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Toxoplasmosis and neosporosis have been recognized as economically important dise-
ases with considerable impact on the livestock industry. Little is known concerning the oc-
currence of Toxoplasma gondii and Neospora caninum in sheep from Tocantins state, Brazil.
Here, we investigated antibodies against these parasites and associated factors in 182 sheep
from Araguaina, Santa Terezinha do Tocantins, Arguian6polis and Palmeiras do Tocantins
districts, Tocantins. Sheep sera were assayed for T gondii and N. caninum IgG antibodies by
indirect fluorescence antibody test (IFAT), using cut-off point at a dilution of 1:40 and 1:25
respectively. The prevalence of seropositive animal for T gondii was 13.74% and 13.74%
for N. caninum. None of the characteristics studied including reproductive problems, pres-
ence of cats, presence of dogs and veterinary care (p>0.05) was associated with occurrence
of T gondii or N. caninum infection. Only breed was identified as associated factor for the
occurrence of toxoplasmosis in sheep (p<0.05). The present study is the first report on
serum occurrence of T gondii and N. caninum in sheep from the state of Tocantins, Brazil.

INDEX TERMS: Toxoplasma gondii, Neospora caninum, sheep, indirect fluorescent antibody

test, Brazil.

RESUMO.- [Ocorréncia de anticorpos anti-Toxoplasma
gondii e anti-Neospora caninum em ovelhas de quatro
municipios do estado do Tocantins, Regiio da Ama-
zonia Legal Brasileira.] Toxoplasmose e Neosporose sdo
reconhecidas por doengas economicamente importantes
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com impacto consideravel na industria pecudria. Pouco se
sabe sobre a ocorréncia de Toxoplasma gondii e Neospora
caninum em ovelhas do estado do Tocantins, Brasil. Foram
investigados a ocorréncia de anticorpos contra estes para-
sitos e fatores associados em 182 ovelhas das cidades de
Araguaina, Santa Terezinha do Tocantins, Arguiandpolis e
Palmeiras do Tocantins, Tocantins. Os soro das ovelhas fo-
ram testados para anticorpos IgG anti-T. gondii e anti-N. ca-
ninum pela Reagdo de Imunofluorescéncia Indireta (RIFI),
usando os pontos de corte na diluigdo de 1:40 e 1:25, res-
pectivamente. A prevaléncia de animais soropositivos para
T gondii foi de 13.74% e para N. caninum, 13.74%. Nenhu-
ma das caracteristicas estudadas incluindo problemas re-
produtivos, presencga de gatos, presenca de caes e cuidados
veterinarios (p>0.05) foram associadas com a ocorréncia
infeccdo por T gondii ou N. caninum. Somente raga foi iden-
tificada como fator associado a ocorréncia de toxoplasmose
em ovelhas (p<0.05). O presente trabalho é o primeiro rela-
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to da ocorréncia sérica de T gondii e N. caninum em ovelhas
do estado do Tocantins, Brasil.

TERMOS DE INDEXACAO: Toxoplasma gondii, Neospora caninum,
ovelhas, Reacdo de Imunofluorescéncia Indireta, Brasil.

INTRODUCTION

Toxoplasma gondii and Neospora caninum are two closely
related protozoan parasites that are distributed worldwi-
de, although genetically and antigenically distinct (Dubey
et al. 1988). They have similar life-cycles with different
definitive hosts, being domestic and free-ranging felids
(Frenkel et al. 1970) for Toxoplasma and dogs, coyotes and
gray wolf (McAlister et al. 1998, Gondim et al. 2004, Du-
bey et al. 2011) for Neospora. Common intermediate hosts
including a wide range of mammals are reported (Dubey
1999, Tenter et al. 2000).

Toxoplasmosis has economic relevance to both veterina-
ry and human medicine (Buxton et al. 1998, Hillet al 2005).
The protozoan is an important causative agent of reproduc-
tive failure, as embryonic death and absorption, abortion,
fetal mummification and stillbirth in animals and man (As-
pinall et al. 2002). In small ruminants, infection not only re-
sults in significant reproductive losses, but also has implica-
tion for public health since consumption of infected meat is
an important source of infection of this zoonotic agent (Bis-
son et al. 2000). Ubiquitous domestic cats are probably the
major source of contamination as they commonly produce
and excretelarge amount of oocystsin its feces (Dubey et al.
2004). However, dogs have been associated as a potential
risk factor for T gondii infection in humans due to mechani-
cal transmission of oocysts (Lindsay et al. 1997).

Neospora caninum is a recently recognized protozo-
an parasite and until the eighties it was misdiagnosed as
T gondii due to morphological similarities (Dubey et al.
1988). Nowadays it is recognized as a cause of abortions in
cattle and neuromuscular disorder in dogs (Dubey1999).
Although natural infection by N. caninum in sheep is not
common, clinical manifestations are similar to toxoplasmo-
sis (Buxton et al. 1998). Abortion, neonatal mortality and
clinical signs in adult sheep have been reported (Bishop et
al. 2010). Additionally, transplacental transmission of N.
caninum in sheep should be considered, especially in the
etiology of abortion (West et al. 2006).

Recent surveys conducted in Brazil showed that there is
a variation in occurrence of anti-T. gondii and anti-N. cani-
num in sheep from different states. In Sdo Paulo state, sou-
theastern region of Brazil, seropositivity for T. gondii and
N. caninum was 34.7% and 9.2%, respectively (Fugliuolo et
al. 2004); in 2012, in the same state, Andrade et al. obser-
ved 12.8% seropositives for N. caninum in sheeps. Soares
et al. (2009) in Mossord, Rio Grande do Norte, reported an
overall occurrence of 20.7% for T. gondii and 1.8% for N. ca-
ninum. Similar results were observed by Ueno et al. (2009)
in sheep from Federal District, central region of Brazil, in
which 38.22% of the animals were seropositive for T. gon-
dii and 8.81% for N. caninum. In Sergipe, Mendonga et al.
(2013) observed that 28.22% of the ovine samples were
serum-reactive to T. gondii. For N. caninum, Langoni et al.

(2011) obtained 13.1% in serological surveys conducted in
sheep from farms in Minas Gerais state, southeastern re-
gion, and Faria et al. (2010) in Alagoas state, northeastern
region, observed occurrencerate of 9.6% in sheep.

The Brazilian Legal Amazon (BLA) region is a new fron-
tier, where agricultural sustainable development and she-
ep activity has been attempted. The state of Tocantins is a
developing area in the BLA and although livestock activity
is primary, sheep production has increased greatly in the
past years. Despite toxoplasmosis and neosporosis in she-
ep has been reported worldwide, there is no information
about T gondii and N. caninum from Tocantins state. Recen-
tly Moraes et al. (2011) reported a occurrence of 18.75%
and 4.69% for T gondii and N. caninum respectively in she-
ep from Maranhao state, a border-line state, suggesting the
presence of the agents in the region of BLA.

In view of the growing importance of sheep in Brazil
and the possible economic losses due to toxoplasmosis and
neosporosis, the present study aimed to determine the oc-
currence of anti-N. caninum and anti-T gondii antibodies
in sheep in the state of Tocantins, where no information to
date is available.

MATERIALS AND METHODS

The study was conducted in eight farms of the mesoocidental re-
gion of Tocantins state, in sheep of the municipality of Aragua-
ina(07°11'28” S, 48°12’26” W), Santa Terezinha do Tocantins
(06°26'04” S, 47°40°21” W), Arguianépolis(6°33°'46" S, 47°27'57”
W) and Palmeiras do Tocantins (6°36'46.01” S, 47°32°44.88” W).
The climate of the area is semi-humid tropical. The temperature
varies from 32 to 20°C.

Farms were selected based upon easy access and owner agre-
ement on collecting blood samples. The sheep sampled were of
different breeds and ages. However, details about those parame-
ters were not possible to acquire with precision and were not
considered in this study. A total of 182 samples were collected,
being 36 (19,80%) male and 146 (80,22%) female. Blood samples
were collected from the jugular vein and serum was harvested
following centrifugation of clotted blood and stored at -20C until
serologic being performed.

A comprehensive questionnaire, which focused on risk factors
for toxoplasmosis and neosporosis, was given to each farm ow-
ner whose herd was sampled. The information collected included
animal’s sex, herd characteristics, the management system, vete-
rinary assistance, sanitary care, reproductive problems history,
and the presence of domestic cats or dogs according to Thrusfield
(2004).

Detection of anti-Toxoplasma gondii and anti-Neospora cani-
num antibodies were performed by Indirect Inmunofluorescence
Assay (IFAT), as previously described by Camargo et al. (1964)
and Mineo (2007), respectively. Tachyzoites of the T gondii RH
strain obtained by intraperitoneal serial passages in Swiss mice
and tachyzoites of N. caninum(Nc-1 strain) maintained by conti-
nuous passages in cultures of VERO cells were used as antigen.
A cut-off dilution of 1:40 and 1:25 were used for T. gondii and N.
caninum, respectively (Moraes et al. 2011). In each IFAT reaction,
previously established positive and negative sera samples were
included as controls and a FITC-conjugated monoclonal anti-she-
ep IgG (Sigma-Aldrich®- F5137) secondary antibody was used.

Statistical analysis was performed using Exact Fisher test,
with 95% confidence interval and estimation error of 0.05. We
have considered as significant a P-value of <0.05.
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RESULTS

From a total of 182 serum samples, 25 (13.74%) were posi-
tive for Toxoplasma gondii and the occurrence among herds
ranged from 5.66% to 35.29%. Antibodies were detected in
24 female (13.19%) and only one male (0.55%). Out of the
eight inspected farms, six (87.5%) had at least one seropo-
sitive animal for T gondii.

For Neospora caninum, the frequency of antibodies was
13.74% (25/182) by the IFAT at dilution 1:25. Anti-N.ca-
ninum antibodies of diagnostic value were detected in six
farms sampled, with occurrence values ranging from 5%
to 53.85%. Considering gender, antibodies anti-N.caninum
were detected in 19 (10.43%) female and 6 (3.30%) male
sheep.

Only five (2.75%) animals, all female, were positive for
both agents, and two of them belonged to properties with
history of reproductive problems. Sheep herd were negati-
ve for T gondii and N. caninum in only one farm.

All farm owners answered to the questionnaire. Among
them, six reported presence of cats on the farm and seven
reported the presence of dogs. History of abortion was ob-
served in six farms. All farms had extensive management
and sheep were raised for meat and milk consumption.
In seven farms presence of veterinary assistance was re-
ported.

The results of the association among variables and oc-
currence for toxoplasmosis and neosporosis in sheep are
summarized in Table 1. The presence of anti-T gondii and
anti-N. caninum antibodies were not associated with repro-
ductive problems, presence of dogs and cats, or veterinary
assistance (p>0.05) in the set of the farms studied. Howe-
ver, when gender was on the focus, association for T. gondii
was observed in females(p<0.05).

DISCUSSION

Toxoplasma gondii infection has been recognized as a sig-
nificant cause of ovine perinatal mortality and reproduc-
tive failure for at least 50 years (Hartley & Marshall 1957).
Production of sheep is an important economic activity for
several families in Tocantins state, but data regarding the
occurrence of toxoplasmosis in Brazilian Legal Amazon
(BLA) region are really scarce. The overall occurence of to-

xoplasmosis is Brazil ranges from 3.3% to 52.05%, depen-
ding on the serological test employed, sample size, region
studied and cutoff of the tests (Moura et al. 2007, Lopes et
al. 2010). In the present study, 13.74% of the animals pre-
sented antibodies anti-T. gondii, which is similar to 17.5%
found in Sdo Paulo State by Oliveira-Siqueira et al. (1993)
and 18.75% observed in Bahia State by Pita Gondim et al.
(1999) in Brazil. Similar results were also obtained worl-
dwide with 16.2% in Noruega (Skjerve et al. 1998) and
12% in Chile (Gorman et al. 1999). This is the first report
on serum frequency of T gondii in sheep from the state of
Tocantins. In this regard, there is only another report of to-
xoplasmosis among sheep in the BLA region, where a simi-
lar occurrence of 18.75% were reported in Maranhao state
(Moraes etal. 2011).

The results of the present work could be explained, at
list in part, due to the extensive management system of the
animals, once sheep raised in this system have greater pro-
bability of coming into contact with oocysts (Waltner-To-
ewset al. 1991,Lopes et al. 2010), although no significant
association was observed between occurrence of T gondii
and the presence of cats in the herds. Additionally, it was
confirmed the relevance of the weather in the occurrence
of toxoplasmosis in sheep, since T. gondii oocysts survive
longer in warm-moist than in cold dry atmospheres, as
shown by Fleck (1972) and Fayer (1981). Therefore, diffe-
rences in location and climate, management of the sampled
animals, serological tests and cut-off values should also be
considered.

Gender was significantly associated with T. gondii infec-
ted animals on the farms, which corroborates the findings
of Clementino et al. (2007) and Van der Puije et al. (2000),
demonstrating that female sheep are more susceptible than
male. In contrast, two reports suggested no correlation be-
tween gender and the presence of anti-T gondii antibodies
(Romanelliet al. 2007, Caballero-Ortega et al. 2008). The
lack of association between seropositivity for T. gondii and
herds with abortion problems was also reported by Soares
et al. (2009) and Silva et al. (2003) in Brazil. However, all
of the six farms in which reproductive problems had been
reported, there were sheep seropositive to anti-T. gondii
antibodies, suggesting that T gondii could be the causative
agent of the sporadic abortion reported by some farmers.

Table 1. Distribution of sheep seropositive for Toxoplasma gondii and Neospora caninum
from Tocantins State, Brazil, detected by Indirect Inmunofluorescence (IFAT)

Variables Total Toxoplasma gondii Neospora caninum
tested Ne % p? N2 % pa
positive positive positive positive

Gender Female 146 24 16.44 0.03 19 13.01  0.59
Male 36 1 2.78 6 16.67

Herds with abortion problems Yes 114 23 14.11 0.75 24 14.72 032
No 68 2 10.53 1 5.26

Presence of cats Yes 122 17 13.93 0.90 16 13.11  0.90
No 60 8 13.33 9 15.00

Presence of dogs Yes 152 23 15.13 0.26 23 15.13  0.26
No 30 2 6.67 2 6.67

Veterinary assistance Yes 132 17 12.88 0.76 22 16.67 0.10
No 50 8 16.00 3 6.00

2 Fisher’s exact test.
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With respect to the presence of cats, no statistical differen-
ce was observed (p>0.05) for T gondii in the studied herd
and, in addition, seropositive sheep had been also obser-
ved in properties where there were no cats. Similar results
were found by Soares et al. (2009), although Lopes et al.
(2010) reported a positive association among this variable,
indicating that the presence and intimate contact with feli-
ne species is important in the epidemiology of toxoplasmo-
sis. In addition, Romanelli et al. (2007) observed that the
number of cats present at the farm is a crucial factor for se-
ropositive rate of T gondii. Considering that in the present
study the number of cats in each farm was not accessed, it
is possible that the results were herein influenced.

The frequency of antibodies against N. caninum obser-
ved in the present study (13.74%) was next to the positivi-
ty rate obtained in serological surveys conducted in sheep
from farms in Minas Gerais (13.1%) and Sado Paulo state
(12.8%), southeastern Brazil (Langoni et al. 2011, Andrade
et al. 2012). Serological studies in Brazil have presented a
variety of results according to the region studied. Concer-
ning about BLA region, the highest occurrence for N. cani-
num was reported by Aguiar et al. (2004) in sheep from
Rondonia state (29%), while frequency of 5% was found
by Moraes et al. (2011) in the state of Maranhdo. Although
comparison of frequencies of infection between regions are
difficult, differences could be due to sampling methods em-
ployed herein. Rossi et al. (2011), in a study of neosporosis
using different serological methods, suggest that variations
among frequencies rate may also be due to differential en-
vironment contamination and climatic conditions. Indeed,
regions that present high annual rainfall index, such as
Rondoénia state, present higher occurrence rate for N. ca-
ninum. Results of the present study could also be related
to the extensive management system of the animals, evi-
dencing the low technical level of sheep production, what
is in agreement with data reported by Faria et al. (2010). In
addition, results can vary according to the degree of canine
presence and age of the animals. Although no significant
association between dogs presence and N. caninum infec-
tion was observed (p>0.05), Al-Majali et al. (2008) identi-
fied the presence of more than one dog in the herd as a risk
factor for neosporosis.

None of the variables analyzed (gender, reproductive
problems history, presence of domestic cats or dogs and ve-
terinary assistance) demonstrated significant association
with N. caninum (Table 1). The lack of association (p>0.05)
between sheep seropositive for N. caninum and gender has
also been observed in previous studies in Brazil (Roma-
nelli et al. 2007, Ueno et al. 2009, Salaberry et al. 2010),
demonstrating that male and female are equal susceptible
to infection. In this study, no significant association be-
tween herds with abortions and N. caninum (p>0.05) was
observed. Additionally, there was no statistical difference
(p>0,05) when presence of dogs was analyzed, which is
consistent with Romanelli et al. (2007) findings. However,
seven farms included in this study owned dogs and sheep
seropositive for N. caninum was found in six farms. The
present study shows, for the first time, the occurrenceof T
gondii and N. caninum in sheep from the state of Tocantins,

northern region of Brazil and adds new information on the
epidemiology of ovine toxoplasmosis and neosporosis in
the Brazilian legal Amazon region. Thus, further investiga-
tions are needed in order to know the actual role played
by toxoplasmosis and neosporosis on economic losses of
sheep breeding in that region.
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