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Abstract 
    Neospora caninum is an intracellular parasite causing abortion and reproductive failure in cattle. The aim of this 

study was to determine the association between serum parasitemia and seropositivity in cows with no sign of 

abortion and their full term calves. For this purpose, 49 serum samples of normal full term delivering dairy cattle 

and their precolostral new born calves were tested by using PCR, nested-PCR and a new developed whole cell-

based ELISA. Fourtheen of 49 mothers (28.57%) and 6 of 49 calves (12.24%) showed anti-Neospora serum 

antibodies and Neospora DNA, concurrently. All infected calves were born from infected mothers and the vertical 

rate of transmission among all samples was 6 out of 49 (12.24%) and from infected mothers 6 out of 14 (42.84%), 

based on different serum analyses. Eight out of 14 calves (57.14%) born from infected mothers were Neospora 

free. In conclusion, despite the presence of anti-Neospora serum antibodies in infected cows and calves, the 

parasite was not completely removed from the blood and so it seems that the presence of antibodies is not 

necessarily a sign of effective immunity. 
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Introduction 

    Neospora caninum is an obligate 

intracellular parasite (Dubey, 2003), which 

is accounted for as a major cause of 

reproductive failures. During the second 

and third semester of the pregnancy, the 

infected animals may deliver either preterm 

or apparently healthy born (AHB) calves 

(Dubey and Schares, 2006). As for other 

pathogenic agents, Neospora is recognized 

* Corresponding Author:  Hossein Rezvan, Associate Professor, Department of Pathobiology, Faculty of

Veterinary Science, Bu-Ali Sina University, Hamedan, Iran

E-mail: h.rezvan@basu.ac.ir

© 2020 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access article distributed under the 

terms and conditions of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0 

license) (http://creativecommons.org/licenses/by-nc/4.0/). 

by the fetal immune system and controlled 

by the fetal immune system; thereafter the 

abortion decreased after the first trimester 

transplacental tranmission. These pregnant 

mothers may deliver AHB calves which 

were vertically infected with the parasite 

and may pose various pathologic foot prints 

on the fetal tissues (Dubey, 2003). 

https://dorl.net/dor/20.1001.1.17356873.1402.19.1.2.7
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    The essential role of AHB calves in 

keeping and spreading the infection among 

the population has been discussed in some 

recent studies. The role of dogs, as the 

definitive host in industrial livestock is 

almost controlled; therefore, the main root 

of transmission for Neospora in cattle of 

industrial farms is congenital (Santos et al, 

2012). In these farms, AHB calves remain 

infected during their whole life transferring 

the parasite to their offsprings (Nasir et al, 

2012). 

    As a matter of fact, cell-mediated 

immunity (CMI) plays  a major role in 

protection of N. caninum as an obligate 

intracellular parasite (Guy et al, 2001; Paré 

et al, 1997; Stenlund et al, 1999). Increased 

serum antibodies may be used as an indirect 

indicator of parasite multiplication, whether 

antibodies can directly influence 

recrudescence (Guy et al, 2001; Paré et al, 

1997; Stenlund et al, 1999). The present 

study was designed to evaluate the 

association of anti-Neospora antibody and 

the possible presence of Neospora DNA in 

the serum of pregnant cows and their AHB 

precolostral calves. 

 

Materials and Methods 
Samples 

    Blood samples were obtained from 49 

full term pregnant cows immediately after 

delivery and their AHB calves before 

receiving their colostrum in an industrial 

dairy farm. The samples were taken from 

the jugular vein using venoject plain tubes 

with no anti-coagulants. The tubes were 

centrifuged at 1000g for 10 minutes and the 

sera were collected and kept at -20 until 

used. 

 
ELISA 

    ELISA plates (Biofil, Canada) were 

coated with 2×106 Neospora tachyzoites per 

well and incubated at room temperature for 

3 days. The plates were washed with a 

washing buffer containing PBS and 0.05% 

Tween 20 for three times and blocked with 

a blocking buffer containing PBS and 

marvel milk 5% for 1h at 37˚C. The serum 

samples were loaded onto the ELISA plates 

in duplicate after a dilution of 1 in 100 in 

the blocking buffer and incubated at 37˚C 

for 1 h followed by three times washes. A 

number of serum samples collected from 

Neospora positive cows were used as 

positive controls and the blocking buffer 

with no serum was used as the negative 

control. HRP conjugated sheep anti-bovine 

IgG–heavy chain antibody (Bethyl, USA) 

was diluted in PBS (1:1000) containing 5% 

marvel milk and added to the plates 

incubating at 37˚C for 1 h. After three times 

washes with the washing buffer, a substrate 

containing DMSO, TMB 10 µg/ml, sodium 

acetate 0.1% and hydrogen peroxide10%   

(all from Sigma-Aldrich, USA) was added 

and the plates were incubated again at room 

temperature for 40 minutes. 2M H2SO4 was 

used to stop the reaction and the plates was 

then read at 450nm on a micro-plate ELISA 

reader (ELX808, Bio Tec, USA). The ratio 

of sample/positive control (S/P) ODs was 

calculated according to the following 

equation. 

𝑆/𝑃 =
sample − NC

PC − NC
 

NC: Negative Control 

PC: Positive Control 

    Samples with the S/P ratio of 0.50 or 

above were considered as positive for N. 

caninum infection (Hajikolaei, 

Goraninejad, Hamidinejat, Ghorbanpour, & 

Paryab, 2007; Yu et al., 2007). 

 
PCR 

    N.caninum NC5 gene was detected in  

serum samples using Np6 forward (5′-

CTCGCCAGTCAACCTACGTCTTCCT>

-3′) and Np21 reverse (5′-

CCCAGTGCGTCCAATCCTGTAACC>-

3′) primers (Müller, Zimmermann et al. 

1996). The PCR was programmed as 10 

minutes at 95˚C for primary denaturation 

and 35 cycles of 95˚C for 1 minute, 65°C 1 

min and 72°C for 2 minutes and a final 

extension at 72°C for 10 min.  
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Nested-PCR 

    1 µl of the PCR products was subjected 

to nested-PCR for conforming the presence 

of N.caninum NC5 gene using 5'-

GTGTTGCTCTGCTGACGTGT-3' 

forward and 5'-

TACCAACTCCCTCGGTTCAC-3' 

reverse primers. The nested PCR was 

programmed as 10 minutes for primary 

denaturation at 95°C and 35 cycles of 1 

minute at 95°C for denaturation, 45 seconds 

at 54°C for annealing and 1 minute at 72°C 

for extension. Finally, the reaction was 

completed with a final  extension at 72°C 

for 10 minutes.  

    Statistical Analysis: Statistical analysis 

of the relationship and correlation 

coefficient between nominal variables was 

performed by Chi-square and Phi 

correlation coefficient, respectively. Data 

normality was checked out by Kolmogorov 

Smirnov method. Pearson's correlation 

coefficient was done for s/p data. Data 

analyses were performed at the α=0.05 level 

by SPSS 19.0 software (SPSS Inc., 

Chicago, IL, USA) and MedCalc 20.1.4. 

 

Results 

    Anti-Neospora antibodies were 

detectable in 14 mothers (28.57%) and 6 

calves (12.24%) (Table 1). A significant 

positive correlation was observed between 

the serum ELISA titer (S/P ratio) of mothers 

and calves (r=0.351, n=49, p-value=0.013). 

Cows and new born calves with positive 

serum PCR showed a high S/P ratio of 

ELISA titer (Table 3). 

    Based on PCR and Nested-PCR findings 

(Figures 1 & 2), there was a significant 

relationship between maternal and 

offspring infection (r=0.591, n=49, p-

value=0.000036), (Tables 1 & 2). The rate 

of vertical transmission was 42.84% (6 

infected calves out of 14 infected dams); the 

overall rate of vertical transmission from all 

mothers to the infected foetuses was 

12.24% (6 infected calves out of 49 total 

dams). Impressively, some of the calves 

born from infected mothers were Neospora 

free and all infected calves were born from 

infected mothers (Table 2). The results of 

PCR and Nested-PCR were completely 

consistent with each other. 

 

 

 
Figure 1. Detection of Neospora caninum DNA in bovine serum; 1: ladder 2: serum samples 3: positive 

control (Neospora DNA) 4: negative control 
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Figure 2. Confirmation of Neospora caninum NC5 gene in PCR product by nested PCR;1: Negative 

Control 2: Standard DNA 3: Cow serum samples 4: Calf serum samples. 

 

Table 1: Detection of anti-Neospora caninum antibodies and Neospora caninum DNA by ELISA, PCR and 

nested-PCR* 

 Caws Calves 

Sample No. S/P ** ELISA PCR nested-PCR S/P ** ELISA PCR nested-PCR 

1 0.842 + + + 0.706 + + + 

2 0.524 + + + 0.021 _ _ _ 

3 0.56 + + + 0.42 _ _ _ 

4 0.669 + + + 1.032 + + + 

5 0.911 + + + 0.141 _ _ _ 

6 0.572 + + + 0.576 + + + 

7 1.197 + + + 0.706 + + + 

8 0.588 + + + 1.26 + + + 

9 0.685 + + + 1.44 + + + 

10 0.834 + + + 0.228 _ _ _ 

11 0.649 + + + 0.04 _ _ _ 

12 0.766 + + + 0.108 _ _ _ 

13 0.991 + + + 0.108 _ _ _ 

14 0.508 + + + 0.347 _ _ _ 

Total 

Positive (%) 
0.73±0.19 

14 

(28.57) 

14 

(28.57) 
14 (28.57) 0.51±0.44 

6 

(12.24) 

6 

(12.24) 
6 (12.24) 

*: Cows with S/P ELISA titer greater than 0.5, PCR or nested PCR were considered positive (n=14); S/P: OD of 

standard samples to positive samples ; **: Mean±Standard Deviation. 
 

Table 2: Infection status of mothers and its relationship with maternal infection of calves (n=49)* 

 
Positive 

calves 

Negative 

calves 

Vertical Transmission Rate 

(%) 

Relative Risk 

(CI95%) 

Positive Dam 6 8 42.85% 

31.2 (1.9-519.6) Negative Dam 0 35 0% 

Total 6 43 12.24% 

p-value 0.000036 0.016 

*: Cows with S/P ELISA titer greater than 0.5, PCR or nested PCR were considered positive (n=49); CI95%: 95% 

confidence interval 
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Table 3: S/P ELISA titer status of infected mothers and their calves (n=14)* 

 

calf 

PCR positive 

(n=6) 

PCR negative 

(n=8) 
p-value 

Dam S/P 0.76±0.23 0.72±0.18 0.732 

Calf S/P 0.95±0.35 0.18±0.14 0.002 

*: Calves with S/P ELISA titer greater than 0.5, PCR or nested PCR were considered positive; S/P: OD of standard 

samples to positive samples ; **: Mean±Standard Deviation. 

 

 

Discussion 

    Based on serum Neospora genomic 

findings, statistical analysis showed a 

significant relationship (p-value=0.000036) 

between maternal infection and the 

possibility of newborn infection (Table 2). 

Transplacental transmission rate observed 

in 12.24% of all cows and 42.85% of 

positive cows. The first report on the 

abortion was caused by Neospora in Iran 

addressed rates of 13% for abortion (Razmi 

et al, 2007) and 14.4% for total vertical 

transmission (Razmi et al, 2010), which was 

almost similar to the findings of this 

research.  

    According to other investigations, the 

rate of vertical transmission in cattle varies 

from 4 to even 100 percent and the rate of 

abortion in these studies is around 11%; the 

rate of abortion in animals with a high titre 

of anti-Neospora antibody was usually 

shown to be higher than that in animals with 

no titre of the antibody (Dubey et al, 2007; 

Macedo et al, 2013). In our results, 

statistical analysis showed that the relative 

risk for the vertical transmission and the 

rate of transplacental transmission for 

N.caninum from seropositive mothers to 

their ABH calves were 31.2 and 42.85%, 

respectively (Table 2). The high relatively 

risk for transplacental transmission of the 

parasite emphasizes that the vertical 

transmission plays an important role in the 

remaining and distribution of the infection 

in large dairy farms. 

    All of the serum samples in this study 

were tested for Neospora DNA by PCR and 

further confirmed by nested-PCR. The 

results showed that the Neospora DNA was 

only detectable in the sera containing anti-

Neospora antibody with OD above the cut-

off point (OD more than 0.5). Similar 

results were also obtained in buffalo, where 

Neospora DNA was only detected in the 

sera of seropositive buffaloes (unpublished 

data). Although PCR positive results were 

observed merely in mothers and newborns 

with ELISA titers above the cut point, 

another interesting point of the present 

study is that, despite the high titer of the 

ELISA of 14 dams, 6 of them (42.85%) 

were unable to prevent placental 

transmission of the infection in contrast to 8 

dams (57.14%). It seems that the recent 

group of 8 cattle have been able to show 

effective placental immunity despite the 

evidenc of the infection. The significant 

high level of ELISA titer in 6 congenitally 

infected calves is quite conceivable (Table 

3). The results showed an overall rate of 

12.24% for Neospora infection in AHB 

calves. All of the infected calves were born 

from seropositive mothers. These results 

confirmed the previous findings showing 

that the rate of vertical transmission of 

Neospora in seropositive cows was higher 

than that in seronegative cases (Santos et al, 

2012). 

    Yet in naturally infected cattle, Neospora 

DNA has been detected in the semen, blood, 

brain and fetal tissues (Ferre et al, 2005; 

Okeoma et al, 2004). Detection of Neospora 

DNA in the serum of pregnant cows was 

also reported (McInnes et al, 2006). On the 

other hand, some previous studies 

addressed a high level of anti-Neospora 

antibody in acute phases of the infection 

and detection of Neospora DNA in the 

blood after parasitemia (Ferre et al, 2005; 
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Okeoma et al, 2005). Simultaneous 

detection of anti-Neospora antibody in the 

serum and Neospora DNA in WBCs was 

also reported in some studies (Okeoma et al, 

2005; Okeoma et al, 2004); but this is the 

first report on a 100 percent concurrency in 

detection of Neospora DNA and anti -

Neospora antibody in the serum of both 

mothers and their precolostral calves in 

cattle immediately after delivery. DNA of 

other protozoa such as Toxoplasma, which 

are highly similar to Neospora, was also 

detected by other researchers in mouse and 

human sera (Hafid et al, 2000; Meganathan 

et al, 2010). They believed that using the 

serum for diagnosis of such parasites by 

PCR, can be employed in retrospective 

studies (McInnes et al, 2006). Some other 

researchers could not find the Neospora 

DNA in the serum of seropositive cows 

with abortion caused by Neospora,  so 

emphasized the lack of association between 

the presence of Neospora DNA and anti-

Neospora antibodies in the serum (McInnes 

et al, 2006). Therefore, the association 

between the presence of DNA and anti-

Neospora antibodies in Neospora infected 

cows occurs only when they are infected in 

the second semester of the pregnancy 

resulting in delivering AHB calves. In 

addition, we used a whole-cell based 

ELISA and it is thought that using the whole 

parasite renders a higher specificity for 

ELISA in diagnosing Neospora. In our 

results, the level of the antibody in 9 

Neospora DNA negative cows was 

significantly high but below the cut-off 

point. It seems when the level of the 

antibody was higher than the cut-off point, 

the Neospora DNA was detectable in the 

serum and after removing the parasite from 

the blood by the immune system, the level 

of antibody in the serum dropped below the 

cut-off point. 

    Although in epitheliochorial placenta, 

bloods of mothers and foetuses are not 

mixed together (Dubey et al, 2006), the 

parasite is able to break the placental barrier 

in some of Neospora positive mothers and 

arrive the foetal blood producing a high 

level of the antibody in the serum of AHB 

calves before receiving the colostrum. 

Therefore, the antibody detected in the 

calves' sera was produced by the foetus 

itself. This confirms the capability of foetal 

immune system in producing an immune 

response against the parasite (Table 3). This 

was in line with some other studies, which 

reported a high level of anti-Neospora 

antibody in the sera of precolostral calves 

delivered by mothers with a history of 

Neospora caused abortion (Bou et al, 1999). 

It is known that pathogenic agents are 

recognized by the foetal immune system 

after the first trimester of pregnancy, so that 

the possibility of creating persistent 

infection by Neospora has been discussed 

by some of Neospora researchers (McInnes 

et al, 2006). So, the AHB calves of our 

study received the infection after the first 

trimester of pregnancy and the foetal 

immune system was able to recognize the 

parasite and prevent the abortion by 

producing the antibody. 

    In the present study, the similarity of 

ELISA and PCR results in mothers, was 

also observed in their AHB calves 

indicating a similar phenomenon occurred 

in both mothers and the calves.  

    There was a strong association between 

the presence of Neospora DNA and high 

levels of anti- Neospora antibody in the 

serum of Neospora infected cows and their 

precolostral AHB calves. Although 

placental immunity plays an effective role 

in preventing vertical transmission, this 

parasite can be transmitted vertically to 

calves born from infected mothers at a 

relatively high rate. The placental barrier is 

capable to stop the parasite from 

transmission and needs to be more 

investigated.  
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 1402 بهارـ  1ـ شماره  وزدهمندوره                           مقاله کامل

 97     1402 بهار، 1، شماره وزدهمندامپزشكي ایران، دوره  نشریه

 کنیوم نئوسپورا یبادی سرم در طول انتقال عمودو آنتي DNA ارتباط بین حضور

 
 6و بهرام دادمهر 5نورد، سحر هامون4نسب، علی صادقی3آوری، مهدی نام*2، حسین رضوان1راضیه آیتی

 
 دامپزشکی، دانشگاه بوعلی سینا، همدان، ایرانپیراکارشناسی ارشد، گروه پاتوبیولوژی، دانشکده  1

 دانشیار، گروه پاتوبیولوژی، دانشکده پیرادامپزشکی، دانشگاه بوعلی سینا، همدان، ایران 2

 سازی رازی، شیراز، ایراندانشیار، موسسه تحقیقات واکسن و سرم 3

 ، دانشکده پیرادامپزشکی، دانشگاه بوعلی سینا، همدان، ایرانعلوم درمانگاهی استادیار، گروه 4

 استادیار، گروه پاتوبیولوژی، دانشکده پیرادامپزشکی، دانشگاه بوعلی سینا، همدان، ایران 5

 ، ایرانمرکز آموزش علمی کاربردی فراب عمارلو، جیرنده مربی، گروه علوم پایه، 6

 
 23/9/1401تاريخ پذيرش:      11/5/1401تاريخ دريافت:  

 

 چکیده

شود.  هدف از مطالعه حاضر، ارتباط یک انگل درون سلولی است که باعث سقط جنین و نارسایی تولید مثل در گاو می نئوسپورا کنیوم    
نمونه سرم از گاوهای  49ها، بود.  جهت این بررسی، های آنمثبت شدن سرم در گاوهای بدون علامت سقط و گوسالهبین عفونت انگلی و 

و یک روش الایزا مبتنی بر سلول  Nested-PCR,PCRهای تازه متولد شده قبل از دریافت آغوز توسط شیری با ظاهر سالم و گوساله
 DNAو  نئوسپورابادی ضد درصد( آنتی 24/12گوساله ) 49مورد از  6درصد( و  57/28مادر ) 49مورد از  14کامل آزمایش شد.  

های آلوده از مادران آلوده به دنیا آمدند و میزان انتقال را در سرم نشان دادند.  بر اساس آنالیزهای مختلف سرمی، همه گوساله نئوسپورا
بر اساس درصد( بود،  84/42مورد ) 14مورد از  6( و از مادران آلوده درصد 24/12مورد ) 49مورد از  6ها عمودی در بین همه نمونه
بودند.  در پایان،  نئوسپورادرصد( متولد شده از مادران آلوده عاری از  14/57گوساله ) 14هشت گوساله از آنالیزهای مختلف سرمی، 

رسد انگل به طور کامل از خون خارج نشد و به نظر میهای آلوده، سرم در گاوها و گوساله نئوسپوراهای ضد بادیرغم وجود آنتیعلی
 .ای از ایمنی موثر نیستبادی لزوماً نشانهوجود آنتی
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