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To investigate whether the production of an antigen-specific antibody is associated with Neospora caninum-
induced bovine abortion, 62 serum samples were tested with an enzyme-linked immunosorbent assay using the
recombinant antigens NcSAG1, NcSRS2, and NcGRA7. Our study suggested that NcGRA7 would be a new
marker for the serodiagnosis of N. caninum infection resulting in abortion.

Neospora caninum is an obligate intracellular apicomplexa
protozoan parasite that is closely related to Toxoplasma gondii
(6). Domestic dogs are the known definitive host for N. cani-
num (17), and, recently, coyotes were also demonstrated to be
final hosts of N. caninum (11). The life cycle of N. caninum is
typified by three infectious stages: tachyzoites, tissue cysts, and
oocysts. Tachyzoites can be vertically transmitted from a per-
sistently infected mother to her fetus (4), and horizontal trans-
mission could also occur by the uptake of sporulated oocysts
shed by the definitive hosts or tissue cysts (10). Vertical trans-
mission and horizontal transmission increase the possibility of
the wide prevalence of neosporosis.

N. caninum infection has been reported in various animals,
including cattle, goats, sheep, horses, deer, foxes, dingoes, rac-
coons, and coyotes (5). Current evidence strongly suggests that
infection with N. caninum represents a major cause of repro-
ductive failure and abortion in cattle, resulting in alarming
economic losses to the livestock industry worldwide (7). In-
fected cows at any age may abort from 3 months of gestation to
term, and most abortions occur at 5 to 6 months of gestation
(5). Quantitative studies in the United States, New Zealand,
The Netherlands, and Germany have indicated that 12 to 42%
of aborted fetuses from dairy cattle were infected with N.
caninum and that up to 90% of cattle in some herds were
infected (5).

Many diagnostic methods have been developed to determine
N. caninum infection in animals and bovine abortion associ-
ated with N. caninum infection. Although a definitive diagnosis
of bovine abortion caused by N. caninum is needed to demon-
strate that there are parasites in the lesions and exclude other
causes of abortion, serologic diagnosis, such as that with the
enzyme-linked immunosorbent assay (ELISA), is important

and widely used. A number of antigens have been evaluated as
potential diagnosis antigens for the detection of an antibody to
N. caninum, including tachyzoite lysates, protein fragments
from tachyzoites, and recombinant proteins. The surface pro-
teins NcSAG1 and NcSRS2 (14) and the dense-granule protein
NcGRA7 (1) are three important immunodominant proteins
of N. caninum. These proteins have been used for the serologic
diagnosis of N. caninum infection (7).

Although N. caninum has been found to be a major cause of
bovine abortion, a marker for the serodiagnosis of Neospora
infection in an aborting cow has not been identified. In this
study, we compared ELISAs based on the recombinant anti-
gens NcSAG1, NcSRS2, and NcGRA7 and the N. caninum
tachyzoite lysate antigen (NLA) for the detection of the N.
caninum-specific antibody in the aborting cows.

The recombinant proteins NcSAG1, NcSRS2, and NcGRA7
were expressed in Escherichia coli as glutathione S-transferase
(GST) fusion proteins and then purified using glutathione-
Sepharose 4B (Amersham Pharmacia Biotech, Sweden) as de-
scribed previously (3, 9, 13). The NLA was prepared as previ-
ously reported (15). Fifty microliters of purified NcSAG1,
NcSRS2, NcGRA7, and their control GST as well as NLA at a
final concentration of 5 �g/ml in a carbonate-bicarbonate
buffer (pH 9.6) was used to coat the ELISA plates (Nunc,
Denmark) overnight at 4°C. After blocking with phosphate-
buffered saline (PBS) containing 3% skim milk (PBS-SM) for
1 h at 37°C, the plates were washed twice with PBS containing
0.05% Tween 20 (PBS-T), and 100 �l of serum samples diluted
at 1:250 with PBS-SM was added to duplicate wells. Plates
were incubated at 37°C for 1 h. After being washed five times
with PBS-T, plates were incubated with horseradish peroxi-
dase-conjugated goat anti-bovine immunoglobulin G (IgG)
plus IgA and IgM (Bethyl Laboratories) diluted at 1:4,000 with
PBS-SM at 37°C for 1 h. The plates were washed five times,
and then substrate solution (0.1 M citric acid, 0.2 M sodium
phosphate, 0.003% H2O2, and 0.3 mg/ml 2,2�-azide-bis [3-ethyl-
benzthiazoline-6-sulfonic acid]; Sigma, St. Louis, MO) was
added to each well in 100-�l aliquots. The absorbance at 415

* Corresponding author. Mailing address: National Research Center
for Protozoan Diseases, Obihiro University of Agriculture and Veterinary
Medicine, Inada-cho, Obihiro, Hokkaido 080-8555, Japan. Phone: 81-155-
49-5886. Fax: 81-155-49-5643. E-mail: nisikawa@obihiro.ac.jp.

� Published ahead of print on 24 October 2007.

1640



nm was read after 1 h of incubation at room temperature by
using an ELISA reader (microplate reader MTP-120; Corona,
Tokyo, Japan). The ELISA result was determined by the dif-
ference in mean optical densities at a value of 415 nm (OD415)
between the recombinant antigen (NcSGA1, NcSRS2, or
NcGRA7) and the GST protein. For ELISA using NLA, the
result was determined by simply taking the OD415 value. The
cutoff point of 0.04 was determined as the OD415 value for
Neospora-negative sera plus 3 standard deviations.

Bovine serum samples (n � 62), which were a gift from the
Souya Livestock Hygiene Service Center, Hokkaido, Japan,
and obtained from three Holstein dairy herds with a history of
Neospora-associated abortions, were used in this study. All the
sera were seropositive for N. caninum, as confirmed by an
indirect-fluorescent-antibody test (IFAT; sera with antibody
titers of �200). In the case of abortion, fetal samples (cere-
brum, cerebellum, liver, and skeletal muscle) were examined
through an immunohistochemical test and the tachyzoites were
detected in the lesions. In addition, their mothers’ sera used in
this study were seropositive for N. caninum by IFAT. The
serum samples were classified into three groups, i.e., group 1,
16 samples from aborting cows (gestation ranging from 3 to 7
months); group 2, 36 samples from nonaborting cows; and
group 3, 10 samples from heifers.

To detect the specific antibody associated with parasite-
induced abortion, bovine sera from the above three groups

were examined by ELISA with four antigens, NcSAG1,
NcSRS2, NcGRA7, and NLA (Fig. 1). Among the three serum
groups, the mean values of OD415 for group 1 were higher than
those for groups 2 and 3 in the ELISA with recombinant
antigens. The ELISA with recombinant antigens could discrim-
inate between group 1 and group 3 (P � 0.01), while there was
no statistically significant difference among the groups by the
ELISA with NLA. These results indicated that the specific
antibodies against NcSAG1, NcSRS2, and NcGRA7 were pro-
duced in the aborting cows. However, in the ELISA with
NcSAG1 and NcSRS2, there was no statistically significant
difference between aborting and nonaborting cows. More im-
portantly, the ELISA with NcGRA7 could discriminate the
aborting cows from the parasite-infected animals (P � 0.01).

In order to examine the distribution of the OD415 values
between aborting and nonaborting cows, a further comparison
of the ELISA with recombinant antigens was performed (Fig.
2). In Fig. 2A, positive correlations between the OD415 values
of the ELISA with NcSAG1 and NcSRS2 in both aborting
cows (r � 0.68, P � 0.01) and nonaborting cows (r � 0.732, P �
0.01) were found. However, when the difference in the corre-
lation coefficients of the regression lines obtained from abort-
ing and nonaborting cows was examined, no statistically signif-
icant difference was found. This result indicates that the
patterns of production of antibodies against NcSAG1 and
NcSRS2 in aborting and nonaborting cows were not different.

FIG. 1. Detection of antibody to N. caninum by ELISA with NcSAG1 (A), NcSRS2 (B), NcGRA7 (C), and the parasite lysates (NLA) (D).
Group 1 includes serum samples from aborting cows. Group 2 includes samples from nonaborting cows. Group 3 includes samples from heifers.
The mean OD415 values are shown. Data were analyzed by analysis of variance, and the differences among the mean OD415 values were then
analyzed using Turkey-Kramer multiple-comparison tests. *, statistically significant difference among the samples (P � 0.05). The OD415 values
were representative of at least three repeated experiments.
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We then tried to determine whether the production of anti-
bodies against NcGRA7 and the other two molecules had a
correlation among animals (Fig. 2B and C). A simple regres-
sion analysis revealed a correlation between the antibody re-
sponses against NcGRA7 and other recombinant antigens in
aborting cows (NcGRA7 and NcSRS2, r � 0.663, P � 0.01;
NcGRA7 and NcSAG1, r � 0.719, P � 0.01). In contrast, there
was no correlation in the antibody responses from nonaborting
cows. These results indicate that the production of the anti-
NcGRA7 antibody is upregulated in aborting cows.

Evidence has shown that cattle aborting due to neosporosis
have a higher N. caninum-specific antibody response than in-
fected but nonaborting cattle (7). However, a previous study
has shown that no serological test could be used to establish
definitively that N. caninum caused an abortion in an individ-
ual cow (8). In order to estimate whether the production of an
antigen-specific antibody is associated with abortion induced
by N. caninum infection, 62 serum samples were classified into

three groups, namely, those from aborting cows, nonaborting
cows, and heifers, and subjected to ELISA using NcSAG1,
NcSRS2, NcGRA7, and the parasite lysates as the antigens.
Our results show that a higher level of antibodies against
NcSAG1 and NcSRS2 was detectable in aborting cows than in
heifers. The recombinant antigens NcSAG1 and NcSRS2
could not discriminate between aborting and nonaborting
cows. Therefore, production of these antibodies might be in-
duced in parasite-infected cows through their pregnancy. On
the other hand, the levels of the anti-NcGRA7 antibody in
aborting cows were significantly higher than those in nonabort-
ing cows and heifers. Although an analysis covering the time
points of NcGRA7-specific antibody production during the
pregnancy will be required in a future study, these data suggest
that NcGRA7 might be a new marker for the serodiagnosis of
N. caninum infection resulting in abortion in cows.

In cattle herds with endemic abortion due to neosporosis,
there is often a positive association between the serostatus of

FIG. 2. Comparison of the correlation between the OD415 values from ELISA with two antigens. (A) Correlation between the OD415 values
from ELISA with NcSAG1 and NcSRS2. (B) Correlation between the OD415 values from ELISA with NcSRS2 and NcGRA7. (C) Correlation
between the OD415 nm values from ELISA with NcSAG1 and NcGRA7. Group 1 includes serum samples from aborting cows. Group 2 includes
samples from nonaborting cows. Pearson’s correlation coefficient analysis and simple regression were used to assess the relationship between the
OD415 values from ELISA with two antigens. The difference in the correlation coefficients of the regression lines obtained from two groups was
determined by testing the t value.
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the mother and that of the daughters (19, 21). There is evi-
dence that the recrudescence of latent infection during gesta-
tion is responsible for an increased abortion risk (12, 18, 20).
Moreover, a small percentage (less than 5%) of cows may
repeatedly abort due to neosporosis (2). On the other hand,
epidemiologic data have shown evidence for protective immu-
nity to N. caninum-associated abortion when chronically in-
fected dams are reinfected horizontally (16). This observation
was confirmed when naturally infected dams received an ex-
perimental challenge infection (22). These reports make it
difficult to understand why N. caninum infection could induce
abortion. Our study suggested that NcSAG1 and NcSRS2
might be upregulated through parasite infection and gestation
and that NcGRA7 might play a role in parasite-induced abor-
tion. Therefore, the identification of parasite molecules spe-
cifically induced in the aborting cows might trigger an investi-
gation into the mechanism of parasite-associated abortion.
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