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ABSTRACT 

Neospora caninum, a parasite that can infect a wide range of animals has been suggested to be 
one of the most important causes of abortion in cattle. Several techniques have been developed to 
diagnose N. caninum infection in animals. In this paper, isolation, histologic, molecular and serological 
techniques for the diagnosis of neosporosis in animals are reviewed. 
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TÓM TẮT 

Neospora caninum là một ký sinh trùng có thể gây nhiễm cho rất nhiều loài động vật và là một 
trong những nguyên nhân quan trọng gây xảy thai ở bò. Đã có nhiều phương pháp được xây dựng để 
chẩn đoán bệnh. Trong bài viết này, chúng tôi trình bày các kỹ thuật phân lập ký sinh trùng, tổ chức học, 
phân tử và huyết thanh học được áp dụng để chẩn đoán bệnh do N. caninum gây ra. 

Từ khóa: Chẩn đoán, Neospora caninum 

1. INTRODUCTION 

Neospora caninum is a cyst-forming 
parasite which was detected in 1984 and 
described in 1988 (Bjerkas et al., 1984; 
Dubey et al., 1988). The parasite is closely 
related to Toxoplasma gondii - a zoonotic 
parasite - but they are distinct in both 
ultrastructure and antigenecity (Speer and 
Dubey, 1989). N. canium has been 
diagnosed to infect a vartiety of animals 
and recognized as a major cause of abortion 
in both dairy and beef cattle. Substantial 
economic loss due to N. caninum infection 
in breeding cattle has been documented 
(Hasler et al., 2006). Unfortunately, there 
are no highly effective chemotherapies or 
vaccines to control this parasite available so 

far. Several techniques have been 
established to diagnose N. caninum 
infection in animals for prevention and 
control of neosporosis and to reduce of 
damage caused by the parasite in animal 
husbandry. 

2. DIAGNOSTIC TOOLS FOR N. 
Caninum INFECTION IN ANIMALS 

Several techniques have been used to 
diagnose N. caninum in animals. 
Researchers have isolated and demonstrated 
viable parasites from infected animals, 
studied the lesions caused by the parasite in 
the infected tissues, found the DNA and 
tested the seroprevalence of N. caninum in a 
wide range of animals and samples. 
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2.1. Cell culture and bioassay 
Isolation of viable tachyzoites by cell 

culture and bioassay are definitive methods 
to demonstrate the infection caused by N. 
caninum. However, these two methods are 
not always successful because the autolysis 
of tissue may kill the parasites in the 
samples (Dubey and Schares, 2006). Despite 
of low achievements of the approaches, 
several isolations in a number of animals 
have been demonstrated.  

Knock-out mice, nude mice, cortisonized 
mice, gerbils, dogs and Vero cell monolayer 
have been used to successfully isolate viable 
N. caninum from cattle, buffaloes, white 
tailed-deer, dogs and sheep (Basso et al., 
2001; Dubey et al., 2007; Gondim et al., 
2001; Pena et al., 2007; Regidor-Cerrillo et 
al., 2008; Rodrigues et al., 2004; Rojo-
Montejo et al., 2009; Vianna et al., 2005). 
Brains of the infected animals seemed to be 
the most suitable samples (Fish et al., 2007). 
In addition, feces and lesions of infected dogs 
were also used as candidate specimens 
(Basso et al., 2009; McInnes et al., 2006). 

2.2. Histopathology and immunohisto-
chemistry 

Histopathology and immunohisto-
chemistry tests are usually used to examine 
the pathomorphological changes in tissues 
caused by infection. Lesions characterized by 
multiple foci of non-suppurative infiltrates 
and necrotic areas in the tissues and focal 
necrosis without a cellular reaction and focal 
gliosis without necrosis in brain (Collantes-
Fernandez et al., 2006a) are the targets in 
the specimens of which brains and spinal 
cords are the most common tissues followed 
by hearts, lungs, kidneys, placenta, skeleton 
and livers of the aborted fetuses and infected 
dams (Dubey and Schares, 2006). Higher 
parasite burdens and lesion rates are 

observed in epidemic abortion than endemic 
abortion, especially when comparing those in 
the hearts and livers of the aborted fetuses 
(Collantes-Fernandez et al., 2006a). 
Similarly, the severity of the lesions is 
affected by the stage of pregnancy since they 
are more severe in the first and second 
trimester than those in the trimester 
(Collantes-Fernandez et al., 2006b). Those 
lesions might result in encephalomyelitis, 
myocarditis, hepatitis, encephalitis, 
meningoencephalitis, epicarditis, placentitis 
and myositis found in the histopathologically 
analyzed samples. Beside examination of the 
lesions, the method looked for tachyzoites 
and tissue cysts containing bradyzoites as 
well (Barr et al., 1991b). To confirm results 
of histological method, immunohisto-
chemistry using peroxidase-labeled N. 
caninum antiserum was applied (Kyaw et 
al., 2005). Furthermore, the latter approach 
could be used to distinguish not only 
tachyzoites from bradyzoites but also N. 
caninum from other related parasite such as 
T. gondii (Barr et al., 1991a). This method is 
highly specific but not very sensitive due to 
the autolysis of the samples and the unequal 
distribution of the parasites in the 
specimens. 

2.3. Polymerase chain reaction 
The PCR has contributed a key role to 

the neosporosis diagnosis for its high 
sensitivity and specificity. Brain and body 
tissue samples are used most commonly 
(Yao et al., 2009). Moreover, several other 
sample types have been used to successfully 
illustrate N. caninum DNA, i.e. amniotic 
fluid (Gottstein et al., 1999), cerebrospinal 
fluid (Schatzberg et al., 2003), and infected 
dogs and coyotes’ feces (Gondim et al., 2004; 
Schares et al., 2005). Recently, N. caninum 
DNA has been found in the blood, semen and 
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milk of the cattle (Ferre et al., 2005; Moskwa 
et al., 2007). 

This method is both highly sensitive and 
specific but may be affected by certain 
factors including autolysis of the samples, 
distribution of parasites in the samples, 
appropriate primers, methods of template 
DNA extraction, PCR cycles and analysis of 
the results. To increase the sensitivity of the 
test, nested-PCR with primary and 
secondary multiplications was chosen (Yao 
et al., 2009). Furthermore, number of 
tachyzoites in semen of the bulls, blood of 
infected mice and bovine aborted fetuses was 
quantified by quantitative PCRs (Collantes-
Fernandez et al., 2002; Ferre et al., 2005; 
Pinitkiatisakul et al., 2008). In addition, 
distinguishing N. caninum strains was 
carried out by the use of multiplex-PCR (Al-
Qassab et al., 2010). The target genes used 
to establish the diagnosis of N. caninum are 
18S rDNA, 28S rDNA, internal transcribed 
spacer 1 (ITS1) and pNc5 gene (Ellis et al., 
1998; Pena et al., 2007). 

2.4. Serological methods 
Test of presence of antibodies against N. 

caninum is, perhaps, the most popular 
method to diagnose neosporosis. Antibody 
assays including indirect fluorescent 
antibody test (IFAT), enzyme linked 
immunosorbent assays (ELISA), direct 
agglutination test (DAT), western blot and 
Rapid immuno-chromatographic test have 
been developed.  

2.4.1 Enzyme linked immunosorbent assays 

Enzyme linked immunosorbent assay 
tests are a preferable serological tool since it 
is not time-consuming, and a large number 
of samples can be analyzed at the same 
moment. This method can be utilized to 
demonstrate N. caninum specific antibodies 

in fetuses’ fluid, blood, individual or bulk 
tank milk (Bjorkman et al., 1997; Yao et al., 
2009). Whole tachyzoites lysate, whole fixed 
tachyzoites, recombinant protein, iscom 
incorporated tachyzoites have been used as 
the antigens in the ELISAs. 

ELISAs have been used to diagnose 
neosporosis with different purposes. 
Serological examinations on herd level can 
be conducted by this technique (Chanlun et 
al., 2006). ELISAs can also be applied to 
study the serological status of the aborted 
fetuses (Yao et al., 2009). However, the 
sensitivity of the test in this circumstance 
may be affected by immuno-competence of 
the fetuses which is complete at about 100-
150 days of gestation (Osburn et al., 1982). 
Transplacental transmission was also 
investigated by using ELISAs (Bartels et al., 
2007) based on the fact that specific 
antibodies could not transfer from mother to 
calves during pregnancies, so the presence of 
N. caninum antibodies in the pre-colostrum 
calves could infer to the vertical 
transmission. Studying association between 
abortion and seropositivity to N. caninum 
was also carried out by using ELISA 
(Weston et al., 2005). The seropositive 
animals usually have higher rate of abortion 
than those are negative (Oshiro et al., 2007). 
To distinguish chronic infection from a 
recent infection in cattle, avidity ELISA was 
developed (Bjorkman et al., 1999). This 
method bases on the principle that affinity of 
the antibodies produced in an acute infection 
to antigens is lower than that of antibodies 
produced in a chronic infection to antigens. 
Avidity ELISA can also be a valuable tool to 
study the duration of infection (Bjorkman et 
al., 2003). Recently, another recombinant 
protein-based ELISA has been used to 
differentiate primo-infection, re-infection, 
recrudescence and chronic infection 
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(Aguado-Martinez et al., 2008). The test 
used both antigens of tachyzoites and 
bradyzoites. The presence of antibodies 
against tachyzoite antigens indicates a 
primo-infection, re-infection or 
recrudescence while presence of antibodies 
against bradyzoite antigens inferring a 
chronic infection. In addition, an iscom-
ELISA with the sensitivity and specificity of 
99% and 96%, respectively, has been applied 
in diagnosis of neosporosis in cattle and dogs 
(Bjorkman et al., 1994; Chanlun et al., 
2007). 

2.4.3 Direct agglutination test (DAT) 

2.4.2 Indirect fluorescent antibody test (IFAT) 

The IFAT is the first test used to 
diagnose neosporosis in dogs (Dubey et al., 
1998). The principle of the test bases on 
the detection of antibodies directed to 
antigens on the cell surface of the 
tachyzoite; such antigens, in the 
Apicomplexa are more specific than 
intracellular ones (Bjorkman and Uggla, 
1999). The N. caninum IFAT has been 
applied to detect antibodies from a large 
number of animals, including dogs, foxes, 
cats, cattle, sheep, goats, horses, rodents, 
primates and water buffaloes. This test is 
generally used as a reference test. 
However, the performance of this test 
depends on visual and individual 
interpretation, so the results may be a 
certain degree subjective (Bjorkman and 
Uggla, 1999). Moreover, no generally 
accepted cut-off titer is established for this 
test, which considerably varies, i.e. 1:20 
(Sedlak and Bartova, 2006), 1:25 (Fujii et 
al., 2001; Gennari et al., 2005), 1:50 (Faria 
et al., 2010), 1:100 (Campero et al., 2007) 
and 1:640 (Huong et al., 1998). The 
sensitivity of an IFAT is also judged to be 
lower than expected which suggests that 
the test could not be used as a true gold 
standard tool (Frossling et al., 2003). 

The DAT is a highly sensitive and 
specific for testing both experimentally and 
naturally infected animals, highly 
reproducible between and within readers, 
easy to use on large sample sizes without 
requirement of special equipments, and 
useful in testing serum from any species 
without modification (Packham et al., 1998). 
This test enrolls either formalin persevered 
whole tachyzoites or mouse-derived 
tachyzoites as the antigens (Dubey et al., 
1998; Gennari et al., 2002). The DAT was 
used to investigate the seroprevalence of a 
very large type of animals including 
buffaloes (Fujii et al., 2001), cattle (Canada 
et al., 2004), horses (Pitel et al., 2001), 
camels (Hilali et al., 1998), white-tailed deer 
(Dubey et al., 1999), black-tailed deer 
(Dubey et al., 2008), cats (Dubey et al., 
2002), dogs (Ferroglio et al., 2007), foxes 
(Jakubek et al., 2001), raccoons (Lindsay et 
al., 2001), gerbils (Basso et al., 2001), brown 
hare (Ezio and Anna, 2003), several wild 
animals (Dubey and Thulliez, 2005) and 
marine mammals (Dubey, 2003). Moreover, 
this serological test was also applied to 
assess the effects of serologic status of N. 
caninum on weight gain and feed efficiency 
in post-weaning beef steers (Barling et al., 
2001), on an outbreak of Neospora caninum 
- associated abortion (Jenkins et al., 2000). 
It is also used to evaluate the efficacy of a N. 
caninum tachyzoites vaccine in protection 
against fetal loss in experimentally infected 
pregnant ewes (Jenkins et al., 2004).  

2.4.4. Immunoblot and rapid immuno-
chromatographic test  

Immuno blot was first used to analyze 
the IgG response of sheep, goat and cattle 
infected with N. caninum (Harkins et al., 
1998). The efficiency of transmissions of N. 
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caninum in animals was also investigated by 
using this test in combination with IFAT 
and ELISA (Schares et al., 1999). This 
serological test was found to improve the 
fetal serology in bovine neosporosis 
(Sondgen et al., 2001) and to be superior to 
ELISA when using degraded blood samples 
collected from deer carcasses (Anderson et 
al., 2007). Also, an avidity immunoblot could 
differentiate between acute and chronic 
neosporosis in cattle (Aguado-Martinez et 
al., 2005). Moreover, immunoblot was 
applied to interpret the infection stage of 
bovine neosporosis by recognition of different 
antigenic proteins of N. caninum by bovine 
IgA, IgE, IgG, IgM (Shin et al., 2005). Those 
authors suggested that the comparison of 
immunoblot profiles with different 
immunoglobulin classes might be useful for 
strategies to develop effective vaccine 
candidates against neosporosis. In 
experimentally infected dogs, immunoblot 
could detect antibody reactivity at 1 to 3 
days earlier than those found in ELISA 
(Staubli et al., 2006). In general, 
immunoblot is a very sensitive and specific 
complementary tool to improve the serology 
for N. caninum infection in cattle (Staubli et 
al., 2006). 

Another serological method used to 
diagnose neosporosis is rapid immuno-
chromatographic test. This approach has a 
very good agreement with ELISA and is 
stated to be simple, rapid, sensitive and 
specific for the detection of antibodies to N. 
caninum in cattle and suitable for the 
clinical or field application (Liao et al., 
2005). The authors also referred to the 
competence of the test to detect all classes of 
immunoglobulin. However, in that study, 
only 24 samples collected from four mice and 
four dogs were analyzed, it aroused a need 

for further evaluation of the performance 
and application of this test. 

3. CONCLUSION 

 The establishment of several tests 
for N. caninum is very essential to enlarge 
our knowledge in neosporosis and to 
progress the control of this important 
parasite. However, there is no gold-standard 
test for the parasite and each test has its 
own advantages and drawbacks. Results of 
isolating, histological and molecular tools 
depend on the autolysis of the samples, 
interpretation and experience of the readers, 
hence, vary between laboratories. Different 
cut-off value and dilution titre cause 
difficulties in the comparison of the results 
between studies, so each test should be used 
wisely and critically. 
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