
Introduction

Neosporosis caused by Neospora caninum
(Apicomplexa: Toxoplasmatidae) is a cosmopolitan
and common parasitic disease in cattle and dogs [1].
Canines (especially domestic dogs) and wide-range
of herbivores are the definitive and intermediate
hosts for N. caninum, respectively [2,3]. Different
levels of antibodies to N. caninum were particularly
detected in immunocompromised humans and it has
been successfully cultured in human cell lines;
because of that zoonotic role is unclear [3].
Definitive hosts have a noteworthy figure in the
horizontal transmission and occurring stormy
abortions in dairy herds [1]. The disease is
transplacentally transmitted from cows to the
neonates in gestation and/or lactation periods; this
way is the superlative significant infection route in
dairy cattle [4].

In cattle, the most of transplacental transmission
(TT) of N. caninum occurs during the second

trimester stage of pregnancy. Which is associated
with abortion, neonatal mortalities, stillbirths,
genitally tract infection, and decrease of milk
production [1]. In affected neonatal calves, DNA of
Neospora is mainly localized in the brain, and
followed by the placenta, blood, serum, milk or
colostrum and semen with unknown clinical
significance [2,3].

To date, different laboratory methods, i.e.
histopathology, bioassay, serology, and molecular
tools are using for recognition of neosporosis in
animals. Serologic methods may obtain useful
information of N. caninum infection in a farm;
because of the specific antibodies to N. caninum
presence in fetal blood, and also in fluids of pleura,
pericardia and abomasa con tent [5]. For instance,
enzyme-linked immunosorbent assay (ELISA) is a
suitable technique due to high sensitivity and
specificity [6]. With regard to pregnancy role in
reactivation of the latent infection and replicating
tachyzoites in infected fetus through TT, isolation of

Annals of Parasitology 2020, 66(4), 495–500 Copyright© 2020 Polish Parasitological Society
doi: 10.17420/ap6604.290

Original paper

Vertical transmission of Neospora caninum in Iranian dairy
cattle 

Jamal GHAREKHANI, Mohammad YAKHCHALI

Department of Pathobiology, Faculty of Veterinary Medicine, Urmia University, Urmia, Iran

Corresponding Author: Mohammad YAKHCHALI; e-mail: m.yakhchali@urmia.ac.ir

ABSTRACT. Placentally, transmission of Neospora caninum plays significant role on retaining of infection and
economic losses in dairy farms. The objective of present study was to assess placental transmission of N. caninum in
Iranian dairy cattle. A total of 476 blood samples of pregnant dairy cattle were randomly collected for serology test using
ELISA technique. Genomic DNA was extracted and subjected for conventional PCR and Nested-PCR to amplify 330bp
and 100bp fragment length of NC5 gene, respectively. Positive animals were follow-up during gestation till abortion
and/or full term delivery occurred. Molecularly, 25.3% (118/476; 95% CI: 21%–28.6%) of examined animals were
seropositive for N. caninum infection in Holstein cattle (15.1%) with <2 years-old (75%) and history of abortion. The
infection was detected. TT and abortion occurred in 13.6% and 3.57% of animals, respectively. Aborted cattle (94.1%,
16/17) were significantly infected to N. caninum and history of abortion was recorded in 42.4% of infected cattle.
Placental transmission and abortion in naturally infected dairy cattle due to N. caninum was the first molecular evidence
in all examined herds of cattle. It was also uncovered N. caninum had significant role on cattle abortion. Further studies
for culling of seropositive cattle with history of abortion, associated risk factors related to neosporosis and lunch control
program for reducing side effects of infection are essential in the region.  

Keywords: abortion, dairy cattle, neosporosis, NC5 gene, risk factor, vertical transmission 



Neospora DNA using molecular tools like
polymerase chain reaction (PCR) and Nested-PCR
are prior to others in terms of sensitivity [3,7]. Cattle
neosporosis is causing considerable economic
losses due to culling of infected animals in the farm,
abortion and other genitally failures with more than
US$1.3 billion losses annually in global scale [4,8].
In Iran, cattle neosporosis may be one of the major
risk factor of abortion and varied of 7.8–66.7%
[9–12]. Thus the basic role of this research was to
determine the prevalence of N. caninum infection
and transplacental transmission in naturally infected
dairy farms in Hamedan, West of Iran using
serological and molecular techniques.

Materials and Methods

Area of study 
Hamedan province is located in the vicinity of

the Alvand Mountain, West of Iran, with dry
summer, cold semi-arid climate and snowy winters.
The mean temperature is 11.3°C; interestingly this
rate may be reach to under −30°C in winter. It is
exchange focal point of a ripe ranch district where
grain is developed; therefore, horticulture and
animal farming have a huge job in the region’s
economy.  

Research design and sampling
Over six months (June–November 2017), 5 ml of

blood samples were randomly taken from coccygeal
vein of 476 pregnant dairy cattle (10% of examined
cattle in each herd) [13,14]. Number of female new
born calves (59.7%) were higher than male (40.3%).
According to serology and molecular findings,
infected cattle to N. caninum were follow-up during
the pregnancy until abortion and/or full term
delivery occurred and stillbirth, dystocia and gender
of new born calves were recorded. Blood, brain
tissue, and the fluids of abdominal cavity in all of
aborted fetuses were collected for analyzing the N.
caninum infection using molecular procedures.  

Dairy farms
According to Regional Veterinary Services

reports (Iranian Veterinary Organization (IVO),
Hamedan), a total number of 10 dairy farms (A–J)
with the highest yearly abortion (>1%–5%) were
selected. There were 4760 animals in the farms
(A=250, B=220, C=500, D=400, E=190, F=260,
G=250, H=540, I=2000, and J=150). Holstein cattle
(72.7%, 346/476) was predominant breed in

examined dairy farms. According to IVO (2017), all
examined animals had history of artificial
insemination (A.I. and free of tuberculosis,
paratuberculosis, and brucellosis). They were
classified into three age groups (<2 (n=50, 10.5%),
2–4 (n=139, 29.2%), and >4 (n=287, 60.3%) years-
old). Dogs were also present in all examined farms.

Serology
The sera were prepared after centrifuging at

1,000×g for 10 min and evaluated for the presence
of antibodies to N. caninum using a commercial
ELISA kit (ID-Vet Company, France) based on
manufacturer instruction.  

Molecular assay
DNA extraction 

Genomic DNA of N. caninum was extracted from
brain and whole blood samples by using Dyna-BioTM

Blood & Tissue Kit (Takapouzist Company, Iran).

Polymerase chain reaction (PCR)
A pair of Np21 plus and Np6 plus primers

(sense: 5’-CCCAGTGCGTCCAATCCTGTAAC-
3’, anti-sense: 5’-CTCGCCAGTCAACCTACGTC
TTCT-3’) were used to amplify a 330bp-fragment-
length of NC5 gene of N. caninum [15]. PCR
reaction was carried out in 25μl of reaction mixture
containing 5µl of (100ng) of genomic DNA, 0.5U of
Taq-DNA polymerase (Qiagen, Germany), 100 mM
of each dNTPs, 60mM of Tris-HCl (pH 9.0), 15 mM
of (NH4)2SO4, 1.5 mM of MgCl2, and 1.0 mM of
each primer with positive (DNA from tachyzoites of
NC-1 strain of N. caninum) and negative
(commercially prepared water without N. caninum)
controls. The reaction was performed in thermal
cycler (Primus gradient, MWG Biotech, Germany).
The samples were subjected for a primary
denaturation step at 94°C for 10min, followed by 38
cycles in 45s at 94°C, 45s at 55°C, 45s at 72°C, a
last extension step at 72°C for 10 min. A volume of
10 μl of each PCR product was evaluated by
electrophoresis on 2% (w/v) agarose gel for 90 min
at 85V. The gels were visualized by staining with
ethidium bromide (1μg/ml). 

Nested-PCR
For nested-PCR, a pairs of primers (sense: 5’-

GTGTTGCTCTGCTGACGTGT-3’, anti-sense: 5’-
TACCAACTCCCTCGGTTCAC-3’) were used to
amplify a 100-bp-fragment-length of the region of
the NC5 gene from N. caninum [16]. The first
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amplification was: denaturation step at 95°C for 10
min, followed by 35 cycles in 95°C for 1min, 45s at
54°C, 72°C for 1 min, and 72°C for 10 min. 

Data evaluation
The non-parametric Chi-square (χ2) test was

used to analyze association between positive
animals and all data using SPSS 16.0 (Chicago, IL,
USA). Odds ratio (OR) was calculated for all of
statistical significant factors. A probability score of
P≤0.05 was regarded as significant.

Ethic statement
The ethical guidelines have been consistence

during the sampling, preparation of results and
submitted article. The authors confirm that the
ethical policies of the journal, as noted on the
journal’s author guidelines page, have been adhered
to and the appropriate ethical review committee
approval has been received. The authors asserted
that all the procedures of this work complied with
the ethical standards of the Declaration of Helsinki
as revised in 2008.

Results

Prevalence and associated risk factors after
delivery 

Overall prevalence of N. caninum infection was
25.3% (CI 95%: ±3.8%) (Fig. 1 and 2). Transplacental
transmission was detected in 13.6% (CI 95%: ±6.1%)
of examined cattle. In infected animals, stillbirth and
dystocia occurred in 2.9% (14/476) and 6.9%
(33/476), respectively. Animals with stillbirth
(7.1%, 1/14) (χ2=2.409, P=0.120) and dystocia
(12.1%, 4/33) (χ2=3.052, P=0.080) were positive
for Neospora-infection. The prevalence of N.
caninum infection in new born calves was also
higher in female (27.5%) than male (20.8%)
(χ2=2.702, P=0.100). 
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Table 1. The risk factors associated to Neospora caninum abortions (n=16) in naturally infected pregnant dairy cattle
(n=118) in Hamedan municipality, West of Iran 

Risk factors No. of infected cattle (%) No. of aborted cattle (%) Statistical analysis

Age groups (year)

< 2 8 6 (75)
χ2=9.576
P=0.008

2–4 14 4 (28.6)   

> 4 96 6 (6.3)  

Abortion history

Yes 33 14 (42.4) χ2=32.566
P<0.0001 
OR=30.6No 85 2 (2.3)   

Breed

Holstein 99 15 (15.1) χ2=1.329
P=0.248Crossbred 19 1 (5.3)   

Stage of gestation (month)

1–3 10 0 (0) 
χ2=0.002 
P=0.998

3–6 62 16 (25)

> 6 46 0 (0)

Total 118 (25.3) 16 (13.6) 95% CI: 7.5–19.7%

Figure 1. PCR results of Neospora caninum detection
from samples extracted on blood cattle DNA: negative
control (L1), positive control (L9), positive samples
(L2-6; bands of 330 bp), negative samples (L7, 8) 



Risk factors for abortion 
During the follow up of positive cases, abortion

occurred in 3.57% (17/476, CI 95%: ±1.6%) of
pregnant animals in the second-trimester (3–6
month) stage of pregnancy (P=0.998) (Table 1). Of
those, 94.1% (16/17) of aborted cattle were infected
to N. caninum (P<0.0001). The most of abortion
was occurred in pregnant cows with under 2 years-
old (75%) (P=0.008). According to overall number
(n=16) of abortion associated to N. caninum, 15.1%
(15/99) and 5.3% (1/19) of those were in infected
animals with Holstein and crossbred breed,
respectively (P=0.248). In addition, abortion
occurred in 42.4% (14/33) of infected pregnant
cows with history of abortion (P<0.0001, OR=30.6)
(Table 1).

Discussion

The prevalence and associate risk factors to N.
caninum infection in dairy herds are helpful for
implement control program and subsequently
reducing the economic losses [3]. In Iran,
prevalence of N. caninum infection in cattle was
varied of 20–23.6% in global scale [18,19]. In
current study, the overall prevalence was in
agreement with Razmi et al. [17]. 

Transplacental transmission (TT) of N. caninum
infection in dairy cattle is up to 93.7% and known as
a significant risk factor [3,4]. This way has strong
association with seropositivity of animals and major
impress in remaining of Neospora-infection through
successive propagation from one generation to the
next [7,17]. In the present study, TT was lower than
in earlier reports from Northeastern Iran (52%) and

Thailand (36.5%) [7,17]. This may be due to
difference in the climate of studied regions, study
design, laboratory techniques, farm management,
and also associate risk factors in the farms [3]. 

Age and gesta tion stage may persist for life and
influenced with levels of specific antibodies to N.
caninum infection [13]. In some of the herds, the
increment of infection occurs with age because
expanding the opportunity of oocysts ingestion
[1,3,4]. The most of abortion occurred in animals
younger than 2 years-old. This may be due to low
level of protective Neospora-antibodies, maternal
immunity, and dominant role of horizontal
transmission in these farms. Additionally, the
highest abortion occurring in Holstein cattle was
similar to reports from Argentina, Venezuela, and
Ethiopia [3,4]. While lower risk of abortion reported
from beef herds than dairy herds [3,4]. This is may
be due to differences in farms management, i.e. the
differences of access to infectious materials and
food regimes [20].   

In the present study the highest abortion in
examined animals was in the second trimester of
pregnancy. While, Marques et al. [21] noted that
high infection was during the third trimesters
(16.6%). The risk of TT increased by later exposure
time during gestation, reactivation of chronic
infection due to consumption of toxic feeds or stress
and other concurrent infections, gestation number,
and dose of oocysts [22–25]. Bech-Sàbat et al. [26]
uncovered progesterone supplementation during
mid-gestation increased abortion risk.

Abortion is the principal clinical sign associated
to N. caninum in cattle [1]. Cows can abort
repeatedly in consecutive pregnancies; because of
repetition of abortion calculated 5% [27]. According
to Ribeiro et al. [19] and Lefkaditis et al. [23],
seropositive cattle (28.2%) with an abortion history
were significantly 1.6 times more likely to abort
(OR=2.6, P<0.05) than seronegative ones (2.6%). In
our work, infected cattle and aborted cattle had
history of abortion. Thus, the presence of
seropositive cattle with history of abortion was a
strong risk factor for occurring the abortion in the
farms. It is therefore control of abortion in farms
with high risk, TT must be blocked by selection of
seronegative heifers born to seronegative dams [28]. 

Specific IgG1 antibody to N. caninum discharges
via milk in infected cattle. There was significant
association between level of antibodies in serum
and milk [29]. Schares et al. [30] reported a high
abortion rate in bulk milk positive dairy farms than
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Figure 2. Nested-PCR results of Neospora caninum
detection from samples of positive PCR: PCR product
(L1 band of 330 bp) and, positive samples of Nested-
PCR product (L2-4 bands of 100 bp)



negative farms. In addition, all of the farms with
high risk of abortion were positive for bulk milk test
[13].

In summary, in Iran, it was the first investigation
which demonstrated TT of N. caninum in naturally
infected dairy cattle with history of abortion using
molecular techniques. There was evidence of
vertical transmission of Neospora-infection in all of
the herds. Our snapshot cover the importance of N.
caninum and abortion risk factors due to N. caninum
infection in the region. Thus, further full
investigations on hidden risk factors, design
appropriate schemes for blocking Neospora-
infection, using of infection-resistance native and
crossbred cattle, culling of positive cattle with
history of abortion, and reducing the economic
losses are recommended.  
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