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Abstract

Neospora caninum, a cause of abortion and stillbirth in cattle, was studied by histology, immunohistochemistry, and
nested-PCR, using primers from the Nc5 region of the genomic DNA (PCR PLUS) and primers from the ITS1 region
of the ribosomal DNA (PCR ]JB). A total of 105 fetal samples sent to the Centro de Pesquisa e Desenvolvimento de
Sanidade Animal do Instituto Biolégico from January 2006 to May 2008 were examined for evidence of N. caninum.
Histological examination revealed 71.4% with non-suppurative inflammation in the heart, lung, liver, kidney, placenta,
and brain. Immunohistochemistry detected infections in 8.6% of the samples, mainly in the brain, placenta, and
heart. Nested-PCR JB revealed 6.7% with infections, while nested-PCR PLUS returned 20.9% positive results, mainly
in brain and placenta, and in the pooled liver and heart. Kappa statistics demonstrated little agreement among the
three techniques. The three methods are complementary, since they have distinct diagnostic characteristics and were
combined to give a positivity rate of 24.8%.
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Resumo

Pesquisou-se Neospora caninum como causador de abortamento e natimortalidade em bovinos, por meio de exame
histopatoldgico (hematoxilina-eosina), imunoistoquimica (IHQ) e nested-PCR, utilizando primers da regido Nc5 do
DNA gendmico (PCR PLUS) e primers da regiao ITS1 do DNA ribossomal (PCR JB). Foram avaliadas 105 amostras
de abortamento bovino entre janeiro de 2006 a maio de 2008, encaminhadas ao Centro de Pesquisa ¢ Desenvolvimento
de Sanidade Animal do Instituto Bioldgico para diagndstico diferencial de causas infecciosas. Observou-se em 71,4%
das amostras lesoes histolégicas (HE) caracterizadas pela presenca de células inflamatérias mononucleares no coragio,
pulmio, figado, rim, placenta e cérebro. A IHQ detectou 8,57% de positividade, sendo maior no cérebro, placenta
e coragio. A nested-PCR ]B revelou 6,66% de casos positivos, enquanto que a nested-PCR PLUS apresentou maior
taxa de positividade (20,95%), principalmente no cérebro, placenta e no poo/ figado/coragio. Houve baixo grau de
concordéncia entre as trés técnicas pelo indice kappa. A taxa de positividade para qualquer uma das técnicas (IHQ,
nested-PCR PLUS e nested-PCR ]B) foi de 24,8%, devendo ser consideradas conjuntamente pelo fato de possuirem
caracteristicas distintas e serem, portanto, complementares no diagndstico definitivo da neosporose.

Palavras-chave: Neosporose, aborto, bovino, Brasil, diagndstico.

Introduction

Neospora caninum is a protozoan belonging to the phylum
Apicomplexa. Tt was first detected in dogs in Norway (BJERKAS;
MOHN; PRESTHUS, 1984), and was described and named
in 1988 by Dubey et al. Studies by McAllister et al. (1998)
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showed that the domestic dog is a definitive host, as is the coyote
(Canis latrans) (GONDIM et al., 2004a). It was subsequently
identified as a causal agent of abortion and stillbirth in cattle
(THILSTEAD; DUBEY, 1989), and later studies demonstrated
its worldwide economic impact (DUBEY; LINDSAY, 1996;
ANDERSON et al., 1991).

The most important clinical sign of neosporosis is abortion,
occurring during the 5*-6™ month of gestation, sporadically,
endemically, or epidemically. Congenital transmission ranges
from 50 to 95% and plays an important role in maintenance of
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the parasite in herds (WOUDA et al., 1997; SCHARES et al,,
1998).

The successful diagnosis of N. caninum-related abortion
depends on necropsy of aborted fetuses to collect brain tissue,
pleuroperitoneal fluids, and blood serum, along with the placenta
and serum from the mother for histopathological, microbiological,
and parasitological analysis (KIRKBRIDE, 1990).

The first identification of V. caninum in an aborted fetus in
Brazil was performed by Gondim et al. (1999). Santos et al. (2005)
examined 34 individuals (fetuses and stillbirths) from Parana
State histologically and detected 8 positive for V. caninum using
immunohistochemistry (IHC).

Corbellini et al. (2002) evaluated 46 aborted fetuses from the
State of Rio Grande do Sul, Brazil by histology and IHC. They
found 22 with non-suppurative inflammation, mainly in the heart
and brain. Fetal encephalitis presented in some cases, with focal
necrosis infiltrated by mononuclear inflammatory cells. The IHC
was positive in 39.1% of the fetuses.

Paula et al. (2004), found a 31.3% (10/32) positive rate for
N. caninum in the brain of aborted fetuses using PCR based on
primers to Nc5 gene.

Pescador et al. (2007), in Rio Grande do Sul, South Brazil,
conducted histological examination of 258 aborted fetuses and found
lesions suggestive of protozoan infection in 89 (34%) (nonsuppurative
myositis, nonsuppurative myocarditis, nonsuppurative pneumonia
associated with focal cellular necrosis, and multifocal necrotizing
nonsuppurative encephalitis). Immunohistochemistry revealed
tachyzoites and cysts of N. caninum in 55 (61.8%) of these
89 fetuses. However, autolysis in the brain precluded presumptive
diagnosis made by histopathology in 53% of the fetuses examined.
These results indicate that when the fetal brain is autolyzed, the
lung may be adequately used for the presumptive diagnosis of
N. caninum infection. The result also confirmed that, even autolyzed,
the brain is the most suitable organ for anti-/V. caninum IHC.

Several PCR-based methods have been developed, focusing on
the ITS1 region and the Nc5 sequence specific for N. caninum, as
nested- or hemi-nested-PCR, aimed at improving sensitivity and
specificity (COLLANTES-FERNANDEZ et al., 2002).

The aim of the present study was to diagnose N. caninum in
aborted bovine fetuses using IHC and nested-PCR (primers of
the ITS1 region of the parasite and the Nc5 sequence), as well
as on the basis of histopathological lesions in several fetal organs
and the placenta.

Materials and Methods

1. Clinical samples

One hundred and five samples from bovine abortions were
sent to the Centro de Pesquisa e Desenvolvimento de Sanidade
Animal do Instituto Bioldgico for diagnosis, from January 2006
to May 2008. Samples were screened for N. caninum in the
brain, heart, kidney, liver, lung, spleen, thymus, and placenta,
using histology, IHC, and nested-PCR. Samples did not include
all organs from every fetus, and not all samples received were
suitable for analysis.
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2. Histopathology and immunohistochemistry

Tissues were fixed in 10% buffered formalin, embedded in
paraffin, cut at 4 pm, and stained with hematoxylin and eosin
(HE) for routine histology. A second set of sections were mounted
on slides, along with controls, and processed for IHC using
avidin-biotin-complex peroxidase (Vector Elite ABC-peroxidase®)
(LINDSAY; DUBEY, 1989). The positive control was fetal heart
taken from a pregnant goat that had been inoculated with the
Illinois-NC strain of N. caninum. The same heart tissue was used as
a negative control when it was not exposed to the primary antibody.
All slides were hydrated and endogenous peroxidase was blocked by
a mix of 10 mL of hydrogen peroxide 30 vol., 10 mL methanol, and
80 mL buffer. They were placed in a microwave oven (800 watts)
for 10 minutes for antigen retrieval. Non-specific reactions were
blocked with 10% milk powder dissolved in PBS.

The primary polyclonal antibody, anti-NV. caninum rabbit
hyperimmune serum, was diluted 1:2000. The DAB chromogen (Data
Sheet-Liquid DAB Substrate Pack, concentrated — BIOGENEX®)
was used for display and disclosure of the reaction. Sections
were counterstained with Mayer’s hematoxylin and examined
microscopically.

3. Polymerase chain reaction

The genomic DNA was extracted from fresh and frozen tissues,
using a commercial kit (Wizard Genomic DNA Purification
Kit — Promega®), following the manufacturer’s instructions. DNA
hydration solution (100 uL) was added to the pellet, which was
heated for 1 hour at 64 °C. Samples were stored at —20 °C until
the completion of the nested-PCR.

Two nested-PCR protocols were conducted using primers
from the Nc5 region of the genomic DNA (PCR PLUS) and
primers from the ITS1 region of the ribosomal DNA (PCR
JB). For the nested-PCR PLUS, pairs of NP21 PLUS-NP6
PLUS primers (5 GGGTGTGCGTCCAATCCTGTAAC
3" - 5" CTCGCCAGTCAACCTACGTCTTCT 3"
were used to amplify the 337 bp DNA fragment and
NP6-NP7 (5 'CAGTCAACCTACGTGTTAT 3' - 5'
GGGTGAACCGAGGGAGTTG 3'), which amplified 227pb
of the N¢5 gene of N. caninum (HUGHES et al., 2006). Five uL
of the DNA sample were added to the PCR mix made up to a final
volume of 20 uL with commercial buffer from the kit Promega
PCR Master Mix™ (M7502) and 0.2 uM of each primer. The
amplification was a modification of Hughes et al. (2006). The
first amplification was 1 cycle of 95 °C for 5 minutes, 40 cycles
of 94 °C for 1 minute, 60 °C for 1 minute, 72 °C for 1 minute,
and 1 cycle of 72 °C for 10 minutes and maintenance at 4 °C.
The second amplification was the same, using 5 UL of the first
amplification product.

For nested-PCR ]B, pairs of JB1 - JB2 primers
(5’-AGGAAGGAGAAGTCGTAACAAGG-3’ and
5’-GAGCCAAGACATCCATTGC-3’) were used to
amplify the 500 bp DNA fragment and SF1 - SF2
(5 “-CCTGTGAGTTGTATCGCCTTC-3" and
5-TCTCTTCCCTCAAACGCTATCC-3’) to amplify 250 bp of the
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ITS1 region of ribosomal DNA from N. caninum (BARRATT et al.,
2008). Five pL of the DNA sample was added to the PCR mix, and
a final volume of 20 WL was made with buffer from the commercial
kit Promega PCR Master Mix™ (M7502) and 0.5 pM of each
primer. The amplification was a modification of Barratt et al.
(2008). The first amplification was: 1 cycle of 95 °C for 5 minutes,
25 cycles of 94 °C for 1 minute, 60 °C for 1 minute, 72 °C for
1 minute, and 1 cycle of 72 °C for 10 minutes and maintenance
at 4 °C. The second amplification was the same, using 5 uL of
the first amplification product.

‘The product of each amplification was applied to 2% agarose gel
prepared in TAE 1X buffer (LGC®) and subjected to electrophoresis
at a constant voltage of 100 V for 1 hour. The amplicons were
visualized with ultraviolet light after ethidium bromide (5 ug.mL"™")
staining. The DNA fragment size was compared with a standard
molecular weight (100 bp DNA ladder - FERMENTAS®).

The agreement among the diagnostic tests (IHC, nested-PCR
PLUS, and nested-PCR JB) was calculated by kappa statistics,
using WIN Episcope version 2.0 (WIN EPISCOPE, 2000) with

a confidence level of 95%.

Results and Discussion

In the present study convenience sampling was used, and the
diagnosis of abortion by N. caninum was based on the presence
of histological lesions, positive reaction in IHC, and nested-PCR
(JB and PLUS).

Histology was used as an initial screen for indication of
infectious abortion. A mononuclear inflammatory infiltrate was
predominant in the heart, kidney, liver, lung, brain, and placenta.
According to Dubey, Lindsay, and Speer (1998), tachyzoites or
cysts of N. caninum are rarely sufficiently numerous to be found
in all histological sections from an animal, requiring the use of
specific and sensitive tests to detect the parasite. For this reason,
histopathology should be interpreted as complementary to tests such
as IHC and nested-PCR, which identify the causative agent.

N. caninum causes mononuclear inflammatory infiltrate in
various organs and focal necrosis with mononuclear infiltrate in the
brain (PESCADOR et al., 2007). In the present study, in 38 cases of
abortion that presented histological lesions in the brain (Figure 1),
4 were IHC positive (10.5%). These results are consistent with
other studies showing that the brain is the organ of choice for the
detection of the parasite, since it is the most often affected, and
any part of it can be used for histological examination (Table 1)
(DUBEY; LINDSAY, 1996; DUBEY, 2003; PESCADOR et al.,
2007). Positive results in the heart were observed with IHC in
2 of 53 (3.8%) samples showing non-suppurative myocarditis,
with histopathological lesions seen in only 1 of those samples
(Table 1). In this case, abortion could have been due to vertical
transmission of the parasite (DUBEY, 2003; DUBEY; SCHARES;
ORTEGA-MORA, 2007). Séndgen et al. (2001) believe that in
some cases, the infection by V. caninum can lead to fetal death
before lesions develop.

Non-suppurative lesions were also present in the lung, liver,
kidney, and placenta, indicating that V. caninum infection
is systemic and can reach various tissues and fetal annexes.
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Figure 1. Multifocal necrotizing nonsuppurative encephalitis in the
brain of an aborted bovine fetus (H&E stain).

Corbellini et al. (2002) and Pescador et al. (2007) found
non-suppurative lesions in various fetal organs testing positive
with IHC. In the present study, histopathological lesions were
observed in all brain samples positive with nested-PCR PLUS
and nested-PCR JB.

Due the similarity between N. caninum and other coccidia
(Toxoplasma gondii and Hammondia heydorni), molecular
characterization has been performed with sequencing of ITS1
DNA, allowing inter- and intra-species differentiation. The study
by Gondim et al. (2004b) showed that the sequencing of ITS1
can be applied as a complementary tool in the identification of
species and strains of Neospora. Several studies have shown that
the I'TS1 region is a good marker for distinguishing members of
the family Sarcocystidae (HOLMDAHL; MATTSON, 1996;
PAYNE; ELLIS, 1996; MONTEIRO et al., 2007; BARRATT et al.,
2008). The use of the ITS1 DNA region ensures the specificity
of the test in the detection of N. caninum and BLAST analysis
confirmed that the primers of the ITS1 region of the nested-PCR
JB were specific to this parasite, so no cross reaction occurred with
other coccidians. The sequence of primers from the Nc5 region
is not found in the genomes of 7. gondii, Sarcocystis capracanis,
S. cruzi, S. miescheliana, S. moulei, S. tenella, or Hammondia
hammondi (YAMAGE; FLECHTNER; GOTTSTEIN, 1996;
HUGHES et al., 2006), showing that PCR PLUS has analytic
specificity, too. Nested-PCR PLUS detected 22.2% (16/72) of
histologically positive brain samples. This result is similar to that
obtained by GOTTSTEIN et al. (1998), who also used primers
from the Nc5 region (genomic DNA) and detected V. caninum
DNA in the brain of 29% of 83 aborted bovine fetuses in Sweden
using nested-PCR (Table 2). Paula et al. (2004) employed
hemi-nested-PCR, using primers of the Nc5 region, and found
N. caninum in 31.3% of 32 samples of frozen brain tissue from
aborted fetuses in Brazil.

Nested-PCR JB detected 6.9% infected brain samples, a lower
value than that published by Medina et al. (2006) in Mexico, who
also used nested-PCR (primer of the ITS1 region of ribosomal
DNA) and found a rate of 80% positivity in samples of infected
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Table 1. Neospora caninum in placenta and different tissues of aborted bovine fetuses tested with immunohistochemistry (IHC), with or

without histopathological lesions.

Positive IHC
Organ With lesions Without lesions Number of organs examined
Brain 10.5% (4/38)* 0.0% (0/30) 68
Placenta 9.1% (1/11) 0.0% (0/11) 22
Heart 3.8% (2/53) 5.9% (1/17) 70
Kidney 1.8% (1/55)* 0.0% (0/29) 84
Liver 1.7% (1/58) 0.0% (0/32) 90

*Brain and kidney of the same fetus positive.

Table 2. Positivity of Neospora caninum by nested-PCR (PLUS and ]B) observed in placenta and different tissues from aborted bovine fetuses.

Nested-PCR PLUS

Nested-PCR JB

Organ % Positive/Total % Positive/Total
Brain 22.2 (16/72) 6.9 (5/72)
Placenta 20.0 (4/20) 5.0 (1/20)
Heart and liver 16.3 (8/49) 4.1 (2/49)
Pooled organs* 10.9 (7164) 3.1 (2/64)

*Lung, kidney, spleen.

brain tissue of aborted fetuses from dairy herds. The positive
rate of 8.8% using IHC in the present study was lower than that
found by Pescador et al. (2007), 21.3% (55/258), in Rio Grande
do Sul, South Brazil. In Argentina, Moore et al. (2008) found a
7.4% (49/6606) positive rate in fetuses by IHC, values close to those
found in this work. The occurrence of bovine abortion resulting from
N. caninum as diagnosed by IHC ranged from 4.2% in England
and Northern Ireland (OTTER et al., 1995; McNAMEE et al.,
1996) to 19% in California (ANDERSON et al., 1991).

The rate of fetal infection with V. caninum, represented
separately by each of the diagnostic techniques, was 8.6% with
IHC, 20.9% with nested-PCR PLUS, and 6.7% with nested-PCR
JB. It is important to evaluate agreement among the techniques
to interpret the value of these results.

Comparing IHC with nested-PCR PLUS, the 0.3 kappa
coefficient (confidence interval 0.079 to 0.526) was consistent with
a low degree of agreement, and between IHC and nested-PCR
JB, the 0.19 kappa coeflicient (confidence interval — 0.105 to
0.4830) indicated no significant agreement. Sager et al. (2001)
also reported a weak correlation between PCR and IHC in 47 cases
shown positive by PCR. Five of these cases showed no lesions
consistent with those caused by V. caninum, and none of these
cases were positive with IHC. Molecular techniques detect DNA
in small quantities of fetal samples, whatever their condition,
whether mummified or in varying degrees of autolysis.

Nested-PCR JB detected fetal infection at lower rates, 6.7%,
when compared with nested-PCR PLUS, 20.9%, and the kappa
coeflicient of 0.35 (confidence interval 0.126 to 0.57) confirmed
a low agreement. As the protocol for extraction of DNA was the
same in both techniques, the lower threshold of detection of
nested-PCR JB compared to the nested-PCR PLUS may be related
to the primers used and to the gene region amplified.

The low values of kappa coeflicients among the tests show that
the techniques are complementary and demonstrate the need to

calculate the rate of fetal infection by taking into account at least
one positive result for each of the techniques (Table 3). Thus, 24.8%
of samples were positive for at least one of the techniques (IHC,
nested-PCR, or nested-PCR PLUS JB). On the other hand, only
2.9% were positive with IHC, 11.4% with nested-PCR PLUS, and
0.9% with nested-PCR JB. The percent of samples positive for both
IHC and nested-PCR PLUS was 3.8%; none tested positive for
both IHC and nested-PCR JB; and 3.8% showed positive results
for both nested-PCR PLUS and JB. In 1.9% of samples there
was a positive result for all three techniques. Pereira-Bueno et al.
(2003) also concluded that it is necessary to use more than one
diagnostic method to increase the probability of detection of the
parasite in aborted fetuses. Baszler et al. (1999) suggested a protocol
for the routine diagnosis of N. caninum in aborted bovine fetuses
employing histopathology and the identification of the parasite
by PCR and IHC, as in the present work.

Samples of fetuses and placentas sent to the Instituto Bioldgico
for diagnosis of bovine abortion were often frozen and/or autolysed,
hampering histopathological and THC diagnosis. Freezing and
autolysis destroy the cellular architecture of the parasite, which
explains the non-visualization of structures (cysts or tachyzoites) by
IHC, a technique that combines morphology and antigen-binding
antibodies marked with chromogen. The THC is a specific technique
that has low sensitivity and can be effective when applied to
intact tissues and those well fixed in formalin (EPERON et al.,
1999). Fixing of the tissue with formalin can also interfere with
the immunoreactivity of the sample, since it forms multiple
connections with proteins (methylene bridges), which masks the
epitopes and blocks access of antibodies to the antigen. For this
reason enzymatic or heat methods should be used that facilitate
antigen retrieval by destroying methylene bridges and improving
immunoreactivity (BOENISCH, 2005; KEY; BOENISCH, 2006;
RAMOS-VARA et al., 2008).
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Table 3. Fetal infection rates with Neospora caninum identified by each method, in 105 samples examined from January 2006 to May 2008.

Direct diagnosis

Number positive

% positive in total examined

IHC

Nested-PCR PLUS

Nested-PCR JB

IHC and nested-PCR PLUS

IHC and nested-PCR JB

Nested-PCR PLUS and JB

IHC and nested-PCR PLUS and nested-PCR JB
Total

2.9
12 11.4
0.9
3.8
0.0
3.8
1.9
26 24.8

N O N =

Another factor that may be contributing to discrepancies in
the detection rate of techniques is the tissue sampling. When
fragments were trimmed out, one for histopathology and another
for molecular analysis, the parasite may have been present in one
portion, but not in the other.

With respect to PCR, a possible explanation for the non-detection
of DNA in some fetal organs shown positive with IHC may be
degradation of DNA by autolysis (SHIBATA, 1994). Freezing
does not affect DNA, and nested-PCR is thus a useful tool when
tissues are frozen, whereas it complicates histological analysis.

The diagnosis of abortion due to N. caninum requires detection
of the parasite through techniques that are specific, such as THC,
or ones such as PCR that are both specific and more sensitive,
preferably associated with identification of histopathological lesions
(SAGER et al., 2001). Efforts to collect organs that are as fresh as
possible, including placenta and, importantly, fetal brain, should
be encouraged to increase the success of the definitive diagnosis
of neosporosis by tests of nested-PCR and IHC.
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