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Abstract

Neospora caninum (N. caninum) is the etiologic agent of neosporosis, a potential cause  
of severe reproductive disorders in cattle, small ruminants, equines, wild animals and canids 
across the world. The current study is performed to estimate molecular prevalence of N. caninum 
in small ruminants and equines that had abortion in Kurdistan region of Iraq. A total of 64 tissue 
samples (brain, placenta, heart, lung and liver) were taken from aborted foetuses, with a total  
of 122 dam blood samples taken from 63 sheep, 39 goats, 12 mares and 8 jennies in local  
breed fields. Besides, a risk factor analysis for N. caninum positive animals was performed.  
The observed prevalence of N. caninum DNA in the blood of sheep, goats, horses and donkeys 
were 20.6%, 17.9%, 21.4% and 25.0%, respectively, and 19.3%, 17.6%, 18.1 and 20.0%  
in the aborted foetuses of the animals, respectively. Moreover, occurrence of N. caninum was 
20.3% in the blood of aborted dams, while it was 18.7% in their aborted foetuses. Confirmatory 
analysis was also done through constructing a phylogenetic tree to compare the partial sequences 
of the Nc-5 gene in our isolates (OP771519, OP771520, OP771521 and OP771522) with  
the GenBank sequences. This showed 98-100% sequence identity with other N. caninum strains 
in the GenBank database. Older small ruminants and equines had a higher risk of being positive 
for N. caninum and exposure to dogs were considered as significant risk factors for N. caninum 
infection in the studied animals (p<0.05). Thus, the results of this study suggest that N. caninum 
is one of the microbial abortive agents in small ruminants and equines in Kurdistan region of Iraq. 
It is hoped that the results of this study will help to control animal abortion in livestock and reduce 
the economic losses.
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Introduction 

Neosporosis is a cosmopolitan parasitic disease  
in various species of animals. It is induced by Neospora 
caninum, an obligate intracellular protozoan belonging 
to Toxoplasmatidae (Dubey et al. 2007, Novoa et al. 
2023). It is known that N. caninum causes reproductive 
failure including miscarriage, stillbirth, and weak births 
in pregnant animals and neurological dysfunction  
of newborns (Marsh et al. 1998, Zhao et al. 2022).  
N. caninum has been reported worldwide with various 
prevalence. The disease is considered to be globally 
distributed abortifacient protozoan of cattle (Gondim 
and McAllister 2022) and can be a potential pathogens 
associated with congenital disorders, abortions and 
stillbirth in several animal species including small  
ruminants (sheep and goats), equines and camels world-
wide (Reichel et al. 2013, Dubey et al. 2017, Amdouni 
et al. 2022, Nayeri et al. 2022). 

N. caninum has advances life cycle in which sexual 
cycle occurs exclusively in canids that are identified as 
definitive hosts of the protozoa including domestic and 
wild dogs (Canis lupus familiaris) (Basso et al. 2001, 
Yang et al. 2022), coyotes (Dubey et al. 2014, 
Gharekhani et al. 2022), gray wolves and Dingoes 
(Gondim 2006, King et al. 2011). However, a wide 
range of warm-blooded animals such as cattle (Dubey 
et al. 2014, Manca et al. 2022), sheep (Al-Shaeli et al. 
2020), buffaloes (Rodrigues et al. 2022), horses (Mazuz 
et al. 2020), goats (Costa et al. 2018), donkeys (Cong  
et al. 2018, Rahmani et al. 2022), camels (Ahmed et al. 
2017, Gharekhani et al. 2020), rodents (Japa et al. 
2018), cats (Sedlák et al. 2014) and birds (Tayyub et al. 
2022) are considered as the intermediate hosts of  
N. caninum. Various stages of the parasite such  
as tachyzoite, tissue cyst, and oocyst can persist  
in ruminants in farms and herds for years (Dubey 2003).

N. caninum can be transmitted to definitive hosts  
by ingestion of raw tissues infected with the parasite  
or vertical transmission by the transplacental transmis-
sion of the parasite from the dam to the foetus, and can 
be transmitted to intermediate hosts through ingestion 
of sporulated oocysts with food and water or via verti-
cal transmission (Dubey et al. 2006). The main route  
of infection in cattle is considered the vertical transmis-
sion (Dubey 2003) that leading to economic losses esti-
mated at U$S 1.300 billion annually in the livestock 
industry worldwide (Reichel et al. 2013). 

Moreover, N. caninum can be a potential factor 
causing a significant rate of miscarriages in ovine and 
caprine with a different pervasiveness (Dubey and 
Schares 2011, Nayeri et al. 2022). The worldwide  
prevalence of N. caninum has recently been estimated 
at around 12% molecularly and 17% serologically  

in sheep (Langoni et al. 2011, Mendoza-Morales et al. 
2022, Nayeri et al. 2022) and highest in Colombia; 79% 
(Mendoza-Morales et al. 2022). The rate of N. caninum 
infection 7-16% in goats (Moore et al. 2007, Špilovská 
and Reiterová 2008), 14-45% in horses and 12-34%  
in donkeys (Gharekhani et al. 2020, Mazuz et al. 2020, 
Rahmani et al. 2022).

Traditionally, the knowledge about the relation of 
N. caninum to abortion in ovine, caprine and equine 
was limited in Iraq (Al-Farwachi and Albadrani 2018, 
Faraj and Ghattof 2018, Al-Shaeli et al. 2020). In recent 
years, the increased number of livestock abortions was 
reported by the local Veterinary Departments. However, 
the causes of the abortion in such animals remained  
unknown, even with no sufficient available data about 
the prevalence of the disease in equids. Thus, this study 
aimed at finding out the relation of N. caninum with 
abortion in ovine, caprine and equine in Kurdistan  
region of Iraq, using molecular diagnostic analyses.

Materials and Methods

Area of study 

The study was done in the Sulaymaniyah province, 
Kurdistan Region, Iraq. It is situated between  
35°04′ - 36°30′ latitude and 44°50′ - 46°16′ longitude 
and has a mountainous and mild climate with an aver-
age annual rainfall of 650 mm and an average annual 
temperature of 16.7°C. Sulaymaniyah is considered  
as the most important area for agriculture and animal 
husbandry. 

Animals and sampling

The study was carried out between October 2020 
and February 2022, when abortion outbreak occurred 
specially in small ruminants across the province. A total 
of 64 tissue samples (brain, placenta, heart, lung  
and liver) were taken from aborted foetuses, including 
19 sheep, 11 goat, 5 mare and 3 jenny foetuses. Also,  
a total of 122 dam blood samples were taken from 63 
sheep, 39 goats, 12 mares and 8 jennies in local breed 
fields. All samples were kept at -20℃ until DNA purifi-
cation at the Charmo Research Center based in Charmo 
University. In addition, some possible risk factor data, 
including the age of the dams, reproduction history,  
trimesters of abortion and accompanying dogs in the 
farm were recorded. This protocol was approved by 
Veterinary Faculty and was carried out according  
to standard animal experimentation protocol of the  
Veterinary Ethic Committee of Urmia University.  
The Animal Ethics Committee approval number was 
IR-UU-AEC 2022M14.
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DNA extraction and PCR amplification

Genomic DNA was extracted from the homoge-
nized tissues of brain, liver, placenta, heart, and lung  
of the aborted foetuses, and blood of their dams using  
a commercial kit (Addprep® Genomic DNA Extraction 
Kit, South Korea), according to the manufacturer’s  
instructions. The PCR was performed for all the sam-
ples to detect N. caninum, using a protocol that was  
previously described by (Müller et al. 1996). Based on 
the protocol a forward NEO1 primer (5’-CCCAGTGC 
GTCCAATCCTGTAAC-3’) and a reverse primer 
NEO2 (5’-CTCGCCAGTCAACCTACGTCTTCT-3’) 
were used for the amplification of a 338 bp fragment  
of the Nc-5 gene. The reaction mixture consisted  
of 12.5 µL of 2x master mix (Cinaclone Co., Iran),  
5.5 μl of nuclease-free water, 1 µL of each primer and  
5 µL of genomic DNA template in a total volume  
of 25 µL. The PCR amplification was conducted with 
initial-denaturation for 5 min at 94°C, 40 cycles at 94°C 
for 40 s (denaturation), annealing at 62°C for 40 s,  
extension at 72°C for 40 s, and final extension at 72°C 
for 10 min (Müller et al. 1996). Each PCR product was 
examined in (1%) agarose gel electrophoresis and  

visualized with ultraviolet transilluminator to verify  
the present of the expected bands (338 bp) of the target 
genes.

DNA sequencing and phylogenetic analysis

The amplified Nc-5 sequences were purified and  
sequenced by Macrogen Inc., Applied Biosystems 3500 
in Seoul, South Korea. The phylogenetic analysis was 
performed using MEGA software (Version: 11) through 
the neighbor-joining method with 1000 bootstraps  
to accomplish several sequence alignments. A phyloge-
netic tree, depending on N. caninum Nc-5 locus, was 
constructed and compared with Nc-5 partial sequences 
that were already available in GenBank database.  
The sequences with high similarity were sorted out 
(Fig. 1).

Statistical analysis

The analysis of the potential risk factors in N. cani-
num related abortion was conducted using Fisher’s  
exact test for categorical variables within the SPSS-soft-
ware (version 26.0). The differences were considered 
statistically significant when p<0.05 and evaluated  

Fig. 1.  Nc-5 gene-based phylogenetic analysis of four Neospora caninum isolates from tissue samples of foetuses using the neighbor-
joining method with 1000 bootstrap replicates. The accession numbers of OP771519, OP771520, OP771521 and OP771522 are 
N. caninum isolates from goat, sheep, mare and jenny foetuses respectively.
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by the Chi-square (χ2) test by software R-4.1.2 for  
Windows.

Results

The prevalence of N. caninum DNA based on Nc-5 
locus, was 20.3% (26/128) in aborted dam blood sam-
ples and 18.7% (12/64) of the aborted foetuses. Accord-
ing to the animal species, the infection rates in blood 
samples were 20.6% in ewes, 17.9% in goats, 21.4%  
in mares and 25.0% in jennies (Table 1). Besides, exami- 
nation of tissue samples from aborted foetuses demon-
strated N. caninum in 6 sheep, 3 goat, 2 horse and  
1 donkey (Table 2). The detection of N. caninum in both 
aborted dams and foetuses was found to be statistically 
significant. PCR reactions of tissues illustrated that  
majority of foetuses were positive in the placenta,  
followed by brain. In contrast liver and lungs showed 
no positive results (Table 2).

Regarding the possible risk factors (Table 3), signi- 
ficant differences were observed between varied ages, 
N. caninum was significantly more often obtained from 
older dams than younger ones (p<0.05). Moreover,  
the results showed that a great number of abortions,  
82 (64%), occurred in the second and third trimesters  
of the pregnancy. Among the studied animals exposure 
to dogs was considered as significant risk factors for  
N. caninum infection (p <0.05) and only 16.6% dams 
had history of previous abortions.

In addition, the alignment of isolated sequences 
showed 98-100% identity with the sequences of other 
N. caninum strains in GenBank database. The sequences 
of the N. caninum Nc-5 locus isolated from the goat, 
sheep, mare and jenny fetal tissues were submitted to 
the GenBank under accession numbers OP771519, 
OP771520, OP771521 and OP771522 respectively 
(Fig. 1). The phylogenetic tree analysis revealed that  
N. caninum isolates in goat (OP771519) and sheep 
(OP771520) foetuses have the closest node and clade 
with KP715559 and KP715560, respectively. However, 
the N. caninum isolates in mare and jenny foetuses are 
located in another branch and have the nearest node and 
clade with MZ467451 and MF581827 (Fig. 1).

Discussion

N. caninum is well-known as a major abortifacient 
protozoan of cattle worldwide (Wouda et al. 1992, 
Dubey et al. 2017), and there is also an increasing con-
cern about its role in small ruminants and equines  
reproductive dysfunctions (e.g. abortions). N. caninum 
has been reported sporadically as one of the agents  
of reproductive failures in ovine and caprine (Diakou  
et al. 2013, González-Warleta et al. 2014). Neosporosis 
of sheep and goat have been well investigated in diffe- 
rent countries around the world. However, few studies 
also showed the prevalence of Neospora infection in 
sheep and goats in various regions of Iraq. Additionally, 

Table 1. Prevalence of N. caninum in blood samples of the aborted dams.

Species No. of blood sample No. of positive % Positive 95% Cl

Sheep 63 13 20.6 12.4-32.1

Goat 39 7 17.9 8.9-32.6

Horse 14 3 21.4 7.5-47.5

Donkey 12 3 25.0 10.7-60.3

Total
128 26 20.3

95% Cl – confidence interval

Table 2. Neospora caninum isolates in the tissue samples of the aborted foetuses.

Collected positive tissues 
*NP

Species No. of foetus Placenta Brain Heart Liver Lung

Sheep 31 + ++ ++ + - - 6

Goat 17 ++ + - - - 3

Horse 11 + + - - - 2

Donkey 5 - + - - - 1

Total 64 6 5 1 0 0 12

* NP total number of positive tissues
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Table 3. The relation of risk factors with N. caninum infection in the aborted dams.

Species  # No. of animals No. of infected host P
Sheep Parameter

Age of dam 
≤3 years
>3 years

41
22

12 
1 X2=5.344, p=0.024

Presence of dog
Yes
No 

38
25

11 
2 X2=6.193, p=0.015

Previous abortions
Yes 
No 

21
42

1
12 X2=4.864, p=0.045

Trimester of abortion
First

Second 
Third

 23
16
24

1
4
8 

X2=6.257, p=0.040

Goats Parameter
Age of dam 

≤3 years
>3 years

20
19

 6
1 X2=4.674, p=0.044

Presence of dog
Yes
No

17
22

 6 
1 X2=6.157, p=0.030

Previous abortions
 Yes 
No

21
18

1
6 X2=5.372, p=0.035

Trimester of abortion
First

Second 
Third

14
9
16

1
1
5 

X2=3.318, p=0.213

Mares Parameter
Age of dam 

≤5 years
>5 years

9
5

3 
0 X2=6.873, p=0.0.27

Presence of dog
Yes
No 

9
5

1
2 X2=1.593, p=0.505

Previous abortions
Yes 
No 

5
9

0
3 X2=6.873, p=0.027

Trimester of abortion
First

Second 
Third

4
5
4

0
0
3 

X2=9.545, p=0.011

Jennies Parameter
Age of dam

≤5 years
>5 years

5
7

3 
0 X2=5.600, p=0.045

Presence of dog
Yes
No

6
6

2
1 X2=0.444, p=1

Previous abortions
Yes 
No

8
4

0
3 X2=8.000, p=0.018

Trimester of abortion
First

Second 
Third

4
4
4

0
0
3 

X2=8.000, p=0.055
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Neospora-associated abortion in equines has not been 
readily distinguished and the etiology of equine abor-
tion has not been extensively studied (Duarte et al. 
2004, Locatelli-dittrich et al. 2006). There are also  
no data about the role of N. caninum and N. hughesi  
in equine (horses and donkeys) abortion in Iraq. Thus, 
our study applied molecular technique to investigate the 
involvement Neospora parasite as an etiology of abor-
tion in equine and small ruminant dams in Kurdistan 
region-Iraq. PCR, finding specific DNA in limited sam-
ples, is one of the most accurate, extensively used  
molecular approach to finding the global prevalence  
of N. caninum infection in animals that had an abortion 
and aborted foetuses (Anderson et al. 2019, Bartley  
et al. 2019, Basso et al. 2022, Gharekhani et al. 2022, 
Rahmani et al. 2022). 

In this study N. caninum DNA was found in 12 out 
of 64 (18.7%) of foetal tissue samples and 26 out of 128 
blood samples (20.3%) of their dams by conventional 
PCR. This could suggest the vertical transmission  
of the parasite and its involvement in small ruminants 
and equines abortion. Consistently, neosporosis was 
previously reported in range of 17.4% to 28.6%  
in aborted and healthy bovines according to the diag-
nostic approaches with ELISA and PCR assays  
in Iraq (AL-Badrani 2012, Al-Farwachi et al. 2012, 
Nooruldeen et al. 2021). In Wasit province (Iraq) it was 
showed that the prevalence rate of N. caninum was 
13.7% in aborted ovine foetuses (Al-Shaeli et al. 2020) 
and 18.9% in aborted caprine foetuses (Faraj and  
Ghattof 2018). In addition, the infection rates  
of N. caninum in sheep and goats were 19.3% and 5.7% 
in north-eastern Italy (Gazzonis et al. 2016), and 16.8% 
and 6.9% in Greece (Diakou et al. 2013). Neosporosis 
in ovine was reported in African countries like Senegal 
and Tunisia at different prevalence rates of 41.9%  
and 10.6%, respectively (Amdouni et al. 2018,  
Dahourou et al. 2019). However, the ovine neosporosis 
is endemic with the highest infection rate of 67.4%  
in Israel (Tirosh-Levy et al. 2022).

Numerous global studies found the seroprevalence 
and molecular prevalence of N. caninum infection in 
equines in various countries. It is noteworthy that many 
studies showed a range of prevalence values of the  
infection. For example, the seroprevalences of  
Neospora spp. were 11.8% in donkeys in Southern Italy 
(Machačová et al. 2013), 8% in horses in Nigeria  
(Bártová et al. 2017), 2% in donkeys to 5.62% in horses 
in Brazil (Gennari et al. 2016, Moreira et al. 2019), 
9.1% of horses in Portugal (Waap et al. 2020) and 69% 
in donkey in Israel (Tirosh-Levy et al. 2020). In this 
study, the neosporosis in equines was also investigated. 
The blood samples of 14 mares and 12 jennies were 
tested by PCR. The neosporosis infection rates were 

21.4% in mares and 25.0% in jennies. The transplacen-
tal transmission of the parasite were found in 2 foetuses 
of horse and 1 foetus of donkey. Comparing to the 
above countries, our finding shows higher prevalence  
of neosporosis of mares than in Italy, Nigeria, Brazil 
and Portugal; however lower than that in Israel (Mazuz 
et al. 2020, Tirosh-Levy et al. 2020). Transplacental 
transmission was also detected in 3 out of 9 fetuses 
(33.3%) in seronegative mares in Brazil (Antonello  
et al. 2012). Furthermore, a recent study in Iran repor- 
ted N. caninum in 10 out of 29 (34.5%) aborted donkeys 
by using PCR of Nc-5 locus; besides the evidence  
of transplacental transmission of the parasite was detec- 
ted in 40% of aborting jennies (Rahmani et al. 2022). 

Our findings show that the prevalence of N. caninum 
infections are more common in the Kurdistan region 
than in other countries (Machačová et al. 2013, Bártová 
et al. 2017). These differences may be associated with 
several aspects such as the number of dogs in the loca-
tion, local climate (humidity induce sporulation and  
enhance the survival of N. caninum oocysts in the eco-
system according to Ghattof and Faraj (Ghattof and 
Faraj 2015), farm management system and regional 
ecology (Dubey et al. 2007). The sensitivity of the  
detection method such as PCR could be another factor 
causing varied infection rate detected (Beck et al. 2009, 
Mazuz et al. 2020). Moreover, nearly all abortions were 
noticed during the second and third trimester of the 
pregnancy in aborting dams. Our findings are consistent 
with other reports that relate the existence of N. caninum 
DNA in foetuses with late-term abortions in dam or in 
stillborn (Almería et al. 2016, Mazuz et al. 2020). 

Statistical analysis revealed significant difference  
in infection prevalence associated with increased age  
in both ruminant and equine species due to cumulative 
infections that are not cleared (Amdouni et al. 2018). 
The prevalence of N. caninum infection was found  
to be lower in young animals than in adults; the highest 
prevalence of N. caninum infection was found in ani-
mals older than 3 years from small ruminants and over 
5 years in horses and donkeys. Moreover, the increased 
prevalence are noted, when dogs are present in the herd. 
The contamination of the animal feeding areas with  
infected oocysts, released from infected dogs, lead to 
observing statistically significant evidence of horizon-
tal transmission in herds. Finally, our findings suggest 
that N. caninum plays a role as one of the abortive 
agents in small ruminates and equine in Iraq, as well as 
in other countries (Moreno et al. 2012, Mazuz et al. 
2020, Della Rosa et al. 2021, Rahmani et al. 2022,  
Irehan et al. 2022). Thus N. caninum could be also  
evaluated in the differential diagnosis of reproductive 
problems to the offspring in small ruminants and 
equines.
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Conclusion 

The present study is the first report on the molecular 
prevalence of N. caninum as one of the causes of abor-
tion in equine and small ruminants in Kurdistan region 
of Iraq. The results suggested that N. caninum is verti-
cally transmitted, whereas transplacental transmission 
has an essential role in the epidemiology and circulation 
of the parasite. Further studies are required to find out 
other microbial etiologies of animal abortion in Kurdis-
tan region of Iraq.
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