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We report the development of a real-time PCR assay for the quantitative detection of Neospora caninum in
infected host tissues. The assay uses the double-stranded DNA-binding dye SYBR Green I to continuously
monitor product formation. Oligonucleotide primers were designed to amplify a 76-bp DNA fragment corre-
sponding to the Nc5 sequence of N. caninum. A similar method was developed to quantify the 28S rRNA host
gene in order to compare the parasite load of different samples and to correct for the presence of potential
PCR-inhibiting compounds in the DNA samples. A linear quantitative detection range of 6 logs with a
calculated detection limit of 10�1 tachyzoite per assay was observed with excellent linearity (R2 � 0.998). Assay
specificity was confirmed by using DNA from the closely related parasite Toxoplasma gondii. The applicability
of the technique was successfully tested in a variety of host brain tissues: (i) aborted bovine fetuses classified
into negative or positive Neospora-infected animals according to the observation of compatible lesions by
histopathological study and (ii) experimentally infected BALB/c mice, divided into three groups, inoculated
animals with or without compatible lesions and negative controls. All samples were also tested by ITS1
Neospora nested PCR and a high degree of agreement was shown between both PCR techniques (� � 0.86). This
technique represents a useful quantitative diagnostic tool to be used in the study of the pathogenicity,
immunoprophylaxis, and treatment of Neospora infection.

Neospora caninum is a recently discovered cyst-forming coc-
cidian parasite that is closely related to Toxoplasma gondii.
Since the first report of neosporosis (7), this parasite has been
described as a major cause of abortion in the main cattle-
producing countries, and the infection is also associated with
neonatal mortality and encephalomyelitis in congenitally in-
fected calves (12). Recent advances concerning the Neospora
life cycle have proved dogs are both intermediate and defini-
tive hosts. Cattle, sheep, horses, goats, foxes, coyotes, deer,
buffaloes, and camels are its natural intermediate hosts and, in
addition, cats, mice, rats, gerbils, and monkeys are experimen-
tal intermediate hosts (12). During the acute phase of the
disease in the intermediate host, tachyzoites can be found in
several organs. However, in the acute and chronic phases of
the infection the brain is the most consistently affected organ
and where most protozoal tissue cysts have been observed (4,
11, 25). Diagnosis is based on the detection of parasite-specific
antibodies in the adult population (8) and the visualization of
characteristic and consistent lesions in brain, heart, and liver in
aborted fetuses combined with immunohistochemical exami-
nation of positive tissues (1, 2, 15) and fetal serology (5, 10, 26).
Immunohistochemistry (IHC) is a relatively insensitive tech-
nique for detecting the parasite in host tissues due to low
parasite numbers and, sometimes, due to the low quality of the
fetal tissue that could be autolyzed, mummified, or macerated
(6, 12). As an alternative, several PCR-based methods have
been developed in the last few years targeting the parasite

ITS1 region (27) and the repeated Neospora-specific Nc5 se-
quence (18) with different modifications, such as nested or
seminested PCR test, trying to increase the sensitivity and
specificity of the technique (6, 13, 14). PCR techniques have
been useful as diagnostic tools for detection of the parasite in
bovine aborted fetuses (6, 14, 16, 28) and to study the parasite
distribution in experimentally infected mice (20, 31), as a first
step to characterize an experimental model of the infection to
be used in the near future in drug and vaccine testing. At
present, only a quantitative-competitive PCR (QC-PCR) tech-
nique for the detection of Neospora in host tissues has been
reported (19), based on the inclusion of a known competitor to
the target Neospora-specific Nc5 genomic sequences. This
technique is labor-intensive, low throughput, and requires
post-PCR analysis. There is, therefore, a practical need for a
fast and efficient method to quantify N. caninum in infected
tissues.

This report describes the development of a sensitive and
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 SYBR Green I. The in-
crease in fluorescence emission detected due to the binding of
SYBR Green I dye is proportional to the amount of amplified
DNA, allowing a rapid and accurate quantification of initial
DNA copy number. A similar method was developed to quan-
tify the 28S rRNA host gene in order to obtain an indirect
measure of the amount of tissue assayed. These real-time PCR
tests, together with a well-characterized nested PCR (11), were
applied to a battery of brain samples from naturally and ex-
perimentally infected hosts in order to compare the parasite
loads in bovine and murine tissues with or without histological
lesions.
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MATERIALS AND METHODS

Parasites. N. caninum tachyzoites (Nc-1 isolate) were maintained by contin-
uous passage in Vero cell culture by using standard procedures described pre-
viously (22). The parasites were harvested from tissue culture and washed three
times in sterile 0.3 M phosphate-buffered saline (pH 7.4) and separated from
host cell debris by passaging the mixture through a 25-gauge needle following
passage through a 5-�m-pore-size polycarbonate filter. T. gondii (RH strain)
tachyzoites were harvested with a 25-gauge needle and syringe from peritoneal
cavities of mature female Swiss White mice that had been infected 3 days earlier
with 106 tachyzoites by intraperitoneal injection (cellular contamination of
�2%). The average number of tachyzoites per sample was determined by count-
ing five aliquots by using a Neubauer chamber (standard error of the mean of
�5%). A total of 107 tachyzoites of N. caninum and of T. gondii were pelleted
and cryopreserved at �80°C for later DNA extraction.

Bovine aborted fetuses and mouse samples. Frozen and paraffin-embedded
brain samples from naturally infected bovine fetuses and experimentally infected
mice were used to test the applicability of the technique. Brains were aseptically
recovered; one hemisphere was subsequently frozen at �80°C until analyzed, and
the other was processed by routine histological methods. For the histopatholog-
ical study, the tissues were fixed in 10% neutral formalin and dehydrated through
graded alcohols before being embedded in paraffin wax. Bovine fetuses were
classified as negative or positive based on the observation of characteristic or
compatible histological lesions of neosporosis in the brain as described previ-
ously (15). A total of 12 frozen fetus brain samples (6 positive and 6 negative)
and 9 frozen brain samples from experimentally infected BALB/c mice, six
inoculated animals with or without compatible lesions, and three negative con-
trols were used in this study. The mice were 6-week-old female BALB/c mice
inoculated with different live N. caninum parasite doses (1 � 106 and 5 � 106)
via different inoculation routes (intraperitoneally and subcutaneously) and sac-
rificed 2 months after infection (Table 1).

DNA extraction. Genomic DNA was extracted by using the Genomic-Prep cell
and tissue DNA isolation kit (Amersham Pharmacia, Uppsala, Sweden) accord-
ing to the manufacturer’s instructions from 107 tachyzoites of N. caninum Nc-1
isolate and T. gondii RH strain, 20 mg of mammalian brain tissue from bovine
fetuses and mice, and five sections of 5-�m-thick paraffin-embedded brain sec-
tions from three aborted fetuses and three mice. The samples from animal tissue
were previously subjected to treatment with proteinase K (200 �g/ml; Sigma) at
55°C for 3 h to overnight. Dilutions of Neospora DNA were done in genomic
DNA from uninfected mouse brain tissue at 20 ng/�l.

Real-time PCR. Oligonucleotide primers for N. caninum Nc5 sequence (18)
(GenBank accession no. X84238) were designed to amplify a 76-bp DNA frag-
ment. The N. caninum Nc5 forward primer spans nucleotides 248 to 257 (5�-A
CTGGAGGCACGCTGAACAC-3�) and the N. caninum Nc5 reverse primer
spans nucleotides 303 to 323 (5�-AACAATGCTTCGCAAGAGGAA-3�). For
the quantification of host DNA and to correct for the presence of potential
PCR-inhibiting compounds in the DNA samples, the 28S rRNA gene was cho-
sen. The sequence of the forward primer 28S-PF was 5�-TGCCATGGTAATC
CTGCTCA-3�, and that of the reverse primer 28S-PR was 5�-CCTCAGCCAA
GCACATACACC-3�, amplifying a product of 71 bp in both bovine and murine
DNA (GenBank accession no. X00525). Reactions for the Neospora Nc5 se-
quence and 28S rRNA gene were performed with separate tubes. Primers were
designed by using Primer Express software (PE Applied Biosystems). In both
cases, the PCR mixture (25-�l total volume) contained 1� SYBR Green PCR
Buffer, 2 mM MgCl2, 200 �M concentrations of each deoxynucleoside triphos-
phate (dATP, dCTP, and dGTP), 400 �M dUTP, 0.625 U of AmpliTaq Gold
DNA polymerase, and 0.25 U of AmpErase UNG (uracil-N-glycosilase), all of
which are included in the SYBR Green PCR Core Kit (PE Applied Biosystems);
20 pmol of each primer (Amersham Pharmacia); and 5 �l of DNA template.
Amplification was performed by a standard protocol recommended by the man-
ufacturer (2 min at 50°C, 10 min at 95°C, 40 cycles at 95°C for 15 s, and 60°C for
1 min). All samples were always run in duplicate. Amplification, data acquisition,
and data analysis were carried out in the ABI 7700 Prism Sequence Detector
machine, and the calculated cycle threshold values (Ct) were exported to Mi-
crosoft Excel for analysis. The quantification was performed by experimental
determination of Ct defined as the cycle at which the fluorescence exceeds 10
times the standard deviation of the mean baseline emission for the early cycles.
Number of parasites and the milligrams of host tissue in the samples were
calculated by interpolation on two standard curves, in which Ct values were
plotted against the log of known concentration of parasites and the milligrams of
host tissue, respectively. After amplifications for Neospora Nc5 sequence, the
melting curves of PCR products were acquired by stepwise increase of the

temperature from 55 to 95°C for 20 min. Data analyses were done by using
Dissociation Curves 1.0 f. software (PE Applied Biosystems).

Nested PCR. Nested PCR on the internal transcribed spacer 1 (ITS1) region
of N. caninum (27) was carried out with four oligonucleotides as described by
Buxton et al. (11). Secondary amplification product was visualized by 1.8%
agarose gel electrophoresis and ethidium bromide staining.

Analysis of data. The degree of agreement between the different techniques
used was estimated by calculating the kappa value (29) in frozen brain samples
from 12 fetuses and 6 inoculated BALB/c mice. Comparison of parasite numbers
in brain samples from bovine fetuses with or without compatible lesions was
performed by a nonparametric Mann-Whitney U-test by using STAT-VIEW
version 4.0.

RESULTS

Real-time PCR assays. The detection limit of N. caninum by
real-time PCR was determined by assaying serial 10-fold dilu-
tions of parasite DNA equivalent to 10�2 to 104 tachyzoites in
a background of 100 ng of mouse genomic DNA. PCR prod-
ucts were visualized on 3.5% agarose gels, and the expected
76-bp band was observed in the range of DNA dilutions equiv-
alent to 10�1 to 104 tachyzoites (Fig. 1). Dilutions containing
fewer than 10�1 tachyzoite genomes and mouse genomic DNA
gave no amplification product. On the other hand, melting

TABLE 1. Results obtained in brain samples from bovine aborted
fetuses and inoculated mice tested by real-time PCR,

histopathology, and nested PCR for the N. caninum infection

Sample Tissue type
No. of

tachyzoites/
mg of tissuea

Results of:

HPb Nested
PCR

Fetus
1 Frozen 0 � �

Paraffin embedded 10.2 �
2 Frozen 7.5 � �
3 Frozen 3.7 � �
4 Frozen 2.9 � �
5 Frozen 0 � �
6 Frozen 0 � �
7 Frozen 13 � �
8 Frozen 17.4 � �

Paraffin embedded 0 �
9 Frozen 26.6 � �
10 Frozen 13.2 � �
11 Frozen 9.7 � �

Paraffin embedded 0 �
12 Frozen 0 � �

Mousec

1 Frozen 3.1 � �
2 Frozen 0 � �

Paraffin embedded 0 �
3 Frozen 0 � �

Paraffin embedded 0 �
4 Frozen 3 � �

Paraffin embedded 0 �
5 Frozen 109.6d � �
6 Frozen 3.5 � �
Controls Frozen 0 � �

a Values are the means of two or more assays.
b HP, histopathological study; a “�” indicates that brain samples showed

compatible or characteristic lesions of neosporosis.
c Mice 1 and 4 were infected with 5 � 106 Nc-1 tachyzoites subcutaneously,

mice 2 and 6 were infected with 106 tachyzoites intraperitoneally, and mice 3 and
5 were infected with 106 tachyzoites subcutaneously.

d Parasite tissue cysts were observed in the brain during the histopathologic
examination.
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curve analysis detected a single product with a melting tem-
perature of 79.0°C, only in the samples containing Neospora
DNA equivalent to 10�1 to 104 tachyzoites (data not shown). A
linear Neospora standard curve was routinely generated in each
real-time PCR run from DNA equivalent to 10�1 to 104

tachyzoites (R2 � 0.998; slope � �3.36). Ct values increased
linearly as target quantity decreased (Fig. 2), until the level of
10�1 tachyzoite equivalents was reached. The interassay coef-
ficient of variation (CV) for six different runs was calculated,
showing a value of 0.98% for the Ct of 10 tachyzoite equiva-
lents (26.5 � 0.3). No amplification products were detected
when DNA equivalent to 104 tachyzoites of the closely related
parasite T. gondii was tested with Nc5 Neospora-specific prim-
ers (data not shown). The amount of DNA per sample was

normalized by the quantification of the 28S rRNA gene by
real-time PCR. A standard curve was generated with fivefold
serial dilutions of mouse brain DNA quantified by UV spec-
trophotometry (Fig. 2). The interassay CV for three indepen-
dent runs was 0.6% for the Ct value of 100 ng of host DNA
(14.5 � 0.1).

Parasite quantification in bovine and mouse samples. Ap-
plicability of the technique in clinical samples was tested in
brains from naturally infected bovine fetuses and experimen-
tally infected mice. In some cases, PCR inhibitions were found
in 5 �l of the templates; therefore, a 10-fold dilution was also
analyzed to avoid possible inhibitions found in undiluted tem-
plates. Only the sample dilution that correctly quantified the
28S rRNA gene was subjected to Neospora Nc5 quantification.
The number of N. caninum organisms and the amount of DNA
present in each sample were quantified by interpolation of the
corresponding Ct values in the standard curves, and a sample
was considered positive when its Ct values of both duplicates
were 	10�1 tachyzoites. In order to estimate the amount of
host DNA equivalent to a milligram of host brain tissue, five
independent DNA extractions from 20 mg of uninfected frozen
murine brain were done, and an average of 20 �g (20 � 5.47)
of host DNA was obtained. Based on this estimation, the final
results were expressed as the number of tachyzoites per milli-
gram of brain host tissue. The extrapolated amount of
tachyzoites/milligram quantified by real-time PCR ranged
from 2.9 to 26.6 in brains from aborted fetuses and from 3.0 to
109.6 in samples from mice (Table 1). Parasite numbers were
significantly higher in brain samples from bovine fetuses show-
ing compatible lesions than in samples without any detectable
lesion (P � 0.05, Mann-Whitney U test). The repeatability of
Neospora Nc5 and 28S rRNA real-time PCR tests in clinical
samples was assessed by conducting the tests three times under
identical conditions with six fetuses and three mouse brain
DNA samples (Table 2).

Comparison of real-time PCR, nested PCR, and histology
analyses. Agreement (measured as 
 [kappa]) (29) between
real-time PCR and nested PCR analyses was almost perfect (

� 0.86). However, when histology was compared with either
the real-time PCR or the nested PCR, only a moderate degree

FIG. 1. Products of N. caninum real-time PCR in 3.5% agarose gel.
Lanes 1 to 6, parasite DNA equivalent to 104 to 10�1 tachyzoites in 100
ng of mouse brain DNA; lane 7, DNA extracted from uninfected
mouse brain; lane M, 100-bp DNA ladder (Biotools, Madrid, Spain).

FIG. 2. Standard curves for the quantification of the N. caninum
Nc5 sequence and the 28S rRNA host gene. (A) N. caninum standard
curve showing Ct values plotted versus the log of the initial 10-fold
dilution series of parasite DNA equivalent to 10�1 to 104 tachyzoites.
(B) 28S rRNA standard curve showing Ct values plotted versus the log
of the initial fivefold dilution series of host DNA (500 to 0.8 ng). All
points corresponding to the Ct values represent the mean of duplicate
PCR amplifications.

TABLE 2. Repeatability of Neospora Nc5 and 28S rRNA real-time
PCR tests in samples of brain from bovine aborted foetuses and

inoculated mice

Sample
No. of tachyzoitesa Amt of brain tissue (mg)a

Mean SD % CV Mean SD % CV

Fetus
1 0 0 0 21.9 0.8 3.5
2 13.3 0.6 4.3 1.7 0.1 5.4
3 16.7 3.1 18.3 4.6 0.8 17.6
4 43.3 12.7 29.2 14.9 0.8 5.1
7 36 1.0 2.8 2.8 0.2 8.3
10 46 8.5 18.6 3.5 0.4 13.0

Mouse
1 22.7 4.2 18.4 7.4 1.2 16.7
4 19.7 7.2 36.8 6.6 1.5 22.9
5 265.3 18.1 6.8 2.4 0.2 10.5

a The given values are the means of the duplicates of the three different PCR
runs.
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of agreement was obtained (
 � 0.44 and 0.55, respectively)
and DNA from Neospora was detected in several brain samples
in the absence of microscopic lesions.

DISCUSSION

In the present study, we describe the development and stan-
dardization of a real-time PCR assay for the quantitative de-
tection of N. caninum in infected host tissues. Quantification
by PCR of parasite levels in different host tissues would assist
in the near future in the investigation of infection and disease
and in the evaluation of vaccines or therapeutic drugs to con-
trol Neospora infection in cattle and dogs. The use of real-time
PCR to detect and measure the parasite load has several ad-
vantages over conventional PCR techniques since amplifica-
tion of the product, detection, and quantification take place
within a single tube, obviating the need for post-PCR manip-
ulation and reducing the risk of contamination. In addition,
SYBR Green I methodology does not require the use of gene-
specific hybridization probes, providing a flexible, easy, and
fast method.

The sequence Nc5 was chosen as the target for our assay for
several reasons: this sequence has apparently not been found
in other taxa; it is a repetitive sequence (18, 31); and, finally, it
has shown excellent sensitivity when used in a quantitative-
competitive detection system for Neospora in mice (19) and for
the diagnoses of bovine aborted fetuses (6, 16). In the real-time
PCR for the Nc5 sequence, as little as 0.1 tachyzoites per
reaction, which is approximately equal to 10 fg of genomic
Neospora DNA, could be detected. Furthermore, differences in
Ct values in samples containing 0.1 tachyzoites and no tem-
plate control (33.2 versus 40) allows an accurate discrimination
between infected and noninfected tissues. This sensitivity is
comparable to that reported for other real-time PCR protocols
for the parasite T. gondii (0.05 parasites/reaction) (21) and that
described for the Nc5 Neospora PCR, both as a QC-PCR (one
parasite/0.45 mg of mouse tissue) (19) and as a conventional
PCR, where the detection limit was a single tachyzoite in the
presence of 2 mg of brain tissue (31). In the present study, the
sensitivity in clinical samples was compared with an ITS1 Neos-
pora nested PCR, and a high degree of agreement was shown
between both PCR techniques. Discrepant results (i.e., fetus
12) may be due to a false-positive result or to very low parasite
numbers in the sample detectable only by nested PCR. Using
SYBR Green I as detection reagent in real-time PCR, the
specificity issue may be an open question. In our case, the
designed primers were species specific, and no signals were
obtained with DNA of the closely related parasite T. gondii or
with mammalian host DNA. In addition, as shown in Fig. 1,
nonspecific DNA bands and primer dimers were not percep-
tible on agarose gels, and only the expected 76-bp DNA frag-
ment was observed when Neospora DNA was present in the
template.

Variation in quantity and quality of DNA extracted from
samples of diverse origin (frozen versus paraffin embedded,
cattle versus mice) hampers direct quantification in terms of
parasites per milligram of tissue. In order to obtain an indirect
measure of the amount of tissue assayed that allowed a proper
comparison of the number of N. caninum organisms per sam-
ple in different host tissues, a parallel real-time PCR was de-

veloped to quantify the amount of host DNA in the sample,
targeting the 28S rRNA host gene. The combination of several
factors, such as a high conservation among species, the pres-
ence of the target in bovine and murine tissues, and a high copy
number, made the 28S rRNA host gene a worthwhile candi-
date for our assay. In addition, such analysis should compen-
sate for the presence of potential PCR-inhibiting compounds
and exclude false-negative results due to poor-quality DNA.
Another criterion for the design of both 28S rRNA and Neo-
spora Nc5 primers was that the resultant amplicon should be as
short as practical since DNA in some clinical samples may be
degraded due to autolysis, aging, or chemical fixation (14).

To prove the applicability of the technique, tissues from
naturally and experimentally infected host brain tissues were
selected. Brain is the organ most consistently parasitized by the
two Neospora phases in the intermediate host and the target
organ to detect specific and/or consistent lesions both in
aborted fetuses (2, 6, 17) and infected mice (23, 24). PCR
quantification by real-time was performed on frozen and par-
affin-embedded brain tissue sections. The data obtained sug-
gest a positive relationship between parasite burden and the
presence of lesions and parasite tissue cysts observed in brain
during the histopathologic examination. Besides, lower para-
site numbers were detected in brain tissues in the absence of
lesions. In our study, the presence of parasite DNA was also
confirmed in a majority of cases by nested PCR. In contrast, a
weak agreement was observed between these techniques and
histopathological studies. Previous histological results concern-
ing parasite presence in areas with lesions are controversial.
Some studies in Neospora bovine aborted fetuses revealed the
presence of Neospora in the necrotic and inflammatory areas
(1, 3, 9). Other studies, however, showed that the location of
the lesions did not correlate with the presence of tachyzoites
and/or tissue cysts (17, 30). Regarding the parasite level in
murine samples, similar parasite numbers were observed in
brains from experimentally infected mice and from naturally
infected bovine fetuses, which suggests that the mouse is an
appropriate model for studying the distribution and level of
parasites.

In summary, we demonstrate here a rapid and flexible
method for quantifying N. caninum by using continuous fluo-
rescence monitoring of a double-stranded DNA-specific dye, a
method that is capable of testing a large number of samples,
and the results can be obtained in a short time and statistically
analyzed. Thus, this technique can be used as an alternative to
the tedious visual counting of parasite forms or to labor-inten-
sive QC-PCR. The novel procedure reported here allows ac-
curate quantification of N. caninum in tissue samples by a
reproducible and sensitive technique. The ability to quantify N.
caninum in tissue samples can be a useful quantitative diag-
nostic tool for use in the study of the pathogenicity, immuno-
prophylaxis, and treatment of Neospora infection in cattle and
murine models.
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