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Abstract 

Neospora caninum represents one of most prevalent parasites in last three decades in many countries, 

worldwide. This parasite originates from canine species in particular dogs that act the definitive host to 

infect many domestic and wild animals that act as an intermediate host. These infections have revealed to 

cause different clinical symptoms among infected animals in dependence on the species of animal and the 

dose of ingested parasite. This leads to variable economic losses due to morbidities and mortalities, and cost 

of therapies and prevention. In Iraq, the main causes of abortion or even reduction in milk production or 

weight loss still unknown since most attempts of diagnosis based on the detectable clinical symptoms. Also, 

the number of carried out studies in dogs, cattle, sheep and goats remain low, and the available information 

are need to be supported. In addition, there is an obvious lack for governmental efforts to detect the actual 

prevalence of infection in herds or flocks and the role of other animals in transmission of infection through 

application of traditional or advanced diagnostic assays. Hence, the current study was aimed to clarify the 

main information concerned to N. caninum to list this parasite as one of the most important pathogens in 

field and its problematic role in field. 
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2.1. History  

In a retrospective study, neosporosis was showed firstly in 1957 in four German shepherd dogs in Ohio 

(USA); however, the first description of a Toxoplasma-like protozoa in dogs of 2-6 months old undergo 

encephalomyelitis, myelitis and muscle damage but without Toxoplasma gondii antibody was carried in 

Norway by Bjerkas et al. (1984). In the UK, O'Toole and Jeffrey (1987) described a sporozoan disease in a 

diseased calf with negative results by immunoperoxidase for toxoplasmosis and sarcoidosis, and later 

identified as Neospora caninum. Dubey et al. (1988) isolated the parasite for first time on tissue culture and 

mice with proposing the name of N. caninum for this newly discovered parasite. The antigenicity and 

structure of both USA and Norway N. caninum isolates were compared later by Bjerkas et al. (1994). 

Since 1988, Neospora has been implicated with abortion in cattle and isolated from aborted fetuses of cattle 

and dogs in many countries in Europe, Americas, Asia, Australia and Africa (Schares et al., 1998; Wouda et 

al., 1999; Reichel, 2000). However, several attempts that made to obtain viable N. caninum isolates by 

bioanalysis in mice or direct cell culture were failed as in vitro isolation of this parasite is difficult and takes 

lone time (more than one month) to detect parasites in early cultures (Regidor-Cerrillo et al., 2008; Rezende-

Gondim et al., 2017). 

2.2. Classification 

Kingdom: Protista  

Subkingdom: Protozoa 

Phylum: Apicomplexa 

Class: Sporozoa 

Subclass: Coccidia 

Order: Eucoccidiida 

Suborder: Eimeriina 

Family: Sarcocystidae 

Genus: Neospora 

Species: N. caninum (Dubey, 2003)  
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2.3. Morphology 

The stages or phases of Neospora caninum include tachyzoites, bradyzoites (tissue cysts) and oocysts 

have been confirmed as very similar in structure to T. gondii and other related parasites (Lindsay et al., 

1999a; Reid et al., 2012). 

2.3.1 Tachyzoites 

Depending on phase of division, the tachyzoite is oval, spherical or crescent in shape which measures 

3-7  1-5 μm, with presence of dense granules that help the parasite to parasitize the cells of a host 

(Anderson, 2008). They grow endogenously (internal budding), divide rapidly within few days to form 

hundreds of new parasites (pseudocysts) that when reach the critical mass cause lysis in cell wall to be 

released and spread throughout the body and immune system (Wang et al., 2021). 

2.3.2 Bradyzoite and tissue cyst 

It’s slightly more slender and longer than tachyzoite, 8.1  2 μm, and represents a slow-division phase 

of the parasite, which able to forming a tissue cyst having up to 100 parasites. Tissue cysts found more 

common in the central nervous system as well as in skeletal muscles of definitive and intermediate hosts 

(Khordadmehr et al., 2023). 

2.3.3. Oocysts 

It is almost circular, 11.7 x 11.3 μm in diameter, and surrounded by a thick wall measures 0.6-0.8 μm 

with existence of nucleus in center or in posterior part. During sexual development, unsporulated oocysts 

formed in intestinal part of definitive host and shed with feces to environment (Lindsay et al., 1999a; Page, 

2020). 

2.4. Life cycle  

Initially, N. caninum is thought to have a life cycle similar to Toxoplasma gondii, but with two 

important differences in their definitive hosts and their diseases (Figure 1).  

 
Figure (1): Life cycle of Neospora caninum (Dubey et al., 2007) 
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McAllister et al. (1998) discovered that dogs are the definitive host of parasite; however, next studies 

discovered that parasite could be carried by other canide species such as coyote (Gondim et al., 2004), and 

fox (Jakubek et al., 2001). Life cycle of N. caninum involved 3 infectious phases; tachyzoites, bradyzoites, 

and oocysts (Dubey et al., 2007). Dogs, coyote, and fox when shed unsporulated oocyst by feces into 

environment, they sporulate during days to become infectious for intermediate hosts such as cows, sheep, 

goats, deer, cows, and horses during feeding or drinking of contaminated materials (Donahoe et al., 2015). 

In intestine, sporozoites were released from oocyst, invade, develop within the host cells and multiply by 

binary fission to form tachzoites that invade additional cells in the body such as macrophages, fibroblasts, 

vascular endothelial, muscle, liver and kidney, and nerve as well as influencing on immune response. Tissue 

cysts can persist in infected animals for months or even years without causing obvious clinical symptoms, 

and can cross placenta to infect the fetus or result in abortion (Marugan-Hernandez, 2017). Dogs could gain 

infection when ingest the contaminated tissues of intermediate host which contain bradyzoites or tachyzoites 

(Goodswen et al., 2013). When a tissue cyst is detected by the host, bradyzoite is released, infect the nerve 

cells and skeletal muscle fibers and undergo schizogony (asexual production). When the schizonts matured, 

many merozoites were released into the body (Cole et al., 1995; Al-Qassab et al., 2010). 

2.5. Transmission 

Although, horizontal method was reported for transmission of tachyzoites, tissue cysts or bradyzoites 

of N. caninum by eating and drinking of water, vertical transmission of parasite from mother to fetuses by 

placenta was also detected (Bartels et al., 2007; Bartley et al., 2013; Shaapan, 2016). Transmission of 

infection directly from cow to cow was not confirmed though a number of cows were ingested the remnants 

of placenta of other aborted cows (Davison et al., 2001). Davison et al. (1999) assessed the relative 

importance of horizontal and vertical infections in an affected herds revealing that 95.2% of animals were 

infected vertically while 4.8% of animals were infected horizontally. This study showed that transplacental 

transplantation is the most important form of parasite transmission. In another Dutch study, the findings 

showed that 80% of serologically positive cows were resulted in congenitally infected calves (Schares et al., 

1998). Jensen et al. (1999) discovered that calves fed colostrums from infected cattle were not affected 

concluding that this method of infection is not important. 

Postnatal infection rates are differed depending on region, country and applied test. Buxton et al. 

(2002) summarized that type of parasite, relationship between host and parasite, and genetic susceptibility of 

a host are the factors that influence the effects in prevalence of Neospora infection. Dijkstra et al. (2001) 

showed that the ingestion of infected placenta for dogs had resulted in infecting of these dogs; however, 

ingestion of colostrums of infected pitches was not produced in the positive animals.  

2.6. Impact on public health 

The risk of Neospora caninum infection in humans is unknown; however, positive sera were identified 

in immunocompetent and immunocompromised patients (Lobato et al., 2006; Robayo-Sánchez et al., 2017). 

However, many studies have been demonstrated that N. caninum infection is not zoonotic parasite (McCann 

et al., 2008; Reid et al., 2012; Calero-Bernal et al., 2019).  

2.7. Epidemiology 

2.7.1. Neosporosis in dogs  

In experimentally (McAllister et al., 1998; Lindsay et al., 1999b) and naturally (Basso et al., 2001; 

McGarry et al., 2003; Schares et al., 2005) studies, dog was identified as the definitive host of N. caninum. 

Dijkstra et al. (2002) reported that the presence of new dogs in a cattle herd was increased the risk of 

epidemic abortion-related to neosporosis suggesting the role of dogs in transmission of infection between 

cattle and its role as a definitive host. However, only a few reports have confirmed the natural role of dogs in 

excretion of oocysts (Asmare et al., 2014; Robbe et al., 2016).  

Neosporosis is a disease of worldwide occurrence which has been reported in many regions in Europe, 

United States, Canada, Australia, Japan and South Africa. Barber et al. (1997) reported that 11% of 300 

Belgian dogs have positive serum prevalence; while in United Kingdom, Trees et al. (1993) recorded 17% of 

163 dogs were positive for indirect fluorescent antibody (IFAT). In another study, 0.5% of 398 dogs were 

found to have a positive reaction to enzyme-bound immunoadsorption assay (ELISA) (Björkman et al., 

1994). In Denmark and USA respectively, studies have reported positivity in 15.3% sera of 98 dogs 

(Rasmussen and Jensen, 1996) and 2% sera of 229 dogs (Lindsay et al., 1990). Dubey et al. (1988) reported 
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that clinical signs of Neospora could occur in dogs of any age between 2 and 20 weeks, while confirmed 

events occur in dogs between 2 and 15 years. In Switzerland, a total of 3289 fecal specimens were examined 

by floatation and molecular assay which revealed on 25 and 1 positive samples for N. caninum (Sager et al., 

2006). In Portugal, microscopic and histological, immunological and molecular methods were succeed in 

detection of neosporosis in feces of naturally infected dog 8 years old (Basso et al., 2001). In Iran, Razmi 

(2009) reported that the microscopic prevalence of neosporosis in 174 fecal samples of farm dogs was 2.2%. 

In UK (McGarry et al., 2003), New Zealand (McInnes et al., 2006) and Germany (Schares et al., 2005), 

molecular studies have confirmed the presence of N. caninum DNA in feces of dogs. In Iraq, only 1.67% of 

180 fecal samples were positive by molecular assay (Mallah et al., 2012).  

2.7.2. Neosporosis in cattle  

Neospora caninum infections have been reported among many parts of the world. Also, many studies 

conducted on large numbers of dairy cattle demonstrated that 12-42% of aborted fetuses were positives to N. 

caninum. However, the number of positive sera could variable from country to country, region to region as 

well as between the serological tests and the level of CUTOFF (Fort et al., 2015). The prevalence rates of 

abortion and stillbirth have showed to increase significantly in serologically positive cows (Takashima et al., 

2013; Al-Gharban et al., 2017; Ansari-Lari et al., 2017). Reichel et al. (2020) mentioned that little is known 

about the prevalence of N. caninum in beef cattle; however, the first case of abortion in beef cows was 

reported in Andorra (Armengol et al., 2007). Subsequently, the authors showed that the positive beef cows 

may remain positive serologically for 1 year after abortion. In both beef and dairy cows, the risk of 

seropositivity can be increased with age due to horizontal transmission of infection as a result of feeding of 

shed oocysts from the infected dogs (Eiras et al., 2011; Altaee et al., 2022).  

Nonetheless, management practices involving selective replacement can decrease the risk of 

seropositivity even in absence of treatment or vaccine for precention and regardless the age of exposed cows 

(Lagomarsino et al., 2019). Moore et al. (2002) discovered that prevalence rates of neosporosis in beef and 

dairy cattle were 18.9% and 43.1%, respectively, and that the most extensive breeding used in both dairy 

and beef cattle can increase the rates of transmission of infection between animals.  

An important feature of bovine neosporosis is the ability of parasites to maintain in cattle as a chronic 

disease and passing vertically to fetus during gestation. In some cattle, most infected cattle may give an 

apparently healthy birth but congenitally infected with the ability to passing the disease to the next 

generation during pregnancy and maintaining the infection in a herd (Goodswen et al., 2013; Reichel et al., 

2014). Vertical and congenital transmission appeared as the most method of N. caninum maintenance as 

supported by evidence of the familial distribution of positive cattle serologically throughout the successive 

generations (Pare et al., 1996). In dairy herds, both sporadic cases and outbreaks of abortion-related to N. 

caninum were identified in different regions, worldwide. However, the conducted studies have been assessed 

the prevalence and factors contributed to disease, and estimated that the prevalence rates of Neospora were 

ranged 16.8-70% (Waldner et al., 1998).  

Several studies have been found a significant correlation between the prevalence rate of neosporosis 

and the number of dogs in dairy herds with occurrence of abortion throughout all seasons of a year (Vural et 

al., 2006; Öcal et al., 2014; Venturoso et al., 2021). In Netherland, Wouda et al. (1999) reported that 

abortion is more incidences in summer; while in USA, Rinaldi et al. (2005) mentioned that the peak of 

abortion can occur at autumn and winter. Pessoa et al. (2016) found that serologically positive cows have a 

greater risk of abortion in subsequent pregnancy. In Venezuela, Lista-Alves et al. (2006) reported 11.3% 

seropositive infections totally 459 examined samples; whereas in China, Yu et al. (2007) detected that the 

prevalence of neosporosis was 20.2% in aborted cows compares to 16.6% in non-aborted cows but without 

significant relationship to age. In Hungary, Hornok et al. (2007) examined a total of 1063 cows by an 

indirect fluorescent antibody test (IFAT) with revealing the parasite is more prevalent in dairies (3.4%) than 

beef cattle (1.9%); while in Croatia, Beck et al. (2010) found that 5.8% of examined dairy cattle were 

seropositive. In Iraq, Nema-Alhindawe (2010) found that 19.56% of 92 tested cows were seropositives; 

whereas, Al-Gharban et al. (2017) indicated that 27.22% and 12.36% of 327 examined cattle were positive 

for serological (ELISA) and molecular (PCR) methods, respectively. 
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2.8. Pathogenesis  

This associates with the balance between the ability of tachyzoite to invade and replicate the cells and 

the ability of a host to prevent the spreading of parasites (Marugan-Hernandez, 2017). The cell penetration 

process has two different steps including adhesion and entry into the cell, which might take up to 5 minutes 

(Lei et al., 2005). In the first step of contact, release of microneme-content proteins act as a more specific 

ligation for direct attachment to the host cell and invasion. However, availability of many receptors on cell 

surface of a host is necessary for invasion of Neospora into the cytoplasm of a cell (Silva and Machado, 

2016). To initiate the invasion of host cells, tachyzoite migrates directly to the host cell membrane and flows 

into the cytoplasm to be surrounded by parasitophorous vacuole (PV). Then, Neospora attracts the 

microtubular cytoskeleton in addition to other cell parts as mitochondria, lysosomes and Golgi apparatus to 

their PV, and remove cholesterol from the organelles to saving it in lipid bodies and regenerating of 

sphingolipids from Golgi vesicles (Nolan et al., 2015; Mayoral al., 2020). Also, the parasite attracts 

mitochondria to PV and uses it to production of energy.  

During the prepatent period (5-8 days after ingestion of tissue cyst), cysts can be detected in fecal 

samples, but little is known about the presence of cysts in the body organs or in affected structures (de 

Barros et al., 2018). The parasite can cause a necrosis that can be identified within a few days, and resulting 

in a cell death due to proliferation of tachyzoites with inducing of neuromuscular infections in canine and 

other domestic animals as a result of damages caused to a large numbers of neurons and disturbances in 

conductibility of nerve impulses (Kuruca et al., 2013). 

2.9. Pathology 

Neospora caninum infections and brain damage are most common in the submeningeal and 

periventricular regions of the brain (Platt, 2016). Several experiments have been performed in birds to 

indicate the pathogenesis of N. caninum and to understand the clinical signs of these pathological changes. 

In these studies, the finings revealed a presence of inflammatory cell infiltration in the brain such as 

histiocytes, lymphocytes and plasma cells in brain which caused over-accumulation of tachyzoites (Leepin 

et al., 2008; Du et al., 2015; Gharekhani et al., 2020). In other experiment, the findings of inoculation of 

embryonated chicken eggs with tachyzoites were revealed in embryonic death in the first week, infiltration 

of polymorphonuclear cells in liver, hear and brain with existence congestion, hemorrhage and necrotic 

lesions (Mansourian et al., 2009). de Barros et al. (2018) observed an inflammation of foot joints, infiltration 

of macrophages in the synovium, thickening of chorioallantoic membrane after hatching. In dogs, Kul et al. 

(2015) reported non-purulent encephalitis, myocarditis, fibrinohemorrhagic enteritis, necrosis and 

multifactorial pulmonary consolidation in young puppies infected experimentally with neosporosis. 

2.10. Clinical symptoms 

In general, clinical symptoms are similar to those commonly found in toxoplasmosis, but neurological 

and muscular disorders are more common in forelimbs (Dubey, 2003). Symptoms such as connective tissue 

disease, peripheral movement, and hindlimb paralysis have been found in newborn older than 3 weeks 

(Furuta et al., 2007). In young puppies aged 3-9 weeks, forelimb atrophy and persistent muscle stiffness are 

the most important clinical signs that distinguish neosporosis from other degenerative diseases. In some 

cases, hind limbs might be affected more than the forelimb with formation of arthrogryposis and articular 

deformation and paralysis that leads to muscles and rigidity of affected joints (Dubey and Schares, 2011). 

Some neonatal dogs may show the signs of joint deformity, cervical weakness, loss of appetite, and 

megaesophagus (Dubey et al., 2005). Dogs older than 6 months are more likely to develop the disease by 

reversing the latent infection (Nishimura et al., 2015). In adult dogs, neosporosis is asymptomatic, but may 

develop polymyositis and / or medullary encephalomyelitis with clinical signs associated with many lesions 

of the central nervous system especially in the brain (Lindsay and Dubey, 2000; Kul et al., 2015). As a result 

of over dose exposure to tachyzoites, dogs can develop the signs of myocarditis, dermatitis, pneumonia, 

ascites, peritonitis and multiple proliferationin addition to ataxia, nausea, vomiting, stuffy nose, headache, 

limb paralysis, neck and hyperesthesia (Detmer et al., 2016; Lye et al., 2020); while in chronic phase, most 

animals remain asymptomatic (Kul et al., 2015).  

2.11. Immunity 

Many studies have been hypothesized to the role of CD8 and T lymphocytes in protecting the host 

against infection by Apicomplexan (Jordan and Hunter, 2010). Fereig et al. (2015) reported that IFN-γ 
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production which corporate with the humoral immune response is the major defense mechanism achieved by 

CD8 + T cells during Neospora disease. However, many factors including cytokines such as IL-2 and IL-12 

can influence the development of the CD8 + T cell response and contribute to T cell proliferation, survival, 

and function (Li et al., 2021). 

2.12 Diagnosis 

Several methods were described for identification of N. caninium; but serologic tests, polymerase 

chain reaction (PCR), or histopathology are the most preferable tools. Although, parasitic isolation is usually 

the most accurate tool, it is very difficult to carry out due to difficulties in recovering a large number of live 

Neospora as well as isolation of parasites in cell culture can take several weeks (Dubey et al., 2007; 

Donahoe et al., 2015).  

2.12.1. Serological examination 

In cattle, serologic tests are usually performed using the Enzyme-linked immunosorbent assay 

(ELISA), indirect fluorescent antibody test (IFAT), Neospora-agglutination test (NAT), and immunobloting 

assay (IBA). The ELISA test can be used with milk or serum with identification that this technique is one of 

the best diagnostic assays in examination of cattle in herds (Wapenaar et al., 2007; Tamponi et al., 2015). 

Many studies demonstrated that ELISA is highly sensitive, specific and more accurate and reliable than 

other serological assays in particular IFAT (Staubli et al., 2006; Casartelli-Alves et al., 2014; Mansilla et al., 

2020). 

2.12.2. Histopathology 

Histopathology plays a role in diagnosis and detection the distribution of lesions and parasite with 

confirmation of clinical symptoms with providing an important support for visual infections (Van Maanen et 

al., 2004; Donahoe et al., 2015). Several researchers have been reported that histopathological examination 

is more invasive than serologic examination, and the preparation of tissue samples were not always available 

until the animal is deceased (Guy et al., 2001; Duarte et al., 2020). However, serological testing can be made 

beside solely or beside the histopathology (Donahoe et al., 2015). 

2.12.3. Polymer chain reaction (PCR) 

PCR analysis is a highly sensitive, specific and accurate diagnostic method, which having the 

capability for testing different samples such as tissues, blood and body fluids (Barry et al., 2019), as well as 

detection of live and dead parasite with identification the presence of N. caninum DNA (Sharifzadeh et al., 

2012). Wang et al. (2018) reported that the Nc5 gene and the Internal Transcribed Spacer (ITS) gene are the 

most commonly used to detect N. caninum in different samples in particular brain due to notorious nature of 

the parasite to nervous tissues. Al-Shaeli et al. (2020) reported the ability of N. caninum to accumulate in 

different organs and tissues, so that; the performing of PCR on brain tissue alone reduces the chance of 

diagnosis of infection.  

2.13. Sequencing  

Information concerned to genetic variation of N. caninum is increased, and many studies have revealed 

that there are significant genetic differences between isolates. It has many purposes in the genome used to 

study differences between isolates (Rico-San Román et al., 2020). 

2.14. Treatment 

Worldwide, many studies have attempted to find the best therapy for neosporosis. Lefkaditis et al. 

(2020) discovered that treatment of bovine neosporosis need to withdrawal period in particular in dairy 

cows; however, they pointed out that this problem was not serious and chemotherapy has less impact. 

Another problem is that there was no drug guarantee 100% of affectivity against tissue cysts and bradyzoites 

due to drug resistance (Imhof et al., 2022). However, several studies demonstrated that sulfanilamide has a 

historical interest in treatment of toxoplasmosis and, in the basis, might be effective alone in treatment of N. 

caninum or in combination with other drugs such as trimetoprim to reduce the clinical symptoms and 

prevent death, but this is not entirely possible (Prescott, 2013; Baneth and Solano-Gallego, 2020). Other 

suggested therapies include lasalocid sodium, monensin sodium, trimetoprim, pirimethamine and piritrexim 

which have been shown to be effective in preventing the development of tachyzoites in bovine neosporosis 

(Pereira et al., 2017; 2018). In mouse model, Qian et al. (2015) suggested the using of toltrazuril and 

ponazuril to prevent the development of brain damage. 
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2.15. Control 

Despite the life cycle of N. caninum is now known, it is difficult to make specific precautionary or 

recommendations because other non-canine species may act as a definitive host (Sokol-Borrelli et al., 2020). 

However, farmers should be encouraged to protect their food and water from dog contamination (Masatani 

et al., 2018). Other studies mentioned that the vertical transmission is the most important mode of transport, 

and prevention requires several control strategies such as culling of serologically positive cows and 

destroying the milk of serologically positive cows (Häsler et al., 2006; Guido et al., 2016). However, most 

of these control methods is economically feasible due to the cost of such methods, and the two common 

ways to prevent N. caninum infections include control of congenital and post-natal transmission of infection 

(Demir et al., 2020).  

2.16. Vaccination 

Experimental studies have shown the effectiveness of several vaccines based on killed tachyzoite that 

generate humoral and cellular responses (Weston et al., 2014). In USA, one approved vaccine has revealed 

an efficacy inimmunization of cattle against N. caninum through eliciting a strong immune response in 

addition to its safety for animals through reducing the abortion rates (Marugan-Hernandez, 2017). 

According to one study, vaccination with live tachyzoites before pregnancy provided 100% of protection; 

whereas, vaccination with tachyzoit lysate did not provide this protection (Williams et al., 2007). 

Experimental inoculation of live tachyzoites to cattle can develop an active immunity against vertical 

transmission of infection but with different challenges at mid-gestation (Mazuz et al., 2021). 

 

Conclusion 

Neospora caninum represent relatively a neglected parasitic pathogen in Iraq, in which, several 

morbidities and mortalities were diagnosed mainly based on clinical signs. Recent studies in last decade 

using of serological and molecular assays have demonstrated the prevalence of parasite among farm animals 

as well as dogs. However, the role of other canines as definitive hosts requires further investigations. In 

addition, there are many challenges for preventing the vertical transmission of parasites after subsequent 

parasite infection during pregnancy. Therefore, moreover studies are of great importance to establish new 

methods for treatment, control and prevention.  

 

References  

1. Al-Gharban, H. A., Al-Eodawee, E. M., and Al-Shabbani, A. H. (2017). Seroepidemiological and 

molecular identification of Neospora caninum in cattle in Wasit province. Basrah Journal of 

Veterinary Research, 16(2), 172-183. 

2. Al-Qassab, S. E., Reichel, M. P., and Ellis, J. T. (2010). On the biological and genetic diversity in 

Neospora caninum. Diversity, 2(3), 411-438. 

3. Al-Shaeli, S. J., Ethaeb, A. M., and Gharban, H. A. (2020). Molecular and histopathological 

identification of ovine neosporosis (Neospora caninum) in aborted ewes in Iraq. Veterinary world, 

13(3), 597. 

4. Altaee, M. N., Sray, A. H., and Ashur, K. H. First Serological Investigation of Neospora caninum in 

Stray Dogs, Iraq (2022). Biochem. Cell. Arch., 22 (1), 3007-3012. 

5. Anderson, T. C. (2008). Neospora caninum exposure in Wisconsin wildlife (Doctoral dissertation). 

6. Ansari-Lari, M., Rowshan-Ghasrodashti, A., Jesmani, H., Masoudian, M., and Badkoobeh, M. 

(2017). Association of Neospora caninum with reproductive performance in dairy cows: A 

prospective study from Iran. In Veterinary Research Forum. 8 (2), 109-115. 

7. Armengol, R., Pabón, M., Santolaria, P., Cabezón, O., Adelantado, C., Yániz, J., and Almería, S. 

(2007). Low seroprevalence of Neospora caninum infection associated with the limousin breed in 

cow-calf herds in Andorra, Europe. Journal of Parasitology, 93(5), 1029-1032. 

8. Asmare, K., Skjerve, E., Bekele, J., Sheferaw, D., Stachurska-Hagen, T., and Robertson, L. J. (2014). 

Molecular identification of Neospora caninum from calf/foetal brain tissue and among oocysts 

recovered from faeces of naturally infected dogs in southern Ethiopia. Acta tropica, 130, 88-93. 

9. Baneth, G., and Solano‐Gallego, L. (2020). Protozoal and Protozoa‐Like Infections. Clinical Small 

Animal Internal Medicine, 1003-1021. 

https://zienjournals.com/


8840-2771 ISSN NO:                                                                Biological SciencesTexas Journal of Agriculture and  
2023-40-06Date of Publication:                                                                                                https://zienjournals.com 

________________________________________________________________________________________________________________________________ 

________________________________________________________________________________________________________________________________ 
Peer Reviewed International Journal                                                                                                                                [13] 
Volume 15 

10. Barber, J. S., Van Ham, L., Polis, I., and Trees, A. J. (1997). Seroprevalence of antibodies to 

Neospora caninum in Belgian dogs. Journal of Small Animal Practice, 38(1), 15-16. 

11. Barry, R., Nissly, R. H., Feria, W., Thirumalapura, N., Tewari, D., Jayarao, B. M., and Kuchipudi, S. 

V. (2019). A probe-based real-time PCR assay for the detection of Neospora caninum in clinical 

samples from cattle. Veterinary parasitology, 269, 2-6. 

12. Bartels, C. J., Huinink, I., Beiboer, M. L., van Schaik, G., Wouda, W., Dijkstra, T., and Stegeman, A. 

(2007). Quantification of vertical and horizontal transmission of Neospora caninum infection in 

Dutch dairy herds. Veterinary Parasitology, 148(2), 83-92. 

13. Bartley, P. M., Wright, S. E., Zimmer, I. A., Roy, S., Kitchener, A. C., Meredith, A., and Katzer, F. 

(2013). Detection of Neospora caninum in wild carnivorans in Great Britain. Veterinary 

parasitology, 192(1-3), 279-283. 

14. Basso, W., Venturini, L., Venturini, M. C., Hill, D. E., Kwok, O. C. H., Shen, S. K., and Dubey, J. P. 

(2001). First isolation of Neospora caninum from the feces of a naturally infected dog. Journal of 

Parasitology, 87(3), 612-618. 

15. Beck, R., Marinculić, A., Mihaljević, Ž., Benić, M., and Martinković, F. (2010). Seroprevalence and 

potential risk factors of Neospora caninum infection in dairy cattle in Croatia. Veterinarski arhiv, 

80(2), 163-171. 

16. Bjerkas, I. N. G. E., Jenkins, M. C., and Dubey, J. P. (1994). Identification and characterization of 

Neospora caninum tachyzoite antigens useful for diagnosis of neosporosis. Clinical and Diagnostic 

Laboratory Immunology, 1(2), 214-221. 

17. Bjerkås, I., Mohn, S. F., and Presthus, J. (1984). Unidentified cyst-forming sporozoon causing 

encephalomyelitis and myositis in dogs. Zeitschrift für Parasitenkunde, 70(2), 271-274. 

18. Björkman, C., Lunden, A., and Uggla, A. (1994). Prevalence of antibodies to Neospora caninum and 

Toxoplasma gondii in Swedish dogs. Acta Veterinaria Scandinavica, 35, 445-447. 

19. Buxton, D., McAllister, M. M., and Dubey, J. P. (2002). The comparative pathogenesis of 

neosporosis. Trends in parasitology, 18(12), 546-552. 

20. Calero-Bernal, R., Horcajo, P., Hernández, M., Ortega-Mora, L. M., and Fuentes, I. (2019). Absence 

of Neospora caninum DNA in human clinical samples, Spain. Emerging Infectious Diseases, 25(6), 

1226-1235. 

21. Casartelli-Alves, L., Boechat, V. C., Macedo-Couto, R., Ferreira, L. C., Nicolau, J. L., Neves, L. B., 

and Menezes, R. C. (2014). Sensitivity and specificity of serological tests, histopathology and 

immunohistochemistry for detection of Toxoplasma gondii infection in domestic chickens. 

Veterinary Parasitology, 204(3-4), 346-351. 

22. Cole, R. A., Lindsay, D. S., Blagburn, B. L., Sorjonen, D. C., and Dubey, J. P. (1995). Vertical 

transmission of Neospora caninum in dogs. The Journal of parasitology, 208-211. 

23. Davison, H. C., Guy, C. S., McGarry, J. W., Guy, F., Williams, D. J. L., Kelly, D. F., and Trees, A. J. 

(2001). Experimental studies on the transmission of Neospora caninum between cattle. Research in 

Veterinary Science, 70(2), 163-168. 

24. Davison, H. C., Otter, A., and Trees, A. J. (1999). Estimation of vertical and horizontal transmission 

parameters of Neospora caninum infections in dairy cattle. International journal for parasitology, 

29(10), 1683-1689. 

25. de Barros, L. D., Miura, A. C., Minutti, A. F., Vidotto, O., and Garcia, J. L. (2018). Neospora 

caninum in birds: A review. Parasitology international, 67(4), 397-402. 

26. Demir, P. A., Eşki, F., and Ütük, A. E. (2020). Estimating the total economic costs of Neospora 

caninum infections in dairy cows in Turkey. Tropical Animal Health and Production, 52(6), 3251-

3258. 

27. Detmer, S. E., Bouljihad, M., Hayden, D. W., Schefers, J. M., Armien, A., and Wünschmann, A. 

(2016). Fatal pyogranulomatous myocarditis in 10 Boxer puppies. Journal of Veterinary Diagnostic 

Investigation, 28(2), 144-149. 

28. Dijkstra, T. H., Barkema, H. W., Eysker, M., Hesselink, J. W., and Wouda, W. (2002). Natural 

transmission routes of Neospora caninum between farm dogs and cattle. Veterinary Parasitology, 

105(2), 99-104. 

https://zienjournals.com/


8840-2771 ISSN NO:                                                                Biological SciencesTexas Journal of Agriculture and  
2023-40-06Date of Publication:                                                                                                https://zienjournals.com 

________________________________________________________________________________________________________________________________ 

________________________________________________________________________________________________________________________________ 
Peer Reviewed International Journal                                                                                                                                [14] 
Volume 15 

29. Dijkstra, T., Eysker, M., Schares, G., Conraths, F. J., Wouda, W., and Barkema, H. W. (2001). Dogs 

shed Neospora caninum oocysts after ingestion of naturally infected bovine placenta but not after 

ingestion of colostrum spiked with Neospora caninum tachyzoites. International Journal for 

Parasitology, 31(8), 747-752. 

30. Donahoe, S. L., Lindsay, S. A., Krockenberger, M., Phalen, D., and Šlapeta, J. (2015). A review of 

neosporosis and pathologic findings of Neospora caninum infection in wildlife. International Journal 

for Parasitology: Parasites and Wildlife, 4(2), 216-238. 

31. Du, L., Yang, D., Zhai, T., Gong, P., Zhang, X., and Li, J. (2015). Detection of Neospora caninum-

DNA in brain tissues from pigeons in Changchun, Jilin (China). Veterinary Parasitology, 214(1-2), 

171-173. 

32. Duarte, P. O., Oshiro, L. M., Zimmermann, N. P., Csordas, B. G., Dourado, D. M., Barros, J. C., and 

Andreotti, R. (2020). Serological and molecular detection of Neospora caninum and Toxoplasma 

gondii in human umbilical cord blood and placental tissue samples. Scientific reports, 10(1), 1-8. 

33. Dubey, J. P. (2003). Review of Neospora caninum and neosporosis in animals. The Korean journal 

of parasitology, 41(1), 1. 

34. Dubey, J. P., and Schares, G. (2011). Neosporosis in animals—the last five years. Veterinary 

parasitology, 180(1-2), 90-108. 

35. Dubey, J. P., Hattel, A. L., Lindsay, D. S., and Topper, M. J. (1988). Neonatal Neospora caninum 

infection in dogs: isolation of the causative agent and experimental transmission. JAVMA, 193 (10), 

1259-1263. 

36. Dubey, J. P., Knickman, E., and Greene, C. E. (2005). Neonatal Neospora caninum infections in 

dogs. Acta Parasitol, 50(2), 176-179. 

37. Dubey, J. P., Schares, G., and Ortega-Mora, L. (2007). Epidemiology and control of neosporosis and 

Neospora caninum. Clinical microbiology reviews, 20(2), 323-367. 

38. Eiras, C., Arnaiz, I., Álvarez-García, G., Ortega-Mora, L. M., Sanjuánl, M. L., Yus, E., and Diéguez, 

F. J. (2011). Neospora caninum seroprevalence in dairy and beef cattle from the northwest region of 

Spain, Galicia. Preventive veterinary medicine, 98(2-3), 128-132. 

39. Fereig, R. M., Omar, M. A., and Alsayeqh, A. F. (2022). Exploiting the Macrophage Production of 

IL-12 in Improvement of Vaccine Development against Toxoplasma gondii and Neospora caninum 

Infections. Vaccines, 10(12), 2082. 

40. Fort, M., Edelsten, M., Maley, S., and Innes, E. (2015). Seroepidemiological study of Neospora 

caninum in beef and dairy cattle in La Pampa, Argentina. Acta parasitologica, 60(2), 275-282. 

41. Furuta, P. I., Mineo, T. W. P., Carrasco, A. O. T., Godoy, G. S., Pinto, A. A., and Machado, R. Z. 

(2007). Neospora caninum infection in birds: experimental infections in chicken and embryonated 

eggs. Parasitology, 134(14), 1931-1939. 

42. Gharekhani, J., Yakhchali, M., and Berahmat, R. (2020). Neospora caninum infection in Iran (2004–

2020): A review. Journal of Parasitic Diseases, 44, 671-686. 

43. Gondim, L. F., McAllister, M. M., Pitt, W. C., and Zemlicka, D. E. (2004). Coyotes (Canis latrans) 

are definitive hosts of Neospora caninum. International journal for parasitology, 34(2), 159-161. 

44. Goodswen, S. J., Kennedy, P. J., and Ellis, J. T. (2013). A review of the infection, genetics, and 

evolution of Neospora caninum: from the past to the present. Infection, Genetics and Evolution, 13, 

133-150. 

45. Guido, S., Katzer, F., Nanjiani, I., Milne, E., and Innes, E. A. (2016). Serology-based diagnostics for 

the control of bovine neosporosis. Trends in Parasitology, 32(2), 131-143. 

46. Guy, C. S., Williams, D. J., Kelly, D. F., McGarry, J. W., Guy, F., Björkman, C., and Trees, A. J. 

(2001). Neospora caninum in persistently infected, pregnant cows: spontaneous transplacental 

infection is associated with an acute increase in maternal antibody. The Veterinary record, 149(15), 

443-449. 

47. Häsler, B., Regula, G., Stärk, K. D., Sager, H., Gottstein, B., and Reist, M. (2006). Financial analysis 

of various strategies for the control of Neospora caninum in dairy cattle in Switzerland. Preventive 

veterinary medicine, 77(3-4), 230-253. 

https://zienjournals.com/


8840-2771 ISSN NO:                                                                Biological SciencesTexas Journal of Agriculture and  
2023-40-06Date of Publication:                                                                                                https://zienjournals.com 

________________________________________________________________________________________________________________________________ 

________________________________________________________________________________________________________________________________ 
Peer Reviewed International Journal                                                                                                                                [15] 
Volume 15 

48. Hornok, S., Edelhofer, R., Joachim, A., Farkas, R., Berta, K., Répási, A., and Lakatos, B. (2008). 

Seroprevalence of Toxoplasma gondii and Neospora caninum infection of cats in Hungary. Acta 

Veterinaria Hungarica, 56(1), 81-88. 

49. Imhof, D., Pownall, W. R., Schlange, C., Monney, C., Ortega-Mora, L. M., Ojo, K. K., and 

Hemphill, A. (2022). Vaccine-Linked Chemotherapy Approach: Additive Effects of Combining the 

Listeria monocytogenes-Based Vaccine Lm3Dx_NcSAG1 With the Bumped Kinase Inhibitor BKI-

1748 Against Neospora caninum Infection in Mice. Frontiers in veterinary science, 9. 

50. Jakubek, E. B., Bröjer, C., Regnersen, C., Uggla, A., Schares, G., and Björkman, C. (2001). 

Seroprevalences of Toxoplasma gondii and Neospora caninum in Swedish red foxes (Vulpes vulpes). 

Veterinary Parasitology, 102(1-2), 167-172. 

51. Jensen, A. M., Björkman, C., Kjeldsen, A. M., Wedderkopp, A., Willadsen, C., Uggla, A., and Lind, 

P. (1999). Associations of Neospora caninum seropositivity with gestation number and pregnancy 

outcome in Danish dairy herds. Preventive Veterinary Medicine, 40(3-4), 151-163. 

52. Jordan, K. A., and Hunter, C. A. (2010). Regulation of CD8+ T cell responses to infection with 

parasitic protozoa. Experimental parasitology, 126(3), 318-325. 

53. Khordadmehr, M., Sazmand, A., Almasi, P., Shahbazi, P., Ranjbar, V., Otranto, D., and Hemphill, A. 

(2023). Natural infection with Toxoplasma gondii, Neospora caninum and Sarcocystis species in 

domestic pigeons (Columba livia domestica) in Iran. Comparative immunology, microbiology and 

infectious diseases, 101946. 

54. Kul, O., Atmaca, H. T., Anteplioglu, T., Ocal, N., and Canpolat, S. (2015). Neospora caninum: the 

first demonstration of the enteroepithelial stages in the intestines of a naturally infected dog. Journal 

of Comparative Pathology, 153(1), 9-13. 

55. Kuruca, L., Spasojević-Kosić, L., Simin, S., Savović, M., Lauš, S., and Lalošević, V. (2013). 

Neospora caninum antibodies in dairy cows and domestic dogs from Vojvodina, Serbia. Parasite, 20. 

56. Lagomarsino, H., Scioli, A., Rodríguez, A., Armendano, J., Fiorani, F., Bence, Á., and Moore, D. 

(2019). Controlling endemic Neospora caninum-related abortions in a dairy herd from Argentina. 

Frontiers in Veterinary Science, 6, 446. 

57. Leepin, A., Stüdli, A., Brun, R., Stephens, C. E., Boykin, D. W., and Hemphill, A. (2008). Host cells 

participate in the in vitro effects of novel diamidine analogues against tachyzoites of the intracellular 

apicomplexan parasites Neospora caninum and Toxoplasma gondii. Antimicrobial agents and 

chemotherapy, 52(6), 1999-2008. 

58. Lefkaditis, M., Mpairamoglou, R., Sossidou, A., Spanoudis, K., and Tsakiroglou, M. (2020). 

Neospora caninum, a potential cause of reproductive failure in dairy cows from Northern Greece. 

Veterinary Parasitology: Regional Studies and Reports, 19, 100365. 

59. Lei, Y., Davey, M., and Ellis, J. T. (2005). Attachment and invasion of Toxoplasma gondii and 

Neospora caninum to epithelial and fibroblast cell lines in vitro. Parasitology, 131(5), 583-590. 

60. Li, S., Zhang, N., Liu, S., Li, J., Liu, L., Wang, X., and Zhang, X. (2021). Protective immunity 

against Neospora caninum infection induced by 14-3-3 protein in mice. Frontiers in Veterinary 

Science, 8, 638173. 

61. Lindsay, D. S., and Dubey, J. P. (2000). Canine neosporosis. J Vet Parasitol, 14(1), 1-11. 

62. Lindsay, D. S., Dubey, J. P., and Duncan, R. B. (1999b). Confirmation that the dog is a definitive 

host for Neospora caninum. Veterinary parasitology, 82(4), 327-333. 

63. Lindsay, D. S., Dubey, J. P., Upton, S. J., and Ridley, R. K. (1990). Serological prevalence of 

Neospora caninum and Toxoplasma gondii in dogs from Kansas. Journal of the Helminthological 

Society of Washington, 57(1), 86-88. 

64. Lindsay, D. S., Upton, S. J., and Dubey, J. P. (1999a). A structural study of the Neospora caninum 

oocyst. International journal for parasitology, 29(10), 1521-1523. 

65. Lista-Alves, D., Palomares-Naveda, R., García, F., Obando, C., Arrieta, D., and Hoet, A.E. (2006). 

Serological evidence of Neospora caninum in dual-purpose cattle herds in Venezuela. Veterinary 

parasitology, 136(3-4), 347-349. 

66. Lobato, J., Silva, D. A., Mineo, T. W., Amaral, J. D., Segundo, G. R. S., Costa-Cruz, J. M., and 

Mineo, J. R. (2006). Detection of immunoglobulin G antibodies to Neospora caninum in humans: 

https://zienjournals.com/


8840-2771 ISSN NO:                                                                Biological SciencesTexas Journal of Agriculture and  
2023-40-06Date of Publication:                                                                                                https://zienjournals.com 

________________________________________________________________________________________________________________________________ 

________________________________________________________________________________________________________________________________ 
Peer Reviewed International Journal                                                                                                                                [16] 
Volume 15 

high seropositivity rates in patients who are infected by human immunodeficiency virus or have 

neurological disorders. Clinical and Vaccine Immunology, 13(1), 84-89. 

67. Lye, G., Mathis, K., Hill, S., Hardy, L., and Cattin, R. (2020). Canine cauda equina neuritis 

secondary to neospora. Veterinary Record Case Reports, 8(1), e000971. 

68. Mallah, M. O., Dawood, K. A., and Alrodhan, M. A. (2012). First isolation of Neospora caninum in 

dogs in Al-Muthana Province, Iraq. MJPS, 1, 217. 

69. Mansilla, F. C., Gual, I., Pereyra, R., Turco, C. S., and Capozzo, A. V. (2020). Development and 

validation of a novel ELISA for the detection of Neospora caninum antibodies in bovine sera. 

Journal of Veterinary Science & Animal Husbandry, 7 (2), 1-10. 

70. Mansourian, M., Khodakaram-Tafti, A., and Namavari, M. (2009). Histopathological and clinical 

investigations in Neospora caninum experimentally infected broiler chicken embryonated eggs. 

Veterinary parasitology, 166(3-4), 185-190. 

71. Marugan-Hernandez, V. (2017). Neospora caninum and bovine neosporosis: current vaccine 

research. Journal of comparative pathology, 157(2-3), 193-200. 

72. Masatani, T., Fereig, R. M., Otomaru, K., Ishikawa, S., Kojima, I., Hobo, S., and Nishikawa, Y. 

(2018). Seroprevalence of Cryptosporidium parvum and Neospora caninum in cattle in the southern 

Kyushu region of Japan. Parasitology international, 67(6), 763-767. 

73. Mayoral, J., Tomita, T., Tu, V., Aguilan, J. T., Sidoli, S., and Weiss, L. M. (2020). Toxoplasma 

gondii PPM3C, a secreted protein phosphatase, affects parasitophorous vacuole effector export. 

PLoS pathogens, 16(12), e1008771. 

74. Mazuz, M. L., Leibovitz, B., Savitsky, I., Blinder, E., Yasur-Landau, D., Lavon, Y., and Tirosh-

Levy, S. (2021). The effect of vaccination with Neospora caninum live-frozen tachyzoites on 

abortion rates of naturally infected pregnant cows. Vaccines, 9(4), 401. 

75. McAllister, M. M., Dubey, J. P., Lindsay, D. S., Jolley, W. R., Wills, R. A., and McGuire, A. M. 

(1998). Rapid communication: Dogs are definitive hosts of Neospora caninum. International journal 

for parasitology, 28(9), 1473-1479. 

76. McCann, C. M., Vyse, A. J., Salmon, R. L., Thomas, D., Williams, D. J., McGarry, J. W., and Trees, 

A. J. (2008). Lack of serologic evidence of Neospora caninum in humans, England. Emerging 

infectious diseases, 14(6), 978. 

77. McGarry, J. W., Stockton, C. M., Williams, D. J. L., and Trees, A. J. (2003). Protracted shedding of 

oocysts of Neospora caninum by a naturally infected foxhound. Journal of Parasitology, 89(3), 628-

630. 

78. McInnes, L. M., Irwin, P., Palmer, D. G., and Ryan, U. M. (2006). In vitro isolation and 

characterisation of the first canine Neospora caninum isolate in Australia. Veterinary Parasitology, 

137(3-4), 355-363. 

79. Moore, D. P., Campero, C. M., Odeón, A. C., Posso, M. A., Cano, D., Leunda, M. R., and Späth, E. 

(2002). Seroepidemiology of beef and dairy herds and fetal study of Neospora caninum in Argentina. 

Veterinary Parasitology, 107(4), 303-316. 

80. Nema-Alhindawe, A. J (2010). Seroprevalence of Neospora caninum in cattle in (Dawania, Nasseria 

and Basrah) provinces, Iraq. Cal, 10(2), 0-921. 

81. Nishimura, M., Tanaka, S., Ihara, F., Muroi, Y., Yamagishi, J., Furuoka, H., and Nishikawa, Y. 

(2015). Transcriptome and histopathological changes in mouse brain infected with Neospora 

caninum. Scientific reports, 5(1), 1-11. 

82. Nolan, S. J., Romano, J. D., Luechtefeld, T., and Coppens, I. (2015). Neospora caninum recruits host 

cell structures to its parasitophorous vacuole and salvages lipids from organelles. Eukaryotic cell, 

14(5), 454-473. 

83. Öcal, N., Atmaca, H. T., Albay, M. K., Deniz, A., Kalender, H., Yildiz, K., and Kul, O. (2014). A 

new approach to Neospora caninum infection epidemiology: neosporosis in integrated and rural dairy 

farms in Turkey. Turkish Journal of Veterinary & Animal Sciences, 38(2), 161-168. 

84. O'Toole, D., and Jeffrey, M. (1987). Congenital sporozoan encephalomyelitis in a calf. The 

Veterinary Record, 121(24), 563-566. 

https://zienjournals.com/


8840-2771 ISSN NO:                                                                Biological SciencesTexas Journal of Agriculture and  
2023-40-06Date of Publication:                                                                                                https://zienjournals.com 

________________________________________________________________________________________________________________________________ 

________________________________________________________________________________________________________________________________ 
Peer Reviewed International Journal                                                                                                                                [17] 
Volume 15 

85. Page, R. J. (2020). Associations Among Beef Cattle Genotypes, Neospora caninum Infections, and 

Reproductive Performance. University of Arkansas. 

86. Pare, J., Thurmond, M. C., and Hietala, S. K. (1996). Congenital Neospora caninum infection in 

dairy cattle and associated calfhood mortality. Canadian Journal of Veterinary Research, 60(2), 133. 

87. Pereira, L. M., de Luca, G., Abichabki, N. D. L. M., da Costa, C. M. B., and Yatsuda, A. P. (2018). 

Synergic in vitro combinations of artemisinin, pyrimethamine and methylene blue against Neospora 

caninum. Veterinary parasitology, 249, 92-97. 

88. Pereira, L. M., Vigato-Ferreira, I. C., De Luca, G., DA COSTA, C. M. B., and Yatsuda, A. P. (2017). 

Evaluation of methylene blue, pyrimethamine and its combination on an in vitro Neospora caninum 

model. Parasitology, 144(6), 827-833. 

89. Pessoa, G.A., Martini, A.P., Trentin, J.M., Dalcin, V.C., Leonardi, C.E.P., Vogel, F.S.F., and Silva, 

C.A.M. (2016). Impact of spontaneous Neospora caninum infection on pregnancy loss and 

subsequent pregnancy in grazing lactating dairy cows. Theriogenology, 85(3), 519-527. 

90. Platt, S. R. (2016). Disorders of the nervous system and muscle. In Clinical Medicine of the Dog and 

Cat. CRC Press. Pp: 504-602. 

91. Prescott, J. F. (2013). Sulfonamides, diaminopyrimidines, and their combinations. Antimicrobial 

therapy in veterinary medicine, 279-294. 

92. Qian, W., Wang, H., Shan, D., Li, B., Liu, J., and Liu, Q. (2015). Activity of several kinds of drugs 

against Neospora caninum. Parasitology international, 64(6), 597-602. 

93. Rasmussen, K., and Jensen, A. L. (1996). Some epidemiologic features of canine neosporosis in 

Denmark. Veterinary Parasitology, 62(3-4), 345-349. 

94. Razmi, G. (2009). Fecal and molecular survey of Neospora caninum in farm and household dogs in 

Mashhad area, Khorasan province, Iran. The Korean journal of parasitology, 47(4), 417. 

95. Regidor-Cerrillo, J., Gómez-Bautista, M., Pereira-Bueno, J., Aduriz, G., Navarro-Lozano, V., Risco-

Castillo, V., and Ortega-Mora, L. M. (2008). Isolation and genetic characterization of Neospora 

caninum from asymptomatic calves in Spain. Parasitology, 135(14), 1651-1659. 

96. Reichel, M. P. (2000). Neospora caninum infections in Australia and New Zealand. Australian 

Veterinary Journal, 78(4), 258-261. 

97. Reichel, M. P., McAllister, M. M., Pomroy, W. E., Campero, C., Ortega-Mora, L. M., and Ellis, J. T. 

(2014). Control options for Neospora caninum–is there anything new or are we going backwards?. 

Parasitology, 141(11), 1455-1470. 

98. Reichel, M. P., Wahl, L. C., and Ellis, J. T. (2020). Research into Neospora caninum—what have we 

learnt in the last thirty years?. Pathogens, 9(6), 505-522. 

99. Reid, A. J., Vermont, S. J., Cotton, J. A., Harris, D., Hill-Cawthorne, G. A., Könen-Waisman, S., and 

Wastling, J. M. (2012). Comparative genomics of the apicomplexan parasites Toxoplasma gondii 

and Neospora caninum: Coccidia differing in host range and transmission strategy. PLoS pathogens, 

8(3), e1002567. 

100. Rezende-Gondim, M. M., da Silva, A. V., Schares, G., and Gondim, L. F. (2017). In contrast 

to Toxoplasma gondii, Neospora caninum tachyzoites did not sustain multiplication in vitro at 

increased incubation temperatures. Veterinary parasitology, 234, 19-24. 

101. Rico-San Román, L., Horcajo, P., Regidor-Cerrillo, J., Fernández-Escobar, M., Collantes-

Fernández, E., Gutiérrez-Blázquez, D., and Ortega-Mora, L. M. (2020). Comparative tachyzoite 

proteome analyses among six Neospora caninum isolates with different virulence. International 

journal for parasitology, 50(5), 377-388. 

102. Rinaldi, L., Fusco, G., Musella, V., Veneziano, V., Guarino, A., Taddei, R., and Cringoli, G. 

(2005). Neospora caninum in pastured cattle: determination of climatic, environmental, farm 

management and individual animal risk factors using remote sensing and geographical information 

systems. Veterinary Parasitology, 128(3-4), 219-230. 

103. Robayo-Sánchez MV, L., Gómez-Marín Ph D, J., and Cortés-Vecino Ph D, J. (2017). 

Neospora caninum: Biological Relationship with Toxoplasma gondii and its Potential as Zoonosis. 

Revista MVZ Córdoba, 22(3), 6355-6365. 

https://zienjournals.com/


8840-2771 ISSN NO:                                                                Biological SciencesTexas Journal of Agriculture and  
2023-40-06Date of Publication:                                                                                                https://zienjournals.com 

________________________________________________________________________________________________________________________________ 

________________________________________________________________________________________________________________________________ 
Peer Reviewed International Journal                                                                                                                                [18] 
Volume 15 

104. Robbe, D., Passarelli, A., Gloria, A., Di Cesare, A., Capelli, G., Iorio, R., and Traversa, D. 

(2016). Neospora caninum seropositivity and reproductive risk factors in dogs. Experimental 

Parasitology, 164, 31-35. 

105. Sager, H., Moret, C. S., Müller, N., Staubli, D., Esposito, M., Schares, G., and Gottstein, B. 

(2006). Incidence of Neospora caninum and other intestinal protozoan parasites in populations of 

Swiss dogs. Veterinary parasitology, 139(1-3), 84-92. 

106. Schares, G., Pantchev, N., Barutzki, D., Heydorn, A. O., Bauer, C., and Conraths, F. J. 

(2005). Oocysts of Neospora caninum, Hammondia heydorni, Toxoplasma gondii and Hammondia 

hammondi in faeces collected from dogs in Germany. International Journal for Parasitology, 

35(14), 1525-1537. 

107. Schares, G., Peters, M., Wurm, R., Bärwald, A., and Conraths, F. J. (1998). The efficiency of 

vertical transmission of Neospora caninum in dairy cattle analysed by serological techniques. 

Veterinary parasitology, 80(2), 87-98. 

108. Shaapan, R. M. (2016). The common zoonotic protozoal diseases causing abortion. Journal 

of parasitic diseases, 40(4), 1116-1129. 

109. Sharifzadeh, A., Doosti, A., and Dehkordi, P. G. (2012). PCR assay for detection of Neospora 

caninum in fresh and frozen semen specimens of Iranian bulls. World Applied Science Journal, 

17(6), 742-749. 

110. Silva, R. C., and Machado, G. P. (2016). Canine neosporosis: perspectives on pathogenesis 

and management. Veterinary Medicine: Research and Reports, 59-70. 

111. Sokol-Borrelli, S. L., Coombs, R. S., and Boyle, J. P. (2020). A comparison of stage 

conversion in the coccidian apicomplexans Toxoplasma gondii, Hammondia hammondi, and 

Neospora caninum. Frontiers in Cellular and Infection Microbiology, 10, 608283. 

112. Staubli, D., Nunez, S., Sager, H., Schares, G., and Gottstein, B. (2006). Neospora caninum 

immunoblotting improves serodiagnosisof bovine neosporosis. Parasitology research, 99, 648-658. 

113. Takashima, Y., Takasu, M., Yanagimoto, I., Hattori, N., Batanova, T., Nishikawa, Y., and 

Kitoh, K. (2013). Prevalence and dynamics of antibodies against NcSAG1 and NcGRA7 antigens of 

Neospora caninum in cattle during the gestation period. Journal of Veterinary Medical Science, 

75(11), 1413-1418. 

114. Tamponi, C., Varcasia, A., Pipia, A. P., Zidda, A., Panzalis, R., Dore, F., and Scala, A. 

(2015). ISCOM ELISA in milk as screening for Neospora caninum in dairy sheep. Large Anim. Rev, 

21, 213-216. 

115. Trees, A. J., Guy, F., Tennant, B. J., Balfour, A. H., and Dubey, J. P. (1993). Prevalence of 

antibodies to Neospora caninum in a population of urban dogs in England. The Veterinary Record, 

132(6), 125-126. 

116. Van Maanen, C., Wouda, W., Schares, G., Von Blumröder, D., Conraths, F. J., Norton, R., 

and Hemphill, A. (2004). An interlaboratory comparison of immunohistochemistry and PCR 

methods for detection of Neospora caninum in bovine foetal tissues. Veterinary Parasitology, 

126(4), 351-364. 

117. Venturoso, P. D. J. S., Venturoso, O. J., Silva, G. G., Maia, M. O., Witter, R., Aguiar, D. M., 

and Santos-Doni, T. R. D. (2021). Risk factor analysis associated with Neospora caninum in dairy 

cattle in Western Brazilian Amazon. Revista Brasileira de Parasitologia Veterinária, 30. 

118. Vural, G., Aksoy, E., Bozkir, M., Kuçukayan, U., and Erturk, A. (2006). Seroprevalence of 

Neospora caninum in dairy cattle herds in Central Anatolia, Turkey. Veterinarski arhiv, 76(4), 343-

349. 

119. Waldner, C. L., Janzen, E. D., and Ribble, C. S. (1998). Determination of the association 

between Neospora caninum infection and reproductive performance in beef herds. Journal of the 

American Veterinary Medical Association, 213(5), 685-690. 

120. Wang, C., Hu, D., Tang, X., Song, X., Wang, S., Zhang, S., and Liu, X. (2021). Internal 

daughter formation of Toxoplasma gondii tachyzoites is coordinated by transcription factor 

TgAP2IX‐5. Cellular Microbiology, 23(3), e13291. 

https://zienjournals.com/


8840-2771 ISSN NO:                                                                Biological SciencesTexas Journal of Agriculture and  
2023-40-06Date of Publication:                                                                                                https://zienjournals.com 

________________________________________________________________________________________________________________________________ 

________________________________________________________________________________________________________________________________ 
Peer Reviewed International Journal                                                                                                                                [19] 
Volume 15 

121. Wang, X., Li, J., Gong, P., Li, X., Zhang, L., He, B., and Zhang, X. (2018). Detection of 

Neospora caninum DNA by polymerase chain reaction in bats from Southern China. Parasitology 

international, 67(4), 389-391. 

122. Wapenaar, W., Barkema, H. W., VanLeeuwen, J. A., McClure, J. T., O’Handley, R. M., 

Kwok, O. C. H., and Jenkins, M. C. (2007). Comparison of serological methods for the diagnosis of 

Neospora caninum infection in cattle. Veterinary Parasitology, 143(2), 166-173. 

123. Weston, J. F., Heuer, C., and Williamson, N. B. (2012). Efficacy of a Neospora caninum 

killed tachyzoite vaccine in preventing abortion and vertical transmission in dairy cattle. Preventive 

veterinary medicine, 103(2-3), 136-144. 

124. Williams, D. J., Guy, C. S., Smith, R. F., Ellis, J., Bjorkman, C., Reichel, M. P., and Trees, 

A. J. (2007). Immunization of cattle with live tachyzoites of Neospora caninum confers protection 

against fetal death. Infection and immunity, 75(3), 1343-1348. 

125. Wouda, W., Dijkstra, T., Kramer, A. M. H., Van Maanen, C., and Brinkhof, J. M. A. (1999). 

Seroepidemiological evidence for a relationship between Neospora caninum infections in dogs and 

cattle. International Journal for Parasitology, 29(10), 1677-1682. 

126. Yu, J., Xia, Z., Liu, Q., Liu, J., Ding, J., and Zhang, W. (2007). Seroepidemiology of 

Neospora caninum and Toxoplasma gondii in cattle and water buffaloes (Bubalus bubalis) in the 

People's Republic of China. Veterinary Parasitology, 143(1), 79-85. 

https://zienjournals.com/

