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Abstract  

Background: The objective of the study was to evaluate the presence of Neospora caninum organisms in 

the brain of aborted fetuses and placentas of full-term calves born of seropositive cows. 

Methods: During 2006-2007, 12 brains of aborted calves from Neospora seropositive cattle and 7 pla-

centas from seropositive dams giving birth to full-term calves, from four dairy cattle farms located around 

Tehran province, Iran were examined by Nested-PCR and histopathology techniques. 

Result: The Nested-PCR demonstrated that all of 12 aborted fetal brain samples and 5 of 7 placentas were 

infected by N. caninum. Mild to severe placentitis was observed in 5 placentas. Severe hyperemia and pe-

rivascular and perineuronal edema revealed in all fetal brain. In 3 out of 12 brains, scattered foci of he-

morrhages, neuropilar necrosis and gliosis were present. In addition, nonpurulent encephalitis with severe 

lymphohistiocytic perivascular cuffing in one case and a small tissue cyst like Neospora caninum cyst in 

other calf were observed. 

 Conclusion: Our results confirmed the molecular and histopathologic findings of other studies about 

Neospora caninum infection and it seems to support the hypothesis that Neospora infection is associated 

with bovine abortion in Iran. 

Keywords: Neospora caninum, Nested-PCR, Histopathology, Fetal brain, Placenta 

                                                 
٭
 Corresponding author: Tel: +98 21 66924469, Email: hhadad@ut.ac.ir 

 

 

 

Iranian J Parasitol 
 

Open access Journal at 

http:// ijpa.tums.ac.ir 
 

 

Tehran University of 

Medical Sciences 

Publication 

http:// tums.ac.ir 

 

Iranian Society of 

Parasitology 

http:// isp.tums.ac.ir 



Salehi et al. Molecular and Pathological Study… 

 

41 

 

Introduction
 

ovine neosporosis, caused by the 

apicomplexan protozoan parasite 

Neospora caninum, was initially 

recognized in 1989 (1) and is now reported 

as a leading infectious cause of reproductive 

failure in dairy cattle in countries worldwide 

(2-8). Transplacental transmission is 

considered the major route of transmission 

of N. caninum in cattle (9).Fetal bovine 

infection by Neospora caninum can lead to 

abortion or birth of a congenitally infected 

calf with or without clinical manifestations 

(10). Infection of the fetus likely occurs 

following a recrudescence of a latent 

infection or a new infection. The organism 

probably infects fetal tissues after first 

infecting the placenta (11, 12).  

A range of diagnostic tools has been proved 

useful to detect Neospora infection. Bovine 

neosporosis can be diagnosed using indirect 

fluorescent antibody test (IFAT) and en-

zyme-linked immunosorbent assay (ELISA) 

and in fetuses using methods such as histo-

pathology (HP), immunohistochemistry 

(IHC) and polymerase chain reaction (PCR) 

(13, 14). 

One of the most widely used techniques is 

fetal histopathology of brain along with sev-

eral other organs such as the heart, liver, 

lung, kidney and skeletal muscles, in an at-

tempt to detect lesions characteristic of pro-

tozoan infection, combined or not with im-

munohistochemical (IHC) examination 

(3,15, 16). Typical fetal lesions, which are 

not pathognomonic, include multifocal non-

suppurative necrotizing encephalitis and 

nonsuppurative myocarditis with or without 

focal necrosis in the liver (8, 15, 17). Al-

though the placenta is not always available, 

the presence of a non-suppurative placentitis 

and necrosis has been described in abortion 

in early gestation (18, 19). However, pla-

centitis always seems to be mild (12, 21). 

The most frequent and almost pathogono-

monic CNS lesion in bovine fetuses is the 

presence of multifocal discrete foci of necro-

sis, particularly in the brain and to lesser 

extent in the cord. The necrotic areas are 

fairly well circumscribed, have necrotic 

centers and are surrounded by rim of glial 

cells and macrophages. In advanced lesions, 

the necrotic area may be completely re-

placed by macrophages and a few glial cells, 

which make the lesions, appear as discrete 

granulomas. Other CNS lesions include mild 

nonsuppurative meningoencephalomyelitis. 

Tissue cysts are primarily present in the 

CNS and rarely in skeletal muscles and re-

tina. Neospora caninum tissue cysts are 

rarely seen (22). IHC is relatively insensitive 

as a confirmatory test for neosporosis be-

cause parasite numbers in infected tissue can 

be very low, possibly leading to false nega-

tives (23-25). Furthermore fetal serology has 

been used to confirm N. caninum abortion in 

individual fetuses, but the assay is not highly 

sensitive (14, 16), but PCR techniques have 

been useful as diagnostic tools for detection 

of the parasite in aborted bovine fetuses (24-

27). PCR methods generally have a higher 

sensitivity and specificity than IHC methods 

and the ability to amplify small amounts of 

Neospora DNA in a larger quantity of tissue 

(28). Several PCR based methods have been 

developed in the last few years targeting the 

parasite ITS1 region (29) and the repeated 

Neospora-specific Nc5 sequence (30) with 

different modifications, such as nested or 

seminested PCR test.  

In Iran, there are some studies about 

Neospora (13, 31-36). Results based on 

seroprevalence of N. caninum in aborted 

dairy cattle showed that neosporosis should 

be regarded as a cause of economic loss in 

dairy cattle (31, 32). 

B 
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The objective of the study was PCR 

detection and histopathologic analysis for N. 

caninum in the brain of aborted fetuses and 

placentas. 

 

Material and Methods 

 Sampling 

The study included four dairy cattle farms 

around Tehran, capital of Iran, from which 

N. caninum antibodies had been detected by 

ELISA (IDEXX herdcheck kit, Germany). 

The range of seropositive cows in those dai-

ries was 38.8%. Neospora seropositive dai-

ries were monitored from June to November 

2007, and with the owner's cooperation, 12 

brain aborted calves and 7 placentas from se-

ropositive cattle giving birth to full-term 

calves were obtained. The samples were 

immediately transported to the laboratory on 

cold conditions. The brains were removed 

aseptically and some parts of brain and pla-

centum tissue were fixed in 10% buffered 

formalin (pH 7.2) for histopathology analy-

sis. Approximately 5-10 g of samples taken 

selectively from different anatomic regions 

were homogenized in 20 ml of sterile PBS 

containing 2% antibiotic, transferred to mi-

crotubes, and then stored at -20°C until fur-

ther use.  

Histopathology 

The tissue specimens from central nervous 

system and placenta were sampled and cut 

into pieces and fixed in 10% buffered for-

maldehyde solution. The formaldehyde-

fixed tissue specimens were processed in a 

tissue processor (Jung histokinette 2000, 

Leica, Germany), paraffin blocks were 

made, and 5-6 microns thick sections were 

serially cut with a microtome (Jung histo-

cuts, Leica, Germany) and stained with he-

matoxylin and eosin (H&E) (37). Histopa-

thologically, the sections were examined by 

light microscopy (Olympus, CH36RF200, 

Japan) and digitally photographed with a 

photomicrograph (Olympus DP12, U-

TVO.5XC-2, Japan). 

DNA isolation 

Total DNA was extracted from 300µl of 

homogenized suspension using a Qiagen 

DNAeasy Tissue kit (Qiagen, GmbH, Ger-

many) according to manufacturer’s instruc-

tions. Electrophoresis of each DNA sample 

on 2% agarose gel in 1X TBE buffer was 

undertaken to check the integrity of the 

DNA. A 60 µl aliquot of total DNA was 

produced from each sample and stored at 

−20 °C until required for analysis.  

PCR amplification 

The N. caninum specific primers used in this 

study were modified Np21
+
 and Np6

+
 pri-

mers (30) based on the Nc-5 gene specific 

for N. caninum. In order to improve the sen-

sitivity of this PCR, internal primers desig-

nated Np7 (5′gggtgaaccgagggagttg3′) and 

Np10 (5′tcgtccgcttgctccctatgaat3′) were de-

signed using available sequence data for the 

Nc-5 gene (GenBank accession no. 

X84238). The PCR mixture of 50µl con-

tained 1µg of target DNA, 2mM MgCl2, 

10×reaction buffer (50mM KCl, 10mM Tris-

HCl [pH8.3], 10pmol of each PCR primer, 

200µM each dNTP, and 1U of Taq DNA 

polymerase (CinnaGen, Iran). PCRs were 

performed in a thermocycler (Techgene-

Techne, Germany) for 35 cycles of denatu-

ration at 104 °C for 45S, annealing at 64 °C 

for 45S, and extension at 72 °C for 45S. For 

nested PCR, second-round primers Nc7 and 

Nc10 were used 1µl of amplicon solution 

from first-round PCR amplification as target 

DNA with the same PCR mixture subjected 

to 35 cycles of denaturation at 104 °C for 
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45S, annealing at 64°C for 45S, and exten-

sion at 72 °C for 45S. Positive (Neospora 

DNA) and negative controls (sterile water) 

were included in each PCR run. Amplifica-

tion products were analyzed by electropho-

resis through a 2% agarose gel for the spe-

cific N. caninum PCR. 

Results  
IgG antibodies against N. caninum were de-

tected in 298 of 768 blood samples (38.8%). 

These Neospora seropositive dairies were 

monitored from June to November 2007, and 

with the owner's cooperation, 12 brain ab-

orted calves and 7 placentas from seroposi-

tive cattle giving birth to full-term calves 

were obtained. In histopathology study, se-

vere congestion and edema, several focal 

hemorrhages, mild multifocal lymphoplas-

mocytic placentitis, and degenerative change 

of cotyledons were present in 6 of 7 cases 

(Table 1); also severe lymphohistiocytic pla-

centitis were shown in one sample. There 

were no intracellular or extracellular tachy-

zoites or tissue cysts of N. caninum. Histo-

pathologic examination of central nervous 

system revealed a moderate to severe hyper-

emia and perivascular and perineuronal 

edema in all cases (Table2). In 3 out of 12 

cases, scattered foci of hemorrhages, neuro-

pilar necrosis and gliosis (glial nodules) 

were present. In addition, nonpurulent ence-

phalitis with severe lymphohistiocytic peri-

vascular cuffing in one case (Fig. 1) and a 

small tissue cyst like Neospora caninum cyst 

in other case were observed (Fig. 2). There 

were no intracellular or extracellular tachy-

zoites of N. caninum. 

For PCR detection, DNA was successfully 

extracted from all samples. The primers 

Np21 and Np6 were used to amplify 328 bp 

of the above sequences. Moreover, Np7 and 

Np10 amplified 1108 bp of the same 

regions. The Nested-PCR demonstrated that 

all of 12 aborted fetal brain samples and 5 of 

7 placentas were infected by N. caninum 

(Fig. 3).  

 

 

 

Fig. 1: Lesions of neosporosis, hyperemia, focal gliosis (white arrows) and nonsuppurative encephalitis 

(black arrow) with lymphohistiocytic perivascular cuffing are present (H&E, 100×) 
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Table 1:  The histopathologic changes of the placentas of the aborted calves due to Neospora 

caninum 

 

Histopathologic changes 
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Table 2:  The histopathologic changes of the central nervous system in aborted calves due to Neospora caninum 

Histopathologic changes 
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No. 
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Fig. 2: Lesions of neosporosis, a small neospora-like cyst (arrow) in the brain of a calf aborted due to N. 

caninum (H&E, 400×) 

 

Fig. 3: Gel image showing a nested PCR: M: marker, P: positive control of N. caninum DNA, N: negative 

control, Lane 1,2: placenta samples, Lane 3,4,5: Brain samples 
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Discussion 

The apicomplexan parasite Neospora cani-

num is the most frequently diagnosed aborti-

facient in dairy cattle in worldwide (4). En-

dogenous transplacental transmission, re-

sulting from recrudescence of bradyzoite 

cysts in a chronically infected dam is the 

principle natural route of infection (23). It 

has also been shown that cattle may abort 

after exogenous transplacental transmission, 

following ingestion during pregnancy of oo-

cysts from the faeces of dogs, the definitive 

host (18, 38). Concerning fetal diagnosis, 

detection of compatible lesions by histology 

and parasites by PCR in brain (as well as 

heart and liver) are the best choices for fetal 

diagnosis (19). In the present study, the his-

topathology changes observed in the Neos-

pora PCR positive placentas of seropositive 

cows were in agreement with the mild le-

sions and limited tissue distribution of N. 

caninum observed in congenitally infected 

calves (39). In two retrospective studies, 

placentas of aborted calves were examined. 

Ten of 19 in one study and 11 of 19 in the 

other study had placentitis (20, 21). How-

ever, N. caninum- like organisms was found 

histologically in only one placenta (20). In 

another study, placenta of one aborted fetus 

had N. caninum tachyzoites (12, 40). In the 

present study, 6 of 7 of samples had placen-

titis and N. caninum tachyzoite was not 

identified by HP; however, the small number 

of placentas was studied. In addition, there 

are two hypotheses to explain the complete 

absence or the presence of only small num-

bers of organisms in the placentas of N. ca-

ninum seropositive cows: 1) the infection 

occurs in midgestation and at time of partu-

rition N. caninum organisms are no longer 

present in the placentas, 2) N. caninum has a 

tropism for the nervous tissues and is not 

prevalent in placentas (12). Inflammatory 

lesions suggestive of protozoan infection 

(13, 41) were found in PCR positive fetal 

brain in our study were in agreement with 

another reports in which fetal brains were 

affected (3, 21, 42, 43, 31, 35). In this study, 

tissue cyst like N. caninum organisms was 

identified in one brain sample in HE-stained 

sections. Tissue cysts are often round to 

oval, up to 107 µm long. The cyst wall is 

smooth and up to 4 µm thick, depending 

upon how long the infection has existed. In 

most tissue cysts the cyst wall is 1 to 2 µm 

thick (13, 43). The observed cyst is in accor-

dance with the morphology of Neospora cyst 

that is described in cattle (13, 35, 43-45). 

In this study, 100% of N. caninum fetal in-

fection cases and 71% of placental infection 

were diagnosed by nested PCR; this value 

was different as reported in other studies in 

Iran (13, 35, 46) and in Mexico (45). Nested-

PCR were developed and used in studies on 

pathogenesis of bovine neosporosis. The 

specifically designed PCR analyses showed 

that nested-PCR procedure (to increase sen-

sitivity and specificity) was necessary to 

detect N. caninum infected fetuses (13). 

There is an up to 1,000 times increased effi-

ciency at generating second-round ampli-

cons (47). Our study is consistent with pre-

vious studies showing tissue parasites de-

tected most frequently in brain by PCR (11). 

In this study, some of the aborted fetuses 

showed suggestive lesions of neosporosis by 

HP like Morales et al. (2001) and in Sager et 

al. (2001) studies. Furthermore, good 

agreement between HP and PCR was ob-

served and the aborted fetal brains and pla-

centa have been shown as a reliable tissue 

for PCR analysis. 

In conclusion, our findings confirmed the 

histopathology and molecular results of 

other studies about Neospora caninum in-

fection and it seems to support the hypothe-

sis that Neospora infection is associated with 

bovine abortion in Iran. Based on these re-

sults, it may be prudent to prevent dogs from 
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ingesting placentas and aborted fetuses from 

seropositive cows. However, organisms are 

more frequently observed in aborted fetuses 

(20) than in placentas of full-term calves 

from seropositive dams, the fetuses are cer-

tainly the main source of canine infection 

(12).  
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