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SUMMARY

Neospora caninum infection is a significant cause of abortion in cattle. We investigated the tissue distribution ofN. caninum

in aborted bovine fetuses and dam blood samples by a nested PCR assay, and compared the nested PCRwith ELISA in the

diagnosis of N. caninum infection. In total, 26 aborted fetuses and 813 blood samples were collected from 8 dairy herds in

Beijing (n=212) and Tianjin (n=601), China. Fifteen fetuses (57.7%) were testedN. caninum-positive by the nested PCR.

N. caninum DNA was detected from the brain of 52%, kidneys of 22%, skeletal muscle of 18%, and heart of 4% of the

aborted fetuses. The PCR-positive cases (55%, 11/20) were higher than seropositive cows (40%, 8/20) in a subset of 20

fetuses, but the PCR results of blood samples of the 20 cows were all negative. The seroprevalence of the 813 samples was

15.5% (43.4% of samples from Beijing, 5.7% of samples from Tianjin), compared to the PCR-positive blood samples of

0.9%.Our study showed that the nested PCR is a valuable diagnostic tool for the primary diagnosis ofN. caninum in aborted

fetuses, while ELISA is the preferred assay for testing blood samples collected from cows. The two assays are comp-

lementary in determining whether abortions are associated with N. caninum infection in cattle.
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INTRODUCTION

Neospora caninum is an obligate intracellular apicom-

plexan protozoan parasite with a worldwide distri-

bution. It was first reported in dogs (Dubey et al.

1988). The parasite can infect a broad range of warm-

blooded animals (Anderson et al. 2000;Dubey, 2003;

Dubey and Lindsay, 1996; Moore, 2005), but only

dog (McAllister et al. 1998) and coyote (Gondim et al.

2004) are the definitive hosts. Cattle are the inter-

mediate host, and N. caninum infection causes re-

peated abortions, stillbirths and vertical infection

of calves (Anderson et al. 2000; Crawshaw and

Brocklehurst, 2003; Huang et al. 2004).

Since the first isolation of N. caninum, a range of

serological assays has been developed for detecting

infections in dogs, cattle and a variety of other po-

tential host species. The serological assays include

the indirect fluorescent antibody test (IFAT), several

enzyme-linked immunosorbent assays (ELISAs),

Neospora agglutination test (NAT), and immuno-

blotting (IB). All the serological assays are based on

tachyzoite antigens (Dubey and Schares, 2006) and

measure antibody levels in serum samples collected

from live animals, but none of the assays can detect

N. caninum infection in aborted fetuses. In addition,

the serological assays suffer the disadvantage of low

specificity or sensitivity depending on the cut-off

value for the assay or due to cross-reactivity with

other parasites. PCR assays, which are highly specific

and sensitive for the detection or identification of

organisms, have been developed to detectN. caninum

infection. Most published PCR methods are used

to detect N. caninum DNA in the tissues of aborted

fetuses or adult animals, although body fluids, such

as amniotic fluid (Ho et al. 1997) and cerebrospi-

nal fluid (Buxton et al. 2001; Peters et al. 2000;

Schatzberg et al. 2003), blood (Okeoma et al. 2004;

Ferre et al. 2005), milk (Moskwa, 2003) and semen

(Caetano-da-Silva et al. 2004; Ferre et al. 2005;

Ortega-Mora et al. 2003), can also be analysed forN.

caninum by PCR.

Our laboratory has developed a recombinant

tNcSRS2 protein-based ELISA, which was used in

the investigation of the seroprevalence ofN. caninum

infection in cattle, water buffaloes, yaks and foxes in

Beijing, Tianjin, Shanxi, Shandong, Heilongjiang,

Xinjiang andQinghai (Yu et al. 2007; Liu et al. 2007,

2008). N. caninum in aborted fetuses and dams were

confirmed by serology, PCR, histology and immuno-

histochemistry (Zhang et al. 2007). In the present

study, we used a nested PCR assay by amplifying the

N. caninum-specific Nc5 gene to detect N. caninum
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infection in aborted fetuses of dairy cows in Beijing

and Tianjin and compared the assay with ELISA.

MATERIALS AND METHODS

Biological materials

Twenty-six aborted fetuses of Holstein cows were

collected from 8 dairy herds in Beijing and Tianjin,

China betweenMarch andSeptember 2008.Twenty-

five of the fetuses were fresh, and 1 was mummified.

Tissue samples of the brain, heart, lung, liver,

spleen, kidney and skeletal muscle (gluteal muscle) of

the fetuses, and placenta were stored frozen (x20 xC)

before analysis. Blood samples were collected from

the jugular vein of cows (including 20 dams at the

time of abortion) from the same herds. A total of 813

blood samples was collected, and 601 samples were

from Tianjin and 212 from Beijing. Aliquots of the

clotted blood samples were used for DNA isolation

and sera from the rest of the blood samples were

stored frozen at x80 xC until analysis by ELISA as

described by Liu et al. (2007) using the recombinant

tNcSRS2 protein as the coating antigen.

DNA isolation

After thawing, the fetal tissue (5 g) was homo-

genized, and incubated in a DNA extraction buffer

(10 mM Tris–HCl, pH 7.4, 10 mM NaCl, 25 mM

ethylenediaminetetraacetic acid, pH 8.0, 0.1% so-

dium dodecyl sulfate, pH 7.2 and 100 mg/ml pro-

teinase K) overnight at 55 xC.DNAwas extracted by

the phenol and chloroform method, centrifuged and

resuspended in distilled water at x20 xC. DNA of

the blood samples was extracted by the samemethod.

PCR amplification

The nested PCR primers were designed to amplify

2 fragments (about 328 bp and 224 bp) of the

N. caninum Nc5 gene (GenBank Accession no.

X84238). The external primer pairs were Np6+
(5kCTCGCAGTCAACCTACGTCTTCT3k) and

Np21+ (5kCCCAGTGCGTCCAATCCTGTAAC

3k) (Muller et al. 1996), and the internal primers were

Np9 (5k GTTGCTCTGCTGACGTGTCGTTG

3k) and Np10 (5k CTCAACACA GAACACTG-

AACTCTCG 3k) (McInnes et al. 2006). A fragment

of the bovine b-actin gene (Genbank AY141970) was

amplified as the internal control using primers and

amplification conditions described previously

(Gilbert et al. 2007).

The primary PCR was carried out in a total vol-

ume of 25 ml consisting of 12.5 ml 2rEasyTaq PCR

SuperMix (TransGene), 10 pM of each primer, 25 ng

of DNA templates and double distilled water. An

Nc-1 strain of N. caninum was used as the positive

control, and distilled water as the negative control.

T. gondii was used to test the specificity of the nested

PCR. The PCR program started with an initial pre-

denaturation at 94 xC for 5 min, followed by 35

cycles of denaturation at 94 xC for 30 s, annealing at

63 xC for 20 s and extension at 72 xC for 30 s, and by

a final extension of 72 xC for 10 min. The templates

for the secondary PCR were 0.1 ml of the primary

PCR products and cycling conditions were the same

as for the primary PCR.

The PCR products were electrophoresed on a 1%

agarose gel and the amplified DNA fragment was

detected under UV light. Positive products were se-

quenced by Invitrogen (Beijing, China), and the se-

quences were analysed by BLAST against gene

sequences deposited in the GenBank.

Data analysis

The ELISA and nested PCR results were analysed

by the kappa statistics using the SPSS software (Stat-

istical Analysis System, Version 13.0). A k-value
between 0.4 and 0.6 indicates moderate agreement, a

value between 0.6 and 0.8 indicates good agreement,

and a value between 0.8 and 1.0 indicates almost

perfect agreement. Chi-square analysis was used to

compare N. caninum infection rates in the aborting

and non-aborting cows.

RESULTS

Nc5 fragments of the expected size of about 328 bp

and 224 bp were amplified by the nested PCR by the

external and internal primers, respectively, from the

positive samples and positive control (Fig. 1).

Sequence analysis of the PCR products showed that

the amplified fragments were more than 99% hom-

ologous to the Nc5 gene of N. caninum (GenBank

Accession no. X84238).

Fifteen (57.7%) out of 26 aborted fetuses were

tested positive by the nested PCR. N. caninum spe-

cific DNAwas detected from 13 brain samples (52%,

13/25), 1 heart sample (4%, 1/24), 5 kidney samples

(21.7%, 5/23), 4 gluteus samples (18.1%, 4/22) and 1

placenta sample (33.3%, 1/3) (Table 1).

Fig. 1. Electrophoresis of the nested PCR products of

the brain (1), heart (2), lung (3), liver (4), spleen (5),

kidney (6) and gluteus (7) of an aborted fetus,

Toxoplasma gondii (8), a Nc-1 strain of N. caninum

(positive control) (9), and water (negative control) (10).

M: DL2000 plus. Bovine b-actin was amplified as an

internal control for the DNA extraction procedure.
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Among the 15 positive fetuses determined by

the nested PCR, only 3 were tested positive by the

primary amplification alone, suggesting that the

secondary amplification increased the sensitivity of

the PCR method.

No Nc5 fragment was amplified from blood sam-

ples of 20 aborting dams, although 8 samples tested

positive by the ELISA forN. caninum antibodies and

11 of the 20 corresponding aborted fetuses were

confirmed positive by the nested PCR.

The ELISA and nested PCR results were analysed

by the kappa statistics (Table 2). The kappa stat-

istical analysis of the ELISA of dam blood samples

and nested PCR analysis of the corresponding fetal

tissues showed moderate agreement between the two

methods (k value 0.5098). The difference was not sig-

nificant. One case was ELISA positive (dam blood)

but PCR negative (fetal tissues). This abortion might

be caused by an acute re-infection of N. caninum

before the N. caninum tachyzoites were present in

fetal tissues and detectable by the nested PCR. Un-

fortunately there was no information on the abortion

history of the dam.

Analysis of 601 samples collected from Tianjin

showed a seroprevalence of 5.7% (34/601) and PCR

positive rate of 1.2% (7/601) (Table 3). In total, 39

cows were tested N. caninum-positive by PCR or

ELISA. The abortion rate was 16.9% (95/562) for

theN. caninum-negative cases, and 25.6% (10/39) for

the positive cows. The abortion risk of N. caninum

positive cows was 1.5 times than that of N. caninum

negative animals. Two samples were both ELISA

and PCR positive. One of the dams had been preg-

nant twice, but both fetuses were aborted at 138

and 135 days, respectively, while the other cow

had given birth to 3 live calves with no abortion

history.

The seroprevalence of N. caninum in cows from

Beijingwas 43.4% (92/212), and not one blood sample

was PCR positive. Further analysis of samples from

Beijing was not performed because of incomplete

records for the animals.

The kappa value of the 813 blood samples was

0.014, and the nested PCR and ELISA results were

significantly different in detecting N. caninum in-

fection.

DISCUSSION

N. caninum causes abortions in cattle and is an

economically very significant parasite in the dairy

industry (Liao et al. 2005). Definitive diagnosis of

N. caninum infection in bovine abortion cases ismade

by histological examination of fetal tissues and im-

munochemical staining or detection of N. caninum-

specific genes by PCR.

PCR has been used for the detection ofN. caninum

since 1996. Several genes including Nc5, 18S rDNA,

28S rDNA, ITS1 and 14-3-3 have been used as the

target genes in detectingN. caninum. Of these genes,

theNc5 gene, first identified in 1996 (Kaufmann et al.

1996; Yamage et al. 1996) and not found in the

genome of closely related parasites such as T. gondii,

Sarcocystis scruzi, or Hammondia hammondi, is

the most commonly used target gene for the detec-

tion of N. caninum. Therefore, the primer pairs

Table 1. Nested PCR of aborted fetus and ELISA and PCR of corresponding dam blood samples

Fetus
no.

Age of
fetus (day)

PCR positive
tissue

ELISA/PCR
of dam blood

Fetus
no.

Age of
fetus (day)

PCR positive
tissue

ELISA/PCR
of dam blood

1 150 B +/x 14 122 — x/x
2 119 B +/x 15 159 B x/x
3 140 — x/x 16 143 — x/x
4 141 — x/x 17 246 B NS
5 133 B x/x 18 151 B,K,G NS
6 197 B x/x 19 86 B,P NS
7 115 — +/x 20 Unknown — NS
8 153 — NS 21 271 — x/x
9 160 B +/x 22 194 K,G x/x
10 152 B +/x 23 159 — x/x
11 78 B +/x 24 101 — x/x
12 250 K NS 25 187 B,K,G +/x
13 191 — x/x 26 156 B, H, K +/x

NS, no sample; B, brain; K, kidney; G, gluteus; P, placenta; H, heart.

Table 2. Nested PCR of aborted fetuses and ELISA

of dam blood samples

Nested PCR of fetus

ELISA of dam sera

Total*Positive* Negative*

Positive 7 (35) 4 (20) 11 (55)
Negative 1 (5) 8 (40) 9 (45)
Total 8 (40) 12 (60) 20 (100)

k value 0.5098; 75% (15/20)

* % in brackets.
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Np6+/Np21+ (Muller et al. 1996) and Np9/Np10

amplifying fragments of theNc5 gene (McInnes et al.

2006) were chosen for the nested PCR in our study.

PCR, especially nested PCR, is highly sensitive and

specific for parasite identification if the primers are

based on genes unique for the target species. The

specificity of our nested PCR was demonstrated by

the negative results tested with the closely related

parasite, T. gondii and the negative controls, and the

sensitivity was confirmed by the positive control

samples. The DNA extraction procedure of N. ca-

ninum from fetal tissues was validated by the ampli-

fication of the bovine b-actin gene by PCR.

Of 26 aborted fetuses from dairy herds in Beijing,

15 fetuses were tested positive by the nested PCR,

while only 3 were positive by PCR with the external

primers only, suggesting that the nested PCR ismore

sensitive than the single-round PCR. In contrast

to our findings, an interlaboratory comparison of

N. caninum detection methods showed no difference

in diagnostic sensitivity between single and nested

PCR assays (van Maanen et al. 2004). In that study,

the nested PCRwas based on primers for the internal

transcribed spacer-1 (ITS1) sequence, while the

single-round PCR assays amplified the Nc5, SSU-

rRNA or 5.8S-RNA gene. Since their study

compared methods between laboratories, it was

suggested that different DNA extraction methods

used by different laboratories might have affected the

diagnostic performance of the tests.

We detected a greater number of N. caninum-

positive cases by the nested PCR analysis of fetal

tissues than by ELISA of dam blood samples. This

suggests that the nested PCR analysis of aborted

fetuses is a more sensitive method for detecting

N. caninum infection than analysis of antibodies in

dam sera by ELISA. Since aborting cows with a

N. caninum-infected fetus may not be seropositive,

we recommend that seronegative abortion cases

should be confirmed by analysis of fetal tissues

by a more sensitive method such as the nested PCR.

N. caninum DNA was not present in blood of the

abortion cases, and only 7 out of 813 (0.86%) blood

samples from aborting and non-aborting cases were

found to contain N. caninum DNA by the nested

PCR. However, negative PCR results of blood

samples do not exclude N. caninum infection. The

PCR analysis findings of bovine blood samples are

consistent with the current understanding of the

N. caninum life cycle that few N. caninum life stages

are present in the blood of intermediate or definitive

hosts.

Among all blood samples tested by both PCR and

ELISA, 5 seronegative samples were found to con-

tain N. caninum DNA determined by the nested

PCR. There are several explanations for these find-

ings. Firstly, the PCR-positive cases without specific

antibodies toN. caninummay be in the early stage of

infection, and blood samples were collected prior to

the development of antibodies. Secondly, the sensi-

tivity of ELISA depends on the cut-off value of the

assay kit, and is compromised by the specificity

required for the assay. Animals with low antibody

levels may be tested negative by ELISA because of

the low sensitivity of the assay. Thirdly, seronegative

conversion may occur in N. caninum-infected cattle.

It was also possible that some animals may be im-

munotolerant to N. caninum infection.

The distribution pattern ofN. caninum in the host

is not yet clear, but a number of studies showed that

the central nervous system (CNS) is the most com-

mon tissue infected by N. caninum, followed by the

heart, lung, and kidneys (Ho et al. 1997; Buxton et al.

1998; Gottstein et al. 1998; Baszler et al. 1999;

Collantes-Fernandez et al. 2006). This distribution

pattern was also observed in our study using the

nested PCR. N. caninum DNA was detected in the

brain of 52%, kidneys of 22%, skeletal muscle of 18%,

and heart of 4% of 26 aborted fetuses. One out of 3

placentas collected was positive. None of the liver

tissues were tested positive. Different distribution

patterns of N. caninum in non-neural tissues have

been reported. It is believed that the distribution of

N. caninum varies between animals, and also depends

on the time of infection during gestation and fetal age

(Collantes-Fernandez et al. 2006). Understanding

of the exact distribution pattern and the life cycle of

N. caninum requires further research.

Our study showed that the nested PCR using

primers for the Nc5 gene can be a valuable diagnostic

Table 3. Nested PCR and ELISA results of blood samples from dairy herds in Beijing and Tianjin

Tianjin Beijing

ELISA ELISA

Positive Negative Total Positive Negative Total

Nested PCR Positive 2 5 7 0 0 0
Negative 32 562 594 92 120 212
Total 34 567 601 92 120 212

k value 0.014; 84.13% (684/813) (all blood samples)
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tool for the primary diagnosis ofN. caninum infection

in aborted fetuses, and is more sensitive than the

analysis of antibodies in the dam serum by ELISA in

the determination of whether abortions are associ-

ated with N. caninum infection. PCR and ELISA

play complementary roles in the detection ofN. cani-

num infection in cattle.
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