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Introduction

Neosporosis is a parasitic disease caused by Neospora caninum, a protozoan that until 1988 was misdiagnosed
as Toxoplasma gondii because of close structural similarities (Dubey, 1992; Dubey and Lindsay, 1993). This
disease has been diagnosed in a wide range of hosts such as cats (Dubey et a/., 1990e), sheeps (Dubey and
Lindsay, 1990), dogs (Dubey et al., 1990b), goats (Dubey et al., 1996), horses {Dubey and Portfield, 1990; Daft
et al., 1997) and cattle (Anderson et al., 1995; Boulton et a/., 1995; Wouda et a/., 1997; Paré et al., 1998;
Bergeron et al., 2000; Reichel, 2000; Atkinson et al., 2000}; causing different clinical signs. Also, it has been
diagnosed, by means of serological studies, in water buffaloes (Huong et a., 1998; Dubey et al., 1998}, camels
{Hilali et al., 1998), foxes and other wild canids (Barber et a/., 1997), and in non-human primates by means of
experimental studies (Barr ef al., 1994; Ho et al., 1997a}. No antibodies to N. caninum have been detected in
humans (Petersen et al.,, 1999; Graham et al., 1999). However, Tranas et al. {1999) found some evidence of
seropositivity in a screening for antibodies in blood donors by indirect fluorescent antibody (IFA) tests and
immunoblotting. Sixty-nine out of 1,029 (6.7%) had titers of 1:100 by IFA testing. Although the antibody titers
in healthy donors were low, these data provide some evidence of human exposure to N. caninum.

Without doubt, most of studies has been done in cattle, and more specifically in dairy cattle, probably due to the
economic impact that neosporosis has on this specie.

In some countries N. caninum is the main cause of abortion or foetal losses, of infectious origin, in cattle. Thilsted
and Dubey described this effect for the first time at 1989, Besides, it can causes paralysis and death in dogs, and
neonatal mortality and abortion in goats, sheeps and horses as well (Dubey, 1992; Lindsay et a/., 1996; Daft et
al., 1997, Dubey, 2003).

The life cycle was finally elucidated with the discovery of McAllister et al. in 1998. They found that the dog is the
definitive host, and observed for the first time the oocysts by means of an experimental study. Further, this finding
was confirmed by others (Lindsay et al., 1999; Basso et al., 2001}. Both ways of transmission vertical
{transplacental) and horizontal (postnatal), has been documented, but the vertical one is the mayor responsible for
the positive animals tested (Dubey, 1999; Bjorkman et al., 1996; Paré et al., 1996; Thurmond et al., 1997;
Schares et al., 1998; Davison et al., 1999a,b; McAllister et al., 2000; Dijkstra et al., 2001).

In Costa Rica N. caninum was discovered in 1996 causing abortion in a goat (Dubey et al., 1996a), and in 1996
it was related, for the first time, with abortion in dairy cows by means of an epidemiological study (Perez et al.,
1998). Other studies have proven the wide spread of the disease in the most important dairy areas of the country
with within-herd seroprevalences between 10 and 88% (Romero et al., 2002).

The aim of this review is to summarise, in a brief paper, the most relevant knowledge generated regarding to
Neospora caninum and, specifically, in bovine neosporosis around the world. This review is structured as following:
firstly, a general description of the agent; secondly a description of the disease with knowledge generated around
the world is presented.

History: The first report of neosporosis was done under the name of Toxoplasma-like protozoan by Bjerkas et al.
{1984). They reported encephalomyelitis and myositis in dogs between 2 and 6 months of age that showed
neurological disorders; besides, found similar organisms to Toxoplasma gondii in lesions in the central nervous
system (CNS) and muscles, but the dogs had no antibodies against 7. gondii {Bjerkas et al., 1984). In 1988, a
similar parasite was found in 10 dogs in the USA, and the parasite was named N. caninum (Dubey et al., 1988a).
In retrospective studies N. caninum was found in dogs in the USA that died in 1957 and 1958 (Dubey et al.,
1988b). In 1992 Bjerkas and Dubey compared the structure and antigenicity of the parasites in fixed tissues from
dogs of Norway and USA, and concluded that the parasite originally reported from Norwegian dogs, was N.
caninum or closely related to it.

Since 1988 reports of Neospora-related abortions and others symptoms in cattie have been made in Europe,
America, Asia, Australia and Africa (Obendorf et al., 1994; Trees et al., 1994; Boulton et al., 1995; Jardine and
Wells, 1995; Venturini et al., 1995; Yamane et al., 1996; Perez et al., 1998).
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Description of the agent
Structure: Morphological studies by electron microscopy on N. caninum have shown that this organism possesses
a subcellular structure typical of parasites classified in the family Sarcocystidae, subclass Coccidiasina of the
phylum Apicomplexa (Ellis et al., 1994). This parasite is structurally very closed to 7. gondii (Barr et al., 1997) and
specimens of the genus Hammondia (Hill et a/., 2001 and Dubey et a/., 2002). The known infectious stages of M.
caninum are tachyzoites, tissue cysts and oocysts.
Tachyzoites are ovoid, lunate or round proximately 2-3 x 5-7 um (Fig. 1). Depending on the stage of division are
located in brain, myocardium, lungs and placenta of the host, but primarily in the CNS (Jardine and Wells, 1995;
Dubey, 2003). In the host, tachyzoites are located within the cell cytoplasm with or without a parasitophorus
vacuole, and have organelles typically found in 7. gondii tachyzoites (Dubey, 1992). Tachyzoites have three layered
plasmalema, 22 subpellicular microtubules, two apical rings, a conoid, a polar ring, one to three mitochondria, up
to 150 micronemes, eight to twelve rhoptries anterior to the nucleus and four to six rhoptries posterior to the
nucleus, a Golgi complex, rough and smooth endoplasmic reticulum, a nucleus and a nucleolus (Bjerkas and
Prestus, 1989; Speer and Dubey, 1989; Dubey and Portfield, 1990; Barr et a/., 1991; Conrad et al., 1993; Lindsay
et al., 1994; Barr et al., 1997; Sonda et al., 2000).
i —

Fig. 1: Immunogold labeling EM of LR-White embedded N. caninum tachyzoties. Extracellular (a) and intracellular
{(b) tachyzoites were labeled with affinity-purified anti-recNc-p38 antibodies and secondary goat anti-
mouse conjugated to 10 nm gold particles. Note the micronemes at the apical end of the cells (M) and
some dense granules (DG).

Source: Sonda S. Fuchs N, Gottstein B, Hemphill A., 2000. Molecular characterization of a novel
micronem antigen in Neospora caninum Mol. Biochem. Parasitol., 108: 39-51

Tissue cysts are often round to oval, up to 107 um long and are found in several species affecting mainly the neural
tissues, like brain and spinal cord (Dubey, 1992; Wouda et al., 1997; Daft et al., 1997). The cyst wall is smooth
and up to 4 pm tick, depending upon how long infection has existed. In most tissue cysts, the cyst wall is 1-2 um
thick. Tissue cysts contain branched tubule-like structures (Bjerkas and Prestus, 1988). There is no secondary cyst
wall, and septa are absent (Dubey, 1992). The cyst contains stages of the parasite called bradyzoites, that are
slender structures (6-8 x 1.1.8 um) and contains the same organelles as are found in tachyzoites except that there
are fewer rhoptries and more PAS positive granules in the bradyzoites. Furthermore, tubular vesicular structures
are present in between bradyzoites, which may contain micropores (Bjerkas and Prestus, 1988; Bjerkas and Dubey,
1992).

A study by Jardine (1996), with tissue cysts and bradyzoites of N. caninum, originated from dogs and cattle,
indicated that there are not distinct ultrastructural morphological criteria differentiating N. caninum in dogs and
cattle.

In 1998, by means of an experimental study carried out by McAllister et al., it was possible to know the sexual
stage of this coccidian parasite, the oocyst. Unsporulated and non-infective oocysts, of 10 to 12 um in diameter,
were observed in freshly faeces. Oocysts become sporulated and infective within 3 days outside the host.
Sporulated oocysts have 2 sporocysts, each containing 4 sporozoites (Fig. 2).

There is a description of a new Neospora species (N. hughesi n. sp.), isolated from the central nervous system of
an adult equine from California. The ultrastructural characteristics are very similar with N. caninum; however, the
isolates of N. hughesi showed phenotypic differences in immunoreactive proteins (Marsh et al., 1998).
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Fig. 2: Assumed life cycle of Neospora canium.
Source: Dubey, J. P., 1999. Neosporosis in cattle: biology and economic impact. J. An. Vet. Med. Assoc.,
214: 1160-1163

Life cycle and transmission: [nitially, it was suggested that the parasite had a life cycle like 7. gondii, with a
carnivore as definitive host (Dubey, 1992). McAllister et al. {1998) discovered that the dogs are the definitive host
of N. caninum. With this finding, the life cycle was almost defined; even so, the ways of horizontal transmission
remained unclear. Dubey (1999) suggest a life cycle like is shown in figure 3. Regarding to the transmission ways,
the vertical transmission has been established near to the discovery of the parasite. N. caninum can be transmitted
transplacentally in a very efficient way in dogs, cats, cattle, sheep, goats, horses and mice (Dubey ef a/., 1990c;
Barr et al., 1997). Horizontal transmission has not been observed in studied species, but the some studies support
this fact (Pare et al., 1997; Schares et al., 1998; Waldner et al., 1998; Dubey, 1999; Bergeron et a/, 2000;
Romero and Frankena, 2003). The postnatal infection rates have been variable depending on the country, region
of the country, the test used and the cut-off values used (Dubey, 2003). Natural infections have been diagnosed
in dogs, cattle, goats, horses, sheep, deer (Barr et al., 1997), buffaloes (Huong et a/.,, 1998; Dubey et al., 1998)
and camels (Hilali et a/., 1998).

In animals inoculated experimentally, N. caninum is infective by the subcutaneous, intraperitoneal, intramuscular
and oral routes (Dubey and Lindsay, 1990; Lindsay et al., 1995; Buxton et al., 1997). Recent investigations
conducted by Uggla et a/. {1998) suggest that the oral infection via colostrum might be a possible route of
transmission. In their experiment two neonatal calves dosed with N. caninum tachyzoites by feeding bottle shown
DNA residues in their brain, although no pathological lesions were seen, parasites were not detected by
immunohistochemistry, and was not possible re-isolate . caninum of culture brain cells (Uggla et al.,, 1998). These
studies support the possibility of horizontal transmission, by means of the ingestion of oocysts in grass, water or
some contaminated feed.

The possibility of venereal transmission or by embryo transfer has been tested with no clear evidence of
transmission for this ways. Ortega-Mora et a/. (2003) found DNA in fresh non-extended and frozen extended semen
by real-time PCR. The parasites mean load in positive fresh semen was low (oscillating between 1 and 2.8
parasites/ml of semen). They observed N. caninum DNA most frequently in the cell fraction, but no specific DNA
was present in the seminal fluid. These authors suggest that tachyzoites were associated to any type of cell. Based
on this study, further studies are needed to determine the effect of using semen form N. caninum-infected bulls
to inseminate heifers or cows.

On the other hand, Baillargeon ef a/. (2001) conducted a study in which seronegative cows received embryos form
seropositive and seronegative donors. No any of the 70 foetuses or calves born form seronegative recipients was
seropositive. Whereas, 5 out 6 seropositive recipients of embryos from seronegative donors were seropositive to
N. caninum.

The ways through the dog acquire the parasite it is not completely clear; however, it seems to be by ingestion of
contaminated material: foetuses aborted or placenta. The second one it is very likely because the parasite has been
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found in naturally-infected placentas (Bergeron et a/., 2001) and dogs hat were fed with placentas of naturally
infected cows shed N. caninum oocysts (Dijkstra et al., 2001). Also, Basso et al. (2001) identified N. caninum
oocyst by bicassay and polymerase chain reaction in faeces of naturally infected dogs.

Host-parasite Relationship

Clinical Signs: In cattle the main clinical sign is abortion between 3 and 9 months of gestational age, with a mean
age of 5.6 months (Dubey and Lindsay, 1993). Also, Neospora may causes foetal death, retention or resorption
early in gestation and, in some instances, only skeleton or mummified foetuses are aborted or retained until full
gestation. Mummification appears to be an important clinical finding in outbreaks of N. caninum associated
abortions in cattle (Nietfeld, 1992; McAllister et a/., 1996; Campero et al., 2003). Also, it is possibie the
occurrence of stillborn, born alive with clinical signs, or born clinically normal but chronically infected. Seropositive
cows are more likely to abort than seronegative cows (McAllister ef al., 1996; Perez et a/., 1998; Jensen et al.,
1999 Dubey, 2003). Abortion due to neosporosis may be endemic or epidemic (Wouda et a/., 1999). To these
authors, abortion was considered as epidemic when more than 10% of cows at risk aborted within a period of 6-8
weeks. Repeated abortion in cows due to neosporosis is infrequent (Barr et al., 1993; Anderson et al., 1995).
Additionally, Thurmond and Hietala (1997) reported a decreased abortion risk attributable to neosporosis in
subsequent pregnancies, specially in heifers. They attributed this fact to the selective culling on cows that aborted.
Subseguent abortions can be expected in those congenitally infected cows that have aborted previously, but not
in high rates.

In dogs, and probably in other host, the main sign of neosporosis is severe neuromuscular disease (Dubey, 1992}.
Dogs infected in a natural way exhibit ascending paralysis, rigid hind limb hyperextension, which is a characteristic
pattern of neosporosis. The hind limbs are more severely affected than front legs (Dubey and Lindsay, 1993; Barber
and Trees, 1996). The limb cannot be flexed even with the patient under anaesthesia (Barr et al., 1997). Other
dysfunctions include difficulty in swallowing, paralysis of the jaw, muscle flaccidity, muscle atrophy, head tremors,
forelimb ataxia, and even heart failure due to myocarditis {Dubey and Lindsay, 1992; Barber and Trees, 1996).

Lesions: Neospora caninum is an intracellular parasite in their forms of tachyzoites and tissue cysts, then it can
causes cellular death by active multiplication of tachyzoites. Then, the lesions are caused as result of an
inflammatory reaction against the parasite. Neospora caninum is capable of producing grossly visible lesions in a
few days and destroys a variety of neural cells including those of cranial and spinal nerves (Dubey, 1992). In
aborted foetuses of cattle, microscopically, multifocal non-suppurative encephalitis, myositis, myocarditis, periportal
hepatitis with or without focal hepatocellular necrosis were observed repeatedly (Jardine and Wells, 1995; Danatt
et al., 1995; Wouda et al., 1997). N. caninum tachyzoites have been identified immunohistochemically in brains,
hearts and livers. Tissue cysts were observed in brain, spinal cord and muscles. Lesions consisting of a central
focus of necrosis surrounded by inflammatory cells {(glial or mononuclear) are indicative of Neospora infection in
cattle. Only a small number of tachyzoites are present in these lesions, and they are difficult to identify without
the aid of immunohistochemistry (Dubey and Lindsay, 1993).

Immune Response in the Host

Humoral Response: All studied species develops N. caninum IgG antibodies after 2 weeks of inoculation, being the
titers higher after 3 weeks of inoculation (Dubey et al., 1996b); therefore, the serologic tests are useful for
detection of neosporosis infection in all species. Some different studies toward evaluating the humoral immune
responses in cows, revealed a the production of both IgG1 and IgG2, in some cases with a predominance of one
of them, or with a mixed response in some other cases (Andrianarivo et al., 2001; De Marez et al., 1999).
Specifically in cows, the immune response develops after 3 weeks with titers of 1,600 at the 21 post infection
days to Immune Fluorescence Assay (IFA), and optical density ratio {OD) to ELISA greater than 0.750. At 3 months
post infection, antibodies rise the highest titers. In samples of cows that aborted because of natural infection with
N. caninum, antibody titers that ranged from 1:1,600 to 1:25,000 or more in the IFA test {Dubey et al., 1996b).
There was a good correlation between the antibody titer in bovine foetal fluids and the presence of lesions in the
late stages of gestation {after 6 months). This correlation reflects the ability of foetuses to develop an antibody
response for antigens in the later half of pregnancy (Barr et al., 1997).

Reports of cows repeatedly aborting N. caninum-infected foetuses suggest that maternal N. caninum antibodies
per se do not prevent foetal infection (Barr et al., 1993; Anderson et a/., 1995). However, Pare et a/. (1997) and
Piergili-Fioreti et a/. {2000} indicated that seropositive cows with high antibody levels at third trimester of gestation
were less likely to abort than cows with low antibody levels at those times. Furthermore, this studies revealed that
if the cow becomes infected during gestation, the foetus might not necessarily become infected. These results
indicate that acquisition of infection during pregnancy is not necessary for congenital infection or abortion to occur,
and suggest that maternal immune response influences congenital infection and abortion. Moreover, the foetal
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immune response may be responsible for the decrease in abortion risk during the third trimester of gestation, when
the foetus became immunocompetent (Osburn, 1986; Piergili-Fioreti et a/., 2000).

Cell-mediated Immune Response: Due to the nature of intracellular protozoan parasite of N. caninum, the most
likely host defence against the parasite is the cell mediate immunity. Specific cell-mediated immune responses
involving proliferation of cells and production of interferon (IFN) have been observed in both naturally and
experimentally infected with either tachyzoites or oocysts (De Marez et a/., 1999; Lunden et a/., 1999;
Andrianarivo et al., 2000, Andrianarivo et a/., 2001).

On the other hand, some studies observed that N. caninum was able to produce significant amounts of IL-12 and
IFN gamma, most evident shortly after infection. Also, These observations suggest that N. caninum induces a T-cell
immune response in the infected host that is at least partially mediated by IL-12 and IFN gamma (Khan er a/. (1997,
Almeira et al., 2003). Furthermore, infected dams showed a rise in lymphocyte subpopulations compared with
uninfected pregnant animals {Innes et a/., 2001). Besides, increased levels of T lymphocytes were observed in the
infected foetuses (Almeira et a/., 2003).

Diagnosis: In the first years form de discovery of Neospora caninum, the diagnosis was made by means of clinical
signs and histopathology, describing lesions found in CNS, muscles and other organs of the foetuses. This kind
of diagnosis had the problem that N. caninum was misdiagnosed like 7. gondii due to the close structural
similarities (Dubey, 1992; Dubey and Lindsay, 1993). Because this similarity, it was necessary to develop specific
tests to differentiate between N. caninum and T. gondii. Thus, immunohistochemistry, serology, and molecular
biology have been important in supplying specific tests to diagnose exactly, rapidly and sensitively those animals
with neosporosis.

Immunohistochemistry: Bjerkas and Presthus, in the first report of Toxoplasma-like infection in dogs, used an
immunohistochemical technique. However, the first immunohistochemical test specific to detect Neospora was an
avidin-biotin-peroxidase complex immunoperoxidase staining method, developed to detect N. caninum in formalin-
fixed paraffin-embedded tissue sections {Lindsay and Dubey, 1989). This test was able to distinguish N. caninum
from other parasites. In the subsequent years, new immunohistochemical tests were developed to make a more
specific diagnosis of N. caninum (Dannatt et al., 1995; Barr et al., 1994; Barber et al., 1995; Daft er a/., 1997;
Wouda et al., 1997). This test has been used to state the presence of the parasite in tissues from foetuses
suspected toward Neospora-induced abortion. Besides, it has been used the immunohistochemistry as goid standard
test to validate serological tests (Baszler et a/., 2001).

Serology: As was explained above, Neospora induces to antibody production in the host. Then, the serological test
may be useful toward detection of seropositive animals. However, a positive result to antibodies only indicates
exposure 1o the parasite, and infection with high probability. However, histological examinations to tissues form
aborted foetuses might be done to corroborate a definitive diagnosis. Even so, sometimes is not possible to identify
the agent in the tissues assayed; but some lesions might be very indicative of infection to a qualified pathologist.
The main serological tests used in studies for Neospora diagnosis have been the indirect immunofluorescent
antibody test (IFAT), the enzyme-linked immunosorbent assay (ELISA) and immunoblot; however, to commercial
purposes the IFAT and ELISA have been the most frequently used.

The ELISA ‘s have increased sensitivity and specificity for serodiagnosis of Neospora infection in cattle. These
characteristics of the ELISA ‘s ranging between 88-100% and 94-96% respectively, compared with IFAT (Bjorkman
et al., 1994, 1997; Williams et a/., 1997; Romero et al., 2002). in most of studies carried out during the last years,
the ELISA ‘s have been the main test used because of facility, sensitivity and specificity in diagnosis (Pare et a/.,
1995; Baszler et al., 1996; Thurmond and Hietala, 1996; Thurmond et a/., 1997; Jenkins et a/., 1997; Osawa et
al., 1998). Furthermore, the ELISA has been used recently for Neospora diagnosis in milk, showing an agreement
of 95% between serum and milk ELISA (Bjorkman et a/., 1997).

A very important characteristic of IFAT is its ability detecting IgM and IgG antibodies produced by the foetus in
response to Neospora infection (Barr et al., 1997). Some other tests have been validated and standardised using
the IFAT as gold standard test {Paré et al., 1995; Osawa et a/., 1998; Romero et a/., 2002).

Later than IFAT and ELISA, the Immunoblot tests for Neospora were developed, being a useful diagnostic tool to
differentiate between Neospora and Toxoplasma species. This test, has been used to confirm the findings of ELISA
and IFAT tests (Bjorkman et al., 1994; Pare et al., 1995; Baszler et a/., 1996; Hemphill and Gottsein, B., 1996 ;
Beckers et al., 1997; Stenlund et al., 1997; Schares et a/., 1999).

Polymerase Chain Reaction (PCR) Test: Since 1993 the polimerase chain reaction (PCR} has been used to identify

Neospora DNA in tissues or sera from cattle, especially to distinguish this parasite form others related with this,
especially Toxoplasma (Brindley et al., 1993). A study was made to identify the N. caninum phylogeny, which was
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based on DNA sequence analysis of products derived by asymmetric PCR to determinate the nucleotide sequence.
The results confirmed the placing of N. caninum in the family Sarcocystidae as a sister group of 7. gondii in the
phylum Apicomplexa (Ellis et al., 1994). After this study, Guo and Johnson (1995} confirmed these findings, but
additionally, they showed that N. caninum have a high level of genetic divergence with regard to 7. gondii and
other Sarcocystis species. Other studies confirm the usefulness of PCR as an important tool in specific and exact
diagnosis of N. caninum, besides immunohistochemistry and serologic tests (Holmdahl and Mattson, 1996; Lally
et al., 1996; Muller et al., 1996; Yamage et al., 1996a,b; Ho et al., 1996; Ho et al., 1997a,b, Sreekumar et al.,
2003). Today, this technique is more and more used in epidemiological studies, even in antemortem samples
{Schatzberg et al., 2003). These authors developed a multiplex polymerase chain reaction (PCR} assay for the
detection of Toxoplasma gondii and Neospora caninum DNA in canine and feline biological samples with partial
results in animals with serological evidence of neosporosis or toxoplasmosis.

Treatment: Several studies have been carried out to find the best treatment for Neospora infection or its effects
on the species affected, however there is currently no commercially available chemotherapy toward these goals.
What is very known is the problem related to drug treatment for neosporosis in cattle is due to milk withdrawal
period when is used in lactating dairy cows (Barr et al., 1997). However, this problem is not very important in other
species, in which the duration of chemotherapeutic treatment has lees impact. Other problem in all species is the
resistance of tissue cysts and bradyzoites to killing, which does not warrantee a 100% of effectiveness in
clearance of stages of the parasite in the animal (Barr et a/., 1997},

The sulphonamides is the main group of drugs used for Neospora treatment -sole or in combination with other
drugs- because their historical utility in the treatment of toxoplasmosis. Then, in a study was tested the
effectiveness of drugs like: Lasalocid sodium (0.05 pg/ml), monensin sodium (0.05 ug/ml}, piritrexim (0.01 ug/ml),
pirimethamine (0.05 ug/ml), and trimethoprim (5.0 ug/ml). These drugs were effective in preventing development
of intracellular . caninum tachyzoites in bovine monocyte cultured cells (Lindsay and Dubey, 1989)}. Authors
report that treatments that combine sulphonamides with trimethoprim are able to diminish clinical signs and prevent
death, but are not able to restore the health of infected animal completely {Lindsay and Dubey, 1990b; Hay et al.,
1990; Mathew et al., 1991). In an extensive study, in which 43 chemotherapeutic agents were tested against N.
caninum tachyzoites in cultured cells, the results indicated that some drugs have coccidiocidal activity while others
coccidiostatics (Lindsay et al., 1994). Besides, a study carried out by Lindsay et a/. {(1996c), demonstrated the
efficacy of a treatment that combines 7 sulfonamides and 5 dihydrofolate reductase/thymidylate synthase inhibitors
against tachyzoites of Neospora caninum in cultured cells. The better results were obtained with suboptimal
concentrations of DHFR/TS inhibitors and sulfonamides.

Furher, the activity of decoquinate, an anticoccidial drug, was tested in a study, showing that acted quickly to Kkill
intracellular stages at coccidiocidal concentrations (Lindsay et al., 1997). On the other hand, using mouse models
Gottstein et al. (2001) tested the toltrazuril and ponazuril for prevention cerebral lesion formation. Those reduced
DNA detection in a PCR by >90%. The efficiency of ponazuril was also examined in infected bovines by the same
author , finding that fever was reduced, humoral responses were diminished and brain pathology was also reduced
(McAllister and Latham, 2001). With these findings, the researchers are now encouraged to develop efficacious
chemotherapy against neosporosis in cattle.

Prevention and Control: Although now it is known the life cycle of N. caninum, it is difficult to make specific
recommendations about preventive measures because the possibility of others canids could be definitive hosts
{Barling et al., 2000). Nevertheless, farmers should be encouraged to protect feed and water of faecal
contamination of canine faeces (Barr et al., 1997; Trees et al., 1998). The weight of horizontal transmission has
not been fatefully established in the total amount of new infections. However, the horizontal infection reached
prevalences higher than reported initially, specially in some parts of he world (Romero and Frankena, 2003). On
the other hand, the vertical transmission is the most important way of transmission (> 90%), and its control
requires of other management control strategies (Trees et al., 1998). As part of those strategies, culling of
seropositive cows has been considered as the unique control strategy to prevent the congenital infection, but there
is no evidence that this control measure has economic benefit. Therefore is necessary to assess the economic
impact of neosporosis and to assess the cost of culling seropositive cows. Thurmond and Hietala (1995)
recommend two general ways to prevent the N. caninum transmission; a} control of congenital transmission, and,
b) control of postnatal transmission. This recommendations were taken into account by French et al. (1999} in
mathematical models in which they evaluate the effectiveness of some measures of control. They assessed that
selective culling (seropositives) and reduction of the possibility of vertical and horizontal transmission {control of
dogs into the farm) were affective to control the infection at long term. Reduction of congenital transmission can
be achieved by removing all infected cows. Furthermore, they recommend to use only seronegative heifers for
replacement. The second way involves the removal of all tissue sources that are possibly infected with infective
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forms of Neospora; e.g. placenta, foetuses, dead calves, etc., which could serve as a possible source of infection
for the definitive host.

Ortega-Mora et al. {2003} detected N. caninurm DNA by a real-time PCR in non-extended fresh semen samples and
frozen extended semen straws of five seropositive bulls. The parasite mean load in positive fresh semen samples
oscillated between 1 and 2.8 parasites/ml of semen. No N. caninum DNA was amplified in any of another three
similar uninfected bulls (controls). On the other hand, Embryo transfer (ET) has been recommended to avoid vertical
transmission of the parasite -when the embryo was received by a seronegative cow-. In this way, to evaluate
efficacy of embryo transfer to prevent congenital infection some studies have been conducted, all with evidence
of no congenital infection of the calves (Baillargeon et a/., 2001; Landmann et a/., 2002; Campero et a/., 2003).
In the first one, seronegative recipients in two groups A (n = 50) and B (29) received embryos from seropositive
and seronegative donors, respectively. 70 calves from groups A and B were seronegative and 9 lacked evidence
of infection in tissue analysis. These results indicate that embryo transfer into seronegative recipients, could be
used as¢an effective way to prevent vertical transmission of N caninum.

The more recent effort toward prevent Neospora-induced abortion is the vaccination. The knowledge to develop
an effective vaccine and vaccination strategy against it is increasing (Hemphill et a/., 2000; Andrianarivo et al.,
1999; Innes et al., 2001). Experimental studies in cattle, under laboratory and field conditions, have shown the
effectiveness of several vaccinia preparations, based on killed tachyzoites with adjuvants, to elicit a response at
both the cellular and humoral level {Andrianarivo et a/., 2000; Choromanski and Block, 2000). There is only one
vaccine commercially available against the Neospora-induced abortion; but the effect of vaccination on the
probability of bovine abortion and/or its effect on prevention of infection in susceptible animals have not yet been
very well documented. Nevertheless, one paper reported a decreasing number of abortions after a year of
vaccination using this vaccine in a Minnesota dairy herd (Choromanski et al., 2001). Heuer et al. reported an
efficacy (prevented fraction) to prevent abortion such as 0.7%, 39.0%, 54.2%, 31.4%, and -5.2%, in 5 seasonally
calving, commercial dairy farms in New Zeeland. Besides, in a field trial carried out in 25 Costa Rican dairy farms
by Romero et al. {submitted) the vaccination was associated with a 46.2% decrease of the abortion rate.
However, the efficacy of vaccination to prevent Neospora-infection -or its consequences- in cattle is not well
demonstrated until now.

Epidemiological Features: Neosporosis has been related with epizootic and sporadic abortion in dairy herds
worldwide. Since the discovery of neosporosis, some studies have been conducted to assess the prevalence and
to identify related factors with the disease. Prevalences have been estimated in ranges between 16.8% and70%
(Pare et al., 1996; Pare et al., 1997; Thurmond et al., 1997; Moen et al., 1998; Waldner et a/., 1998). No specific
studies have been carried out to assess incidence rates because the low odds to horizontal transmission. However,
Cheryl et al. {1998) report apparent seroconversion rates between 6.1% and 12.6%, suggesting the odds of
horizontal transmission; and in another study, Pare et al. (1997) report a rate of seroconversion of 8.5/100
cows/year. Romero and Frankena (2003) reported a global rate of apparent horizontal transmission such as 22%;
however, they reported variations in this rate depending on the within herd seroprevalences {(WHSP), increasing
as the WHSP .increased.

Seroepidemiological studies have been assessed the increased risk for abortion in seropositive cows {Thurmond
and Hietala, 1997; Perez et al., 1998; Waldner et al., 1998; Wouda et al., 1998a,b). Also the seropositive cows
suffer higher risk of stillbirth (Waldner et la, 1998), calving a seropositive offspring (Pare et al., 1997) culling for
reproductive reason (Thurmond and Hietala, 1996; Waldner et al., 1998) than the seronegative ones [t is expected
that infected cows have more odds of subsequent abortions.

There are no conclusive data that regarding economic losses due to Neospora infection anywhere in the world, but
it can be estimated in millions of US dollars, due direct costs and values of the foetuses but also because of the
indirect costs (Barr et al., 1997; Chi et al., 2002, Dubey, 2003). However, other studies have documented the
effect on (re)production parameters (Barling et a/., 2001, Hernandez et al., 2001). A reliable paper done by Trees
et al. (1999) resumes the impact that neosporosis might produce on {re)production parameters due to several
reasons.
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