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ABSTRACT
The protozoan parasite Neospora caninum is a cause of infectious disease neosporosis. Neospora caninum is a major 
parasite affecting dogs and livestock worldwide. Neosporosis is a major cause of abortion in cattle, particularly in cattle 
raised in intensive agriculture. For diagnosis, the indirect enzyme-linked immunosorbent assay and immunofluorescence 
antibody test are employed. Neospora caninum goes through three different stages in its life cycle: sporozoites, 
tachyzoite, and bradyzoite. The primary method of N. caninum transmission in cattle is believed to be transplacental. 
Dogs are the definitive hosts of N. caninum, and the organisms in dogs and cattle are indistinguishable from one 
another. A high prevalence of N. caninum infection in animals was linked to the presence of dogs that tested positive for 
the parasite. Although exact statistics on the financial losses resulting from neosporosis in the global livestock sector 
are unavailable, losses are estimated to be millions of dollars. A number of medications have been investigated against 
N. caninum. In infected cell cultures, piritrexim, monensin, pyrimethamine, and trimethoprim stop N. caninum from 
growing intracellularly. Taking action to stop vertical transmission is the most practical way to control neosporosis in 
cattle herds, considering the current state of knowledge.
Keywords: Abortion, Cattle, Dog, Infectious disease, N. caninum.

Introduction
Neosporosis is an infectious disease caused by the 
protozoan parasite Neospora caninum (Donahoe 
et  al., 2015). This parasite species and its close 
relative Toxoplasma gondii share many physical and 
biochemical traits (Athanasiou et al., 2021). Neospora 
caninum is now a major parasite that affects dogs 
and livestock all over the world. However, animals 
such as sheep, goats, rabbits, buffalo, horses, camels, 
and chickens can also contract N. caninum (Dubey, 
2003). Neosporosis is one of the causes of abortion in 
cattle, especially in cattle raised on intensive farming 

(Dubey et al., 2007; Kasap et al., 2020). Sheep, goats, 
buffalo, and camels can also have miscarriages due to 
neosporosis, although they might not be as vulnerable 
as cattle (Shaapan, 2016; Wang et al., 2018; Ciuca 
et al., 2020).
The disease was first identified in Norway in 1984 in 
dogs, and in 1988, the causative agent was identified as 
N. caninum (Klevar et al., 2010). According to recent 
reports, dogs are the definitive hosts of N. caninum, and 
the organisms in dogs and cattle are indistinguishable 
from one another (Reichel et  al., 2020). Neosporosis 
has become a major problem in dogs and livestock. 
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The N. caninum parasite has been linked to bovine 
miscarriages in several countries, including the United 
States, Europe, Australia, New Zealand, Africa, and 
Japan (Reichel et al., 2013).
Neospora caninum goes through three different stages 
in its life cycle: sporozoites, tachyzoite, and bradyzoite 
(Winzer et al., 2020). The ingestion of sporozoites, a 
dormant stage of the oocyst, can result in infection of 
an intermediate host. Two separate intracellular stages 
are discernible in the intermediate host: the quickly 
replicating tachyzoite, which is present in multiple 
organs during the acute phase of the disease, and the 
slowly dividing bradyzoite, which lie dormant in tissue 
cysts mainly found in the central nervous system until 
reactivation (Winzer et al., 2020).
The biology and pathogenesis of this parasite have 
been better understood in the ten and a half years 
since its identification. The excretion of N. caninum 
oocysts can be a risk factor when they are shed in 
feces and eventually mix with the environment of the 
definitive host; this can cause stillbirths and abortions 
in cattle and other intermediate hosts (Lefkaditis 
et  al., 2020). Congenitally infected young pups (less 
than 4 months old) account for most recorded cases of 
clinical neosporosis (Dubey et  al., 2007). However, 
neosporosis can infect and kill dogs of any age. The 
most consistent sign of canine neosporosis is paresis 
of the limbs, especially the hind limbs (Fayisa, 2023). 
Cattle neosporosis has been linked to endemics, 
epidemics, and occasional miscarriages, resulting in 
significant financial losses globally (Wilson et  al., 
2016).
Neosporosis is a leading cause of infectious abortions 
in major livestock-producing nations and is currently a 
global concern. This review aims to provide information 
on neosporosis. Information on neosporrosis serves as a 
guide for unbiased and successful strategies to prevent 
and manage N. caninum infections over an extended 
period.
Etiology
Neospora caninum is a heteroxene cyst-forming 
apicomplexan and is a common cause of foetopathy 
and abortion in cattle worldwide (Rosa et  al., 2021). 
This parasite shares many morphological and 
biological features with T. gondii. The main differences 
that distinguish the two parasites are their natural host 
range, antigenicity, virulence factors, and pathogenesis 
(Nazari et al., 2020).
Because the oocysts of the closely related parasite 
Hammondia heydorni resemble those of N. caninum, 
it is important to distinguish between them when 
examining N. caninum in dog feces. Additionally, 
the number, appearance, and placement of the 
rhoptria allow the tachyzoites and bradyzoites to be 
differentiated under an electron microscope despite 
their comparable appearance under a light microscope 
(Dubey et al., 2007). Tachyzoites measure 4–8 × 2–4 
μm. Tachyzoites are crescent- or banana-shaped with 

pointed and rounded ends. Bradyzoites are slender and 
measure about 6.5 × 1.5 μm, have a nucleus located at 
the end, and contain several amylopectin granules that 
are red in color with the periodic acid Schiff reaction 
(Dubey et al., 2004). Although there are few recorded 
cases of neosporosis in wild animals, the existence of 
antibodies to N. caninum in a variety of wild mammal 
species increases the probability that the parasite is 
common in wildlife (Almería, 2013).
History
The protozoan N. caninum has recently been found in 
dogs and other animals (Lindsay and Dubey, 1989). 
In retrospective studies, N. caninum was found in 
dogs that died in the United States in 1957 and 1958, 
demonstrating that neosporosis was not a novel illness 
(Dubey, 1989; Dubey, 1992). In the past, Bjerkås et al. 
(1984) were the first to report disorders that resembled 
neosporosis. They found that six Boxer dogs in Norway 
had protozoa that formed cysts. Neurological problems 
appeared in five of these canines between 2 and 6 
months after birth. Lesions in the brain and muscles 
include parasites like T. gondii. Nevertheless, dog 
parasites are not contagious to mice, and dog serum 
does not contain T. gondii antibodies. The illness was 
mistakenly identified as T. gondii in 1988.
Dubey et  al. (1988a) identified the parasite as N. 
caninum after identifying a similar infection in 10 
dogs in the US and differentiating it from T. gondii. 
Dubey et al. (1988b) induced neosporosis in dogs and 
identified N. caninum alive in cell cultures and mice 
implanted with tissue from naturally infected dogs. The 
parasite that was first identified in Norwegian dogs was 
N. caninum, or a similarly related parasite, according 
to Bjerkas and Dubey’s (1991) comparison of the 
structure and antigenicity of parasites in fixed tissues 
from dogs in Norway and the US. Despite not having 
been isolated and described from cattle, parasites like 
N. caninum are classified as Neospora.
Life cycle
Dogs that consume tissue cysts act as definitive hosts, 
releasing unsporulated oocysts into the environment 
for 5–17 days. These oocysts are highly stable in the 
environment, have a robust outer shell, and, in mild 
conditions, can remain infectious for up to 6 months 
(Al-Qassab et  al., 2010). Cattle, the intermediary 
host, consume oocysts from tainted food and water. 
Sporozoites are released into the intestinal tract 
where they penetrate cells and become tachyzoite 
(a rapidly dividing asexual phase) (Almería, 2013). 
Invading and frequently destroying other host cells, 
tachyzoites divide and spread quickly. Hepatocytes, 
vascular endothelial cells, nerve cells, macrophages, 
fibroblasts, and muscle cells, including the placenta and 
myocardium in pregnant cows, have all been shown to 
contain tachyzoite (Benavides et  al., 2012). Figure 1 
illustrates N. caninum’s life cycle.
The tachyzoite tries to evade the immune system by 
hiding dormant inside tissue cysts, which can contain 

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com 
R. Rimayanti et al.� Open Veterinary Journal, (2025), Vol. 15(3): 1078-1090

1080

hundreds of tachyzoites (Fereig and Nishikawa, 
2020). The term “bradyzoite” refers to this delayed 
reproductive stage of the parasite. Herbivores can 
contract the disease by consuming food or water tainted 
with sporulated N. caninum oocysts, whereas carnivores 
can contract the disease by consuming tissue cysts 
harboring bradyzoite (Dubey et  al., 2007). However, 
the parasite has developed a backup strategy; during 
pregnancy, the parasite becomes reactivated, breaks out 
of the tissue cyst, and migrates to the placenta (Regidor-
Cerrillo et  al., 2014). Placental infection can cause 
abortion, providing a source of meat contaminated by 
bradyzoite, which is then consumed by the definitive 
host (the dog).
In addition, the parasite can be transmitted to the fetus, 
resulting in the birth of congenitally and persistently 
infected calves (Staska et  al., 2003; Şentürk et  al., 
2020). When they are adults, cows that have had 
abortions will transmit the parasite to their offspring 
so that the calves that are born become infected even 
though they are clinically normal (show no symptoms) 
(Dubey, 2003). Because the only clinical manifestation 
of N. caninum is occasional abortion, the infection may 
go unnoticed. The parasite can live in cattle herds for 
multiple generations due to congenital transmission 
from cattle to offspring (Nam et al., 2011). However, 
miscarriages in nonbreeding herds can occur when 
oocysts from the definitive host contaminate drinking 
water and animal feed (Lefkaditis et al., 2020).

Epidemiology
Herds of cattle may have a high incidence of infection 
without any obvious abortion issues; however, endemic 
and epidemic abortion patterns are the symptoms of 
neosporosis. Most cows that are not initially infected 
with N. caninum become infected from their cows 
before giving birth (Benavides et  al., 2012). The 
primary method of N. caninum transmission in cattle is 
believed to be transplacental (González-Warleta et al., 
2018). The distribution of N. caninum is widespread 
worldwide, with the prevalence of infection in cattle 
and sheep approaching 100% (González-Warleta et al., 
2018; Noori et al., 2019; Selim et al., 2023).
Neospora caninum was identified in the United States 
where it caused significant rates of neonatal calf mortality 
and abortions in cows (Barr et al., 1993). Additionally, 
neosporosis has been linked to miscarriages and 
stillbirths in dairy cows in Brazil (Cerqueira-Cézar 
et  al., 2017), Italy (Manca et  al., 2022), and Costa 
Rica (Romero et  al., 2005). Antibodies against T. 
gondii and N. caninum were discovered in Swiss South 
American camels for the first time (Basso et al., 2014). 
The high sheep herding production rate has made it 
popular in the Mediterranean region. Poor management 
and feeding methods, stressful environments, and 
weakened resistance to opportunistic illnesses like N. 
caninum have made this disease a problem in recent 
years (Tamponi et al., 2015). Even though N. caninum 
is found in sheep and goats throughout the world 
(Dahourou et al., 2019).

Fig. 1. The life cycle of Neospora caninum: transmission dynamics in definitive and intermediate host.
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The sheep and goat herds in Khuzestan province 
had positive N. caninum rates of 10.8% and 32.4%, 
respectively. The combined infection rate of T. gondii 
and N. caninum was 5.4% (Gharekhani et al., 2018). 
In a study by Nasir et al. (2011) in Pakistan, the results 
showed the presence of N. caninum in buffaloes. Because 
the majority of animals are pregnant, immune system 
changes and parasite transmission, particularly in the 
summer, can have an impact (Regidor-Cerrillo et al., 
2014). In India, Neospora linked to buffalo abortions 
was first identified when tissue samples from two 
fetuses showed positive immunohistochemistry results 
(Mahajan et al., 2020). The overall seroprevalence of 
N. caninum in central China is 15% (172/1176) (Wang 
et al., 2016).
Pathogenesis
The ability of tachyzoite to enter and proliferate 
inside host cells and to prevent parasite growth is both 
necessary for the pathophysiology of neosporrosis 
(Imhof et al., 2024). The cell invasion process, which 
can last up to 5 minutes, consists of two distinct 
processes: adhesion to the host cell surface and 
penetration inside the cell. The adhesion first phase 
is mediated by low-affinity interactions that cause the 
release of proteins containing micronemes (Keller 
et  al., 2002). In this manner, more specific ligation 
to the host cell surface occurs, ultimately leading 
to invasion. Thus, receptors on the host cell surface 
are required to provide sufficient signals for parasite 
invasion into the cytoplasm.
The tachyzoite first advances the anterior end until 
it reaches the cytoplasm, which is surrounded by 
the parasitophorous vacuole (PV) and then shifts 
its orientation perpendicular to the host cell surface 
membrane to begin host cell invasion (Nolan et  al., 
2015). Since invasion is an active process, the parasite 
alone needs metabolic energy to proceed; the host 
cell does not. Neospora caninum tachyzoite uses a 
highly conserved apicomplexan method to engage 
with their host cells (Pollo-Oliveira et  al., 2013). 
Neospora caninum, in contrast to other genera, is able 
to identify one or more host cell surface receptors that 
are in charge of initial adhesion and invasion (Silva 
and Machado, 2016). Neospora caninum tachyzoite 
differs significantly from T. gondii in terms of nutrition 
scavenging, host organelle interactions, and surface 
carbohydrate content (Naguleswaran et al., 2003).
Once inside, the parasite alters the host’s metabolism 
to aid in its maintenance. The endoplasmic reticulum, 
lysosomes, mitochondria, multivesicular bodies 
(transient storage compartments loaded with 
sphingolipids and cholesterol at the intersection of 
endocytosis and exocytosis), and Golgi vesicles are 
drawn to the PVs of both parasites by reorganizing 
the host microtubular cytoskeleton. However, in N. 
caninum infection, the host endoplasmic reticulum 
aggregates around the PV rather than physically 
affixing it to the vacuole membrane (Nolan et  al., 

2015). The parasite surrounds its PV by drawing the 
host’s Golgi apparatus around it although it fragments 
into minitracks less frequently than T. gondii. As a 
result, they take cholesterol from organelles and store 
it in lipid bodies while recovering sphingolipids from 
host Golgi vesicles and storing them in their PVs. They 
also attract host mitochondria to their PVs, retain these 
organelles, and use the host mitochondria to generate 
energy. Both parasites manipulate host cells and 
take advantage of mammalian resources (Paone and 
Olivieri, 2022). Both parasites exhibit a high degree of 
conservation in this phase.
Immune response
To evade the host’s immune reaction, parasites must 
infiltrate host cells. The CD8+ T cell response is one 
of these defense mechanisms. According to Jordan and 
Hunter (2010), the CD8+ T cell population is involved 
in the host’s defense mechanisms against apicomplexan 
protozoa infections. CD8+ T cells can secrete cytokines 
or act as cytotoxic T lymphocytes. The development 
of CD8+ T-cell responses is influenced by a variety 
of variables, including cytokines like IL-2 and IL-12, 
which support T-cell proliferation, survival, and effector 
function acquisition (Jordan et al., 2009). Correia et al. 
(2015) found that CD8+ T cells play a significant role 
in host protection during neosporosis. The humoral 
immune response and this response cooperate to keep 
infection under control. Typically, intestinal disease 
appears 5–8 days after consumption of tissue cysts, but 
it is difficult to know the location of the cysts in organs 
and tissues (Lindsay and Dubey, 2000).
Pathology
The occurrence of abortion due to neosporosis is 
triggered by several factors, such as the release of 
bovine prostaglandins, which cause luteolysis resulting 
in abortion, proliferation of parasites, which damage 
important fetal or placental tissue, and changes in 
placental immunity associated with the release of 
bovine proinflammatory cytokines, which can cause 
fetal rejection (Rosbottom et al., 2011).
Early pregnancy loss of fetuses frequently results in 
autolysis, and infected placentas often present with 
intact intercotyledonary areas and multifocal necrotic 
foci within the cotyledons (Dubey, 2003). Necrotic 
foci are commonly characterized by significant 
inflammatory infiltration by mononuclear cells and 
dystrophic calcifications. After infection in the bovine 
caruncle, the cellular infiltration spreads to the fetal 
cotyledons, where it manifests as areas of necrosis and 
bleeding (Cantón et al., 2014). Lesions most commonly 
observed in the brains of aborted fetuses and stillborn 
newborns include perivascular cuffs, gliosis, and small, 
multifocal regions of liquefactive necrosis encircled 
by gliosis (Benavides et  al., 2022). Less frequently, 
the liver, kidneys, skeletal muscle, or lungs may 
also have comparable nonsuppurative inflammatory 
foci. Hydrocephalus can also occur, which explains 
the ataxia, reduced reflexes, and paralysis that may 
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be seen in congenitally infected calves with clinical 
symptoms; inflammatory lesions in the spinal cord 
are more common in these calves than in the brain 
(Malaguti et al., 2012). Lesions in adult animals and 
calves without clinical symptoms are mainly limited to 
tissue cysts, which are mainly seen in the brain and less 
commonly in the heart, liver, and muscle (Dubey et al., 
2007).
Clinical symptoms
Because there are few parasites in the affected tissue 
and the early clinical signs and symptoms are unclear, 
neosporosis is challenging to diagnose. Neospora 
caninum causes abortion in dairy and beef cattle. Cows 
of all ages can abort as early as 3 months of gestation, 
with most abortions occurring due to neosporosis 
occurring between the fifth and sixth weeks of gestation 
(Rosbottom et  al., 2011). There are several possible 
outcomes for the fetus: autolysis, mummification, 
resorption, death in utero, stillbirth, clinically normal 
birth, and persistent infection (Williams et al., 2000). 
Cows that have seropositive N. caninum antibodies 
(seropositive) are more likely to have abortions 
than cows that do not have seronegative N. caninum 
antibodies (seronegative). This applies to both dairy and 
beef cattle (Peregrine et al., 2004). Nonetheless, up to 
95% of congenitally infected calves from seropositive 
cows maintain a clinically normal state (Dubey, 2003). 
The rate of congenital infection is normally unaffected 
by the dam’s age, number of lactations, or history of 
abortion (Stenlund et al., 2003).
Clinical symptoms have only been documented 
in cattle aged 2 months. Calves infected with N. 
caninum may be born without clinical symptoms, 
have neurologic symptoms, be underweight, or be 
unable to stand (Uesaka et al., 2018). One or two of 
the cow’s four legs may be hyperextended or flexed. 
A neurological examination may show a loss of 
conscious proprioception, ataxia, and a diminished 
patellar reflex (Malaguti et  al., 2012). Calves’ eyes 
may seem asymmetrical or exhibit exophthalmia 
(Aroch et  al., 2008). Sometimes, N. caninum results 
in birth abnormalities, such as spinal cord stenosis 
and hydrocephalus (Kamali et al., 2014). Abortion can 
occur in an endemic state or an endemic state. It has 
been estimated that up to 33% of dairy cow fetuses in 
contaminated areas abort within a few months (Selim 
et al., 2023). Abortion is considered epidemic if more 
than 10% of cows are at-risk abortion within 6–8 weeks. 
A small percentage (<5%) of cows undergo recurrent 
abortions due to neosporosis (Basso et al., 2022).
Diagnosis
Furthermore, diagnosis of neosporosis is costly and 
challenging. A variety of potential causes should be the 
focus of diagnostic efforts because neosporosis is just 
one of several possible causes of abortion. Placental 
and serum samples from aborted cows should be sent 
to the veterinary diagnostic laboratory together with 
the aborted fetuses (Corbellini et al., 2006). A correct 

diagnosis is more likely to be obtained when several 
fetuses are examined.
For diagnosis, the indirect enzyme-linked 
immunosorbent assay and immunofluorescence 
antibody test are employed (Packham et  al., 1998). 
The features of nonsuppurative encephalitis on brain 
histological examination point to a Neospora infection, 
and the diagnosis is also characterized by heart 
abnormalities (Gaitero et al., 2006). Histological and 
polymerase chain reaction investigations, along with 
serological testing of maternal blood and fetal bodily 
fluids, can offer preliminary, but not conclusive, proof 
of abortion linked to N. caninum (Baszler et al., 1999). 
It is acceptable to presume that N. caninum caused the 
abortion if the pathologist determines that the fetal 
tissue shows lesions that are incompatible with life and 
are immunohistochemically connected to the infection 
(González-Warleta et  al., 2018). The discovery 
of a statistically significant relationship between 
seropositivity and abortion in the group of dams at risk 
of abortion (at-risk dams) further supports the function 
of N. caninum in bovine abortion (Sánchez-Sánchez 
et al., 2021).
Transmission
No cow-to-cow transmission of N. caninum was 
observed. Anderson et al. (1997) conducted a study in 
which 25 seronegative heifers were raised alongside 25 
seropositive heifers from birth, and the progeny were 
assessed for the presence of N. caninum infection. 
Cows that test negative for N. caninum remain 
seronegative and give birth to calves that are not 
infected. Seropositive cows remain clinically normal 
but give birth to congenitally infected calves. Four of 
these congenitally infected calves were in recumbency, 
and seven of them showed the histological identity of 
N. caninum infection upon autopsy. Although most N. 
caninum infections in cattle are disseminated through 
the placenta, postnatal rates vary depending on the 
country’s location, test type, and cutoff values (Reichel 
et al., 2014).
In cattle, N. caninum is unlikely to be spread via sexual 
contact or embryo transfer, and in fact, it is recommended 
to use embryo transfer as a control measure to avoid 
vertical transmission (Dubey, 2003). Researchers used 
87 recipient cows or heifers to conduct groundbreaking 
research on embryo transfer and N. caninum infection 
(Baillargeon et  al., 2001). None of the 70 fetuses or 
calves delivered to seronegative cows that received 
embryos from seropositive donors exhibited evidence 
of N. caninum infection. However, five out of six calves 
that transferred embryos from seronegative donors to 
seropositive receivers had N. caninum infection. These 
results were supported by Landmann et al. (2002), who 
also demonstrated that commercially available embryo 
transfer techniques prevent N. caninum from being 
transferred from seropositive cattle to seronegative 
recipients. In addition, bovine embryos that had already 

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com 
R. Rimayanti et al.� Open Veterinary Journal, (2025), Vol. 15(3): 1078-1090

1083

been implanted showed resistance to N. caninum 
invasion.
Although there is no confirmation that lactogenic 
transmission of N. caninum occurs spontaneously, it 
has been experimentally proven to occur in newborn 
calves fed colostrum mixed with tachyzoite (Lefkaditis 
et al., 2020). Dogs do not produce oocysts when they 
drink milk containing tachyzoite.
Risk factors
Given that dogs are Neospora’s definitive host, it is 
conceivable that livestock could contract the disease 
by coming into contact with dog oocysts. According 
to two recent epidemiological studies, having dogs on 
farms increases the likelihood of livestock miscarriage 
(Fávero et al., 2017; Semango et al., 2019). Furthermore, 
a high prevalence of N. caninum infection in animals 
was linked to the presence of dogs on farms that tested 
positive for the parasite (Gao and Wang, 2019). These 
results indicate a relationship between livestock and 
dog infections caused by N. caninum. Nonetheless, it is 
unlikely that exposure to the recently released oocysts 
from dogs directly causes abortion (Dubey et al., 2007). 
Since the majority of farmers have owned dogs for a 
long time, it is possible that the cattle in this herd have 
previously been infected (Reichel et  al., 2020). The 
presence of domestic poultry on farms was also found 
to be a risk factor (Llano et al., 2018). It is believed that 
these animals could act as oocyst mechanical vectors.
Other sources of postnatal infection in cattle are difficult 
to eliminate because tachyzoites are present in the fetal 
membranes and uterine fluid (Gondim and McAllister, 
2022). Tachyzoites derived from cultures added to milk 
have been shown to be infectious to newborn calves 
when given orally (Uggla et  al., 1998). Since cattle 
that are seropositive for N. caninum are more likely 
to experience an abortion, it seems that the majority 
of endemic and sporadic neosporosis-related abortions 
in cattle are caused by the reactivation of a chronic 
infection (Sánchez-Sánchez et al., 2021). Seropositive 
cows are 2–3 times more likely to have an abortion 
than seronegative cows (Špilovská et  al., 2015). In 
fact, compared with seronegative heifers, congenitally 
infected heifers are up to 7.4 times more likely to have 
an abortion during their first pregnancy (Ståhl et  al., 
2006). Immune suppression-related conditions can lead 
to the reactivation of persistent Neospora infection. 
Eating moldy corn silage appeared to be a risk factor 
for abortions linked to Neospora (Vanleeuwen et  al., 
2010). Mycotoxins have been demonstrated to depress 
the immune system, and they may be present in moldy 
feed (Kraft et al., 2021).
Economic impact
Although exact statistics on the financial losses 
resulting from neosporosis in the global livestock sector 
are unavailable, losses are estimated to be millions of 
dollars (Reichel et al., 2013). The direct expenses and 
the value of the lost fetuses determine the economic 
impact of neosporosis, which can cause up to 42% of 

cows to abort (Ghanem et al., 2009). Professional help 
and expenses related to diagnosis, rebreeding, potential 
loss of milk output, and replacement costs in the event 
that aborted cows are put down are examples of indirect 
costs (Lefkaditis et al., 2020). Iranian dairy cattle incur 
significant financial losses due to culling, abortions, 
and reproductive issues caused by N. caninum infection 
(Gharekhani and Yakhchali, 2019).
The reasons for abortion in beef cattle are generally 
less understood than in dairy cattle because of the 
difficulties in identifying small fetuses that are 
discharged during the first trimester (Dubey et  al., 
2007). Therefore, the losses caused by Neospora in 
beef cattle cannot be accurately estimated. There is 
no concrete proof that N. caninum causes morbidity 
in adult cattle because no clinical illness has been 
documented in calves older than 2 months. However, 
Barling et al. (2001) estimated a loss of $15.62 per calf 
and discovered a strong correlation between weight 
increase and N. caninum antibody status in calves in a 
seroepidemiological investigation.
Many wild and domestic animals exhibit significant 
financial losses due to N. caninum (Fávero et  al., 
2017). Sheep with neosporosis are unable to reproduce, 
which has a large effect on the economy (Benavides 
et  al., 2022). Fereig et  al. (2016) stated that because 
neosporosis can result in reproductive losses and 
persistent infections, it can lead to abortion and high 
culling rates.
Neosporosis, a significant cause of miscarriage in 
dairy cows makes it challenging to boost livestock 
productivity, a crucial source of revenue for low-
income nations like Egypt (Selim et al., 2023). Given 
the higher number of services required for seropositive 
cows per conception, neosporosis may contribute 
to greater economic losses (Tagwireyi et  al., 2024). 
Furthermore, compared with other seropositive cows, 
the study’s seropositive cows tended to have longer 
open days. The odds of a positive cow not becoming 
pregnant are 1.8 times higher than those of a negative 
cow (Muñoz-Zanzi et al., 2004).
Treatment
A number of toxoplasmosis medications against 
N. caninum have been investigated. In infected 
cell cultures, piritrexim, monensin, lasalocid, 
pyrimethamine, and trimethoprim stop N. caninum 
from growing intracellularly (Qian et  al., 2015). In 
experimentally infected mice, sulfadiazine reduced 
clinical neosporosis (Lindsay dan Dubey, 1990). 
However, the administration of sulfadiazine after the 
onset of clinical symptoms is ineffective. Several 
treatments have been shown to be effective against 
Neospora tachyzoite in vitro, although chemotherapy 
is thought to be ineffective against encysted bradyzoite 
in vivo (Ojo et al., 2014). Given the duration of milk 
withholding, treatment of dairy cows is not feasible. It 
is possible to medicate pregnant cows to avoid vertical 
infection transmission and abortion (Imhof et  al., 
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2024). However, it has been noted that heifers are not 
entirely protected against Neospora-induced abortion 
during the first trimester by monensin treatment (40–
120 mg/animal/day) (Sánchez-Sánchez et al., 2018).
With an emphasis on medication toxicity and 
pharmacokinetics, in vivo experiments were performed 
in standard mouse models to determine the efficacy 
against acute infections and placentally transmitted 
infections, among other conditions. Drugs such as 
toltrazuril, ponazuril, thiazoles, and the bumped-
BKI-1294 kinase inhibitor have demonstrated efficacy 
in the treatment of neosporosis (Hemphill et al., 2016). 
Chemotherapeutic methods for managing N. caninum 
infections in cattle have demonstrated the potential in 
lowering the parasite burden, vertical transmission, and 
abortion rates. Cuteri et al. (2005) used trimethoprim 
in conjunction with toltrazuril and sulphadiazine in a 
field trial, including 936 Friesian cattle spread across 
18 herds in Italy (Cuteri et al., 2005). Within a year, the 
abortion rate dropped dramatically from 188 to 9 and 
the seroprevalence rate dropped from 68.7% to 0%. To 
support its action for sustained parasite suppression, 
Dirikolu et al. (2009) investigated the pharmacokinetics 
of toltrazuril sulfone (Ponazuril) in six calves and 
observed high absorption with a lengthy elimination 
half-life. Toltrazuril may help create parasite-free 
offspring in infected herds, as demonstrated by Haerdi 
et  al. (2006), who investigated its use on newborn 
calves from seropositive moms and found lower levels 
of parasite infection and elimination. Kritzner et  al. 
(2002) examined 19 experimentally infected calves 
that received Ponazuril treatment. The majority of 
parasites found in the brains and other organs of treated 
animals were eradicated after a 6-day treatment. In 
contrast, untreated calves displayed significant parasite 
loads along with associated clinical symptoms. These 
results highlight the value of chemotherapeutic 
treatments such as toltrazuril and ponazuril as practical 
instruments for treating cow neosporosis.
The treatment of neosporosis is typically challenging 
and ineffective, either fully or partially. Patients can be 
required to receive treatment for 8 weeks. The prognosis 
for dogs with neurological symptoms is dismal, and 
treatment takes too long (Fisher et  al., 2024). Early 
treatment is most successful when muscle contractures 
develop. In cases of cutaneous neosporosis, it appears 
to work better (Jiménez-Pelayo et  al., 2019). The 
main medication used to treat canine neosporosis is 
clindamycin (Silva and Machado, 2016). It is the only 
lincosamide with extra antiprotozoal properties (Wang 
et  al., 2022). Consequently, this medication works 
well against N. caninum tachyzoite. Sulfonamides 
and clindamycin work together to prevent neoplasia. 
Furthermore, pyrimethamine and sulfonamides work in 
concert to enhance antiprotozoal activity (McFarland 
et al., 2016). Clindamycin is believed to have little to 
no effect on bradyzoite but does affect the growth of N. 
caninum tachyzoite (Silva and Machado, 2016). Thus, 

tissue cysts may continue to exist for around 2 months 
after therapy, and bradyzoite exposure to an immune 
response as a treatment for persistent neosporosis 
should be taken into consideration and studied.
Every parent group member should have their N. 
caninum antibody levels checked if one of them has 
neosporosis and those who test seropositive should 
receive treatment. Seropositive puppies should not 
receive immunosuppressive medications (Lyon, 
2010). Because of the lack of preventative therapy, 
the parasite can spread from an infected bitch to her 
children several times.
Vaccination
There is currently no cure or vaccine to stop the spread 
of neosporosis that causes abortion. The only licensed 
N. caninum vaccine is Bovilis Neoguard (Intervet 
International B.V., Boxmeer; The Netherlands), which 
consists of inactivated N. caninum tachyzoite (3 × 
106 ml−1), 10% Havlogen adjuvant, 5% stabilizer, and 
5% phosphate-buffered saline (Mazuz et  al., 2021). 
However, this vaccine was withdrawn from the 
market due to its limited efficacy (20%) and increased 
transplacental transmission resulting in embryonic 
death (Weston et al., 2012; Mansilla et al., 2015).
Recently, pregnant cows exhibited strong 
immunogenicity and activation of interferons (IFN)-c 
responses to a soluble fraction of tachyzoite’s lysate 
and a soy-based aqueous adjuvant (sNcAg/AVEC) 
(Mansilla et al., 2012). Abortion rates have significantly 
decreased as a result of live tachyzoite vaccines, which 
include naturally attenuated or less virulent isolates 
such as Nc-Nowra, Nc-Spain1H, and the Argentine 
isolate Nc-6 (Imhof et al., 2024). These vaccines also 
significantly increase N. caninum antibody responses. 
Inactivated or subunit vaccinations are more appealing 
choices since live vaccines have certain intrinsic 
disadvantages, such as the danger of pathogenicity 
reoccurring after inoculation and the bulk maintenance 
of live parasites (Hou et  al., 2023). Unfortunately, 
recombinant NcGRA7 (50–200 µg) entrapped in 
oligo-mannose microsomes (M3-NcGRA7), as well 
as recombinant proteins expressed and purified 
by bacteria, including rNcSAG1, rNcHSP20, and 
rNcGRA7, showed little promise, as they failed to 
prevent infection in pregnant cows (Reichel et  al., 
2015). To guarantee long-term protection against 
Neospora, it is crucial to identify novel, more effective 
vaccine strategies, such as live attenuated strains of 
Neospora (containing tachyzoites lacking in Ca2+-
dependent protein kinase 2) (Khan et al., 2020).
Control
The economic significance of neosporrosis and the 
absence of effective treatments and vaccines make 
appropriate prevention and control measures the most 
effective way to eliminate N. caninum. Serological 
investigations to gather seroprevalence data are crucial 
for the efficient management of neosporosis (Guido 
et al., 2016). Reducing the risk of vertical or horizontal 
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transmission can help prevent and manage neosporosis. 
One of the main causes of Neospora infection 
persistence in herds has been identified as vertical 
transmission (Marugan-Hernandez, 2017). Therefore, 
action to stop vertical transmission is the most practical 
way to control neosporosis in cattle herds, considering 
the current state of knowledge.
Only herds with a low incidence of disease can 
implement the most extreme measure, namely 
slaughtering all diseased animals and their affected 
offspring. Focusing on keeping calves contaminated 
at birth from replacement is more practical and cost-
effective in herds with moderate to high infection 
prevalence (Haddad et  al., 2005). This strategy is 
recommended in light of mounting data showing that 
heifers infected at birth are at significantly increased 
risk of both vertical transmission of the virus to their 
progeny and abortion, particularly during the first 
pregnancy. Seropositivity to Neospora can be used as 
a criterion for selective culling of dairy cows within 
general herd management limitations, in addition to 
allowing only seronegative heifers as replacement 
stock (Pabón et  al., 2007). It is possible to transfer 
embryos from seropositive cattle to seronegative 
recipients to preserve valuable seropositive animals as 
breeding stock (Baillargeon et al., 2001).
Since dogs play a significant role in the spread of the 
disease and its transmission, stopping the parasite’s 
life cycle through dog quarantine aids in its control 
by blocking horizontal transfer between the final 
and intermediate hosts (Silva and Machado, 2016). 
Furthermore, the host must not have access to aborted 
fetuses or placentas from cows and calves. To prevent 
oocyst infection, cows should only be fed closed foods 
and water. It is important to prevent dog excrement 
from contaminating feed. Avoid feeding moldy cattle 
feed because it may contain mycotoxins (Dubey et al., 
2007). Stressors and nutritional imbalances are two 
more factors that might lead to a weakened immune 
response and are difficult to control (Monney et  al., 
2011).
To stop the spread of disease, eradication measures 
should be implemented for all rodents, including 
mice, rats, and rabbits (Jenkins et  al., 2007). Similar 
tactics should be used for poultry because pigeons and 
chickens can serve as intermediary hosts for the parasite 
(Furuta et  al., 2007). An effective control program 
must include a calculation of the costs of testing and 
control measures against reduced economic losses due 
to N. caninum infection or abortion (Liu et al., 2020).

Conclusion
Neosporosis is a frequent disease of cattle caused by the 
protozoan parasite N. caninum. Infection in pregnant 
cows leads to miscarriage. Dogs are recognized to be 
definitive hosts N. caninum, which can excrete oocysts 
in feces. Other animals are affected after consuming 
Neospora oocysts. The economic significance of 

neosporosis and the absence of effective treatments 
and vaccines make appropriate prevention and control 
measures the most effective way to eliminate N. 
caninum.
Future prospects
To develop an effective vaccine and uncover the 
connection between domestic and wild disease cycles, 
research on the genotype and molecular diagnostics 
of N. caninum is required. To determine the actual 
incidence of neosporosis, research on other hosts 
is recommended, particularly wild animal species. 
Furthermore, farmers require instructional programs 
on the risk factors associated with neosporosis.
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