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Abstract
Neospora caninum is considered a major cause of abortion in cattle. Appropriate techniques for diagnosis of bovine neosporo-
sis, both in vivo and in aborted foetuses, have been developed in the last ten years and some of them are commercially avail-
able. For diagnosis in live animals, detection of antibodies in serum or milk has been shown to be the best option both at the herd
and the individual level. These techniques are excellent tools to examine N. caninum-associated abortion problems and to adopt
some basic herd-control measures. Concerning foetal diagnosis, detection of compatible lesions by histological examination
and parasites by PCR in brain (as well as heart and liver) are the best choices. Diagnostic criteria to distinguish foetal infec-
tion and Neospora-associated abortion are based not only on the demonstration of the parasite in the foetus but also on the extent
and severity of the lesions in the foetus, foetal age and the assessment of neosporosis at the herd level. In the near future, new
tools to diagnose infection should help to detect animals with parasite reactivation by testing the immune response to stage-spe-
cific antigens and lead to the development of molecular typing methods to characterise different parasite isolates. Finally, uni-
form diagnostic procedures need to be established between laboratories and countries in order to standardise result interpreta-
tion. The role of National or Regional Reference Laboratories is essential in countries or regions where control programmes
for the disease are being developed.
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Introduction

Neospora caninum is a heteroxenous cyst-forming apicom-
plexan protozoan closely related to Toxoplasma gondii, which
was recently redescribed (Dubey et al. 2002). N. caninum is
now a matter of international concern as it has been recog-
nised as a major cause of infectious abortion in the main cat-
tle-producing countries (Dubey 2003a). Cattle and other un-
gulates such as sheep, goats, horses, white-tailed deer, rhi-
noceros, South American camelids and water buffaloes may
act as natural intermediate hosts (Dubey 2003b, Chávez-
Velásquez et al. 2004, Rodrigues et al. 2004). N. caninum
infection has been detected in other animal species such as

cats, opossums, foxes and other wild canids (Dubey 2003b,
Moore 2005). Canids such as dogs (McAllister et al. 1998)
and coyote (Gondim et al. 2004a) are the definitive hosts,
although they may act as intermediate hosts as well.

The N. caninum life cycle involves three distinct stages
(Dubey and Lindsay 1996, Basso et al. 2001). The sporozoite
is a latent stage within oocysts by which intermediate hosts
could be infected after ingestion. In the intermediate host, two
different intracellular stages may be observed, the fast-repli-
cating tachyzoite, which can be located in several organs dur-
ing the acute phase of the disease, and the slowly-dividing
bradyzoite, which remains latent in tissue cysts located prin-
cipally in the central nervous system until reactivation.
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Transmission and clinical signs

Routes of N. caninum transmission in cattle include transpla-
cental infection through tachyzoites (vertical transmission,
from the dam to the foetus during gestation) and infection by
ingestion of sporozoite-containing oocysts shed by a defini-
tive host (horizontal transmission). Recently, the terms en-
dogenous and exogenous transplacental infection (TPI) have
been suggested to describe two different situations in N. ca-
ninum transmission to the foetus (Trees and Williams 2005).
The “exogenous TPI” takes place when the dam is infected
during the pregnancy from an exogenous source. Conversely,
“endogenous TPI” refers to a congenital infection caused by
parasite reactivation in a chronically infected pregnant cow,
probably congenitally infected. The TPI is a very efficient
route of N. caninum transmission and plays a major role in the
maintenance and spread of the infection (Anderson et al.
2000). The efficiency of this mode of transmission has been
reported to be from 44% (Bergeron et al. 2000) to over 95%
(Davison et al. 1999) based on precolostral serology in calves
born to seropositive dams. Most of these calves are clinically
normal and play a very important role in maintaining the
infection in the herd (Anderson et al. 2000). Repeated TPI in
infected dams is possible during subsequent gestations (Barr
et al. 1993). However, mathematical models indicate that
endogenous TPI alone is not sufficient to maintain the infec-
tion in cattle herds (French et al. 1999). Thus, data from epi-
demiological (Wouda et al. 1999; Dijkstra et al. 2001, 2002)
and experimental studies (De Marez et al. 1999, Trees et al.
2002, Gondim et al. 2004b) have confirmed the existence of
horizontal transmission.

Other sources of postnatal transmission, such as the inges-
tion of contaminated colostrum or milk, could be possible and
have been demonstrated experimentally (Uggla et al. 1998,
Davison et al. 2001), but there is no evidence that this occurs
in nature. Venereal transmission could be feasible, as evidenc-
ed recently in heifers experimentally infected by intrauter-
ine inoculation of semen contaminated with tachyzoites (Ser-
rano et al. 2006). The detection of N. caninum DNA in fresh
and frozen semen of naturally infected bulls has been report-
ed, although it was sporadic and had a low parasite load, sug-
gesting that the risk of sexual transmission of N. caninum in-
fection is also probably low (Ortega-Mora et al. 2003, Cae-
tano-da-Silva et al. 2004, Ferre et al. 2005).

Neospora caninum infection is generally latent and asymp-
tomatic in non-pregnant cattle, although bovine neosporosis
in a pregnant cow is associated with repeated abortion and
birth of clinically healthy but persistently infected calves
(Buxton et al. 2002). Infected cows of any age may abort from
3 months gestation to term, with most abortions occurring be-
tween 5 to 7 months of gestation (Pereira-Bueno et al. 2003,
Dubey 2005), and a cow may abort in successive gestations.
Foetuses may die in utero and be reabsorbed, mummified,
and/or autolysed (Dubey 2005). The infection has been asso-
ciated with sporadic, endemic and epidemic abortions (Thur-
mond et al. 1997, Wouda et al. 1997b, Schares et al. 1999b,

Anderson et al. 2000). A limited number of cases of new born
congenitally infected calves with neuromuscular disorders
have been detected (De Meerschman et al. 2005). In these
cases, calves were underweight, unable to rise and had neu-
rologic signs including ataxia, decreased patellar reflexes and
loss of conscious proprioception (Barr et al. 1993). Exophthal-
mia or an asymmetrical appearance of the eyes may also be
observed (Dubey and Lindsay 1996). However, it must be em-
phasised that these cases are rare, and most congenitally in-
fected calves are clinically normal but persistently infected.

Diagnosis

To diagnose bovine neosporosis, clinical history and epide-
miological data are very important. Information about the abor-
tion pattern, foetal age and foetal status should be considered.
Two patterns of abortion, endemic and epidemic, have been
mainly described in association with neosporosis in the field
(Thurmond et al. 1997). Herds with a persistent rate of abor-
tion greater than 5% per year have an endemic pattern of abor-
tion. In the epidemic pattern, abortion storms take place dur-
ing which a high proportion of pregnant cattle (dams at risk)
abort over a relatively brief period of time (within a few
weeks) (Anderson et al. 2000). Recently, the abortion pattern
was considered to be epidemic when more than 10% of the
dams at risk aborted within a period of 42 days. Cows and
heifers were considered at risk if they had been pregnant for at
least 58 days to 260 days when the abortion storm started
(Schares et al. 2002).

In addition, there are some risk factors which are related to
N. caninum abortions that should be considered. It has been
demonstrated that there is a strong association between the
occurrence of abortion outbreaks, seroprevalence to N. cani-
num, the presence and the number of dogs with access to cat-
tle or fodder (Paré et al. 1998, Bartels at al. 1999, Schares et
al. 2004a, Hobson et al. 2005). Other risk factors such as the
presence of other species of possible definitive hosts, causes
of immunosuppression and others such as: Age, breed, cli-
matic factors and herd location have been described (reviewed
in Hemphill and Gottstein 2000; Schares et al. 2003, 2004a;
Haddad et al. 2005; Thurmond et al. 2005).

Data described above can be suggestive of a N. caninum
infection but for a final diagnosis the assistance of a veterinary
diagnostic laboratory is needed (Anderson et al. 2000), and
the examination of both aborted foetus and maternal serolo-
gy is recommended. In this sense, there are two main prob-
lems that are related with this diagnosis: First, the diagnosis of
infection and/or disease in the live animal, due to the absence
of clinical signs in chronically infected cattle or in new born
calves congenitally infected; and second, the diagnostic cri-
teria and techniques used in the aborted ruminant foetus.

In vivo

The most useful techniques for diagnosing N. caninum in-
fection in vivo are those aimed at detecting specific antibod-
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ies. Several assays including: Indirect fluorescent antibody
test (IFAT), various enzyme-linked immunosorbent assays
(ELISAs), immunoblotting (IB) and direct agglutination tests
(DATs) have been developed, and some of them are commer-
cially available. Each test system has both advantages and
drawbacks and these should be carefully considered when
choosing tests for different applications. Other techniques of
in vivo diagnosis of N. caninum include the detection of par-
asite DNA using PCR methodologies in blood or semen and
the detection of the pro-inflammatory cytokine interferon-
gamma, which is known to be important in host protection.
Nevertheless, up to date these techniques have not been vali-
dated for diagnosis and have only been used as important
research markers.

Detection of specific antibodies

At present, culture-derived tachyzoites of either bovine or ca-
nine N. caninum isolates are the source of antigens used in
techniques directed to detect specific antibodies. These tachy-
zoites can be used formalin-fixed as in IFAT (Conrad et al.
1993), DAT (Packham et al. 1998, Romand et al. 1998) and
in an indirect ELISA (Williams et al. 1997) or as a total or sol-
uble extract in indirect ELISAs (Table I) and IB (Schares et al.
1998). Tachyzoite antigens included within immune stimulat-
ing complexes (ISCOMs) (Björkman et al. 1997, Frössling et
al. 2003) as well as tachyzoite antigens purified by immuno-

affinity (Schares et al. 2000) or recombinant antigens have
also been used in ELISA (Table II) and, recently, in an im-
munochromatographic test (ICT) (Liao et al. 2005). These
diagnostic tests are developed to detect specific IgG antibod-
ies, and some of them, like ELISAs based on the use of
ISCOMs, specifically detected IgG1. In addition, several a-
vidity serological tests, such as an indirect avidity ELISA
(Björkman et al. 1999) and an avidity immunoblot (Aguado-
Martínez et al. 2005) have been developed to detect the avid-
ity value of the specific IgG antibodies and permit differenti-
ation between a recent and a chronic N. caninum infection.

Regarding the samples, serum or milk (Björkman et al.
1997, Chanlun et al. 2002) from cattle are used for diagnosis
of N. caninum infection based on specific antibodies detec-
tion. Other body fluids of cattle, such as vaginal secretion and
saliva can be used, but the frequency of antibodies detection is
lower than in sera or milk (Ooi et al. 2000).

Techniques

The IFAT was the first serological test applied to neosporosis
(Dubey et al. 1988) and was the serological technique most
widely used to diagnose N. caninum infection in the recent
past (Conrad et al. 1993, Otter et al. 1997, Atkinson et al.
2000). IFAT has been used as a reference test for other tech-
niques (reviewed in Björkman and Uggla 1999). IFAT is based
on the principle of affixing intact tachyzoites to microscopic
slides. An IFAT result is considered positive when unbroken
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Table I. Characteristics of ELISAs developed for serological diagnosis of N. caninum infection in cattle

Antigen Target group Sea/Spb Reference techniques Reference
Soluble antigen adults 88.6/96.5 IFAT Paré et al. 1995a

Soluble antigen foetuses 89/100 IFAT Osawa et al. 1998adults 97/100

Soluble antigen aborting cattle 98/100 IHQ Wouda et al. 1998anormal herds 98/92
non aborting cattle

Soluble antigen aborting cattle >90/>90 IFAT & IB Álvarez-García et al. 2003
foetuses

Soluble antigen adults nac IB Baszler et al. 1996(competition-inhibition)
Soluble antigen adults 97.6/98.6 IFAT & foetal IHC Baszler et al. 2001(competition-inhibition) 96.4/96.8 IFAT
“Iscoms” adults 100/96 IFAT Björkman et al. 1997
“Iscoms” adults 98/96 IFAT Frössling et al. 2003
Fixed tachyzoites adults 95/96 IFAT Williams et al. 1997

normal cattle 62/97
Fixed  tachyzoites aborting cattle 97/95 IFAT Williams et al. 1999

endemic herds 85/90

p38 (NcSRS2) adults 83/83

(affinity purified antigen) epidemic abortion 78/78 IFAT & IB Schares et al. 2000
endemic abortion 85/85

aSensibility/bspecificity, cdata not available.
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tachyzoite membrane fluorescence is seen (Paré et al. 1995b)
(Fig. 1). The cut-off titre in IFAT differs between laboratories
from 1:100 to over 1:640 for adult bovines and from 1:16 to
1:80 for foetal serology (Björkman and Uggla 1999, Álvarez-
García et al. 2003). A recommended cut-off value in IFAT to
detect infection is a 1:200 dilution in adult cattle (von Blum-
röder et al. 2004) and 1:16–1:25 in foetal fluids (Álvarez-
García et al. 2003). Performance of this test requires training
and experience and the result always depends on the subjec-
tivity of the reader.

ELISA has the advantage that the reaction is registered
objectively and the assay can be easily automated. It is there-
fore a suitable technique for processing of large number of
samples. Different ELISA formats such as indirect ELISA
and competitive-inhibition (CI)-ELISA have been developed

(Tables I and II). Different antigen preparations have also
been used, but the most commonly used is an indirect ELISA
based on soluble tachyzoite antigens. Both serum and milk
can be tested using this technique. Results of an indirect
ELISA can be expressed as optical density (OD) value (Osawa
et al. 1998), percent positivity (PP) value (Williams et al.
1999), relative index percent (IRCP) (;lvarez-García et al.
2003) or sample/positive control (S/P) ratio (Wouda et al.
1998a). In the CI-ELISA, in which specific antibodies against
N. caninum compete for an epitope on the captured p65 anti-
gen with a conjugated monoclonal antibody, the result is pre-
sented as a percentage inhibition by the test serum (Baszler et
al. 1996).

In serological assays, results are dependent on a range of
factors such as: Antigen composition, conjugated character-
istics and other reagents (Björkman and Uggla 1999). Age and
purpose of testing (detection of infection or abortion) also 
have a great influence on the cut-off selection (Atkinson et al.
2000, Álvarez-García et al. 2003). From a practical standpoint
and in absence of a perfect cut-off value for infected breeding
cattle, the use of a cut-off value for maximum sensitivity
would be useful to investigate the status of individual cattle
prior to purchase or entry into a Neospora-free herd. On the
other hand, a cut-off for maximum specificity could be of use
when evaluating culling. In some cases, the use of IB could
be recommended as a confirmatory or a posteriori test (Bar-
tels et al. 2006).

Recently, several ELISAs and IFAT have been compared
in a multi-centred study carried out in several European lab-
oratories (von Blumröder et al. 2004). Most techniques 
showed a high level of agreement in the interpretation of the
test results (positive and negative). Furthermore, a distinct
increase in agreement between tests was obtained after the
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Fig. 1. Detection of specific antibodies using IFAT. A. IFAT is con-
sidered positive when unbroken tachyzoite membrane fluorescence
is seen (× 1,000). B. Negative IFAT result (× 1,000)

Table II. Recombinant ELISAs developed for serological diagnosis of N. caninum infection in cattle 

Antigen Target group Sea/Spb Reference techniques Reference

NcDG1(NcGRA7)                & adults nac IFAT Lally et al. 1996
NcDG2 (NcGRA6) Jenkins et al. 1997
N54 adults 95/96 IB Louie et al. 1997N57 82/93
NcDG1 (NcGRA7)                & adults nac IFAT and NAT Venturini et al. 1999NcDG2 (NcGRA6) foetuses
SRS2 adults nac IFAT Nishikawa et al. 2001
Nc-p29 (NcSAG1) adults nac IFAT Howe et al. 2002
Truncated NcSAG1 adults nac IB Chahan et al. 2003
Ncp43P adults nac ELISA and IB Ahn et al. 2003
Truncated NcSRS2 adults nac IB Gaturaga et al. 2005
NcGRA6 (sELISA) adults 78.4/79.3d IFAT-25, IFAT-100 

IBHPLC-NcGRA6 (dELISA) adults 83.7/83.0d
ISCOM-ELISA

Jenkins et al. 2005

aSensibility/bspecificity; cdata not available; dsensibility and specificity relative to the reference standard, which in the study were defined
as sera that were positive or negative in at least three of the reference techniques. 
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application of standardised cut-offs offered by a two-graph
receiver operating characteristic analysis. This procedure al-
lows a standardised interpretation of results obtained with dif-
ferent tests used in independent, parallel seroepidemiological
studies.

Indirect N. caninum ELISA has been modified to enable
analysis of IgG avidity to distinguish between acute and
chronic neosporosis (Björkman et al. 1999, Maley et al. 2001,
Schares et al. 2002, Sager et al. 2003, Aguado-Martínez et al.
2005). Avidity assays are based on the fact that the first anti-
bodies synthesised after primary infection have a lower affin-
ity than those produced later on. By adding an incubation step
with urea (6M or 8M), low affinity antibodies are eluted. The
antibody titres obtained with and without urea are then used to
calculate the IgG avidity index (titre with urea multiplied by
100 divided by titre without urea). Low avidity values are re-
lated with recent infection and high avidity values are ob-
served in animals with chronic infection (Jenkins et al. 2000;
McAllister et al. 2000; Schares et al. 2002; Björkman et al.
2003, 2005; Aguado-Martínez et al. 2005; Frössling et al.
2005). However, up to date this technique does not allow to
discriminate a recrudescence or a re-infection from a chronic
infection (Aguado-Martínez et al. 2005). Recently, several
IgG avidity ELISA tests used in four European laboratories
have been compared (Björkman et al. submitted). The results
showed a moderate agreement between the different assays
used to estimate the IgG avidity.

Detection of antibodies can also be done using individual
milk samples or with bulk milk samples by ELISA. This
source for testing antibodies is inexpensive and samples can
be easily collected. In addition, milk sampling is non-invasive
and harmless to the animal. Several studies have been done in
individual milk samples using different ELISA tests with good
agreement between sera and milk results (Björkman et al.
1997, Moskwa et al. 2003, Schares et al. 2004b), but unfor-
tunately no comparable results exist among different labs. Re-
cently, an ELISA based on the p38 (NcSRS2) affinity purified
antigen (Schares et al. 2000) has been adapted for the detec-
tion of antibodies against N. caninum in bovine milk (Schares
et al. 2005). Bulk milk testing can also be done by ELISA
(Chanlun et al. 2002, 2006; Schares et al. 2003; Frössling et
al. 2006; Varcasia et al. 2006) whenever intra-herd prevalence
is higher than 10–15%. Moreover, this technique can be used
to monitor control programmes. Recently, several ELISAs
have been compared to detect specific antibodies to N. cani-
num in bulk milk (Bartels et al. 2005). Results of the com-
parison showed that two commercial ELISAs could ade-
quately detect a 15% or higher intra-herd seroprevalence of
N. caninum in lactating cows.

The IB combines the resolution of gel electrophoresis with
the specificity of immunochemical detection. However, it
would be very time-consuming as a routine tool for screening
cattle sera. Instead, IB has been used for identification of im-
munodominant tachyzoite antigens (IDAs) by host sera (Bjer-
kDs et al. 1994, Baszler et al. 1996, Schares et al. 1999a,
Álvarez-García et al. 2002) and as an a posteriori test for

other serological assays (Schares et al. 1998, 1999b; Atkinson
et al. 2000; Álvarez-García et al. 2003; Bartels et al. 2006).
One proposed cut-off for a positive result was the identifica-
tion of one or more of four tachyzoite IDAs (Schares et al.
1999a, Álvarez-García et al. 2002). Recently, an avidity IB
has been developed to detect the pattern of IgG avidity matu-
ration against different specific antigens of N. caninum tachy-
zoites (Aguado-Martínez et al. 2005).

The DATs are based on the principle that intact tachyzoites
agglutinate in the presence of specific IgG antibodies (Pack-
ham et al. 1998, Romand et al. 1998, Canada et al. 2004, Du-
bey and Thulliez 2005). The DAT has been carried out in 96
round-bottom-well microplates, using formalin-fixed N. ca-
ninum tachyzoites of the canine NC-1 isolate (Romand et al.
1998) or the bovine BPA-1 isolate (Packham et al. 1998).
Diffuse opacity across the entire diameter of the well on the
next day was regarded as a positive result. A cut-off titer of
1:80 gave the greatest sensitivity (100%) and specificity val-
ues (97%) (Packham et al. 1998). The advantages of DAT are
its simplicity and non-requisite of species-specific conjugates.

At present, several IFAT, ELISA and DAT kits for N. ca-
ninum diagnosis are commercially available (Björkman and
Uggla 1999, Williams et al. 1999, Atkinson et al. 2000, Basz-
ler et al. 2001, Reichel and Pfeiffer 2002). Finally, an im-
munochromatographic test (ICT) with recombinant NcSAG1
has recently been developed for the rapid detection of anti-
bodies to N. caninum in cattle (Liao et al. 2005).

Practical approaches

Infection-abortion relationship. At the individual level, post-
abortion serology is useful because dams aborting due to an
infection with N. caninum often have high levels of antibodies
shortly after abortion (Quintanilla-Gozalo et al. 2000). Levels
may decrease below the cut-off value after abortion (Jenkins
et al. 2002). However, the presence of antibodies does not
prove that the infection caused the abortion, as many chroni-
cally infected cows are serologically positive. Once N. cani-
num infection has been demonstrated, a seroepidemiological
approach can be proposed to estimate the implication of N. ca-
ninum in those abortions (Thurmond and Hietala 1995, Thur-
mond et al. 1997, Sager et al. 2001, Hall et al. 2005). Al-
though intra-herd seroprevalence provides information about
the infection status, it is the seropositivity rate in aborting
cows which is essential to establish the relationship between
N. caninum infection and abortions. This rate should be sig-
nificantly higher in aborting cows than in non-aborting cows.
In addition, to know the pattern of abortion produced by
N. caninum in the herd, it is necessary to estimate the odds
ratio, which is a parameter indicative of the abortion risk. An
endemic pattern of abortion is related with an odds ratio of
around 2, whereas a higher odds ratio is indicative of an epi-
demic pattern (Thurmond and Hietala 1995).

Investigation of the predominant route of transmission.
The analysis of the paired samples from dams and their
daughters, samples from precolostral calves and the age-distri-
bution of seropositive animals contribute to determine if the
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vertical or horizontal route of transmission is predominant in
the herd (Dijkstra et al. 2003). If the transmission is predom-
inantly vertical, dams and their daughters are seropositive, as
are precolostral calves, and there is a uniform distribution of
seropositive animals across the age-groups. In the horizontal
transmission of the infection, seropositive animals are in clus-
ters and there is a lack of association between the serological
status of dams and their daughters. In addition, the abortion
pattern as well as avidity values in aborting dams are essen-
tial data (Jenkins et al. 2000, McAllister et al. 2000, Björkman
et al. 2003). To determine the avidity value of antibodies, sam-
ples obtained immediately after the abortion from a representa-
tive number of seropositive aborted cows (8–10 sera) should
be used. In herds with an endemic pattern of abortion and high
avidity antibodies in aborting dams the vertical should be con-
sidered as the principal route of transmission. On the contrary,
the presence of low avidity antibodies with an epidemic abor-
tion pattern must be indicative of a recent exposure to N. ca-
ninum by the horizontal route (Dijkstra et al. 2002, Schares et
al. 2002, Aguado-Martínez et al. 2005).

Adoption of basic herd-control measures. In addition to
the identification of the main route of transmission of N. cani-
num infection in a herd, serological techniques may also help
to adopt some basic measures concerning replacement. In 
some cases, as with purchase or sale, a study of N. caninum
infection in non-aborting cows is needed. It should be taken
into account that, in cattle, antibodies may fluctuate substan-
tially and may even drop below the cut-off value of the sero-
logical test used (Quintanilla-Gozalo et al. 2000, Jenkins et al.
2002). In some cases, sampling after a period of 4–6 weeks is
recommended and in doubtful samples the use of an a poste-
riori method such as IB is also useful (Álvarez-García et al.
2003). Antibody detection could also be used to determine
whether a new born calf is congenitally infected (Wouda et al.
1998b). In such cases, a serum sample should be taken before
suckling as colostral antibodies may cause false positive re-
sults and maternal antibodies may persist for several months.
In precolostral calves, a positive result would confirm trans-
placental transmission, and it would permit the adoption of
control measures related with vertical transmission in the
farm.

Other methodologies for in vivo diagnosis

At present, other diagnostic tools can be used for in vivo diag-
nosis, although they are mainly used for research purposes
and need to be validated with current diagnostic techniques.
Thus, a nested PCR can be used for parasite DNA detection
in blood (Okeoma et al. 2004, Ferre et al. 2005) and semen
(Ortega-Mora et al. 2003, Caetano-da-Silva et al. 2004, Ferre
et al. 2005) and it can be quantified by a real-time PCR in
blood (Okeoma et al. 2005) as well as in semen (Ortega-Mora
et al. 2003, Caetano-da-Silva et al. 2004, Ferre et al. 2005).
Parasite DNA was sporadically detected in white blood cells
in naturally and experimentally infected bulls and cows. In
experimentally and naturally infected bulls, parasite DNA was

also sporadically detected in semen, where it was demon-
strated in the cellular fraction with a low parasite load.

On the other hand, determination of specific IFN-gamma
production allows an indirect quantification of cell-mediated
responses. Lymphocytes from peripheral blood from N. cani-
num infected cattle will proliferate in vitro when stimulated
with specific antigens, and supernatants from these cultures
have been shown to contain IFN-gamma. In the near future,
this procedure could be used to diagnose the disease although,
to date, this method represents only a valuable research mark-
er (Lunden et al. 1998, Marks et al. 1998, Andrianarivo et al.
2001, Almería et al. 2003, Ferre et al. 2005, Moore et al. 2005,
Serrano et al. 2006).

In the aborted foetus

The ideal diagnostic samples include the aborted foetus sub-
mitted with placenta and sera from the dam. If this is not pos-
sible, samples from brain, heart, and liver should be submit-
ted. The brain is the target organ although the probability of
diagnosing the infection increases when other tissues such as
the heart and liver are analysed. A higher number of positive-
PCR tissue samples have been observed in foetuses corre-
sponding to the first and second trimesters compared with
those aborted in the last trimester (Collantes-Fern<ndez et al.
2006). Tissues should be collected as rapidly as possible after
expulsion in order to avoid autolysis. Samples for serological
analysis may be obtained from serosanguinous fluid accumu-
lated in foetal body cavities (Anderson et al. 2000).

Gross lesions are rare in Neospora abortions, but white
linear foci may be seen in skeletal muscles and the heart, and
minute pale to dark foci may be present in the brain (Dubey
and Lindsay 1996, Anderson et al. 2000). Histological exam-
ination of brain, heart and liver of the foetus, parasite detec-
tion by PCR techniques in target organs (alternatively im-
munohistochemistry) and detection of specific antibodies in
dam and in foetal fluids in foetuses over five to six months of
age may contribute to a successful diagnosis of bovine Neo-
spora abortion.

Histological examination

Preparation of tissues for examination under the microscope
should be carried out according to universally accepted pro-
tocols. Tissue sections of approximately 4 µm should be cut
with a microtome, mounted and stained with haematoxylin
and eosin. Inflammatory and degenerative lesions may be
found histologically throughout foetal tissues but are most
common in the central nervous system (CNS), heart, skeletal
muscle and liver (reviewed in Dubey and Lindsay 1996). The
histological lesions caused by N. caninum in these tissues are
often distinctive, particularly the brain lesions. Diagnosis of
the most significant lesions in the brain consist of non-suppu-
rative encephalomyelitis characterised by multifocal non-sup-
purative infiltration (Fig. 2A), with or without multifocal
necrosis (Fig. 2B). The lesions in the brain are often accom-
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panied by some vascular endothelial hyperplasia and associ-
ated mild infiltration by mononuclear cells. Although not spe-
cific to neosporosis, leukomalacia may be seen in some cases
in the cerebral white matter. Other histologic lesions that are
consistently found include: Non-suppurative myocarditis
(Fig. 2C), focal non-suppurative myositis and non-suppura-
tive periportal hepatitis (Fig. 2D) – associated in some cases
with focal hepatic necrosis – and focal non-suppurative inter-
stitial pneumonia (Wouda et al. 1997b). Although the placen-
ta is not always available, the presence of a non-suppurative
placentitis and necrosis has been described in abortion in early
gestation. Characteristic histological foetal lesions such as
multifocal non-suppurative encephalitis and myocarditis,
although not pathognomonic, allow a presumptive diagnosis
(Barr et al. 1991, Wouda et al. 1997b). Moreover, histology
has been used as a reference procedure for the comparisons of
other techniques (Baszler et al. 1999). Confirmation of the
infection is necessary since other protozoa such as Sarcocystis
spp. may cause similar lesions (Jenkins et al. 2002).

Parasite detection

The most commonly applied method for detection of N. ca-
ninum in the past has been immunohistochemistry (IHC) of
foetal brain and other tissues such as lung, liver and heart

(Lindsay and Dubey 1989). However, IHC is a relatively
insensitive technique for detecting the parasites in severely
autolysed foetuses. One of the advantages is its high specifi-
city, although some cross-reactivity with T. gondii has been
reported (van Maanen et al. 2004). The demonstration of
Neospora antigens by IHC depends to a large extent on the
number of sections made and the time spent on microscopic
examination (Wouda et al. 1997b). Parasite tachyzoites and
antigens are usually found associated with lesioned areas in
the brain and other organs such as heart and liver (González
et al. 1999). The number of tissue cysts in the brain is low and
generally not associated with cellular responses (Fig. 3).

PCR techniques have been useful as diagnostic tools for
detection of the parasite in aborted bovine foetuses (Gottstein
et al. 1998, Baszler et al. 1999, Sager et al. 2001, Pereira-
Bueno et al. 2003, van Maanen et al. 2004, Medina et al.
2006). PCR methods generally have a higher sensitivity than
IHC methods and also a high specificity (van Maanen et al.
2004). Fair agreement has been observed between both probes
(Pereira-Bueno et al. 2003, Medina et al. 2006). Several PCR-
based methods have been developed in the last few years tar-
geting the parasite ITS1 region (Holmdahl and Mattsson
1996) and the repeated Neospora-specific Nc5 sequence
(Muller et al. 1996) with different modifications, such as nest-
ed or seminested PCR test, in an attempt to increase the sen-
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Fig. 2. Histological lesions observed in bovine tissues caused by N. caninum infection. A. Glial focus in foetal brain. H and E, × 200. 
B. Focal necrosis surrounded by non-suppurative infiltration in foetal brain. H and E, × 100. C. Lymphocytic myocarditis. H and E, × 200.
D. Non-suppurative periportal hepatitis. H and E, × 100
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sitivity and specificity of the technique. There appeared to be
no clear relationship between the PCR format (i.e. single or
nested) and diagnostic sensitivity (van Maanen et al. 2004).
The advantages of these PCR procedures include high specif-
icity and sensitivity, and the ability to amplify small amounts
of Neospora DNA in a larger quantity of tissue. In addition,
PCR works well when foetuses are autolysed, which is often
the case with Neospora abortions. At present, two quantitative
PCR techniques for the detection of Neospora in host tissues
have been reported. A quantitative-competitive PCR (QC-
PCR) technique based on the inclusion of a known competitor
to the target Neospora-specific Nc5 genomic sequences was
described, but it is labour-intensive and requires post-PCR
analysis (Liddell et al. 1999). Recently, a specific quantitative
PCR based on the Nc5 sequence of N. caninum that monitors
the reaction in real time, employing the double-stranded
DNA-binding dye by SYBR Green I, was standardised and
successfully tested in aborted bovine foetuses (Collantes-
Fernández et al. 2002).

A new method to detect N. caninum using indirect in situ
PCR has been described (Loschenberger et al. 2004). In situ
PCR combines the advantages of the extraordinarily high sen-
sitivity and specificity of PCR and the in situ representation of
immunohistochemical methods. The indirect in situ PCR is
able to detect the amplified products using a primed in situ
(PRINS) reaction with hapten-labelled nucleotides and visu-
alising them using fluorochrome-labelled antibodies. This
technique has been carried out in both infected cell cultures
and formalin-fixed paraffin-embedded tissues. Clear signals
were obtained in the N. caninum positive samples using in situ
PCR, whereas control slides with Toxoplasma gondii infect-
ed tissues always yielded negative results (Loschenberger et
al. 2004).

Finally, isolation of Neospora in cell culture or bioassay
by inoculation in highly receptive mouse strains such as IFN-

gamma knock-out and Balb/c nu/nu mice are not suitable
techniques for routine foetal diagnosis since the success of
isolation depends on the number of organisms present and
most parasites in bovine foetuses die during autolysis of host
cells (Dubey 1999). However, these techniques may be em-
ployed to obtain new Neospora isolates to pursue further work
on molecular epidemiology, pathogenicity studies and vaccine
development.

Foetal serology

The demonstration of N. caninum antibodies in sera or foetal
fluids by IFAT, ELISA or IB indicates foetal infection (Conrad
et al. 1993, Barr et al. 1995, Paré et al. 1995b, Otter et al.
1997, Slotved et al. 1999, Söndgen et al. 2001) since there is
no transplacental transfer of antibodies from dam to foetus in
cattle. The bovine foetus develops the ability to produce anti-
bodies during the fifth month of gestation. Therefore, foetal
serology can be applied to aid in diagnosing N. caninum infec-
tion in foetuses aged five months or older (Pereira-Bueno et
al. 2003). However, several reports showed the low sensitiv-
ity of foetal serology even after improvement with IB, a neg-
ative result does not rule out the presence of a N. caninum
infection (Barr et al. 1995, Wouda et al. 1997a, Gottstein et al.
1998, Slotved et al. 1999, Söndgen et al. 2001). Lack of foetal
immunocompetence (Wouda et al. 1997a), a short interval
between infection and foetal death (Söndgen et al. 2001), and
autolysis, which may cause degradation of foetal immuno-
globulins and thus lead to low levels of specific antibodies
(Wouda et al. 1997a), are thought to be possible causes for low
sensitivity of foetal serology. On the other hand, the detection
of Neospora antibodies in foetal fluids does not necessarily
prove that the infection caused foetal death, since many clin-
ically normal calves have congenital antibodies. Therefore,
foetal serology cannot be used as the sole diagnostic test to
confirm N. caninum abortion in individual foetuses.

Conclusions and perspectives

Appropriate techniques for diagnosis of bovine neosporosis,
both in vivo and in aborted foetuses, have been developed in
the last ten years and some of them are commercially avail-
able. For diagnosis in live animals, detection of antibodies in
serum or milk has been shown to be the best option both at the
herd and individual level. These techniques are excellent tools
to examine N. caninum-associated abortion problems and to
adopt some basic herd-control measures such as culling of
seropositive aborting dams, the use of the progeny of seropos-
itive dams for beef and the exclusion of the progeny of se-
ropositive dams from breeding (Conraths and Ortega-Mora
2005). Serological tests may also be applied to control neo-
sporosis in the international animal trade, as has been sug-
gested (Moore 2005), since infected animals can introduce the
parasite in naive herds or areas where the disease does not
exist or prevalence is very low. A combination of different
techniques (IFAT+IB or ELISA+IB) is recommended in cer-
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Fig. 3. Neospora caninum tissue cyst evidenced by IHC. A tissue
cyst of N. caninum located in a neurone which is recognised by an
anti-N. caninum polyclonal rabbit serum using IHC and counter-
stained with H and E (× 400)
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tain cases to classify an individual animal as seropositive or
seronegative since there is no serological technique that can
be considered as a gold standard.

Concerning foetal diagnosis, detection of compatible le-
sions by histology and parasites by PCR in brain (as well as
heart and liver) are the best choices for foetal diagnosis.
Diagnostic criteria to distinguish foetal infection and Neospo-
ra-associated abortion are based not only on the demonstra-
tion of foetal infection by PCR (or alternatively by IHC or
foetal serology), but also, as has been suggested previously
(Jenkins et al. 2002), on the extent and severity of the lesions
in the foetus, foetal age and the assessment of neosporosis at
the herd level. The poor agreement observed when histology,
PCR and serology are compared underlines the need to use
different and complementary techniques if we want to in-
crease the probability of detecting infection in aborted foe-
tuses (Pereira-Bueno et al. 2003, Medina et al. 2006). IHC
techniques have a relatively low sensitivity in the detection of
parasites in host tissues, due to either low parasite numbers or
the poor quality of autolysed, mummified or macerated foetal
samples. In this respect, PCR sensibility and specificity are
higher compared with IHC. Nonetheless, some diagnostic lab-
oratories can experience problems with contamination in the
PCR and measures to avoid cross-contamination and carry-
over contamination are highly recommended (van Maanen et
al. 2004). At present, qualitative PCR is widely used in the
laboratory diagnosis of foetal neosporosis, but some quanti-
tative PCR techniques have also been applied to bovine foe-
tuses (Collantes-Fernández et al. 2002). Recently, quantitative
PCR has been employed to record parasite infection intensi-
ty and to obtain an accurate estimation of parasite load in dif-
ferent foetal tissues and to make statistical comparisons
(Collantes-Fernández et al. 2006). This method represents a
powerful tool to elucidate host-parasite interaction in foetal
tissues and to evaluate the protective effect of vaccines and
drugs.

Future research approaches to improve the diagnosis of
bovine neosporosis and the use of diagnostic tools in the in-
vestigation of host-parasite interactions and neosporosis epi-
demiology and control may include the description of Neo-
spora-stage specific antigens. These markers may be useful
not only to discriminate between recent and past infection, as
avidity ELISAs allow at present, but also to diagnose parasite-
reactivation in persistently infected cattle. In this sense, the
first reported gene to be expressed specifically during the
N. caninum bradyzoite stage (the NcSAG4 gene) has been
recently identified, cloned and expressed as a recombinant
antigen (Fernández-García et al. 2006) and its utility as a diag-
nostic marker is being evaluated.

Another field of interest for foetal diagnosis is the combi-
nation of PCR with other molecular tools to investigate the
molecular epidemiology of this disease and clarify aspects re-
lated with strain/isolate variability. In this sense, several mo-
lecular approaches have been used for the genetic characteri-
sation of N. caninum isolates. Recently, microsatellite mark-
ers have been developed which have proven very useful for

the molecular characterisation and tracking of individual lab-
oratory isolates of N. caninum (Regidor-Cerrillo et al. 2006).
These markers are now being evaluated in clinical samples
both from natural and experimental infections with the aim of
studying the population structure of this parasite and the
molecular epidemiology of neosporosis.

Finally, it should be taken into account that, in some coun-
tries and regions, control schemes for the disease are being
developed. This is the case in Spain where, although a nation-
wide programme to control the disease does not exist, sever-
al regional governments have already placed neosporosis on
the list of diseases included in bovine herd-health program-
mes. For instance, in the Autonomous Region of Galicia, the
Spanish Autonomous Community with the highest cattle cen-
sus, approximately 90,000 animals have been tested in 2005.
Massive screening of cattle challenges the diagnostic robust-
ness of serological techniques and makes the role of the vet-
erinary diagnostic laboratories essential. Thus, all veterinary
diagnostic laboratories should validate their diagnostic tech-
niques for N. caninum and a comparison of these techniques
among laboratories from different geographical regions
should be undertaken in order to obtain a standardised inter-
pretation of results (von Blumröder et al. 2004, van Maanen et
al. 2004). In countries with control programmes under way,
National or Regional Reference Laboratories should be pro-
moted. This idea is particularly important since the OIE
(World Organisation for Animal Health) does not have stand-
ard protocols for bovine neosporosis. The role of these refer-
ence laboratories should be of particular importance for many
reasons: To evaluate and define reference diagnostic methods,
to prepare and supply antigens and reference serum and tis-
sue controls, to organise inter-laboratory comparison for vet-
erinary diagnostic laboratories, to test some samples to con-
firm unusual results, to give assessment, to provide training
and to allow for the establishment of quality assurance pro-
grammes for other veterinary diagnostic laboratories for the
purpose of accreditation. In this sense, as a part of an EU ini-
tiative, a guidelines manual is being prepared by several
European laboratories for the diagnosis of protozoal abortifa-
cients in farm ruminants. These guidelines will contain rec-
ommendations about the diagnostic procedures to be followed
by official and private institutions across Europe when deal-
ing with neosporosis cases and could be of use to several other
countries.

Acknowledgements. We gratefully acknowledge Drs Juana Pereira-
Bueno, Valentín Pérez and Antonio Rodríguez-Bertos for their assis-
tance with the histological and immunohistochemical techniques. We
also wish to thank the collaborative work of the EU COST-Action
854. Finally, we would like to thank Dr. Gema Álvarez-García for
comments on the manuscript.

References

Aguado-Martínez A., Álvarez-García G., Arnaiz-Seco I., Innes E.,
Ortega-Mora L.M. 2005. Use of avidity enzyme-linked im-

9



Luis M. Ortega-Mora et al.

munosorbent assay and avidity western blot to discriminate
between acute and chronic Neospora caninum infection in
cattle. Journal of Veterinary Diagnostic Investigation, 17, 442–
450.

Ahn H.J., Kim S., Kim D.Y., Nam H.W. 2003. ELISA detection of
IgG antibody against a recombinant major surface antigen
(Nc-p43) fragment of Neospora caninum in bovine sera. Ko-
rean Journal of Parasitology, 41, 175–177.

Almería S., De Marez T., Dawson H., Araujo R., Dubey J.P., Gas-
barre L.C. 2003. Cytokine gene expression in dams and foe-
tuses after experimental Neospora caninum infection of hei-
fers at 110 days of gestation. Parasite Immunology, 25, 383–
392.

Álvarez-García G., Collantes-Fernández E., Costas E., Rebordosa X.,
Ortega-Mora L.M. 2003. Influence of age and purpose for
testing on the cut-off selection of serological methods in
bovine neosporosis. Veterinary Research, 34, 341–352.

Álvarez-García G., Pereira-Bueno J., Gómez-Bautista M., Ortega-
Mora L.M. 2002. Pattern of recognition of Neospora caninum
tachyzoite antigens by naturally infected pregnant cattle and
aborted foetuses. Veterinary Parasitology, 107, 15–27.

Anderson M.L., Andrianarivo A.G., Conrad P.A. 2000. Neosporosis
in cattle. Animal Reproduction Science, 60–61, 417–431.

Andrianarivo A.G., Barr B.C., Anderson M.L., Rowe J.D., Packham
A.E., Sverlow K.W., Conrad P.A. 2001. Immune responses in
pregnant cattle and bovine fetuses following experimental
infection with Neospora caninum. Parasitology Research, 87,
817–825.

Atkinson R., Harper P.A., Reichel M.P., Ellis J.T. 2000. Progress in
the serodiagnosis of Neospora caninum infections of cattle.
Parasitology Today, 16, 110–114.

Barr B.C., Anderson M.L., Sverlow K.W., Conrad P.A. 1995. Diag-
nosis of bovine fetal Neospora infection with an indirect flu-
orescent antibody test. Veterinary Record, 137, 611–613.

Barr B.C., Conrad P.A., Breitmeyer R., Sverlow K., Anderson M.L.,
Reynolds J., Chauvet A.E., Dubey J.P., Ardans A.A. 1993.
Congenital Neospora infection in calves born from cows that
had previously aborted Neospora-infected fetuses: four cases
(1990–1992). Journal of the American Veterinary Medical
Association, 202, 113–117.

Barr B.C., Conrad P.A., Dubey J.P., Anderson M.L. 1991. Neospora-
like encephalomyelitis in a calf: pathology, ultrastructure, and
immunoreactivity. Journal of Veterinary Diagnostic Investi-
gation, 3, 39–46.

Bartels C.J.M., Maanen C. van, Meulen A.M. van der, Dijkstra T.,
Wouda W. 2005. Evaluation of three enzyme-linked immu-
nosorbent assays for detection of antibodies to Neospora ca-
ninum in bulk milk. Veterinary Parasitology, 131, 235–246.

Bartels C.J.M., Ruiz-Santa-Quiteria J.A., Arnaiz-Seco I., Björkman
C., Frössling J., Blumröder D. von, Conraths F.J., Schares G.,
Maanen C. van, Wouda W., Ortega-Mora L.M. 2006. Supra-
national comparison of Neospora caninum seroprevalences in
cattle in Germany, The Netherlands, Spain and Sweden.
Veterinary Parasitology, in press.

Bartels C.J., Wouda W., Schukken Y.H. 1999. Risk factors for
Neospora caninum-associated abortion storms in dairy herds
in The Netherlands (1995 to 1997). Theriogenology, 52, 247–
257.

Basso W., Venturini L., Venturini M.C., Hill D.E., Kwok O.C., Shen
S.K., Dubey J.P. 2001. First isolation of Neospora caninum
from the feces of a naturally infected dog. Journal of Para-
sitology, 87, 612–618.

Baszler T.V., Adams S., Vander-Schalie J., Mathison B.A., Kostovic
M. 2001. Validation of a commercially available monoclon-
al antibody-based competitive-inhibition enzyme-linked im-
munosorbent assay for detection of serum antibodies to

Neospora caninum in cattle. Journal of Clinical Microbio-
logy, 39, 3851–3857.

Baszler T.V., Gay L.J.C., Long M.T., Mathison B.A. 1999. Detection
by PCR of Neospora caninum in fetal tissues from sponta-
neous bovine abortions. Journal of Clinical Microbiology, 37,
4059–4064.

Baszler T.V., Knowles D.P., Dubey J.P., Gay J.M., Mathison B.A.,
McElwain T.F. 1996. Serological diagnosis of bovine neo-
sporosis by Neospora caninum monoclonal antibody-based
competitive inhibition enzyme-linked immunosorbent assay.
Journal of Clinical Microbiology, 34, 1423–1428.

Bergeron N., Fecteau G., Pare J., Martineau R., Villeneuve A. 2000.
Vertical and horizontal transmission of Neospora caninum
in dairy herds in Quebec. Canadian Veterinary Journal, 41,
464–467.

BjerkDs I., Jenkins M.C., Dubey J.P. 1994. Identification and char-
acterization of Neospora caninum tachyzoite antigens useful
for diagnosis of neosporosis. Clinical and Diagnostic Labora-
tory Immunology, 1, 214–221.

Björkman C., Álvarez-García G., Conraths F.J., Mattsson J.G., Or-
tega-Mora L.M., Sager H., Schares G. Neospora caninum IgG
avidity tests: an interlaboratory comparison. Veterinary Para-
sitology, submitted.

Björkman C., Gondim L.F.P., Naslund K., Trees A.J., McAllister
M.M. 2005. IgG avidity pattern in cattle after ingestion of
Neospora caninum oocysts. Veterinary Parasitology, 128,
195–200.

Björkman C., Holmdahl O.J., Uggla A. 1997. An indirect enzyme-
linked immunoassay (ELISA) for demonstration of antibod-
ies to Neospora caninum in serum and milk of cattle. Vet-
erinary Parasitology, 68, 251–260.

Björkman C., McAllister M.M., Frössling J., Naslund K., Leung F.,
Uggla A. 2003. Application of the Neospora caninum IgG
avidity ELISA in assessment of chronic reproductive losses
after an outbreak of neosporosis in a herd of beef cattle.
Journal of Veterinary Diagnostic Investigation, 15, 3–7.

Björkman C., Naslund K., Stenlund S., Maley S.W., Buxton D.,
Uggla A. 1999. An IgG avidity ELISA to discriminate be-
tween recent and chronic Neospora caninum infection. Jour-
nal of Veterinary Diagnostic Investigation, 11, 41–44.

Björkman C., Uggla A. 1999. Serological diagnosis of Neospora ca-
ninum infection. International Journal for Parasitology, 29,
1497–1507.

Blumröder D. von, Schares G., Norton R., Williams D.J., Esteban-
Redondo I., Wright S., Björkman C., Frössling J., Risco-
Castillo V., Fernández-García A., Ortega-Mora L.M., Sager
H., Hemphill A., Maanen C. van, Wouda W., Conraths F.J.
2004. Comparison and standardisation of serological methods
for the diagnosis of Neospora caninum infection in bovines.
Veterinary Parasitology, 120, 11–22.

Buxton D., McAllister M.M., Dubey J.P. 2002. The comparative
pathogenesis of neosporosis. Trends in Parasitology, 18,
546–552.

Caetano-da-Silva A., Ferre I., Collantes-Fernández E., Navarro V.,
Aduriz G., Ugarte-Garagalza C., Ortega-Mora L.M. 2004.
Occasional detection of Neospora caninum DNA in frozen
extended semen from naturally infected bulls. Theriogenolo-
gy, 62, 1329–1336.

Canada N., Carvalheira J., Meireles C.S., da Costa J.M.C., Rocha A.
2004. Prevalence of Neospora caninum infection in dairy
cows and its consequences for reproductive management.
Theriogenology, 62, 1229–1235.

Chahan B., Gaturaga I., Huang X., Liao M., Fukumoto S., Hirata H.,
Nishikawa Y., Suzuki H., Sugimoto C., Nagasawa H., Fuji-
saki K., Igarashi I., Mikami T., Xuan X. 2003. Serodiagnosis
of Neospora caninum infection in cattle by enzyme-linked

10



Diagnosis of bovine neosporosis

immunosorbent assay with recombinant truncated NcSAG1.
Veterinary Parasitology, 118, 177–185.

Chanlun A., Emanuelson U., Chanlun S., Aiumlamai S., Björkman
C. 2006. Application of repeated bulk milk testing for identi-
fication of infection dynamics of Neospora caninum in Thai
dairy herds. Veterinary Parasitology, in press.

Chanlun A., Naslund K., Aiumlamai S., Björkman C. 2002. Use of
bulk milk for detection of Neospora caninum infection in
dairy herds in Thailand. Veterinary Parasitology, 110, 35–44.

Chávez-Velásquez A., Álvarez-García G., Collantes-Fernández E.,
Casas-Astos E., Rosadio-Alcántara R., Serrano-Martínez E.,
Ortega-Mora L.M. 2004. First report of Neospora caninum
infection in adult alpacas (Vicugna pacos) and llamas (Lama
glama). Journal of Parasitology, 90, 864–866.

Collantes-Fernández E., Rodríguez-Bertos A., Arnaiz-Seco I., More-
no B., Aduriz G., Ortega-Mora L.M. 2006. Influence of the
stage of pregnancy on Neospora caninum distribution, para-
site loads and lesions in aborted bovine foetuses. Therio-
genology, 65, 629–641.

Collantes-Fernández E., Zaballos A., Álvarez-García G., Ortega-
Mora L.M. 2002. Quantitative detection of Neospora cani-
num in bovine aborted foetuses and experimentally infected
mice by real-time PCR. Journal of Clinical Microbiology, 40,
1194–1198.

Conrad P.A., Sverlow K., Anderson M., Rowe J., BonDurant R.,
Tuter G., Breitmeyer R., Palmer C., Thurmond M., Ardans A.
1993. Detection of serum antibody responses in cattle with
natural or experimental Neospora infections. Journal of Vet-
erinary Diagnostic Investigation, 5, 572–578.

Conraths F.J., Ortega-Mora L.M. 2005. Options for control of pro-
tozoal abortion in ruminants: practical experience. The 20th
International Conference of the World Association for the
Advancement of Veterinary Parasitology (WAAVP), 16–20
October, Christchurch, New Zealand.

Davison H.C., Guy C.S., McGarry J.W., Guy F., Williams D.J.L.,
Kelly D.F., Trees A.J. 2001. Experimental studies on the
transmission of Neospora caninum between cattle. Research
in Veterinary Science, 70, 163–168.

Davison H.C., Otter A., Trees A.J. 1999. Estimation of vertical and
horizontal transmission parameters of Neospora caninum in-
fections in dairy cattle. International Journal for Parasit-
ology, 29, 1683–1689.

De Marez T., Liddell S., Dubey J.P., Jenkins M.C., Gasbarre L. 1999.
Oral infection of calves with Neospora caninum oocysts from
dogs: humoral and cellular immune responses. International
Journal for Parasitology, 29, 1647–1657.

De Meerschman F., Focant C., Detry J., Rettigner C., Cassart D.,
Losson B. 2005. Clinical, pathological and diagnostic aspects
of congenital neosporosis in a series of naturally infected
calves. Veterinary Record, 157, 115–118.

Dijkstra T., Barkema H.W., Björkman C., Wouda W. 2002. A high
rate of seroconversion for Neospora caninum in a dairy herd
without an obvious increased incidence of abortions. Veter-
inary Parasitology, 109, 203–211.

Dijkstra T., Barkema H.W., Eysker M., Beiboer M.L., Wouda W.
2003. Evaluation of a single serological screening of dairy
herds for Neospora caninum antibodies. Veterinary Parasit-
ology, 110, 161–169.

Dijkstra T., Barkema H.W., Eysker M., Wouda W. 2001. Evidence of
post-natal transmission of Neospora caninum in Dutch dairy
herds. International Journal for Parasitology, 31, 209–215.

Dubey J.P. 1999. Recent advances in Neospora and neosporosis.
Veterinary Parasitology, 84, 349–367.

Dubey J.P. 2003a. Neosporosis in cattle. Journal of Parasitology, 89,
S42–S56.

Dubey J.P. 2003b. Review of Neospora caninum and neosporosis in
animals. Korean Journal of Parasitology, 41, 1–16.

Dubey J.P. 2005. Neosporosis in cattle. Veterinary Clinics of North
America. Food Animal Practice, 21, 473–483.

Dubey J.P., Barr B.C., Barta J.R., BjerkDs I., Björkman C., Blagburn
B.L., Bowman D.D., Buxton D., Ellis J.T., Gottstein B.,
Hemphill A., Hill D.E., Howe D.K., Jenkins M.C., Kobayashi
Y., Koudela B., Marsh A.E., Mattsson J.G., McAllister M.M.,
Modrý D., Omata Y., Sibley L.D., Speer C.A., Trees A.J.,
Uggla A., Upton S.J., Williams D.J.L., Lindsay D.S. 2002.
Redescription of Neospora caninum and its differentiation
from related coccidia. International Journal for Parasitology,
32, 929–946.

Dubey J.P., Hattel A.L., Lindsay D.S., Topper M.J. 1988. Neo-
natal Neospora caninum infection in dogs: isolation of 
the causative agent and experimental transmission. Journal of
the American Veterinary Medical Association, 193, 1259–
1263.

Dubey J.P., Lindsay D.S. 1996. A review of Neospora caninum and
neosporosis. Veterinary Parasitology, 67, 1–59.

Dubey J.P., Thulliez P. 2005. Prevalence of antibodies to Neospora
caninum in wild animals. Journal of Parasitology, 91, 1217–
1218.

Fernández-García A., Risco-Castillo V., Zaballos A., Álvarez-García
G., Ortega-Mora L.M. 2006. Identification and molecular
cloning of the Neospora caninum SAG4 gene specifically
expressed at bradyzoite stage. Molecular & Biochemical Para-
sitology, 146, 89–97.

Ferre I., Aduriz G., Pozo I. del, Regidor-Cerrillo J., Atxaerandio R.,
Collantes-Fernández E., Hurtado A., Ugarte-Garagalza C.,
Ortega-Mora L.M. 2005. Detection of Neospora caninum in
the semen and blood of naturally infected bulls. Theriogen-
ology, 63, 1504–1518.

French N.P., Clancy D., Davison H.C., Trees A.J. 1999. Mathe-
matical models of Neospora caninum infection in dairy cattle:
transmission and options for control. International Journal
for Parasitology, 29, 1691–1704.

Frössling J., Bonnett B., Lindberg A., Björkman C. 2003. Validation
of a Neospora caninum iscom ELISA without a gold standard.
Preventive Veterinary Medicine, 57, 141–153.

Frössling J., Lindberg A., Björkman C. 2006. Evaluation of an iscom
ELISA used for detection of antibodies to Neospora caninum
in bulk milk. Preventive Veterinary Medicine, in press.

Frössling J., Uggla A., Björkman C. 2005. Prevalence and transmis-
sion of Neospora caninum within infected Swedish dairy
herds. Veterinary Parasitology, 128, 209–218.

Gaturaga I., Chahan B., Xuan X.N., Huang X.H., Liao M., Fukumoto
S., Hirata H., Nishikawa Y., Takashima Y., Suzuki H., Fujisaki
K., Sugimoto C. 2005. Detection of antibodies to Neospora
caninum in cattle by enzyme-linked immunosorbent assay
with truncated NcSRS2 expressed in Escherichia coli. Jour-
nal of Parasitology, 91, 191–192.

Gondim L.F.P., McAllister M.M., Mateus-Pinilla N.E., Pitt W.C.,
Mech L.D., Nelson M.E. 2004a. Transmission of Neospora
caninum between wild and domestic animals. Journal of
Parasitology, 90, 1361–1365.

Gondim L.F.P., McAllister M.M., Anderson-Sprecher R.C., Björk-
man C., Lock T.F., Firkins L.D., Gao L., Fischer W.R. 2004b.
Transplacental transmission and abortion in cows adminis-
tered Neospora caninum oocysts. Journal of Parasitology,
90, 1394–1400. 

González L., Buxton D., Atxaerandio R., Aduriz G., Maley S., Marco
J.C., Cuervo L.A. 1999. Bovine abortion associated with
Neospora caninum in northern Spain. Veterinary Record, 144,
145–150.

Gottstein B., Hentrich B., Wyss R., Thhr B., Busato A., St@rk K.D.C.,
Mhller N. 1998. Molecular and immunodiagnostic investiga-
tions on bovine neosporosis in Switzerland. International
Journal for Parasitology, 28, 679–691.

11



Luis M. Ortega-Mora et al.

Haddad J.P.A., Dohoo I.R., VanLeewen J.A. 2005. A review of
Neospora caninum in dairy and beef cattle – a Canadian per-
spective. Canadian Veterinary Journal-Revue Veterinaire
Canadienne, 46, 230–243.

Hall C.A., Reichel M.P., Ellis J.T. 2005. Neospora abortions in dairy
cattle: diagnosis, mode of transmission and control. Veteri-
nary Parasitology, 128, 231–241.

Hemphill A., Gottstein B. 2000. A European perspective on Neo-
spora caninum. International Journal for Parasitology, 30,
877–924.

Hobson J.C., Duffield T.F., Kelton D., Lissemore K., Hietala S.K.,
Leslie K.E., McEwen B., Peregrine A.S. 2005. Risk factors
associated with Neospora caninum abortion in Ontario Hol-
stein dairy herds. Veterinary Parasitology, 127, 177–188.

Holmdahl O.J.M., Mattsson J.G. 1996. Rapid and sensitive identifi-
cation of Neospora caninum by in vitro amplification of the
internal transcribed spacer 1. Parasitology, 112, 177–182.  

Howe D.K., Tang K., Conrad P.A., Sverlow K., Dubey J.P., Sibley
L.D. 2002. Sensitive and specific identification of Neospora
caninum infection of cattle based on detection of serum anti-
bodies to recombinant Ncp29. Clinical and Diagnostic Labo-
ratory Immunology, 9, 611–615.

Jenkins M., Baszler T., Björkman C., Schares G., Williams D. 2002.
Diagnosis and seroepidemiology of Neospora caninum-asso-
ciated bovine abortion. International Journal for Parasitolo-
gy, 32, 631–636.

Jenkins M.C., Caver J.A., Björkman C., Anderson T.C., Romand S.,
Vinyard B., Uggla A., Thulliez P., Dubey J.P. 2000. Serolog-
ical investigation of an outbreak of Neospora caninum-asso-
ciated abortion in a dairy herd in southeastern United States.
Veterinary Parasitology, 94, 17–26.

Jenkins M.C., Fetterer R., Schares G., Björkman C., Wapenaar W.,
McAllister M., Dubey J.P. 2005. HPLC purification of re-
combinant NcGRA6 antigen improves enzyme-linked immu-
nosorbent assay for serodiagnosis of bovine neosporosis. 
Veterinary Parasitology, 131, 227–234.

Jenkins M.C., Wouda W., Dubey J.P. 1997. Serological response over
time to recombinant Neospora caninum antigens in cattle
after a neosporosis-induced abortion. Clinical and Diagnostic
Laboratory Immunology, 4, 270–274.

Lally N.C., Jenkins M.C., Dubey J.P. 1996. Evaluation of two Neo-
spora caninum recombinant antigens for use in an enzyme-
linked immunosorbent assay for the diagnosis of bovine neo-
sporosis. Clinical and Diagnostic Laboratory Immunology, 3,
275–279.

Liao M., Zhang S.F., Xuan X.N., Zhang G.H., Huang X.H., Igarashi
I., Fujisaki K. 2005. Development of rapid immunochro-
matographic test with recombinant NcSAG1 for detection of
antibodies to Neospora caninum in cattle. Clinical and Di-
agnostic Laboratory Immunology, 12, 885–887.

Liddell S., Jenkins M.C., Dubey J.P. 1999. A competitive PCR assay
for quantitative detection of Neospora caninum. International
Journal for Parasitology, 29, 1583–1587.

Lindsay D.S., Dubey J.P. 1989. Immunohistochemical diagnosis of
Neospora caninum in tissue sections. American Journal of
Veterinary Research, 50, 1981–1983.

Loschenberger K., Szolgyenyi W., Peschke R., Prosl H. 2004. De-
tection of the protozoan Neospora caninum using in situ poly-
merase chain reaction. Biotechnic & Histochemistry, 79, 101–
105.

Louie K., Sverlow K.W., Barr B.C., Anderson M.L., Conrad P.A.
1997. Cloning and characterization of two recombinant Neo-
spora protein fragments and their use in serodiagnosis of
bovine neosporosis. Clinical and Diagnostic Laboratory Im-
munology, 4, 692–699.

Lunden A., Marks J., Maley S.W., Innes E.A. 1998. Cellular immune
responses in cattle experimentally infected with Neospora
caninum. Parasite Immunology, 20, 519–526. 

Maanen C. van, Wouda W., Schares G., Blumröder D. von, Con-
raths F.J., Norton R., Williams D.J.L., Esteban-Redondo 
I., Innes E.A., Mattsson J.G., Björkman C., Fernández-Gar-
cía A., Ortega-Mora L.M., Mhller N., Sager H., Hemphill 
A. 2004. An interlaboratory comparison of immunohisto-
chemistry and PCR methods for detection of Neospora 
caninum in bovine foetal tissues. Veterinary Parasitology,
126, 351–364.

Maley S.W., Buxton D., Thomson K.M., Schriefer C.E., Innes E.A.
2001. Serological analysis of calves experimentally infected
with Neospora caninum: a 1-year study. Veterinary Parasit-
ology, 96, 1–9.

Marks J., Lunden A., Harkins D., Innes E. 1998. Identification of
Neospora antigens recognized by CD4+ T cells and immune
sera from experimentally infected cattle. Parasite Immunol-
ogy, 20, 303–309.

McAllister M.M., Björkman C., Anderson-Sprecher R., Rogers D.G.
2000. Evidence of point-source exposure to Neospora cani-
num and protective immunity in a herd of beef cows. Journal
of the American Veterinary Medical Association, 217, 881–887.

McAllister M.M., Dubey J.P., Lindsay D.S., Jolley W.R., Wills R.A.,
McGuire A.M. 1998. Dogs are definitive hosts of Neospora
caninum. International Journal for Parasitology, 28, 1473–
1478.

Medina L., Cruz-Vazquez C., Quezada T., Morales E., Garcia-Vaz-
quez Z. 2006. Survey of Neospora caninum infection by nest-
ed PCR in aborted fetuses from dairy farms in Aguascalientes,
Mexico. Veterinary Parasitology, in press.

Moore D.P. 2005. Neosporosis in South America. Veterinary Par-
asitology, 127, 87–97.

Moore D.P., Leunda M.R., Zamorano P.I., Odeon A.C., Romera S.A.,
Cano A., de Yaniz G., Venturini M.C., Campero C.M. 2005.
Immune response to Neospora caninum in naturally infected
heifers and heifers vaccinated with inactivated antigen during
the second trimester of gestation. Veterinary Parasitology,
130, 29–39.

Moskwa B., Cabaj W., Pastusiak K., Bien' J. 2003. The suitability of
milk in detection of Neospora caninum infection in cows.
Acta Parasitologica, 48, 138–141.

Mhller N., Zimmermann V., Hentrich B., Gottstein B. 1996. Diag-
nosis of Neospora caninum and Toxoplasma gondii infection
by PCR and DNA hybridization immunoassay. Journal of
Clinical Microbiology, 34, 2850–2852.

Nishikawa Y., Kousaka Y., Tragoolpua K., Xuan X., Makala L.,
Fujisaki K., Mikami T., Nagasawa H. 2001. Characterization
of Neospora caninum surface protein NcSRS2 based on ba-
culovirus expression system and its application for serodiag-
nosis of Neospora infection. Journal of Clinical Microbiolo-
gy, 39, 3987–3991.

Okeoma C.M., Stowell K.M., Williamson N.B., Pomroy W.E. 2005.
Neospora caninum: Quantification of DNA in the blood of
naturally infected aborted and pregnant cows using real-time
PCR. Experimental Parasitology, 110, 48–55.

Okeoma C.M., Williamson N.B., Pomroy W.E., Stowell K.M., Gil-
lespie L. 2004. The use of PCR to detect Neospora caninum
DNA in the blood of naturally infected cows. Veterinary Par-
asitology, 122, 307–315.

Ooi H.K., Huang C.C., Yang C.H., Lee S.H. 2000. Serological sur-
vey and first finding of Neospora caninum in Taiwan, and the
detection of its antibodies in various body fluids of cattle.
Veterinary Parasitology, 90, 47–55.

Ortega-Mora L.M., Ferre I., del-Pozo I., Caetano-da-Silva A., Col-
lantes-Fernández E., Regidor-Cerrillo J., Ugarte-Garagalza
C., Aduriz G. 2003. Detection of Neospora caninum in semen
of bulls. Veterinary Parasitology, 117, 301–308.

Osawa T., Wastling J., Maley S., Buxton D., Innes E.A. 1998. A mul-
tiple antigen ELISA to detect Neospora-specific antibodies in

12

FDJEêœ



Diagnosis of bovine neosporosis

bovine sera, bovine foetal fluids, ovine and caprine sera. Vet-
erinary Parasitology, 79, 19–34.

Otter A., Jeffrey M., Scholes S.F., Helmick B., Wilesmith J.W., Trees
A.J. 1997. Comparison of histology with maternal and fetal
serology for the diagnosis of abortion due to bovine neospo-
rosis. Veterinary Record, 141, 487–489.

Packham A.E., Sverlow K.W., Conrad P.A., Loomis E.F., Rowe J.D.,
Anderson M.L., Marsh A.E., Cray C., Barr B.C. 1998. A mod-
ified agglutination test for Neospora caninum: development,
optimization, and comparison to the indirect fluorescent-anti-
body test and enzyme-linked immunosorbent assay. Clinical
and Diagnostic Laboratory Immunology, 5, 467–473.

Paré J., Fecteau G., Fortin M., Marsolais G. 1998. Seroepidemiologic
study of Neospora caninum in dairy herds. Journal of the
American Veterinary Medical Association, 213, 1595–1598.

Paré J., Hietala S.K., Thurmond M.C. 1995a. An enzyme-linked im-
munosorbent assay (ELISA) for serological diagnosis of Neo-
spora sp. infection in cattle. Journal of Veterinary Diagnostic
Investigation, 7, 352–359.

Paré J., Hietala S.K., Thurmond M.C. 1995b. Interpretation of an
indirect fluorescent antibody test for diagnosis of Neospora
sp. infection in cattle. Journal of Veterinary Diagnostic In-
vestigation, 7, 273–275.

Pereira-Bueno J., Quintanilla-Gozalo A., Pérez-Pérez V., Espi-
Felgueroso A., Álvarez-García G., Collantes-Fernández E.,
Ortega-Mora L.M. 2003. Evaluation by different diagnostic
techniques of bovine abortion associated with Neospora ca-
ninum in Spain. Veterinary Parasitology, 111, 143–152.

Quintanilla-Gozalo A., Pereira-Bueno J., Seijas-Carballedo A., Cos-
tas E., Ortega-Mora L.M. 2000. Observational studies in Neo-
spora caninum infected dairy cattle: relationship infection-
abortion and gestational antibody fluctuations. In: A Euro-
pean perspective on N. caninum (Eds. A. Hemphill and B.
Gottstein). International Journal for Parasitology, 30, 900–
906.

Regidor-Cerrillo J., Pedraza-Díaz S., Gómez-Bautista M., Ortega-
Mora L.M. 2006. Multilocus microsatellite analysis reveals
extensive genetic diversity in Neospora caninum. Journal of
Parasitology, accepted for publication.

Reichel M.P., Pfeiffer D.U. 2002. An analysis of the performance
characteristics of serological tests for the diagnosis of Neo-
spora caninum infection in cattle. Veterinary Parasitology,
107, 197–207.

Rodrigues A.A.R., Gennari S.M., Aguiar D.M., Sreekumar C., Hill
D.E., Miska K.B., Vianna M.C.B., Dubey J.P. 2004. Shedding
of Neospora caninum oocysts by dogs fed tissues from natu-
rally infected water buffaloes (Bubalus bubalis) from Brazil.
Veterinary Parasitology, 124, 139–150.

Romand S., Thulliez P., Dubey J.P. 1998. Direct agglutination test for
serologic diagnosis of Neospora caninum infection. Para-
sitology Research, 84, 50–53.

Sager H., Fischer I., Furrer K., Strasser M., Waldvogel A., Boerlin P.,
Audige L., Gottstein B. 2001. ASwiss case-control study to as-
sess Neospora caninum-associated bovine abortions by PCR,
histopathology and serology. Veterinary Parasitology, 102,
1–15.

Sager H., Gloor M., Björkman C., Kritzner S., Gottstein B. 2003.
Assessment of antibody avidity in aborting cattle by a somat-
ic Neospora caninum tachyzoite antigen IgG avidity ELISA.
Veterinary Parasitology, 112, 1–10.

Schares G., B@rwald A., Conraths F.J. 2005. Adaptation of a surface
antigen-based ELISA for the detection of antibodies against
Neospora caninum in bovine milk. Journal of Veterinary 
Medicine. Series B. Infectious Diseases and Veterinary Pub-
lic Health, 52, 45–48.

Schares G., B@rwald A., Staubach C., S`ndgen P., Rauser M.,
Schröder R., Peters M., Wurm R., Selhorst T., Conraths F.J.
2002. p38-avidity-ELISA: examination of herds experiencing

epidemic or endemic Neospora caninum-associated bovine
abortion. Veterinary Parasitology, 106, 293–305.

Schares G., B@rwald A.B., Staubach C., Ziller M., Kl`ss D., Schr`der
R., Labohm R., Dr@ger K., Fasen W., Hess R.G., Conraths F.J.
2004a. Potential risk factors for bovine Neospora caninum
infection in Germany are not under the control of the farm-
ers. Parasitology, 129, 301–309.

Schares G., B@rwald A., Staubach C., Wurm R., Rauser M., Conraths
F.J., Schroeder C. 2004b. Adaptation of a commercial ELISA
for the detection of antibodies against Neospora caninum in
bovine milk. Veterinary Parasitology, 120, 55–63.

Schares G., B@rwald A., Staubach C., Ziller M., Kl`ss D., Wurm R.,
Rauser M., Labohm R., Dr@ger K., Fasen W., Hess R.G., Con-
raths F.J. 2003. Regional distribution of bovine Neospora
caninum infection in the German state of Rhineland-Pala-
tinate modelled by Logistic regression. International Journal
for Parasitology, 33, 1631–1640.

Schares G., Conraths F.J., Reichel M.P. 1999a. Bovine neosporosis:
comparison of serological methods using outbreak sera from
a dairy herd in New Zealand. International Journal for Par-
asitology, 29, 1659–1667.

Schares G., Rauser M., Zimmer K., Peters M., Wurm R., Dubey J.P.,
Graaf D.C., de Edelhofer R., Mertens C., Hess G., Conraths
F.J. 1999b. Serological differences in Neospora caninum-
associated epidemic and endemic abortions. Journal of Para-
sitology, 85, 688–694.

Schares G., Peters M., Wurm R., B@rwald A., Conraths F.J. 1998. The
efficiency of vertical transmission of Neospora caninum in
dairy cattle analysed by serological techniques. Veterinary
Parasitology, 80, 87–98.

Schares G., Rauser M., S`ndgen P., Rehberg P., B@rwald A., Du-
bey J.P., Edelhofer R., Conraths F.J. 2000. Use of purified 
tachyzoite surface antigen p38 in an ELISA to diagnose
bovine neosporosis. International Journal for Parasitology,
30, 1123–1130.

Serrano E., Ferre I., Osoro K., Aduriz G., Mateos-Sanz A., Martínez
A., Atxaerandio R., Hidalgo C.O., Ortega-Mora L.M. 2006.
Intrauterine Neospora caninum inoculation of heifers. Veter-
inary Parasitology, 135, 197–203.

Slotved H.C., Jensen L., Lind P. 1999. Comparison of the IFAT and
Iscom-ELISA response in bovine foetuses with Neospora
caninum infection. International Journal for Parasitology,
29, 1165–1174.

Söndgen P., Peters M., B@rwald A., Wurm R., Holling F., Conraths
F.J., Schares G. 2001. Bovine neosporosis: immunoblot im-
proves foetal serology. Veterinary Parasitology, 102, 279–290.

Thurmond M.C., Branscum A.J., Johnson W.O., Bedrick E.J., Han-
son T.E. 2005. Predicting the probability of abortion in dairy
cows: a hierarchical Bayesian logistic-survival model using
sequential pregnancy data. Preventive Veterinary Medicine,
68, 223–239.

Thurmond M., Hietala S. 1995. Strategies to control Neospora infec-
tion in cattle. Bovine Practitioner, 4, 29–32.

Thurmond M.C., Hietala S.K., Blanchard P.C. 1997. Herd-based
diagnosis of Neospora caninum-induced endemic and epi-
demic abortion in cows and evidence for congenital and post-
natal transmission. Journal of Veterinary Diagnostic Inves-
tigation, 9, 44–49.

Trees A.J., McAllister M.M., Guy C.S., McGarry J.W., Smith R.F.,
Williams D.J. 2002. Neospora caninum: oocyst challenge of
pregnant cows. Veterinary Parasitology, 109, 147–154.

Trees A.J., Williams D.J.L. 2005. Endogenous and exogenous trans-
placental infection in Neospora caninum and Toxoplasma
gondii. Trends in Parasitology, 21, 558–561.

Uggla A., Stenlund S., Holmdahl O.J., Jakubek E.B., Thebo P.,
Kindahl H., Björkman C. 1998. Oral Neospora caninum inoc-
ulation of neonatal calves. International Journal for Para-
sitology, 28, 1467–1472.

13



Luis M. Ortega-Mora et al.

Varcasia A., Capelli G., Ruiu A., Ladu M., Scala A., Björkman C.
2006. Prevalence of Neospora caninum infection in Sardinian
dairy farms (Italy) detected by iscom ELISA on tank bulk
milk. Parasitology Research, 98, 264–267.

Venturini M.C., Venturini L., Bacigalupe D., Machuca M., Echaide
I., Basso W., Unzaga J.M., Di Lorenzo C., Guglielmone A.,
Jenkins M.C., Dubey J.P. 1999. Neospora caninum infections 
in bovine foetuses and dairy cows with abortions in Argen-
tina. International Journal for Parasitology, 29, 1705–1708.

Williams D.J., Davison H.C., Helmick B., McGarry J., Guy F., Otter
A., Trees A.J. 1999. Evaluation of a commercial ELISA for
detecting serum antibody to Neospora caninum in cattle. Vet-
erinary Record, 145, 571–575.

Williams D.J., Guy C.S., McGarry J.W., Guy F., Tasker L., Smith
R.F., MacEachern K., Cripps P.J., Kelly D.F., Trees A.J. 2000.
Neospora caninum-associated abortion in cattle: the time of
experimentally-induced parasitaemia during gestation deter-
mines foetal survival. Parasitology, 121, 347–358.

Williams D.J., McGarry J., Guy F., Barber J., Trees A.J. 1997. Novel
ELISA for detection of Neospora-specific antibodies in cat-
tle. Veterinary Record, 140, 328–331.

(Accepted February 2, 2006)

Wouda W., Brinkhof J., Maanen C. van, Gee A.L. de, Moen A.R.
1998a. Serodiagnosis of neosporosis in individual cows and
dairy herds: A comparative study of three enzyme-linked im-
munosorbent assays. Clinical and Diagnostic Laboratory Im-
munology, 5, 711–716.

Wouda W., Moen A.R., Schukken Y.H. 1998b. Abortion risk in prog-
eny of cows after a Neospora caninum epidemic. Theriogen-
ology, 49, 1311–1316.

Wouda W., Dijkstra T., Kramer A.M., Maanen C. van, Brinkhof J.M.
1999. Seroepidemiological evidence for a relationship be-
tween Neospora caninum infections in dogs and cattle. In-
ternational Journal for Parasitology, 29, 1677–1682.

Wouda W., Dubey J.P., Jenkins M.C. 1997a. Serological diagnosis of
bovine fetal neosporosis. Journal of Parasitology, 83, 545–
547.

Wouda W., Moen A.R., Visser I.J., Knapen F. van 1997b. Bovine
fetal neosporosis: a comparison of epizootic and sporadic
abortion cases and different age classes with regard to lesion
severity and immunohistochemical identification of organ-
isms in brain, heart, and liver. Journal of Veterinary Diag-
nostic Investigation, 9, 180–185.

14


