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ABSTRACT 

Neospora caninum is one of the main causes of abortion in cattle worldwide, causing significant 

economic losses. This review summarizes current knowledge on the epidemiology of bovine 

neosporosis, transmission routes, abortion types and associated risk factors. Transplacental 

transmission is identified as the main mechanism maintaining infection in the cattle populations. 

Transplacental transmission can be endogenously through reactivation of persistent infection in 

seropositive dams and exogenously following primary infection during pregnancy. Postnatal 

infection is associated with ingestion of sporulated oocysts shed by definitive hosts, mainly dogs 
and other canids. Neospora caninum–associated abortions may occur in epidemic or endemic types, 

depending on the route and timing of infection. Persistently infected cows have a significantly higher 

risk of abortion. Many risk factors influencing infection and abortion have been identified, such as 

age, herd management practices, presence and behavior of dogs, feed contamination, and 

coinfections with other pathogens. Understanding these epidemiological aspects is essential for the 

development of effective prevention and control strategies for bovine neosporosis. 
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INTRODUCTION 

Neospora caninum is worldwide spread 

protozoa, which is one of the main causes of 
abortion in cattle worldwide (1-4). Due to the 

economic losses it causes, neosporosis is known 

as the “billion-dollar disease” (5). The 
prevalence of the invasion varies widely in 

different countries. 
 

Long-term serological studies in cattle show 

that infection with N. caninum persists during 

their entire life (6). In many regions of the 
world, transplacental transmission represents 

the main mechanism of infection in cattle (7). In 

persistently invaded dams, reactivation of the 
infection during pregnancy is responsible for 

endogenous transplacental transmission (5). In 

dams free of the protozoan, postnatal infection 
during pregnancy, caused by ingestion of 
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infective oocysts, is responsible for exogenous 

transplacental transmission. Heifers, originating 

from transplacentally invaded calves, may 
transmit the infection to the next generation 

during pregnancy. 
 

TYPES OF TRANSPLACENTAL 

TRANSMISSION. 

1. Prenatal (transplacental) transmission. 

N. caninum is one of the most effective 

transplacentally transmitted parasites in cattle 

(6). Evidence for transplacental transmission 
has been received from natural and 

experimental studies (6).  
 

Björkman et al., (8) conducted a study, 

following the family history of animals that 
showed the presence of antibodies against N. 

caninum, in a dairy cattle herd in Sweden. The 

authors found that all seropositive animals 

come from two cows purchased 16 years earlier. 
Similar studies, demonstrating the influence of 

prenatal transplacental transmission on the 

seroprevalence of the generation, have also 
been conducted in Canada (9), Germany (10), 

Australia (11), Sweden (12), and Brazil (13). 
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Anderson et al., (14) conducted a study in 

California providing convincing evidence, that 

chronic persistent infection in cows can be 
transmitted to the offspring through endogenous 

transplacental transmission. The authors 

followed the offspring of 25 seronegative and 
25 seropositive heifers raised together. The 

offspring of seronegative heifers were also 

seronegative, while the offspring of seropositive 
heifers were congenitally infected. Seven of the 

congenitally infected calves showed 

histological lesions caused by N. caninum. 
 

Clear evidence for transplacental transmission 

of N. caninum has been obtained through the 
detection of statistically significant associations 

between the antibody response in dams and 

their newborn calves (6). 
 

Several studies have observed that a greater part 
of newborn calves born from seropositive dams 

were also seropositive, while a greater 

proportion of the offspring from seronegative 

dams were seronegative (6). According to the 
authors, detection of specific antibodies in 

precolostral serum proves in utero synthesis of 

antibodies by the fetus and represents an 
indisputable indicator of transplacental 

transmission. 
 

In a study conducted at an embryotransfer 

center by Andreotti et al., (15) low levels of 

vertical transmission of the infection were 
identified, ranging from 24% to 50%. 

Nevertheless,  the absence of specific antibodies 

in calves is not conclusive evidence of absence 
of infection, as the fetus may have been infected 

late in pregnancy and antibody synthesis may 

not have yet begun (6). According to Dubey et 
al., (6), the hypothesis proposed by McInnes et 

al., (16), suggesting that transplacentally 

infected calves may become immunotolerant, is 

based on unconfirmed detection of parasitic 
DNA in the serum of seronegative cattle and 

therefore requires further studies for 

confirmation. The possibility that a 
seronegative dam gives birth to a seropositive 

calf is extremely low. The reason for this may 

be due to the reduction of antibodies to an 

undetectable level in the mother (17,12,18). 
Fioretti et al., (19) conducted a study following 

three consecutive pregnancies in three cows, 

aiming to determine the degree of vertical 
transmission of N. caninum and to clarify the 

period of gestation during which reactivation of 

persistent infection occurs. The cows included 
in the study gave birth to clinically healthy but 

congenitally infected calves during their first 

pregnancy. The protozoan has been detected, 

using biological assays in mice, in the placentas 

of the three examined cows during each of the 
three consecutive pregnancies after parturition. 

The protozoan has been detected post mortem 

in the brains of all nine calves born clinically 
healthy from these three cows. The authors 

found that IgG and IgM titers increased during 

the third trimester of pregnancy. This increase 
in antibody titers has been observed during all 

three pregnancies and in all three cows. IgM 

titers in calves were elevated after birth, while 

IgG titers increased after colostrum 
consumption, which is indicative for late 

infection. In the same premises, at the same time 

as the experimental animals, 38 cows were 
reared, which showed a negative result for 

antibodies from the beginning to the end of the 

study. All farm dogs in the area were tested and 

showed negative results for the presence of 
antibodies, as well as negative results in 

attempts to isolate the protozoan. The 

convincing evidence obtained by the authors 
give them reason to suggest that N. caninum 

infection can be maintained over several 

generations and that recurrent persistent 
infection, rather than a new one, explains N. 

caninum infection in calves.  
 

2. Postnatal (horizontal) transmission. 

Ingestion of sporulated N. caninum oocysts 

from the environment is the only proven way of 
infection in cattle after birth (6). Transmission 

of the infection between individual animals kept 

together has not been observed (14). There is no 
evidence that placentophagy is involved as a 

mechanism for transmission of the infection 

(20). There is no conclusive evidence that viable 

protozoa are present in the excreta and 
secretions of adult asymptomatic carrier cows 

(6). Experimental lactogenic infection of calves 

inoculated with milk containing tachyzoites has 
been demonstrated (21), but there is no evidence 

for natural lactogenic transmission of the 

infection (22-24). 
 

De Yaniz et al., (25) conducted an experimental 
conjunctival inoculation of high doses of 

protozoan, which resulted in seroconversion. 

Moore et al., (26) performed an experiment 

demonstrating that conjunctival infection does 
not lead to vertical transmission of the 

protozoan in pregnant cows, and that natural 

infection along this route seems unlikely. 
 

Serrano-Martínez et al., (27) reported that 
intrauterine infection by semen contaminated 

with 5 x 10⁴ tachyzoites causes persistent 
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antibody responses in heifers. Although N. 

caninum DNA has been detected in the semen 

of naturally infected (28-30) and experimentally 
infected bulls (27), viable organisms, if present, 

are few and rare. For these reasons, Dubey et al., 

(6) consider that venereal transmission may be 
possible, but is unlikely.  
 

EPIDEMIC AND ENDEMIC ABORTION 

ASSOCIATED WITH N. caninum. 

Abortions associated with N. caninum in cattle 

may be an epidemic or endemic (sporadic) type 
(6). Abortions are defined as epidemic when the 

outbreak is temporary and when 15% of cows at 

risk abort within 4 weeks, 12.5% of cows abort 
within 8 weeks, or 10% of cows abort within 6 

weeks (6,31-33). If sporadic abortions are 

observed in the herd for several months or 
years, the outbreaks are defined as endemic (6). 

1. Epidemic abortions caused by exogenous 

transplacental transmission. 

Epidemic abortions are thought to be due to 
exogenous transplacental transmission—

ingestion of food or water contaminated with 

sporulated oocysts. (34,35). The detection of 

IgG antibodies with low antigen-binding 
activity (avidity) in experimentally infected 

cattle indicates recent infection (6,36-39,32). 

Low-avidity IgG antibodies have been detected 
in most aborted dams from herds with epidemic 

abortions, indicating that the infection in these 

animals was recent (40,41,37,42,34,43,32).  
 

2. Endemic abortions caused by endogenous 

transplacental transmission. 
According to Dubey et al., (6), in many herds 

with a history of endemic abortions due to N. 

caninum (9,8,37,44,23,11,45,46,32,47,48) there 
is a strong positive correlation between the 

serological status of the mothers and their adult 

daughters, i.e. there is evidence that the main 
route of vertical transmission in these herds is 

endogenous. (Figure 1) 
 

 

 

Figure 1. Exogenous and endogenous and transplacental transmission 

Cows with persistent infection have a two or 
more times higher risk of abortion compared to 

seronegative control animals, which has been 

proven in a number of studies (18,49-51). A 

study in Israel, showed that the rate of recurrent 
abortions in seropositive mothers was about 5 

times higher than in seronegative ones (45). 

Thurmond et al., (52) conducted a study in 
which it was observed that congenitally infected 

heifers had an increased risk of abortion during 

their first pregnancy, but not in later 
pregnancies, compared to control seronegative 

animals. In a similar study in Israel, Mazuz et 

al., (45), observed that more of the seropositive 

animals aborted at a late age. According to 
Dubey et al., (6), it remains unclear if only 

endogenous or in addition exogenous infection 

of mothers has caused late-term abortions in 
Israel. 
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The mechanism of reactivation of latent N. 

caninum infection is unknown (6). 

Immunosuppression induced by ingestion of 
toxic substances, as well as coinfections with 

other pathogens, has been discussed as a 

possible mechanism, but is not supported by 
evidence (6). Some hypotheses include stress 

factors as a cause of reactivation of persistent 

infection (6). In herds with confirmed 
neosporosis but without reproductive disorders, 

endemic abortions have been observed during 

episodes of increased rainfall in predominantly 

dry regions (18,53,54). Based on this, the 
authors suggest that these abortions are due to 

the stressful climatic factors, especially in 

mothers during the second trimester of 
pregnancy. 
 

RISK FACTORS ASSOCIATED WITH 

INFECTION. 

Knowledge of the risk factors leading to 

infection with N. caninum or to the occurrence 
of abortions in herds is important for the 

development and application of control 

measures for bovine neosporosis (6). 
 

1. Age. 
With increasing age and/or number of 

pregnancies, the seroprevalence in both beef 

and dairy cattle breeds also increases, 

suggesting that postnatal infection through 
horizontal transmission of N. caninum is of 

particular importance (6). Sanderson et al., (55) 

investigated the seroprevalence of N. caninum 
and associated risk factors among 2,585 cows in 

55 herds. Blood samples were collected from 

beef cows and calves located in five 
northwestern states of the USA. The authors 

collected information related to animal 

husbandry and feeding practices, as well as 

vaccination programs implemented in cattle 
farms. The overall seroprevalence was 24%, 

and the seroprevalence within the herd ranged 

from 3 to 67%. The authors found that herds 
managed under a combination of indoor and 

grazing systems show lower seroprevalence 

than herds managed under year-round indoor 
systems. Cows under 3 years of age had higher 

percentage inhibition values using ELISA 

(competitive inhibition assay, CI) than cows 

over 6 years of age.  
 

The influence of age on seroprevalence in dairy 
cattle may vary among different regions (6). In 

Spain, Bartels et al., (56), found that 

seroprevalence in cattle increased with age, 
while in Sweden the results were opposite. In 

another study in Spain, Eiras et al., (57) found 

that seroprevalence increased with age in beef 

and dairy cattle. Bartels et al., (56) hypothesized 

that age as a risk factor may be influenced by 
the risk of oocyst ingestion, the way animals are 

reared (year-round indoor or indoor–grazing) 

and management practices, such as selective 
culling of seropositive animals.  
 

Non-selective culling of animals in a herd with 

high seroprevalence may result in a positive 

relationship between age and prevalence if the 

population from which new heifers are 
imported has a lower seroprevalence than the 

herd itself (6). This effect (lower prevalence in 

younger age groups) is further amplified by the 
fact that the proportion of transplacental 

transmission is often below 100% (6). 

According to the authors, relapses during 
pregnancy may have additionally contributed to 

the higher seroprevalence observed in older 

animals.  
 

2. Definitive hosts (including dogs, coyotes, 

and wolves). 
Most epidemiological studies on dairy herds 

indicate that the presence of farm dogs is a risk 

factor for seropositivity in cattle (6). According 
to the authors, studies in which positive 

correlations between the seroprevalence of N. 

caninum in dogs and cattle have been observed 

(58-60) further confirm that the presence of N. 
caninum in cattle is associated with infection in 

dogs.  
 

Not only the presence of free-ranging dogs on 

farms, but also the possibility of these dogs to 
have direct contact with the herd, have been 

identified as risk factors (61, 62). Dijkstra et al., 

(63) performed a comparative study between 12 
dairy herds with confirmed postnatal infection 

with N. caninum and 21 negative herds. In 92% 

of the farms with evidence of postnatal 

infection, defecation of farm dogs along the 
feeding alleys was observed, whereas in the 

control farms the proportion was significantly 

lower (24%). The same trend was observed for 
dog defecation in grass silage - 75% of 

postnatally infected farms and 19% of control 

farms - as well as in maize silage - 50% of 

postnatally infected farms and 10% of control 
farms. Based on the data from this study, Dubey 

et al., (6) assumed that fecal contamination in 

the feeding area is more closely associated with 
postnatal infection in cows than contamination 

of feed during storage.  
 

Comparing the feeding habits of dogs 

originating from farms with confirmed 
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postnatal infection and control farms is found 

that dogs from infected farms are fed with raw 

meat, placentas, fetuses, uterine secretions, 
colostrum, or milk, which indicate that these 

biological materials may represent sources of 

infection for dogs (61, 63, 64). Dijkstra et al., 
(65) experimentally confirmed that placenta, 

but not colostrum, is a source of infection for 

dogs. 
 

No oocyst shedding was observed in dogs fed 

with naturally infected bovine fetuses (66). 
Dubey et al., (6) suggest that the obtained 

results were influenced by the degree of fetal 

autolysis, since death of the protozoan is 
directly associated with death of host cells. For 

this reason, viable tachyzoites can be detected 

only extremely rarely in autolyzed tissues (5). 
Dijkstra et al., (67) provide convincing 

evidence that newly introduced dogs have a 

higher risk of transmitting the infection 

compared with local dogs. According to Dubey 
et al., (6), these findings can be explained by the 

fact that dogs do not shed (or shed only a very 

small number of) oocysts even after repeated 
feeding with infected tissues (65,68,69). 

Another explanation proposed by Dubey et al., 

(6) is that young dogs (10–14 weeks of age) 
shed more oocysts than older dogs (2–3 years of 

age) (68). 
 

Stray dogs living in areas near farms, as well as 

farm dogs, are at high risk for spreading the 

infection (6). In addition to dogs, coyotes (70) 
and gray wolves (71) are also confirmed 

definitive hosts of N. caninum. In areas with 

high species diversity of wild canids (coyotes 
and wolves), natural foci of infection (in which 

the protozoan circulates between wild 

ruminants and wild canids) may be important 

for maintaining infection in domestic animals 
(cattle and dogs) (72). 

 

3. Other intermediate hosts. 
Not only cattle, but also other intermediate hosts 

of N. caninum, can be a source of infection for 

dogs and wild canids (6). The presence of N. 
caninum DNA in naturally infected mice and 

rats suggests that these animals may represent 

important sources of infection for definitive 

hosts (6). In a study conducted in France, it was 
found that the presence of rabbits and/or ducks 

on the farms is a potential risk factor associated 

with seropositivity in dairy cattle (73). The 
presence of poultry on the farm is stated as a 

potential risk factor for seroprevalence in the 

studied dairy herds in Mexico (74). In the 

Netherlands, Bartels et al., (75) discussed the 

potential role of poultry as mechanical carriers 

of oocysts of N. caninum, after involving them 

as a risk factor for the occurrence of abortions 
associated with the protozoan in dairy herds. 

The susceptibility of poultry to N. caninum is 

still under debate (6). According to Dubey et al., 
(6), although antibodies against the protozoan 

have been detected in chickens (76-78) and 

DNA has been isolated from seropositive 
chickens (76,79), there is still no evidence of 

successful isolation of viable N. caninum from 

chickens. Although experimental infection of 

chicken embryos is possible (80-82) and this 
material has induced oocyst shedding in dogs 

(81), there is no evidence that chickens are 

important natural intermediate hosts of N. 
caninum (6). These results require further 

investigations on the susceptibility of other 

domestic animals to N. caninum infection, such 

as rabbits, ducks, chickens and other poultry, as 
well as wild animals, and whether these 

potential intermediate hosts could be a risk for 

infection of definitive hosts (6). 
 

4. Oocyst contamination (including grazing 

and feed). 

Oocyst-contaminated pastures, feed and 

drinking water are considered potential sources 
of postnatal infection in cattle (6). In Italy (83) 

and in the northwestern United States (55), it 

has been reported that cattle managed under 

indoor–grazing system exhibited lower 
seroprevalence compared with cattle kept under 

year-round indoor conditions. According to 

Dubey et al., (6), although domestic and wild 
canids have free access to pastures, oocyst 

contamination caused by them may be too low 

to represent a significant risk of infection, or the 

oocysts may not survive during the summer 
months if they are very hot and dry. There is still 

no information about climatic conditions under 

which N. caninum oocysts can survive in the 
environment (6). 
 

Barling et al., (84), found that the use of round 

hay feeders in beef cattle farms in Texas is a risk 

factor influencing the seroprevalence. This risk 
factor is explained with the fact that cows often 

give birth, abort, or expel their placentas near 

these feeders. The authors suggest that fecal 

contamination from canids that have been fed 
with infected materials may concentrate near 

the feeders, because they are rarely moved. 
 

Seroepidemiological study in 15 dairy cattle 

farms in Puerto Rico revealed that on-farm feed 
production, lack of artificial insemination, and 

access of domestic and wild animals to facilities 
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or to livestock feed were directly associated 

with seroprevalence in cows (85). Since farm 

dogs play a major role in the life cycle of N. 
caninum, contamination of feed with oocysts 

can occur, especially when it is produced on the 

farm (6). Farm-stored silage is considered one 
of the feeds with the highest potential for 

contamination with oocysts of the protozoan 

(86). 
 

5. Feeding with colostrum or milk. 

It is experimentally confirmed that calves up to 
1 week of age developed a specific antibody 

response against the protozoa after being fed 

with colostrum and/or milk replacer containing 
10⁷ N. caninum tachyzoites (NCLivB1) (22). In 

the same study, it was shown that feeding 

newborn calves from seronegative mothers with 
colostrum from seropositive mothers did not 

result in infection of the calves. Since N. 

caninum DNA has been detected in the milk of 

seropositive cows (87,88), the question of 
whether lactogenic transmission of the 

protozoan is possible remains under discussion 

(6). 
 

6. Coinfections. 
In Spain, González-Warleta et al., (89), found 

that coinfection with Toxoplasma gondii 

increased the risk of seropositivity to N. 

caninum in dairy cows. According to Dubey et 
al., (6), common risk factors that may favor 

postnatal infections with coccidia could have 

contributed to these results. According to the 
authors, this finding is unexpected, due to the 

differences in the life cycles and ways of 

transmission of the protozoa: N. caninum 
(mainly vertical) and T. gondii (mainly 

horizontal). 
 

Statistically significant association between the 

presence of antibodies to N. caninum and 

Bovine Viral Diarrhea Virus (BVDV) is 
documented in Sweden (90). These results 

suggest that the risk factors for the spreading of 

BVDV in cattle, such as high stocking density 
and frequent purchase of new animals, lead to 

increasing the risk of N. caninum infection (6). 

Rinaldi et al., (91) investigated the 

seroprevalence of N. caninum and bovine 
herpesvirus 1 (BHV-1) in 948 grazing cattle 

from 81 farms. Blood samples from these 

animals were tested for antibodies against N. 
caninum and BHV-1 using ELISA and 

neutralization tests, respectively. Seropositive 

for N. caninum animals were found in 63 
(77.8%) and for BHV-1 in 80 (98.8%) of the 

farms studied. Coinfection was found in 62 

(76.5%) of the farms. Of the 948 bovine serum 

samples, 303 (32.0%) were positive for 

antibodies against N. caninum and 735 (77.5%) 
against BHV-1. Presence of antibodies against 

both N. caninum and BHV-1 have been found in 

256 (27.0%) of the animals. The results of the 
logistic regression showed that seropositivity 

for BHV-1 was a risk factor for seropositivity 

against N. caninum, and seropositivity for N. 
caninum was a risk factor for seropositivity 

against BHV-1. 
 

CONCLUSIONS 

The review of literature shows that Bovine 

neosporosis, caused by Neospora caninum, is 
worldwide distribution. Transplacental 

(vertical) transmission is the main mechanism 

for maintaining infection in herds, but postnatal 
(horizontal) infection by ingestion of oocysts 

from definitive hosts plays a key role in the 

introduction of the protozoan and the 

occurrence of epidemic abortions. Analysis of 
epidemiological data indicates that the risk of 

abortion is significantly higher in persistently 

infected cows, where reactivation of the 
infection during pregnancy leads to endogenous 

transmission to the fetus. The identified risk 

factors- including the presence of dogs on 
farms, their access to placentas and feed, as well 

as coinfections with other pathogens (such as 

BVDV and BHV-1), highlight the complexity of 

the disease.  
 

Although breed-specific comparisons are 
limited, several studies report differences in 

seroprevalence between dairy and beef cattle 

populations, suggesting possible breed- or 
production-related variation in susceptibility to 

N. caninum infection. Further investigations are 

necessary to estimate if there are cow breeds 

with higher resistance to the infection. 
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