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Neospora caninum is an important apicomplexan parasite causing neosporosis
in cattle. The disease is recognized as one of the most important
cause of reproductive problems and abortion in cattle worldwide. In this
context, we developed an indirect enzyme-linked immunosorbent assays
(ELISA) with chimeric protein rSRS2-SAG1-GRA7 to diagnose antibodies to
Neospora-infection. This indirect ELISA was compared to indirect fluorescent
antibody test (IFAT) and western blotting (WB), and the sensitivity and specificity
results of ELISA were calculated to be 86.7 and 96.1%, respectively. The overall
coincidence rate was 92.6% using IFAT and WB. Additionally, 329 aborting dairy
cattle serum samples were tested using this ELISA to evaluate the prevalence
of N. caninum in Ningxia, China. The positive rate of N. caninum in these farms
was from 19.05 to 57.89%, and the mean rate was 41.64% (£11.01%), indicating
that infection with N. caninum may be one of the important causes of cattle
abortion in this region. This established rSRS2-SAG1-GRA7 indirect ELISA is
capable for detecting the antibodies against N. caninum, and it could be a
useful screening tool for monitoring the epidemiology of neosporosis in cattle.

KEYWORDS

Neospora caninum, chimeric protein, ELISA, abortion, dairy cattle,
Ningxia, seroprevalence

1. Introduction

Neospora caninum (Apicomplexa: Coccidia) is the etiologic agent of neosporosis
(1). This parasite was initially recognized in 1984 in dogs from Norway (2). Dogs and
other related canids are the definitive host of N. caninum, while many mammals such
as cattle and sheep are intermediate hosts (3). Neosporosis is recognized as one of the
most important causes of reproductive problems especially abortion in cattle affecting the
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development of the cattle and dairy industries worldwide (4, 5).
The abortion in cattle can occur starting from third month
of gestation until delivery (6-8). N. caninum can also cause
fetal viability disorders or neurological birth defects in newborn
calves and those younger than 2 months of age (9-11). Cattle can
become infected horizontally via the ingestion of contaminated
food by sporulated oocysts or vertically by the transmission of
the parasite from the dam to the fetus, which is considered the
main route of infection in cattle (11).

The indirect fluorescent antibody test (IFAT) is a “gold
standard” to detect antibodies in N. caninum infection (3).
With the development of large-scale epidemiological research,
the ELISA testing method is widely used, and it is gradually
becoming the major method of serological testing (12).
Compared to IFAT, ELISA has a relatively simple procedure,
and the results determination is not affected by subject factors,
therefore it is more suitable for serological and epidemiological
investigations of large quantities of serum samples (13).

The surface proteins of N. caninum NcSRS2 and NcSAGI1
are immunodominant antigens that play a key role in
the host cell recognition, adhesion, and invasion (14, 15).
Jenkins et al. (16) investigated the immune effect of plasmid
DNA encoding NcGRA6 and NcGRA7, and confirmed that
NcGRA7 can be used as an immunogen in the prevention
of neosporosis (16). The NcSRS2 protein is expressed in
tachyzoites and bradyzoites, with a 44% sequence identity to
T. gondii TgSRS2, the NcSAGI protein is one of the major
tachyzoite surface protein, and displays 53% identity to T.
gondii TgSAGI1, and the dense granule protein NcGRA7 is
with a 42% sequence identity to T. gondii TgGRA7 (17-
19). The sensitivity and specificity of indirect ELISA based
on NcSRS2, NcSAGI1, or NcGRA7 have been studied, and
Alves et al. (20) confirmed that sensitivity and specificity
of indirect ELISA performed with the proteins NcSRS2 and
NcSAGI in combination had higher than individually (20).
However, the chimeric expression of these three proteins has not
been studied.

In this study, we aimed to establish an indirect ELISA based
upon chimeric protein rSRS2-SAG1-GRA7 in the prokaryotic
expression system for assessment of N. caninum seroprevalence
in aborting dairy cattle from Ningxia province of China.

2. Materials and methods

2.1. Ethical statement

This study was performed in accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals of the Ministry of Health, China. The
study was approved by the Institutional Animal Care and
Use Committee of Anhui Agricultural University (No.
AHAU2020020). This study was carried out in compliance with
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the ARRIVE guidelines. In addition, all the samplings was done
when the informed consent was obtained from farm owners.

2.2. Study design

The genes coding for the NcSRS2, NcSAG1 and NcGRA7
proteins of N. caninum were cloned and expressed in pET-28a
expression vector. The indirect ELISA was developed using the
purified recombinant protein and the results were compared
with IFA and WB by evaluating 81 sera samples. Additionally,
329 serum samples from aborting dairy cattle in Ningxia were
examined for N. caninum infections by using indirect ELISA.

2.3. Parasites and cell cultures

African Green Monkey kidney cell (Vero) lines were
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM)
and 4mM
supplemented with 10% fetal bovine serum (FBS, Gibco,

containing 25mM glucose glutamine and
USA) as previously described (21). N. caninum tachyzoites were
maintained in vitro by serial passages on confluent Vero cells.
Cells and parasites were incubated at 37°C with 5% CO; in a

humidified incubator.

2.4. Sampling

A total of 329 serum samples used to evaluate the prevalence
of N. caninum in Ningxia of China were collected between 2017
and 2021 from aborting dairy cattle that were the breeding
adult cows suffered abortion in 11 farms located in Ningxia
with approximately 450, 000 cows (Figure 1), and sera were
collected within 3 days after the abortion occurred. The farms
were located in 4 cities: Shizuishan (No. = 1), Wuzhong (No.
= 3), Yinchuan (No. = 6), Zhongwei (No. = 1) where N.
caninum was endemic (22-25). Out of the 81 sera samples used
to evaluate indirect ELISA, 53 were collected from non-aborting
cattle in Anhui Province, and the remaining 13 positive and
15 negative field sera samples tested by IFAT and WB were
generously provided by Prof. Qun Liu of China Agricultural
University. These sera were separated by centrifugation at
1500 x g for 10min and stored at —20°C until use. A pool
containing sera of 10 naturally infected cattle with immune-
reactivity against N. caninum antigens in IFAT and WB was
used as the positive control. Sera collected from newborn calf
that did not present reproductive problems and analyzed by
IFAT and WB with N. caninum negativity was used as the
negative control. Fifty serum samples collected from cattle in
Gansu Province that were confirmed negative for neosporosis
by IFAT and WB were used to determine the cut-off value of
indirect ELISA. The positive control sera, negative control sera
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FIGURE 1
The geographic map of surveyed cities located in Ningxia of
China. (A-K) The samples collected areas are indicated with
black triangle.

and 50 sera negative samples were preserved in Animal Parasites
and Parasitic Epidemiology Laboratory, Anhui Agricultural
University, China.

2.5. Construction of the chimeric plasmid

All primer sequences are shown in Table 1. N. caninum
NcSRS2, NcSAG1 and NcGRA7 (GenBank: AF061249,
AF132217 and AF176649) genes were amplified using primers
P1 and P2, P3 and P4, and P5 and P6 respectively. The
expression plasmid backbone was amplified using primers P-up
and P-down with plasmid pET-28a as template. The NcSRS2 and
NcSAG1 genes were sequenced and ligated into the pET-28a
backbone vector using the Basic Assembly Mix (TransGen
Biotech; Beijing, China) according to the manufacturer’s
protocol, the resulting chimeric expression plasmid was named
28a-S2-G1. Then the 28a-S2-G1 carrier skeleton was amplified
using primers P-up and P4-2 with plasmid 28a-S2-G1 as
template, and the NcGRA7 gene was sequenced and ligated
with the 28a-S2-G1 carrier skeleton, the resulting chimeric
expression plasmid was named 28a-S2-G1-A7. The linkerl was
added to the 5’ ends of P2 and P3, and the linker2 was added to
the 5’ ends of P4-2 and P5, respectively.

The 28a-52-G1-A7
transformed into a strain of competent E. coli cells, DH5a. The

chimeric  expression  plasmid

transformed colonies were selected from Luria-Bertani (LB)
agar (Solarbio; Beijing, China) plates containing kanamycin
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(50 g/mL) and were identified by PCR. Subsequently, the
chimeric expression plasmid 28a-S2-G1-A7 was transformed
into E. coli Rosseta.

2.6. Expression and purification of the
chimeric protein rSRS2-SAG1-GRA7

The positive transformants were cultured in LB medium
(Solarbio; Beijing, China) containing 50 pg/mL kanamycin
with vigorous shaking at 37 °C until the 600nm optical
density (OD) of bacteria cultures reached approximately 0.4-
0.6, were induced chemically by using 1 mM isopropyl-B-D-
thiogalactoside (IPTG) for 5h. The expression of chimeric
proteins was analyzed by 12% (v/v) sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and the gels
were stained with coomassie brilliant blue. Induced cells were
washed in phosphate-buffered saline (PBS) two times, then
lysed by sonication in an ice-water bath. The lysed cells were
centrifuged at 10,000 g for 15min. The supernatant and the
precipitate were then subjected to SDS-PAGE analysis. The
chimeric protein was mainly expressed as insoluble form. The
inclusion body was dissolved in 8 M urea solution and purified
by affinity chromatography on a HisTrap™ Sepharose nickel
column (Beyotime Biotechnology; Shanghai, China). And the
concentration was determined using a BCA kit (Beyotime
Biotechnology; Shanghai, China) as previously described (20).

2.7. Western blotting

Western blotting to detect the cross-reactivity with T.
gondii of chimeric protein rSRS2-SAG1-GRA7 was performed
as described previously (26). Purified chimeric protein was
subjected to 12% (v/v) SDS-PAGE, and the gel was prepared
for WB as follows. Chimeric proteins separated in the gel
were electrically transferred to a PVDF membrane and the
membranes were blocked 1h at room temperature with
phosphate-buffered saline which contained 5% (w/v) skimmed
milk powder. The membrane was then incubated with
mouse serum positive for neosporosis and mouse serum
positive for toxoplasmosis for 1h at room temperature on a
plate shaker. The mouse serum was performed as described
previously (26). Following this incubation, the membrane
was washed three times with PBS buffer and reacted with
HRP-goat anti-mouse IgG (1:1000 dilution in PBS) at room
temperature for 1h. After three washes, the reactive bands
were visualized using enhanced chemiluminescence reagents
(Beyotime Biotechnology; Shanghai, China).

Detection of specific N. caninum antibodies was carried
out by WB as described previously (27). Tachyzoites of NC-1
isolate were used for antigen preparation under non-reducing
conditions. Bovine serum samples were diluted 1:100. A
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TABLE 1 Primers for amplifying the NcSRS2, NcSAG1, NcGRA7, pET-28a plasmid backbone and 28a-S2-G1 carrier skeleton, and product sizes.

Primers Sequences (5’ to 3’) Product size (bp) Target gene
P1 GGGTCGCGGATCCGAATTCGCGCCGTTCAAGTCGGAAAA 629 NcSRS2

P2 CATCTCCCGCCAACTTGAGGAGGTCGAAGTTCAGAGAATAAGGGCGTTCTTTACATT

P3 CTCAAGTTGGCGGGAGATGTTGAGTCCAACCCTGGGCCCACCTGTGACAACGAAGAGAA 565 NcSAGI

P4 GGTGGTGGTGGTGCTCGAGCTGCTTAGGATCAGGAGGAA

P5 CAAGGGCTCGGGCTCGACCCAGCTGGCTAGCGCTGGAGACTTGGC 257 NcGRA7

P6 GGTGGTGGTGGTGCTCGAGGATCAAGCTGCCTTTCTGAG

P-up CTCGAGCACCACCACCACCACCAC 5340 pET-28a backbone
P-down GAATTCGGATCCGCGACCCATTTGC

P4-2 GTCGAGCCCGAGCCCTTGCTAGCCTGCTTAGGATCAGGAGG 6500 28a-52-G1 skeleton
P-up CTCGAGCACCACCACCACCACCAC

HRP-conjugated anti-cattle total IgG (1:1000 dilution in PBS)
(Solarbio; Beijing, China) was used. The WB process and
reactive bands visualization were performed as described above.

2.8. Indirect fluorescent antibody test
(IFAT)

The antigen was produced by culturing tachyzoites of N.
caninum Ncl strain as described previously (28). 1 x 10° N.
caninum tachyzoites were spotted on slides in 12-well plates
and allowed to air-dry overnight. All slides were fixed with
formaldehyde and stored at —20°C until used. The IFAT
procedures were performed as described previously with some
modifications (29). Each serum sample was diluted at 1:50 using
sterile saline solution buffered by phosphate (PBS), pH of 7.0, for
screening. 20 L of each sera samples were placed on slides and
the slides were incubated at 37°C for 30 min in a box containing
moisture content 100%. The slides were washed three times in a
sterile carbonated buffer, pH of 9.0 with 5 min for each washing.
Fluorescein isothiocyanate (FITC) conjugated goat anti-bovine
IgG (Solarbio; Beijing, China) diluted at 1:100 was added to
each slide before the slides were incubated again at 37°C for
30 min in a box containing moisture content 100%. The slides
were washed in PBS, as was described earlier, and mounted
in buffered glycerin (pH of 8.0). Observation of complete
peripheral fluorescence of the tachyzoites was considered a
positive result (28).

2.9. Chimeric protein rSRS2-SAG1-GRA7
indirect ELISA

Polystyrene 96-well microplates (NEST; Wuxi, China) were
coated with chimeric protein rSRS2-SAG1-GRA7 diluted in
carbonate buffer (pH 9.6) at a final concentration of 0.5 pg/ml,
and plates incubated for 1h at 37 °C. After five washes with
PBST (PBS containing 0.05% Tween 20), the plates were blocked
by PBST plus 5 % skimmed milk powder (SMP) for 2h at 37
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°C. Then, the plates were washed five times with PBST, and 100
WL of sera sample diluted at 1:100 in serum dilutions (10 mM
PBS, 0.1% Tween 20, 0.2% Fish gelatin and 0.3% BSA) (Baiditai;
Jining, China) was added in duplicate. After 1h of incubation
at 37 °C and five washes with PBST, 100 L of HRP-conjugated
anti-cattle total IgG (Solarbio; Beijing, China) diluted at 1:3000
in PBST, were added to the plates for 1 h at 37 °C. The reaction
was developed with 100 pL of TMB coloring solution, at 37
°C in the dark for 20 min, TMB coloring solution (Solarbio;
Beijing, China) becomes blue color at HRP-conjugated anti-
cattle. The reaction was terminated by 50 nL of stop solution.
Subsequently, the OD value was measured at a wavelength of
450 nm using a microplate reader (Bio-Rad; Hercules, USA).
ELISA was performed in duplicate for all samples, with three
positive and three negative controls on each plate. The OD
value of the blank was automatically subtracted from each
sample value.

2.10. Determination of the cut-off value

Fifty serum samples of cattle were collected to determine the
cut-off value of this assay. These serum samples were confirmed
negative for neosporosis by IFAT and WB described, and then
were used to define the cut-off value in the rSRS2-SAG1-GRA7
indirect ELISA. The OD450 value of these cattle serum negative
for neosporosis obtained in this rSRS2-SAG1-GRA7 indirect
ELISA were defined to calculate the cut-off value. The mean
OD450 value + 3 x standard deviations was defined as the cut-
off value. OD450 value of samples greater than or equal to the
cut-off value were considered positive serum for neosporosis.

2.11. Statistical analysis

A total of 81 serum samples of cattle tested using this
ELISA method, the results obtained from the sera samples were
subjected to receiver operating characteristic (ROC) analysis
using the MedCalc statistical software (version 19.5.6). As a
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FIGURE 2

Amplification, SDS-PAGE and western blotting analysis of the chimeric protein rSRS2-SAG1-GRA7. (A) PCR amplification of the NcSRS2,
NcSAG1, NcGRA7 genes and plasmid backbone fragment. Lane M, DL5000 DNA marker. Lane 1, the NcSRS2 gene fragment. Lane 2, the NcSAG1
gene fragment. Lane 3, the NcGRA7 gene fragment. Lane 4, the pET-28a plasmid backbone fragment. Lane 5, the 28a-S2-G1 carrier skeleton
fragment. (B) SDS-PAGE analysis of chimeric protein rSRS2-SAG1-GRA7. Lane M, prestained protein molecular weight standard. Lane 1,
uninduced E. coli cell lysate. Lane 2, the supernatant of induced E. coli cell lysate. Lane 3, the precipitate of induced E. coli cell lysate. Lane 4,
induced E. coli cell lysate. (C) SDS-PAGE analysis of chimeric protein rSRS2-SAG1-GRA7. Lane M, prestained protein molecular weight standard.
Lane 1, induced E. coli cell lysate. Lane 2, purified chimeric protein rSRS2-SAG1-GRA7 by affinity chromatography of Ni-NTA spin column. (D)
Western blotting analysis of chimeric protein rSRS2-SAG1-GRA7. Lane 1, Chimeric protein rSRS2-SAG1-GRA7 and mouse serum positive for
neosporosis. Lane 2, Chimeric protein rSRS2-SAG1-GRA7 and mouse serum positive for toxoplasmosis.
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comparison, IFAT and WB were applied to test these samples
and act as reference methods to distinguish positive or negative
samples. The results of the three methods were compared, and
the sensitivity and specificity of detection were calculated to
evaluate the accuracy of the indirect ELISA. All other statistical
data were analyzed using GraphPad Prism 5 (version 5.01;
GraphPad Software, San Diego, CA, USA). The results were
expressed as mean =+ SD and evaluated by non-parametric tests.
Values of P < 0.05 were considered statistically significant.

3. Results

3.1. Expression and purification of
chimeric protein rSRS2-SAG1-GRA7

The genes for NcSRS2, NcSAG1 and NcGRA7 were
amplified by PCR (Figure 2A) and cloned into a pET-28 system,
and the inserted genes were sequenced to ensure the correctness
of the reading frame. As shown by SDS-PAGE (Figure 2B), the
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chimeric protein rSRS2-SAG1-GRA7 was expressed as soluble
and insoluble forms, up to 90% of all proteins are insoluble,
and the molecular mass of the chimeric protein was estimated
at approximately 53 kDa, which was in agreement with
that deduced from its amino acid sequence (Figure 2C). The
reactivity of the purified chimeric protein was detected by WB.
The result revealed that the chimeric protein was specifically
bound by mouse serum positive for neosporosis, but unbound
by mouse serum positive for toxoplasmosis (Figure 2D).

3.2. rSRS2-SAG1-GRA7 indirect ELISA
validation

This developed rSRS2-SAG1-GRA7 indirect ELISA was
applied to 81 serum samples with varied N. caninum antibody
status. In these samples, 30 of them were tested N. caninum-
positive by IFAT and WB, 51 of them were negative. The rSRS2-
SAG1-GRA?7 indirect ELISA detected 28 N. caninum-positive
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FIGURE 3
Receiver Operating Characteristics (ROC) analysis for the indirect ELISA with chimeric protein rSRS2-SAG1-GRA7. (A) ROC plot. Area under
curve = 0.971 (0.0155); 95% confidence interval between 0.908 and 0.996. (B) Frequency distribution of confirmed positive (1) and confirmed
negative (0) sera. Samples were considered positive when cut-off values were > 0.438 ELISA absorbance values.

TABLE 2 Sensitivity, specificity and kappa-value of ELISA compared to
IFAT and WB.

IFAT and WB
No. positive No. negative Total
ELISA
No. positive 26 2 28
No. negative 4 49 53
Total 30 51 81

Sensitivity 86.7% Specificity 96.1% Kappa-value 0.84

samples, 53 N. caninum-negative samples. And there are 26
samples that have been detected by these three methods as
positive samples, 49 samples as negative samples. Based on
ROC analysis (Figure 3A), an ELISA OD value of 0.438 was
chosen as the threshold to distinguish between positive and
negative samples, yielding a specificity of 96.1%, a sensitivity
of 86.7%, and a kappa-value of 0.84 (Table 2). Figure 3B shows
the frequency distribution of the positive and negative samples
tested by IFAT and WB. In summary, the overall coincidence
rate of the rSRS2-SAG1-GRA7 indirect ELISA to IFAT and WB
was 92.6% (true positives + true negatives/total samples).

3.3. N. caninum antibody detection of
field serum samples

Sero-epidemiological data of for N. caninum infections
in cattle from Ningxia are presented in Table 3. The 329
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TABLE 3 Examination of anti-N. caninum antibodies from field
samples with ELISA in Ningxia.

City Codes of No. of No.of sera  Positive
farm positive ratio (%)
Shizuishan A 9 25 36.00
Wuzhong B 11 31 35.48
C 15 29 51.72
D 6 15 40.00
Yinchuan E 30 56 53.57
F 5 13 38.46
G 30 85 3529
H 11 19 57.89
I 4 21 19.05
J 7 14 50.00
Zhongwei K 9 21 42.86
Total 137 329 41.64

sera samples were collected from 11 farms with an average
herd of more than 500 cows in 4 cities and examined by
the ELISA technique. The herd prevalence was 100% and
the overall seroprevalence was around 41.64%. The N.
caninum antibody positive rate in each farm ranged from
19.05 to 57.89%. As shown in Table 4, the seroprevalence
varied in different age groups, ranging from 28.26 to
44.04%, with the highest prevalence of 44.04% in >4
years dairy cattle, followed by 2-4 vyears dairy -cattle
(43.33%), that the
with age.

indicating seroprevalence increased
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TABLE 4 Seroprevalence of N. caninum infection in different age
groups of dairy cattle using ELISA in Ningxia of China.

Age (yr)  No.examined No. positive  Prevalence (%)
<2 46 13 28.26
2-4 90 39 43.33
>4 193 85 44.04

4. Discussion

Screening and culling of infected cattle based on reliable
diagnostic techniques is a strategy to eliminate or reduce
infection in a herd. At present, indirect ELISA is commonly
used in the epidemiological investigation of neosporosis. The
main antigens used are surface antigen superfamily members
SAG1 and SRS2. N. caninum bradyzoite antigen SAG4 is
also used to detect chronic infection of neosporosis. Dense
granule proteins GRA2, GRA7 and microneme protein are also
serological diagnostic antigens of neosporosis (30, 31). The
ELISA detection methods established by different antigens have
great differences in the detection coincidence rate of samples
from different countries (32). Here, we developed an indirect
ELISA with a chimeric protein rSRS2-SAG1-GRA7 for the
diagnosis of cattle neosporosis. The immunodominant surface
proteins of N. caninum, NcSRS2, NcSAG1 and NcGRA7, were
immobilized with linkers and the chimeric protein rSRS2-SAG1-
GRA7 was expressed in the procaryotic expression system under
standard conditions without needing any special requirements.
No antigen-antibody reactions were detected in the western
blotting performed with rSRS2-SAG1-GRA7 as antigen and
sera from mouse infected with related apicomplexan parasite,
T. gondii.

Several studies have described the development of ELISA
using N. caninum-specific proteins, including NcSRS2, NcSAG1
and NcGRA7, for detecting the antibodies to N. caninum
infection in animals. Borsuk et al. (14) described an indirect
ELISA for cattle using NcSRS2 truncated protein and reported
a sensitivity of 95% with 96% specificity (14). Then, a study
also confirmed that the ELISA for sheep with the rNcSRS2
had 100% sensitivity and 94.5% specificity (33). Chahan
et al. (34) described an indirect ELISA for cattle using
NcSAGI recombinant truncated protein, and the ELISA clearly
differentiated between IFAT-positive and -negative sera from
cattle (34). Hamidinejat et al. (35) developed the rNcGRA7-
based indirect ELISA in cattle and water buffalo, sensitivities
and specificities were 94.64 and 90.38% respectively using sera
of cattle, but were 98.57 and 86.54% in the case of buffaloes
respectively (35). More recently, an indirect ELISA based on
rNcSRS2/rNcSAGI was developed for the diagnosis of cattle and
ovine neosporosis, and the sensitivity and specificity performed
with the proteins NcSRS2 and NcSAGI1 in combination had
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higher than alone (20). In this study, we obtained 86.7%
sensitivity and higher specificity (96.1%) when using this
chimeric protein, suggesting its applicability to the practical
diagnosis of neosporosis.

In China, Xu et al. (36) first detected a positive antibody
to neosporosis in yak herds in the Xinjiang region, which was
an evidence to the existence of neosporosis in Chinese cattle
herds (36). As the study of N. caninum has deepened, reports
of neosporosis infected cattle are growing and suggest that
neosporosis is epidemic in China (37). The sero-epidemiological
investigation results of N. caninum in dairy cattle (regardless
of abortion history) in Ningxia with commercial ELISA by
Tan et al., Li et al. and Kang et al. were 8.93, 7.01 and
24.11% respectively (22-24). Cao et al. (25) reported that
the seroprevalence of N. caninum in aborting dairy cattle by
commercial ELISA kits was 30.23% in Wuzhong, Ningxia (25).
In contrast, the seroprevalence of N. caninum in aborting dairy
cattle in this study was higher (41.64%), which may be caused
by the surge of cross-regional trade of dairy cows in recent
years. The seroprevalence of N. caninum in aborting dairy cattle
in Ningxia was higher than that of the cows (regardless of
abortion history), indicating that N. caninum infection may be
an important cause of abortion in dairy cattle in Ningxia.

An early study in the Netherlands showed equal
seroprevalence across all age groups, suggesting that the
infection had most likely been transmitted through vertical
transmission (8). However, a Danish study revealed that
sero-positivity increased with age (38). But, few previous
studies have shown an association of seroprevalence with age
in aborting dairy cattle. In this study, the seroprevalence in
the aborting dairy cattle varied in different age groups and
the seroprevalence was positively correlated with age. The
risk of N. caninum infection may increase with age suggesting
that horizontal transmission of N. caninum was particularly
important in these herds.

5. Conclusion

An indirect ELISA employing rSRS2-SAG1-GRA7 of N.
caninum was developed. The method showed high sensitivity
and specificity, suggesting its applicability to the practical
diagnosis of N. caninum infection. This study showed a high
prevalence (41.64%) of neosporosis in aborting dairy cattle in
Ningxia, China. Therefore, infection with N. caninum may be
one of the important causes of cattle abortion in this region,
hence, dairy farmers need to practice proper management and
control strategies urgently.
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