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Summary

This study was aimed at determining the existence of Neospora caninum and Toxoplasma gondii in aborted
bovine foetuses. In this research, 102 bovine foetuses were examined by duplex PCR, immunohistochemistry
and immunofluorescence to determine the presence of N. caninum and T. gondii. None of the aborted bovine
foetuses were shown to have T. gondii, but N. caninum was detected in 26 foetuses (25.49%) by duplex PCR,
in 18 (17.64%) by immunohistochemistry and in 8 (7.84%) by immunofluorescence. Moreover, 16 livers,
13 kidneys, 12 spleens, 8 thymuses and 5 brains of the 18 foetuses examined by immunohistochemistry showed
immunopositivity. Positive staining was found in the spleen of eight foetuses by the immunofluorescence method.
In this study, immunohistochemistry was shown to be superior to immunofluorescence in terms of diagnosis.
Although immunofluorescence has the advantage of being the easiest to use in practice, it makes diagnosis

more difficult because of its non-specific staining.
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Neospora caninum, which causes abortions in
bovines, is an obligate intracellular parasite. Dogs are
the only known definitive host for N. caninum. The
parasite has three infectious forms: tachyzoites, brady-
zoites and oocysts. While tachyzoites and bradyzoites
are found in intermediate hosts, oocytes are present in
the faeces of dogs. (3, 15, 16, 21). The effects of the
parasite in the tachyzoite form have been detected in
many internal organs and tissues of the body, espe-
cially the brain, spinal cord, placenta and foetus (17).
Bradyzoites are a cystic and slow-generating form of
the parasite (15, 16), and the oocyst forms are excreted
in dog faeces (7, 15, 20). After the oocytes have been
ingested orally by an intermediate host, the sporozoites,
released in the intestines, reach the mesenteric lymph
nodes, passing through the intestinal mucosa, and from
there to other organs via the lymph and blood (24).
These tachyzoites proliferate rapidly by dividing inside
different cells of the organs and form many tachyzo-

ites, which lyse the infected cells. Subsequently, the
tachyzoites invade other cells. Then, the tachyzoites
are converted into bradyzoites, and the bradyzoites
form tissue cysts by a slow proliferative process (9,
30, 32, 49).

Another obligate intracellular parasite, Toxoplasma
gondii, also has three forms designated as tachyzoites,
bradyzoites and oocysts. The tachyzoite form is an
invasive form of the parasite, which multiplies rapidly
and is seen during the acute period of infection. Three
thousand parasites which are found in the bradyzoite
form can stay alive for about six years. The oocyst
form of the parasite is found only in felidae faeces.
Oocytes released from cat faeces are not immediately
infectious, but they get sporulated and become infec-
tious under favourable temperature and humidity. Their
biological development resembles that of N. caninum
(18, 26, 28, 43, 45).
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The diagnosis of N. caninum and T. gondii has been
accomplished by various tests, including immunohisto-
chemistry (IHC), the polymerase chain reaction (PCR),
electron microscopy, serological tests, the enzyme-
linked immunosorbent assay (ELISA), complement
fixation, an indirect hemagglutination test, a latex
hemagglutination test, the modified agglutination test,
the indirect fluorescence antibody test, Sabin-Feldman
Dye and Western blot (16, 19, 22, 25, 29, 50).

Worldwide epidemiological studies related to N. ca-
ninum and T. gondii have been based mainly on sero-
logical tests. It was shown that N. caninum detected
in cows had 12.5% serological positivity in England
and Wales (14), 36.8% in Spain (40), 15.5% in Poland
(9), 56.9% in Argentina (38) and 59% in Mexico (48).
Studies regarding 7. gondii have been related mostly
to sheep. Seropositivity of 7 gondii was 7.4-25.2% in
Australia (37), 25.3% in India (13), 22.9% in Ethiopia
(6), 39% in Saudi Arabia (2) and 28.4% in Italy (31).

N. caninum results in congenital infections and abor-
tions in cows, but abortions are not observed before
the third month of pregnancy. They can occur at any
time after the third month of pregnancy, and are most
common in the 5" and 7" months of pregnancy (4, 5).
T’ gondii can also lead to abortions, although the effect
is less severe (11, 12, 46).

Overall, the goals of this study were to diagnose the
presence of these protozoans in cows by duplex PCR,
IHC and immunofluorescence (IF), to determine the
distribution of antigens in the organs, and to compare
the results of IHC and IF.

Material and methods

Sampling. The examination material came from the
brain, myocardium, liver, lung, kidney, spleen and thymus
of 102 aborted bovine foetuses (4"-7" month) that were
brought to the Elazig Veterinary Control and Research
Institute over a 12-month period (January-December 2014).
Each organ was evenly receipted (0.2 gram) and diluted
with PBS until density was 1/10. The prepared mixture was
homogenized in a stomaker for 3 minutes. Thereafter, the
parasites were first examined by duplex PCR.

Duplex PCR. DNA extraction was done by a phenol/
chloroform/isoamyl alcohol extraction method from a mix-
ture of brain, myocardium, liver, lung, kidney, spleen and
thymus. To detect the nucleic acids of the N. caninum and
T. gondii in the DNA extracts, the primers of the related
regions were chosen from those commonly used. For this
purpose, the primer pairs that amplified a 337 bp long strand
from the NCS5 region for the N. caninum ([F] 5> CCCAGT-
GCGTCCAATCCTGTAAC 3’ and [R] 5° CTCGCCAGT-
CAACCTACGTCTTCT 3’) and primer pairs that amplified
a 575 bp long strand from the ITS1 region for the 7. gondii
([F] 5 TGGCGCCGTTCGTGCCCGAAAT 3’ and [R] 5’
TGCAITTYGCTGCGKYCTTC 3’) were chosen (47).

During multiplex PCR, a mixture of a Qiagen Tag PCR
Master Mix Kit (Cat No/ID 201443) was prepared accord-
ing to the procedure recommended by the manufacturer. In
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addition, positive controls for N. caninum (ATCC Number:
50843D™ N. caninum Nc-1) and 1. gondii (from the Refik
Saydam Hifzisihha Centre) were used (47). The products
obtained from a thermal cycler (Techne TC-PLUS) were
run in a 1% agarose gel at 60-100 V for 90 minutes. Aga-
rose gels were stained with 0.6 ug/ml ethidium bromide
solution for 20 min. PCR products were visualized with an
ultraviolet transilluminator, and molecular weight sizes were
determinated by comparison with a 100 base pair (bp) DNA
ladder plus. During the visualization of the 1% agarose gel
results, the positivity of the N. caninum 337 bp long band
of the NC5 gene and the positivity of the 7. gondii 575 bp
long band of the ITS1 gene were examined.

Immunohistochemistry and immunofluorescence. The
tissues detected in a 10% neutral formalin solution were
embedded in paraffin blocks after the routine processes.

IHC was carried out by the streptavidin-biotin complex
method (LSAB+ System-HRP; DAKO, Carpinteria, CA,
USA). After embedding on glass slides, 5 pm tissue sec-
tions were washed with xylol and alcohol. The sections were
then washed in PBS and incubated in 3% H,O, for 10 min-
utes to inactivate the endogenous peroxidases. The tissues
were treated twice with a retrieval solution for 5 minutes at
500 W to reveal the antigens. Then, the tissues were washed
with PBS and incubated with a 1 : 10,000 dilution of the
N. caninum primer antibody (Neospora caninum Antiserum,
Catalogue No. 210-70-NC, VMRD) and 7. gondii primer
antibody (Toxoplasma gondii Antiserum, Catalogue No.
210-70-TOX, VMRD) at 37°C for 30 minutes. The tissues
were washed with PBS at the end of the incubation period
and incubated for 15 minutes each in biotinylated antibodies
and streptavidin-HRP. The chromogen used was 3, 3’-diami-
nobenzidine (DAB), and the sections that had been incu-
bated in the chromogen (for about 2 minutes) were washed
with distilled water; then, Mayer’s hematoxylin staining
was applied as a contrast stain. Entellan was dropped on
the tissue sections, which were then marked as positive (1)
or negative (0) under a light microscope (Nikon, Ni-E).

In the IF method, 8 um thick sections were prepared from
frozen sections with a microtome. These sections were incu-
bated in ethyl alcohol for 15 minutes; then, the sections were
incubatedina 1 : 10,000 diluted N. caninum primer antibody
(Neospora caninum Antiserum, Catalogue No: 210-70-NC,
VMRD) and 7. gondii primer antibody (Toxoplasma gondii
Antiserum, Catalogue No: 210-70-TOX, VMRD) at room
temperature. At the end of the incubation period, the sec-
tions were washed with PBS and covered with 1 : 400
diluted fluorescent secondary antibodies (Anti-Caprine
IgG FITC, Catalogue No. CJ-F-CAPG-10ML, VMRD) at
37°C for 30 minutes. Then, the samples were washed with
PBS; distilled water: glycerol (1 : 10) was dropped on them,
and they were covered with glass slides. The results were
evaluated as positive (1) or negative (2) under a fluorescent
microscope (Nikon, Ni-E).

Statistical analysis. To compare the [HC and IF results,
the Wilcoxon test, a nonparametric statistical test, was used
to evaluate the differences between the two dependent
groups. The statistical analyses were accomplished with
the SPSS version 15.0 (IBM), and statistical significance
was set at p < 0.001.
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Results and discussion

Using duplex PCR, 102 aborted bovine foetuses
were examined to reveal the presence of 7. gondii and
N. caninum DNA which were extracted from the tissue
mixture of homogenized brain, myocardium, liver,
lung, kidney, spleen and thymus. Although 7. gondii

T. gondii&75 bp
s

—

N. caninum 337 bp

Fig. 1. Dupleks PCR

Explanations: M: 100-base pair (bp) DNA ladder, | — N. caninum
(337 bp) and T. gondii (575 bp); 2, 3 — negative samples; 4, 5 —
positive samples

Tab. 1. N. caninum positive samples and distribution accord-
ing to organs

Sample Liver | Kidney | Spleen | Thymus | Brain | Myocard | Lung
IHCAF | IHCAF | IHCAF | IHCAF | IHCAF | IHCAF | IHCAF

1 +- +- +- -~ +- -~ -~
2 +~ +~ == == +~ == ==
3 +- +- -~ -~ -/~ -~ -/~
4 +- == +~ +/~ == =~ =~
5 +- +- -/~ +- +- +- +-
6 +- +- +~ +~ == =~ ==
7 -/ -/~ +- -/~ -/~ -/~ -I-
8 +- +- -+ -~ +- -~ -~
9 +- +- -~ +- - -~ -I-
10 +- = +/+ +- -/~ == ==
1 +- -~ ++ +- -~ -~ -~
12 +- +- ++ == =P == ==
13 +- +- ++ +- +- +- -/~
14 -~ +- ++ == +- -~ -~
15 +- +- ++ -~ -~ -/~ -/~
16 +- =~ =~ +- = +- =~
17 +- -~ +- -/~ -/~ -~ -~
18 +- -~ ++ -~ -/~ -/~ -/~
Total | 16/0 | 13/0 | 12/8 8/0 5/0 3/0 1/0

Explanations: [HC immunohistochemistry; IF immunofluores-
cence; + present; — absent
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DNA was found in none of the foetuses, N. caninum
DNA was detected in 26 (25.49%) foetuses (Fig. 1).
Eighteen of the 102 foetuses were determined to
contain N. caninum by IHC and IF, and most of the
immunopositivity was observed in tissues from 16
livers, 13 kidneys and 12 spleens (Tab. 1). In the livers,
N. caninum antigens were observed more often in the
hematopoietic cells than in hepatocytes, kidney tubu-
lar epithelial cells and spleen macrophages (Fig. 2).
Additional immunopositivity was observed in 8 thymus
and 5 brain samples; specifically, in the thymus, stroma,
parenchyma, brain glial cells and cytoplasm of the
neurons (Fig. 3). Moreover, myocardia in 3 samples
and lungs in 1 sample also showed immunopositivity,
in the cytoplasm of the myocytes of the myocardium
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Fig. 2. N. caninum antigens immunpositivity. A. Hepatocytes
(arrow) and lymphoid cells (arrowhead) in liver. B. Tubular
epithelium (arrowhead) in kidney. C. Macrophages (arrow-
head) in spleen
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Fig. 3. N. caninum antigens immunpositivity. A. Lymphoid
cells (arrowhead) in thymus. B. Neurons (arrowhead) in brain

and the cytoplasm of the lymphoid cells of the lungs
(Fig. 4).

The brightest staining of IF was detected in the
spleen (Tab. 1). Therefore, IF staining was consid-
ered to be the most effective, since sharp border and
intrastoplasmic localization of flourescence lumi-
nescence were found in spleen cells, and 8 foetuses
were evaluated for positive staining. Furthermore,
fluorescent staining has the advantage of revealing
intracytoplasmic features (Fig. 5). When the IHC and

Fig. 5. N. caninum antigens immunofluorescence. Positivity
(arrow) in spleen

A (

Fig. 4. N. caninum antigens immunpositivity. A. Myocytes (ar-
rowhead) in myocard. B. Lymphoid cells (arrowhead) in lung

IF staining results were compared, a statistically sig-
nificant difference was determined. With IHC staining,
immunopositivity was found in tissues of the liver
(n = 16), kidney (n = 13), spleen (n = 12), thymus
(n = 8), brain (n = 5), myocardium (n = 3) and lungs
(n = 1), whereas in IF staining, only spleen tissues
(n = 8) showed immunopositivity (p < 0.001).

In this study, we aimed to detect the presence of spe-
cific protozoans in aborted bovine foetuses by duplex
PCR, IHC and IF, as well as the distribution of the anti-
gens in the organs by IHC and IF. We also compared
the IHC and IF results. Overall, in 102 aborted bovine
foetuses, N. caninum was detected to have 25.49%
positivity using duplex PCR, 17.64% positivity using
IHC and 7.84% positivity using IF.

1! gondii and N. caninum DNA can be diagnosed
by PCR identification (1, 8, 23), and, studies of the
diagnosis of N. caninum in aborted bovine foetuses by
PCR have been carried out worldwide. For example,
N. caninum was found positive in 8 (38.9%) out of 21
aborted bovine foetal samples by Pastiu et al. (41) in
Romania, in 58 (21%) out of 242 samples by Saager et
al. (44) in Sweden, and in 35 (80%) out of 44 samples
by Medina et al. (33) in Mexico. In this study, N. cani-
num was found positive by duplex PCR in 25.49% of
aborted bovine foetuses in Elaz1g, Turkey. The differ-
ences between the ratios in the aforementioned studies
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may have resulted from factors such as redundancy,
maintenance and hygiene of the population of inter-
mediate carnivorous hosts.

In this study, the detection of N. caninum by THC
was 17.64%. There are a number of other studies that
diagnosed N. caninum by IHC in different countries.
These include 19.43% positivity in Mexico (35), 85%
in Holland (49), 21.3% in Brazil (39), 8.6% in Brazil
(10),9.9% in Argentina (34) and 16.1% in Sweden (42).

Furthermore, studies done on aborted bovine foe-
tuses by Morales et al. (35) and Wouda et al. (49) were
similar in terms of the organs that were examined.
Morales et al. (35) found the parasites mostly in the
liver; 25 out of 41 foetuses showed N. caninum posi-
tivity in the liver, 24 in the myocardium and 19 in the
brain. Moreover, Wouda et al. (49) found tachyzoites
in the brains of all 68 foetuses they examined, in the
livers of 21 and in the myocardia of 11. Pescador et al.
(39) showed that the distribution of antigens ranged
from maximum to minimum in the brain, liver, kidney,
muscle, lung and myocardium, respectively. On the
other hand, Cabral et al. (10) found that the distribution
of antigens ranged from maximum to minimum in the
brain, placenta, heart, liver and kidney, respectively.
As stated previously, the density of the N. caninum
antigens in the organs may differ depending on the
infection period of the aborted foetus.

On the basis of IHC testing, the N. caninum antigens
have been located in necrotic-degenerative neurons,
kidneys, cardiomyocytes, Kupffer cells and hepato-
cytes of the liver, spleen, thymus and macrophages
of the lymphoid tissues, such as the lymph nodes (27,
39). In the present study, the location of the antigens
was similar to that in previous studies.

However, none of the previous studies on aborted
bovine foetuses was based simultaneously on duplex
PCR, IHC and IF. In addition to PCR, IHC has been
accepted as a convenient method for diagnosis; more-
over, 7.84% of N. caninum positivity was first found
by IF. Although IF has been shown to be convenient
in practical use, it has the disadvantage of nonspecific
staining results, which leads to diagnostic difficulties.
For that reason, the duplex PCR and IHC methods
have been found to be preferable in routine laboratory
diagnoses.
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