
Veterinary Parasitology: Regional Studies and Reports 8 (2017) 10–12

Contents lists available at ScienceDirect

Veterinary Parasitology: Regional Studies and Reports

j ourna l homepage: www.e lsev ie r .com/ locate /vprs r
Case Report
Neospora caninum oocyst shedding in a naturally infected dog from Italy
Stefania Perrucci ⁎, Alessandra Gavazza, Guido Rocchigiani, Simona Nardoni, Alina Zbriger,
George Lubas, Francesca Mancianti
Dipartimento di Scienze Veterinarie, Università di Pisa, Viale delle Piagge n. 2, 56124 Pisa, Italy
⁎ Corresponding author.
E-mail addresses: stefania.perrucci@unipi.it (S. Perruc

alessandra.gavazza@vet.unipi.it (A. Gavazza), guido.rocch
(G. Rocchigiani), simona.nardoni@unipi.it (S. Nardoni), m
(A. Zbriger), george.lubas@unipi.it (G. Lubas), francesca.m

http://dx.doi.org/10.1016/j.vprsr.2017.01.005
2405-9390/© 2017 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 29 July 2016
Accepted 17 January 2017
Available online 20 January 2017
Although the seroprevalence ofNeospora caninum infection in dogs can be relatively high, there are few reports of
dogs naturally shedding N. caninum oocysts. Worldwide, the prevalence of Neospora excretion in canine faeces
ranges from 0.03% to 4.9%.
A mixed-breed male household dog of about 8 years in age living in the district of Pisa (Tuscany, Central Italy)
was referred for dysorexia, weakness and general lymph node enlargement. Clinical pathology demonstrated
mild normocytic and normochromic anemia, thrombocytopenia and hypoproteinemia with hypoalbuminemia.
Serology for Leishmania, Ehrlichia canis and Anaplasma phagocytophilum was negative. From lymph node and
bone marrow analysis, T cell lymphoma, high grade, pleomorphic type, clinical stage V, was diagnosed. The
dog was treated with a chemotherapy induction protocol with vincristine, cyclophosphamide, and prednisone
for 8 weeks. A faecal sample collected from the dog 7 days after the beginning of the treatment and analysed
byflotation test and aMcMastermethod, revealed the presence of 300OPGN. caninum-like unsporulated oocysts
of about 10–11 μm in diameter. An aliquot of the same faecal sample analysed by PCRwith species-specific prim-
er pairs Np6+/Np21+ was positive for N. caninum DNA, while specific serology performed on sera collected at
the first visit and a month later by IFAT, were positive with a titer of 1: 50 and 1:400, respectively. Soon after the
dog died.
Naturally occurring systemic illness or iatrogenic immunosuppression may predispose dogs to proliferation of
the parasite. The dog was receiving chemo-immunosuppressive treatment for T cell lymphoma. For this reason
it is possible to suppose that emission of Neospora oocysts in this dog was caused by reactivation of a latent
infection.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Neospora caninum (Apicomplexa: Sarcocystidae) is an intracellular
protozoan parasite that can infect a wide range of animals, worldwide
(Dubey et al., 2007; Mineo et al., 2011). Dog and some wild canid spe-
cies are the recognised definitive hosts of N. caninum (Gondim et al.,
2004; Dubey et al., 2011), while several animal species have been de-
scribed as intermediate hosts (Dubey and Schares, 2011; Mineo et al.,
2011; Darwich et al., 2012). Neosporosis is considered primarily a dis-
ease of cattle and responsible for great economic losses in cattle farms
(Dubey et al., 2007), being one of the important agents that contribute
to bovine abortions worldwide (Dubey and Schares, 2011). Infected
dogs are frequently asymptomatic (Mitrea et al., 2013). However,
neosporosis has been reported as a cause of canine neuromuscular
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disease (Dubey and Schares, 2011), pneumonia, myocarditis, hepatitis
and dermatitis in dogs of all ages (Nazir et al., 2014). Although the sero-
prevalence of the infection in dogs can be relatively high, up to 36.4% in
Europe (Robbe et al., 2016), the occurrence of natural N. caninum oo-
cysts shedding has been reported to a lesser extent worldwide. Report-
ed prevalence of dogs naturally shedding faecal oocysts varies between
about 0.02–0.03% and 4.9% (Schares et al., 2005; Mitrea et al., 2013;
Asmare et al., 2014). The number of oocysts shed by these dogs is usu-
ally low (Schares et al., 2005; Qian et al., 2016).

2. Materials and methods

Amixed-breedmale household dog aged about 8 years born and liv-
ing in a rural environment of the district of Pisa (Tuscany, Central Italy),
was referred for dysorexia, weakness and general lymph node enlarge-
ment. The dogwas fedwith pellets and canned foods. Clinical pathology
evidenced mild normocytic and normochromic anemia, thrombocyto-
penia and hypoproteinemia with hypoalbuminemia. The blood serum
of the dog was routinely checked by Immunofluorescent antibody test
(IFAT) for antibodies against Leishmania spp., as reported elsewhere
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(Mancianti and Meciani, 1988) and for Ehrlichia canis and Anaplasma
phagocytophilum, by using different commercial agent-specific IFAT
slides (Fuller Laboratories Fullerton, California, USA), following the
manufacturer's instructions.

From lymph node and bonemarrow analysis, T cell lymphoma, high
grade, pleomorphic type, clinical stage V, was diagnosed. The dog was
treated with a chemotherapy induction protocol with vincristine
(0.75 mg/m2 IV once a week), cyclophosphamide (50 mg/m2 orally 3–
4 days/week), and prednisone (40 mg/m2 orally daily for the first
week, then tapered to 5 mg/m2 orally daily in the further weeks) for
8 weeks.

A faecal sample (4 g) collected 7 days after the beginning of the
treatment was analysed by both flotation test and a McMaster method
with a sensitivity of 50 EPG using a low density solution (saturated
NaCl solution, sg 1.2) as reported by Riggio et al. (2013).

An aliquot (200 μl) of the same faecal sample was extracted using
the ZR faecal DNA miniprep (Zymoresearch, USA) and was analysed
by PCR with species-specific primer pairs Np6+/Np21+ that amplify
a 337 bp fragment of the Nc 5 region (Müller et al., 1996).

Serological examination was performed by IFAT on serum samples
collected at the first visit and about a month later. Specific N. caninum
antibodies were determined using 12-well slides (Fullerton Lab,
Fullerton CA., USA). The serum samples were screened with a threshold
dilution of 1:50 and positive dilutions were then end-titrated using 2-
fold dilution (Bartova et al., 2007). Positive and negative reference
sera were used.

Soon after the dog died for the exacerbation of this particularly ag-
gressive lymphoma (T) that had become resistant to the treatment.
The owner denied the consent to perform necropsy.
3. Results

At coprological analysis, the examined faecal sample was found pos-
itive for 300 OPG of N. caninum-like unsporulated oocysts of 10–11 μm
in diameter. More precisely, in saturated NaCl solution, the
unsporulated oocysts (n. 10) measured 10.60 μm (±0.51 μm, range
10–11 μm) in length and 10.50 μm (±0.53 μm, range 10–11 μm) in
width (Fig. 1).

PCR analysis confirmed the positivity of this same faecal sample for
N. caninum DNA.
Fig. 1.Neospora caninum oocysts isolated from amixed-breedmale household dog of about 8 yea
c), ×250. Scale bar 10 μm.
The serum sample collected about a month later scored positive for
N. caninum with a titer of 1:400. In the light of these findings, the
serum previously collected to determine antibodies against Leishmania,
E. canis and A. phagocytophilum was checked for antibodies against N.
caninum, and a titer of 1:50 was determined.

4. Discussion

This study reports the first isolation of N. caninum oocysts from the
faeces of a dog from Italy. Previous detections of N. caninum oocysts in
naturally infected dogs have been reported in in Germany (Schares et
al., 2005; Basso et al., 2009a), Portugal (Basso et al., 2009b), Argentina
(Basso et al., 2001), United Kingdom (McGarry et al., 2003), Czech
Republic (Slapeta et al., 2002), Australia (King et al., 2012), Ethiopia
(Asmare et al., 2014) and China (Qian et al., 2016).

The dog investigated was receiving chemo-immunosuppressive
treatment. In previous studies, immunosuppressive treatment has
been shown to lead dogs to the parasite proliferation and overt clinical
disease. Awide range of clinical signs have been reported in dogs on im-
munosuppressive therapy (Dubey and Schares, 2011). Indeed, some
cases of cutaneous neosporosis in dogs treated with immunosuppres-
sive therapy (Legnani et al., 2016) as well as fatal hepatitis associated
with cyclosporine treatment (Fry et al., 2009) and fatal meningoen-
cephalitis in a dog treated with prednisone and cyclosporine (Galgut
et al., 2010), were reported. Naturally, occurring systemic illness as
the primary, high grade T cell Lymphoma diagnosed in the case here re-
ported, might have been a further immunosuppressive factor.

In the present case, the dog died after about onemonth from the first
visit without showing specific clinical signs of neosporosis. IFAT indicat-
ed a specific humoral response and the dog was shedding N. caninum
oocysts. Furthermore, the serum examined before the start of the ther-
apy indicated a low antibody titer corroborating the hypothesis of a
preexisting infection. The present results would seem not in agreement
with data from literature and discussed by Cavalcante et al. (2011). The
Authors report no seroconversion to N. caninum in dogs fed on different
tissues from naturally infected cattle, although most of them shed
oocysts, and refer the same findings as reported from several other
Authors. On the other hand the case reported in this study was proven
to be seropositive prior to chemo-immunosuppressive treatment, sug-
gesting a possible resemblance with the strictly related parasitic proto-
zoan Toxoplasma gondii. Cats chronically infected by T. gondii in fact are
rs in age born and living in the district of Pisa (Tuscany, Central Italy). a), b), d), ×400;
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able to re-excrete oocysts after cortisonic treatments (Malmasi et al.,
2009), so a similar outcome could be supposed in chronicallyN. caninum
affected dogs.

This report indicates that N. caninum screening should always be
considered in dogs suffering from immunosuppressive diseases or be-
fore the initiation of any long term immunosuppressive therapy.
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