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Abstract Neospora caninum is an apicomplexan protozoan
which causes abortion in cattle worldwide. The present
study was designed to assess the importance of bovine
neosporosis for causing abortion in Iranian cattle. Infection
was primarily diagnosed by polymerase chain reaction
(PCR), complemented with histopathology and immuno-
histochemistry (IHC). One hundred brains of aborted
bovine fetuses were collected from Iranian dairy herd
between 2003 and 2005 in Mashhad area. N. caninum
was detected by PCR in the brains of 13 aborted fetuses.
Lesions consistent with N. caninum infection were
observed in 12 of fetal brains. Immunohistochemical
examination of brain detected N. caninum organisms in
three aborted fetuses, and a thick-walled (2 μm) cyst with
50 μm diameter was identified in one of the IHC-positive
brain. The results indicated that neosporosis is an important
cause of abortion in dairy cattle of Iran.

Introduction

Neospora caninum is a recently recognized protozoan
parasite of livestock and companion animal (Dubey et al.
1988). Neosporosos has been described an important cause
of abortion in cattle worldwide (Dubey and Lindsay 1996).
Cattle may be infected transplacentally or as result of

ingesting oocyst produced by dogs, which represent the
definitive host. Cattle at any age may abort from 3 months
of gestation to term, and abortion is the main clinical
sign observed. Fetuses may die in utero, be resorbed,
mummified, autolyzed, stillborn, born alive but diseased
or born clinically normal but chronically infected (Dubey
and Lindsay 1996; Dubey 2005). In Iran, antibodies to
N. caninum were reported in sera of dairy cattle (Razmi et al.
2002, 2006; Sadrebazzaz et al. 2004). Recently, in a
preliminary study in Iran, N. caninum DNA had been
detected by polymerase chain reaction (PCR) in brains from
four out of six aborted fetuses (Habibi et al. 2005). But
there is not any data about abortion due to N. caninum in
dairy cattle in Iran. We reported, here, the first cases of
confirmed neosporosis in aborted bovine fetuses from Iran.

Materials and methods

Field study area

The study was done in Mashhad area, capital city of the
Khorasan province, situated in the northeast of Iran. The
Khorasan province is located in northern temperature zone.
The climate is semi-arid with cold winters and moderate
summer. The province has an estimated 25,000 cattle on
110 dairy farms. The herd size varied from farm to farm
with a range of 30 to 2,000 cattle. The most common breed
of cattle were Holstein/Friesian.

Sample collection

One hundred aborted bovine fetuses at different stages of
gestation were collected and examined during 2003 to
2005. At necropsy, the skull was opened under aseptic
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condition and one-half of the brain was sampled for PCR,
and the other half, for histopathology examination.

DNA isolation and PCR

One-half of the brain was homogenized with a stirrer, and
DNA was extracted from 1 g homogenate sample using the
DNA™ Kit (Cinnagen, Iran) according to the manufacturer’s
recommendations. PCR was done as previously described
(Müller et al. 1996) with N. caninum-specific primers
NP21plus (5′CCCAGTGCGTCCAATCCTGTAAC3′) and
Np6plus (5′CTCGCCAGTCAACCTACGTCTTCT3′).

Histopathology and immunohistochemistry

Brain tissue samples were fixed in 10% neutral buffered
formalin and embedded in paraffin. Sections (5 μm) were cut
and stained with haematoxyline and eosin (HE) (Kiernan
1990). The stained sections were histopathologically assessed
by light microscopy. An indirect peroxidase technique was
used for immunohistochemical staining (Kendrich et al.
2001; Gottstein et al. 1998). To determine lesion and evaluate
the parasite distribution in each brain, three sections were
carefully examined at ×400 and ×1,000 magnification.

Results

N. caninum DNAwas detected in 13 (13%) out of 100 fetal
brain samples. Among the 100 brain fetuses, only 53 cases
were suitable for histopathological examination. Of these
53 cases, 12 (22.6%) cases had the characteristic lesion of
Neospora infection such as non-supportive necrotic foci
(Fig. 1).

Immunohistochemically, parasites were detected in three
(5.6%) of the 53 brain samples. A thick-walled (2 μm) cyst
with 50 μm diameter without septa and secondary cyst wall
was identified in one IHC-positive brain (Fig. 2). This sample
was again searched by PCR and detected N. caninum DNA. A
comparison between PCR and histopathological results
showed that N. caninum DNA was detected in seven (58%)
out of 12 brains with detectable cerebral lesions (Table 1).

Discussion

In this study, we used PCR with histopathological exam-
ination for the diagnosis of N. caninum infection in 100
aborted fetuses and to evaluate the association of N.
caninum infection with abortion in dairy cattle of Iran.
PCR was considered to be a highly specific and sensitive
technique for detection of N. caninum in brain of aborted
fetuses and was less affected by autolysis and histopathol-

ogy (Sager et al. 2001). This method has become important
in the diagnosis of N. caninum abortion in cattle, when
PCR results can be associated to histopathology finding in
aborted fetal tissues. By using PCR, N. caninum DNA was
detected in 13% (13) of brain samples. In association to a
previous report in Iran (Habibi et al. 2005), it seems that
the prevalence of N. caninum DNA infection is high in the
brains of bovine aborted fetuses. Histopathologically, the
characteristic lesions of Neospora infection, such as non-
suppurative necrotic (Barr et al. 1990; Dubey and Lindsay
1993; Dubey et al. 1998; Morales et al. 2001; Wouda et al.
1997) were observed in 12 (22%) out of 53 brain samples.
N. caninum DNAwas detected in seven (%58%) of 12 cases
with cerebral necrotic lesions by PCR that provided a solid
evidence for N. caninum to be the cause of abortion. But in
five (41%) out of 12 cases, we found cerebral necrotic
lesions without detectable N. caninum DNA. Due to the

Fig. 1 Fetal brain with a central necrotic focus surrounded by
mononuclear cell infiltration (HE×400)

Fig. 2 IHC identification of tissue cyst of Neospora caninum with
numerous bradyzoite enclosed in a thick cyst wall (arrow) in the brain
of an aborted bovine fetus, ×1,000
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fact that one-half of the brain was sampled for PCR and the
other half for histological examination, additional cases may
be missed, as parasites and parasitic lesions were distributed
focally (Sager et al. 2001). On the other hand, when the
degree of inflammatory changes is mild, PCR assay might
not be able to detect N. caninum.

Baszler et al. (1999) suggested that a least 20 to 40
tachyzoites in 20 mg of tissue are needed to pursue PCR
detection of N. caninum in clinical samples. In this study,
N. caninum organisms were not found in any of these
HE-stained sections, but immunohistochemically, tachy-
zoites and tissue cyst of N. caninum organisms were
identified in three brain samples. Cyst tissue was round in
shape, up to 50 μm long and had a predominantly thick cyst
wall (2 μm). The observed cyst is in accordance with the
morphology of Neospora cyst that is described in cattle
(Dubey et al. 1989; Dubey and Schares 2006; Peter et al.
2001; Morales et al. 2001). Otherwise, the PCR method
also confirmed N. caninum DNA infection in this sample.
In the present study, we detected the N. caninum DNA in
brains of bovine fetuses and reported the tissue cyst of
N. caninum by IHC. The good correlation between PCR and
histopathological finding results supported the hypothesis
that Neospora infection is associated with bovine abortion
in Iran. Further investigation is needed for epidemiological
status of bovine neosporosis in dairy cattle of Iran.
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Table 1 Comparison between results of N. caninum PCR, histopath-
ological and immunohistochemical (IHC) finding of fetal brains
examined

Histopathological,
immunohistochemical finding

PCR Total

+ −

Necrosis (+), IHC (+) 1 2 3
Necrosis (+), IHC (−) 6 3 9
Necrosis (−), IHC (+) 0 0 0
Necrosis (−), IHC (−) 0 41 41
Not done 6 41 47
Total 13 87 100
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