that sheep production is in

evolution in Brazil, particularly in the northern
region of the state of Parana, studies of infections and
parasitic diseases of great economic significance,
such as neosporosis, are of extreme importance.
Consequently, a serological survey was done due to
the absence of information relative to the occurrence
of circulating antibodies of N. caninum in rural
proprieties located in the north of Parana.

Material and Methods
Population and sampling methodology

The region evaluated during this study has a
subtropical temperate climate, which is characterized
by an average temperature that is below 18°C during
winter and above 22°C in summer, with rainy
seasons that are not well defined. These climatic
conditions are adequate for the maintenance of the
oocysts of N. caninum within the environment;
factors such as climate and relative humidity
influence the sporulation of oocysts of N. caninum
(SANDERSON; GAY; BASZLER, 2000).

During this study, 381 blood samples were
obtained from sheep during November 2007 to
January 2008. These sheep were from a population of
1,393 animals maintained in 11 rural farming units,
which are located within six municipalities within
the northern region of the state of Parana. Inclusion
into this study was based on the rural properties
being registered with the regional nucleus of the
Secretaria da Agricultura Pecuaria e Abastecimento
of Londrina. The geographical locations of these
regional units are shown in (Figure 1).

The sample size was determined by using the
statistical program EPI-INFO-6.4 (DEAN et al.,
1994); the estimated prevalence was 50%, error 5%,
with a confidence interval (CI) of 95%. Additionally,
blood samples were collected from 25 dogs that
were living within these areas (Table 1).
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Figure 1. The geographical localization of the rural farming communities studied within the northern region of the

state of Parana.

Table 1. The serological occurrence of anti-Neospora caninum antibodies in sheep and dogs from rural farming units

of northern Parana.

Estado do Parana

1. Colorado

2. Prado Ferreira

3. Bela V. do Paraiso
4. Cambé

5. Londrina

6 Tamarana

Farming units Ne of sheep Ne of dogs
Total N¢ Samples Positive Samples Positive
Code of animals analyzed Serum reactivity (%) analyzed Serum reactivity (%)*
1 180 31 0(0) 2 0 (0)
2 54 16 4 (25) 1 0(0)
3 83 15 2 (13.3) 1 0 (0)
4 43 11 1(9.1) 1 1 (100)
5 380 102 439 4 0 (0)
6 38 10 3(30) 0 0(0)
7 45 10 0(0) 2 0(0)
8 225 68 22 (32.3) 4 4 (100)
9 38 15 3 (20) 2 1(50)
10 90 58 1(1.7) 0 0(0)
11 217 45 13 (28.9) 8 3(37.5)
Total 1393 381 53 (13.91%) 25 9 (36%)

2= the occurrence of seropositivity is given in brackets.
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Sample collection

The samples from the dogs and sheep were
collected by jugular venipuncture, after which these
were placed in identifiable test tubes. The serum
was obtained from each sample, then transferred to
other tubes, and maintained at —18°C until usage.

Variables evaluated

This study consisted of the collection of blood
samples from sheep and dogs that were maintained
within these farming units, as well as the analysis
of an epidemiological questioner. The questioner
investigated aspects related to the
agent, the presence or absence of dogs within all
proprieties, the history of abortions of domestic
animals, the management system employed, and

infectious

the nutritional status of the animals. The owner or
person responsible for each unit was interviewed.

Serological evaluation

All samples were evaluated by the indirect
(IFA) the
identification of anti-N. caninum 1gG antibodies
(CONRAD et al., 1993). Initially, all sera were
screened at a dilution of 1:25 (JOLLEY et al.,
1999; HELMICK et al., 2002). Those sera that
demonstrated positive results were subjected to
serial dilutions of 1:6400 for sheep, and 1:1600
for dogs. All slides were evaluated with the 40x

immunofluorescence assay for

eyepiece of an epifluorescence microscope.
Samples with titer >50 were considered as
positive only when tachyzoites demonstrated
total peripheral fluorescence (PARE; HIETALA;
THURMOND, 1995).

Statistical analyses

The variables were analyzed by the Chi-square
test using a significance level of 5%, and by the
exact Fisher Test. The possible associations were
determined by using the program Epilnfo (version

6.04b; CDC-Atlanta), where P<0.05 was considered
as significant.

Results
Epidemiological survey

Eleven properties were studied, and the size
varied between 5 and 1300 hectares. In most
(54.5%, 6/11) of the farming units evaluated the
principal commercial activity was animal rearing,
while 45.4% practiced a mixture of animal rearing
and crop production. All units were dedicated to
sheep meat production, but 94.5% employed the
semi-extensive productive system and only 5.5%
used only the extensive system. The total number of
animals on each farm varied between 38 and 380.

Most of the farming units (72.7%; 8/11) realized
the slaughter of animals on their own grounds, while
dogs were described as living in most units (81.8%;
9/11). From those units that had dogs, most (72.7%)
related that these animals were maintained free to
roam, while only 27.3% indicated that the dogs
were confined. Additionally, some units (27.3%;
3/11) reported other canids were maintained as
pets. The average number of dogs per farming unit
was 2.3, and this was observed in 9 of the 11 units
investigated.

Within 27.3% (3/11) of the farming units the
dogs maintained as pets received left-overs of
human diets as food. Dogs from 63.7% (7/11) of the
units were related as having access to the viscera of
slaughtered animals.

All farming units related that there were
abortions during the last 12 months. However,
26.8% of all abortions occurred during the first
gestational trimester, with the majority (66.7%)
occurring during the last trimester. The frequency
of reproductive problems that were related in most
units (75.6%) were described as occurring during
the second and fifth breeding season; in 24.5% of
the units the frequency was predominant during the
first breeding season.
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Serological evaluation

During this study, 318 serum samples obtained

from sheep were evaluated by the indirect
immunofluorescence assay (IFA). From these,
13.91% (53/318) demonstrated a positive reaction
to anti-N. caninum IgG antibodies (Table 1), having
titers that were > 50 (10.7% < CI 0.95% < 17.9%).
Further, within four farming units (# 4, 8, 9, and 11)
there was the simultaneous identification of anti-NV.
caninum 1gG antibodies in sheep and dogs; one of
these units (# 8), demonstrated the most elevated
(32.3%) occurrence of infection in sheep (Table
1). Additionally, serum samples from two units (#
1 and 7) revealed negative results from all animals

evaluated.

From all seropositive sheep, the titer with the
greatest frequency (Table 2) was 200 (30.2%),
followed by 50 (28.30%) and 100 (18.90%); the
most reduced frequency of titer observed was 6400
(1.9%). Additionally, at least one sheep from 81.82%
(9/11) of the units evaluated was serologically
positive to antibodies of N. caninum; negative results
were obtained from sheep that were maintained on
18.18% (2/11) of the faming units. From the 25
samples obtained from dogs that were living within
these units, 36% (9/25) reacted positive (Table 2)
to antibodies of N. caninum by the IFA with titer
> 50 (18.7% < CI 0.95% < 57.4%). The titer with
the greatest frequency of seropositivity was 100
(33.4%), followed by 200 and 400 (22.2%); the
lowest frequency was observed at a titer of 50 and
1600 (11.1%).

Table 2. The distribution of seropositivity to Neospora caninum antibodies in sheep and dogs from rural areas of

Northern Parana.

Titer Sheep Dogs
Ne of positive samples Occurrence (%) Ne of positive samples ~ Occurrence (%)

50 15 28.3 1 11.2
100 10 18.9 3 332
200 16 30.2 2 22.2
400 4 7.5 2 22.2
800 3 5.7 1 11.2
1600 2 3.8 ND ND
3200 2 3.8 ND ND
6400 1 1.9 ND ND
Total 53 100 9 100

ND = Not Determined.

A significant statistical difference was observed
between the association of seropositivity of N.
caninum in sheep and two variables: the slaughter of
animals within the rural units (P=0.0041; OR=5.27)
and dogs with access to the viscera of slaughtered
sheep (P=0.0001; OR=1.49).

Discussion

This is the first study epidemiological done with
sheep maintained in rural properties in the north
of Parana. The seropositivity (13.91%) observed
in sheep from this region during this study was
higher than previously described when compared
to sheep (9.5%) from the Midwest region of Parana
(ROMANELLI, 2002). When these results were
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compared to those described in other states of Brazil,
there was marked differences in the prevalence
reported. Reduced prevalence levels were obtained
from serological studies done in the states of Sao
Paulo, 9.2% (FIGLIUOLO et al., 2004); Bahia,
7.4% (OTERO et al., 2002); Rio Grande do Sul,
3.2% (VOGEL; ARENHART; BAUERMANN,
2006); Federal District, 8.8% (UENO et al., 2009);
Rio Grande do Norte, 1.8% (SOARES et al., 2009);
and Minas Gerais, 8.1% (SALABERRY et al.,
2010). However, greater prevalence values were
reported in the state of Rondonia, 29% (AGUIAR
et al., 2004). Further, studies done in the United
Kingdom (HELMICK et al., 2002) revealed a
lower prevalence of only 0.45% (3/660) while the
values (12%) obtained from the Czech Republic
(BARTOVA; SEDLAK; LITERAK, 2008) were
relatively similar to those described in this study.
For the differences observed in several serological
evaluations be easily compared, the cut-off point in
each study must be known; since each study utilized
different cut-off points the sensibility and specificity
of each evaluation will be affected (BJORKMAN;
UGGLA, 1999), making the interpretation of these
results difficult. Further, the serological results can
be a manifestation of the production system of each
study. During this study, 81.82% (9/11) ofthe farming
units demonstrated positive seroreactivity to N.
caninum, while 86.6% of 30 farms evaluated in Sdo
Paulo were seropositive (FIGLIUOLO et al., 2004).
A closer examination of these studies revealed that
the farms located in the state of Sdo Paulo utilized
advanced technological and commercial practices
with high productivity livestock, while those of
this study consisted of animals reared for domestic
consumption with low productivity livestock. These
productivity-related factors might be associated
with the differences observed in these manuscripts.

Data from this study suggests that N. caninum
is disseminated within the sheep population of the
investigated geographical area, with occurrence
varying between 1.7 to 32.3%. Additionally,
domestic dogs were present in most (9/11) of

the rural farming units investigated, and the
propriety (unit # 8) in which more than one dog
was seropositive demonstrated the most elevated
prevalence (32.3%) of disease in sheep. This dog-
sheep association is of extreme importance for the
transmission of neosporosis, since the domestic dog
is the natural definitive host of this pathogen, and
consequently responsible for its maintenance within
these units via horizontal transmission to susceptible
animal populations. However, in other units where
the domestic dogs were maintained there was no
serological manifestation of disease. The absence of
disease in these areas might be related to the presence
of other natural host of the pathogen within these
farming units, since in some units other canids were
observed but were not included within this study.
The most frequently occurring titers (200, 50, and
100) were observed in these areas; similar results
have been described (FIGLIUOLO et al., 2004;
SALABERRY et al., 2010).

During this study, only four rural units had
dogs that were seropositive to N. caninum, while
in two units neither the sheep nor dogs evaluated
demonstrated positive reactivity. Further, in three
units were sheep reacted positively to V. caninum, all
dogs evaluated within these units revealed negative
serological response. This is highly suggestive of
vertical transmission of the parasite of the sheep that
were maintained within these units (BUXTON et
al., 1997), notwithstanding the frequent permanence
of stray dogs from adjacent villages or the city of
Londrina, within these rural herds.

Significant statistical differences were observed
when the association between the serological results
of sheep and the slaughter of animals (P=0.0041;
OR=5.27) within these units and the free access of
dogs to viscera of slaughtered sheep (P=0.0001;
OR=1.49) was compared. Similar results were
described in Uberlandia, Minas Gerais in a study
of urban, peri-urban, and rural dogs that revealed
a greater occurrence of anti-N. caninum antibodies
in rural dogs relative to their urban or peri-urban
counterparts (FERNANDES et al., 2002); these
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authors attributed this finding to the presence of
cattle within the rural areas, and the possibility of
dogs ingesting parts/remains of placenta or aborted
foetuses. Consequently, the findings of this and
the study realized in Minas Gerais reinforced the
epidemiological importance of the domestic dog
relative to the transmission and maintenance of
this agent, and suggest the need for additional
epidemiological studies to evaluate the association
between sheep and dogs. Further, this study has
demonstrated that the rural farming unit with the
highest occurrence (32.3%) of circulating anti-NV.
caninum antibodies in sheep also had a corresponding
elevated (100%) seropositivity in dogs.

The principal method of dissemination of
neosporosis in cows is via vertical transmission,
i.e.,, females that have survived a congenital
infection perpetuate the parasite during their entire
lives, resulting in transmission to their neonates
(BARTELS; WOUDA; SCHUKKEN, 1999;
ANDERSON; ANDRIANARIVO; CONRAD,
2000). Although significant statistical differences
(P=0.059; OR=3.36) were not observed when
the presence of dogs and the occurrence of M.
caninum in sheep was compared, the occurrence
of seropositive dogs within these proprieties must
not be overlooked or ignored, as a possible form
of horizontal transmission. Other studies have also
demonstrated no statistical association between
seropositivity and the presence of animals within
the investigated region ((FIGLIUOLO et al., 2004).

During this study, there was no association
between the serological results of N. caninum
and several variables: the size of the propriety
(P=0.0001); rearing system employed (P=0.20);
frequency of reproductive problems (P=0.84);
and the gestational phase of the affected animal
(P=0.0011); similar results were described in a
study realized in Texas with beef cattle (BARLING
et al., 2001). Although most of the farming units
(9/11) had an average of more than 2.3 dogs per
unit, no statistical association was observed when
the presence of dogs on any unit (P=0.059) with the

method of breeding (P=0.81) and the simultaneous
presence of other canids (P=0.156) was compared.
Similar results occurred in a study done in Brasilia
with sheep (UENO et al., 2009). These findings
probably suggest that these variables are not of
significant epidemiological importance
dissemination and/or maintenance of N. caninum
within a specific environment.

in the
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