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Abstract: Hunting dogs have probably a higher level of exposure to Neospora caninum Dubey, Carpenter, Speer, Topper et Uggla, 
1988 and Toxoplasma gondii Nicolle et Manceaux, 1908 than other canine populations for their different lifestyle. The aim of our 
survey was to determine the seroprevalence of N. caninum and T. gondii in hunting dogs from southern Italy and assess risk factors 
related to these protozoan infections. Blood samples were collected from 398 hunting dogs (19 different breeds, aged from 5 month to 
14 years). The sera were screened by indirect fluorescence antibody test; a titre ≥ 50 was considered positive. Antibodies to N. caninum 
and T. gondii were detected in 59 (15%) dogs with titres from 50 to 3 200 and in 94 (24%) dogs with titres from 50 to 1 600, respectively, 
with co-infection in 25 (6%) dogs. Statistical difference (p ≤ 0.05) was found only for infection with T. gondii between two age groups: 
≥ 2–4 years (16%) and ≥ 4–7 years (33%); other observed characteristics were without statistical significance. Our results suggest that 
the hunting dogs could play an important role in the transmission cycle of N. caninum between wild animals and livestock. This is the 
first detection of antibodies to T. gondii in hunting dogs in Italy.
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Neospora caninum Dubey, Carpenter, Speer, Topper et 
Uggla, 1988 and Toxoplasma gondii Nicolle et Manceaux, 
1908 are related coccidians that were considered as the 
same organism until 1988. The domestic dog (Canis lupus 
familiaris Linnaeus), coyote (C. latrans Say) and dingo 
(C. l. dingo Mayer) are definitive hosts for N. caninum. 
Dogs can contract infection of T. gondii as intermediate 
hosts through ingesting sporulated oocysts in contaminated 
ground or tissue cysts in raw meat (Otranto et al. 2015). 
Dogs can also act as mechanical transmitters of oocysts of 
T. gondii to humans (Lindsay et al. 1997).

The clinical signs of neosporosis are found more fre-
quently in puppies younger than six months, which show 
ascending paralysis of the limbs associated with high an-
tibody titres up to 5 129 (Heckeroth and Tenter 2007). In 
older dogs reactivation of a chronic subclinical infection 
may occur with the onset of multifocal central nervous sys-
tem manifestations and polymiositis, but most of the dogs 
remain asymptomatic (Dubey and Lappin 2012). General-

ised toxoplasmosis can be seen mostly in young dogs aged 
less than one year and is characterised by fever, tonsillitis, 
dyspnea, diarrhea and vomiting (Dubey and Lappin 2012). 

Infections with N. caninum and T. gondii are widespread 
throughout the world and seroprevalence in dogs greatly var-
ies among different geographical regions, living environment 
or lifestyle (Dubey et al. 2009, Dubey and Schares 2011). 
There are only few studies focusing on seroprevalence of 
N. caninum and T. gondii in hunting dogs (Ali et al. 2003, 
Collantes-Fernàndez et al. 2008, Hosseininejad and Hosseini 
2011, Maia et al. 2014). Hunting dogs may have a higher 
level of exposure to these two protists than other canine pop-
ulations (e.g. household dogs) for their closer contact with 
wooded and rural areas contaminated by oocysts, and contact 
with intermediate hosts represented by wild animals. 

For this reason the aim of the present survey is to de-
termine the seroprevalence of N. caninum and T. gondii in 
hunting dogs from southern Italy, and assess risk factors 
related to infections with these parasitic protists.
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MATERIALS AND METHODS

Study area and hunting dogs 
The survey was conducted on 398 hunting dogs from 76 mu-

nicipalities located in two provinces (Avellino and Salerno) dur-
ing the years 2013–2014. Avellino (40°54'55''N; 14°47'22''E) and 
Salerno (40°41'00''N; 14°47'00''E) provinces belong to the Cam-
pania region in southern Italy. The territories are contiguous and 
overlook the Tyrrhenian Sea. 

The sample size was calculated using the formula proposed 
by Thrusfield (2007) for a theoretically ‘infinite’ population in-
serting the following data: expected prevalence 11% based on the 
results of a previous survey on Neospora caninum in a large dog 
population in Campania region (Cringoli et al. 2002); confidence 
interval (99%) and desired absolute precision (5%). This study 
was approved by the Ethical Animal Care and Use Committee 
of the Department of Veterinary Medicine and Animal Produc-
tions – University of Naples Federico II, and consent was ob-
tained from the owners of the hunting dogs.

A questionnaire was submitted to the hunters in order to obtain 
information about age, gender, breed, size, cohabitation of several 
dogs (packs of dogs), contact with other pet or farm animals (cats, 
horses and ruminants) and hunted species (game birds, wild boars, 
foxes and hares). Overall, the average age of the hunting dog pop-
ulation was 3.5 years (ranging from 5 months to 14 years). Ani-
mals were divided by age into four groups: < 2 years, ≥ 2–4 years, 
≥ 4–7 years, ≥ 7 years. There were 232 males and 166 females, 
including the following breeds: 139 Italian segugio, 113 English 
setter, 28 Epagneul breton, 19 mixed-breeds, 17 Beagle, 16 Grif-
fon bleu de Gascogne and 66 of other breeds (with number of 
dogs below 16). On the basis of the height to the withers, accord-
ing to Wanha et al. (2005), the dogs were divided in groups of 
small size (≤ 39 cm), medium (40–59 cm) and large (60–70 cm). 
Almost all of dogs lived in a rural environment and the pack size 
was variable from 1 to more than 13 dogs. Regarding the type of 
hunting, we created two categories: game fur animals (wild boars, 
hares and foxes) and game birds (migrating and non-migrating). 
The majority of dogs (359/398) were in contact with pet or farm 
animals. A complete clinical examination was performed on each 
animal.

Sera preparation and serological tests
Blood sampling was performed in 41 private veterinary hospi-

tals located in the study area. After the dogs had fasted overnight, 
5 ml of blood was withdrawn from the cephalic vein, collected 
into vacuum tubes without an anticoagulant agent (Becton Dick-
inson, Vacutainer®, Franklin Lakes, NJ, USA). Sera were ob-
tained by centrifugation for 10 min at 358 g and stored at -20 °C 
until assayed at the Department of Virology and Serology, State 
Veterinary Institute, Prague. 

The presence of antibodies to N. caninum and Toxoplasma 
gondii was detected by indirect fluorescence antibody test (IFAT) 
using a commercially available antigen of N. caninum and T. gon-
dii IFR (Veterinary Medical Research & Development = VMRD, 
Pullman, Chicago, USA) and anti-dog IgG FITC conjugate 
(VMRD). The sera were diluted with phosphate buffered saline 
two-fold starting at titre 1 : 50; a titre of 50 was considered pos-
itive for both parasites. Procedure in brief: antigens of N. can-
inum or T. gondii fixed on glass slides were overlaid with 15 μl 
of the examined serum and incubated in a humid chamber 30 min 
at 37 °C followed by washing (2 × 10 min), drying and apply-
ing 15 μl of specific conjugate. Then, the slides were incubated 
30 min at 37 °C in a humid chamber. After washing (2 × 10 min) 
and drying, the slides were overlaid with 80% glycerol (pH 7.4) 
and covered with cover slip and examined with fluorescence mi-
croscope Olympus BX 41 at 1 000× magnification with oil im-
mersion. Continuous peripheral fluorescence was considered spe-
cific. Sera from dogs simultaneously positive or negative in both 
latex agglutination test (LAT) and IFAT served as positive and 
negative controls of N. caninum and T. gondii and were included 
in each slide.

Statistical analysis 
Seroprevalence was statistically analysed, considering the 

variables of gender, age, breed, size of dogs, size of dog pack, 
locality where they live (rural and urban), contact with other an-
imals and hunted species. The data analysis was performed with 
Pearson Chi-Square test for independence or with Fisher exact 
test (in case of characteristic with only two variants) using STA-
TISTICA Cz 12 (StatSoft, Inc. 2013). Dependence of age and se-
roprevalence was evaluated by Wilcoxon test. We tested the null 
hypothesis that N. caninum and T. gondii seroprevalence does not 
depend on gender, age and breeds and other factors. The differ-
ences were considered statistically significant when p-value was 
≤ 0.05. Dogs from groups with unknown data were not included 
in statistic evaluation. 

RESULTS
Antibodies against Neospora caninum and Toxoplas-

ma gondii were found in 59 (15%; 95% CI: 11–18%) dogs, 
with titres ranging from 50 to 3 200, and in 94 (24%; 95% 
CI: 19–28%) dogs, with titres ranging from 50 to 1 600, 
respectively; 6% (25/398; 95% CI: 4–9%) of dogs was 
co-infected by both protists (Table 1).

Table 2 shows the results of the seroprevalence analysis 
in relation to the detailed characteristics of the canine popu-
lation hypothesised to be associated with the occurrence of 
N. caninum and T. gondii. Higher prevalence of antibodies 
against N. caninum was detected in females (18%; 29/166; 

Table 1. Distribution of antibody titres in hunting dogs positive to Neospora caninum Dubey, Carpenter, Speer, Topper et Uggla, 1988 
and Toxoplasma gondii Nicolle et Manceaux, 1908.

Parasite Number of  
positive dogs

Antibody titres in indirect fluorescence antibody test

50 100 200 400 800 1 600 3 200

Neospora caninum 59 31 (53%) 15 (25%) 4 (7%) 5 (9%) 2 (3%) 1 (2%) 1 (2%)
Toxoplasma gondii 94 21 (22%) 29 (31%) 23 (24%) 10 (11%) 9 (10%) 2 (2%) -
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Table 2. Characteristics of hunting dogs and their seroprevalence against Neospora caninum Dubey, Carpenter, Speer, Topper et Uggla, 
1988 and Toxoplasma gondii Nicolle et Manceaux, 1908.

Characteristics Dogs tested
Neospora caninum Toxoplasma gondii

IFAT positive (%) IC 95% IFAT positive (%) IC 95%

Gender
  Female 166 29 (18%) 12–23% 33 (20%) 14–26%
  Male 232 30 (13%) 9–17% 61 (26%) 21–32%
Age categories (years)
  < 2 99 10 (10%) 4–16% 22 (22%) 14–30%
  ≥ 2–4 126 17 (14%) 8–20% 20 (16%)* 10–22%
  ≥ 4–7 126 23 (18%) 12–25% 42 (33%)* 25–42%
  ≥ 7 47 9 (19%) 8–30% 10 (21%) 10–33%
Breed
  Segugio 139 20 (14%) 9–20% 35 (25%) 18–32%
  Setter 113 18 (16%) 9–23% 26 (23%) 15–31%
  Breton 28 4 (14%) 1–27% 8 (29%) 12–45%
  Mixed-breed 19 2 (11%) 0–24% 4 (21%) 3–39%
  Beagle 17 5 (29%) 8–51% 4 (24%) 3–44%
  Griffon 16 2 (13%) 0–29% 2 (13%) 0–29%
  Others** 66 1 (2%) 4–20% 15 (23%) 13–33%
Height to the withers (cm)
  Small (≤ 39) 11 1 (9%) 0–26% 2 (18%) 0–41%
  Medium (40–59) 295 46 (16%) 12–20% 72 (24%) 20–29%
  Large (60–70) 92 12 (13%) 6–20% 20 (22%) 13–30%
Size of dog packs
  Only one dog 33 5 (15%) 3–27% 5 (15%) 3–27%
  ≥ 2–6 222 34 (15%) 11–20% 62 (28%) 22–34%
  ≥ 6–13 94 11 (12%) 5–18% 17 (18%) 10–26%
  ≥ 13 45 9 (20%) 8–32% 9 (20%) 8–32%
  Unknown 4 0 (0%) - 1 (25%) 0–67%
Locality of living
  Rural 391 58 (15%) 11–18% 90 (23%) 19–27%
  Urban 6 1 (17%) 0–47% 4 (67%) 29–100%
  Unknown 1 0 - 0 -
Contact with other pet or 
farm animals
  No 38 5 (13%) 2–24% 7 (18%) 6–31%
  Yes 359 54 (15%) 11–19% 87 (24%) 20–29%
  Unknown 1 0 - 0 -
Hunted animals
  Game fur animals *** 220 30 (14%) 9–18% 52 (24%) 18–29%
  Game birds 177 29 (16%) 11–22% 42 (24%) 18–30%
  Unknown 1 0 - 0 -

* values significantly different (p-value < 0.05) between groups are labeled with an asterisk; ** breeds including less than 16 dogs; *** game fur animals 
(boars, foxes, hares).

95% CI: 12–23%) compared to males (13%; 30/232; 95% 
CI: 9–17%), but without statistical difference. In contrast, 
higher prevalence of antibodies to T. gondii was detected 
in males (26%; 61/232; 95% CI: 21–32%) compared to 
females (20%; 33/166; 95% CI: 14–26%), but also with-
out statistical difference. Statistically significant difference 
(p = 0.0134, OR = 2.7, 95% CI: 2–5%) was found for in-
fection with T. gondii between two age groups: ≥ 2–4 years 
(16%, 95% CI: 10–22%) and ≥ 4–7 years (33%, 95% CI: 
25–42%); other observed characteristics were without sta-
tistical significance.

Clinical examination of the seropositive dogs did not 
show any evidence of abnormalities referable to infection 
with these two protists. 

DISCUSSION 
In Italy, Neospora caninum and Toxoplasma gondii are 

widespread in wild animals such as wild boars (Ranuc-

ci et al. 2013), wild rabbits (Zanet et al. 2013) and hares 
(Abramo et al. 1997). Gondim et al. (2004) demonstrated 
a sylvatic transmission cycle of N. caninum between wild 
animals and canids. These authors transmitted N. caninum 
from white-tailed deer (Odocoileus virginianus Zimmer-
mann) to dog through feeding with brain tissue and from 
the latter to calf by ingestion of the excreted oocysts, sug-
gesting an important role for hunting dogs in the cross-
over cycle between wild animals and livestock. Regarding 
T. gondii, there are not wild felines that may contaminate 
the wooded environment in southern Italy. However, we 
have to take into account excretion of oocysts in the faeces 
of stray cats, whose number is considerable (Otranto et al. 
2015). Hunting dogs are more exposed to infections with 
N. caninum and T. gondii for their outdoor lifestyle and 
the habit of hunters of eviscerating carcasses in the field. 
Furthermore, some hunters in southern Italy offer viscera, 
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tissues and portion of muscles of hunted animals to their 
dogs as a reward for their ability. 

Our results suggest that there is a discrete level of expo-
sure to infections with N. caninum and T. gondii for hunt-
ing dogs living in southern Italy. The finding of a lower 
seroprevalence for N. caninum (15%) than T. gondii (24%) 
is in agreement with the general trend reported in dogs 
from different countries (e.g. Wahna et al. 2005, Nguyen 
et al. 2012, Langoni et al. 2013), indicating that T. gondii 
is probably more widespread. The seroprevalence of anti-
bodies against N. caninum found in our study is similar to 
the 15% prevalence reported by Cringoli et al. (2002) using 
IFAT in a smaller number of hunting dogs (n = 99) tested as 
a part of a larger survey in 1 058 dogs from Campania re-
gion. A similar prevalence (15%) was reported by Capelli 
et al. (2004) in a study in northeastern Italy in 95 hunting 
dogs tested by ELISA. A higher prevalence of N. caninum 
(23%) was detected in 100 hunting dogs from Spain (Col-
lantes-Fernàndez et al. 2008) whereas dogs from Portugal 
showed a much lower infection level (2%; n = 59) (Maia et 
al. 2014). Some studies showed a significantly higher sero-
prevalence to N. caninum in farm, stray and hunting dogs 
than in household dogs (Sager et al. 2006, Paradies et al. 
2007, Collantes-Fernàndez et al. 2008, Maia et al. 2014). 
Similarly, hunting dogs in our study showed a higher lev-
el of antibodies to N. caninum compared to 6% and 12% 
prevalence detected in household dogs in previous studies 
from Italy (Cringoli et al. 2002, Capelli et al. 2004), re-
spectively. 

The prevalence of antibodies against T. gondii found 
in our study is in the range of seroprevalence found in 51 
hunting dogs (20%) from the northeastern Taiwan (Fan et 
al. 1998) and 59 hunting dogs (31%) from Trinidad and 
Tobago (Ali et al. 2003). To our knowledge this is the first 
study of seroprevalence of T. gondii on the population of 
hunting dogs, and in general in canine species, in Italy. In 
the literature, higher seroprevalence of T. gondii was re-
corded in farm, stray and hunting dogs than in household 
dogs (Ali et al. 2003, Nguyen et al. 2012, Otranto et al. 
2015), probably related to the carnivorous behavior of 
dogs living outdoor by eating prey animals such as small 
mammalian (e.g rodents) and birds. A moderate percentage 

of the dogs examined in present study were positive for 
both protists (6%). There are few data about co-infection in 
dogs ranging from 1% to 9% (Hosseininejad and Hosseini 
2011, Nguyen et al. 2012). 

Regarding the gender of dogs, this study did not show 
any significant difference in seroprevalence for both pro-
tists, which is in agreement with many previous studies 
(e.g. Lopes et al. 2011, Nguyen et al. 2012, Alvarado-Es-
quivel et al. 2014, Maia et al. 2014). Regarding N. can-
inum, most of epidemiological surveys indicated no associ-
ation with breed, but a higher seroprevalence was observed 
in pure breeds in Italy (Cringoli et al. 2002, Capelli et al. 
2004). Collantes-Fernàndez et al. (2008) found higher se-
roprevalence in mixed-breed dogs in Spain, but concluded 
that this result was probably biased because the large part 
of their sample was represented by mixed breed animals. 
However, the breed of hunting dogs was not a significant 
factor for the presence of infection with N. caninum in our 
study. 

Our findings of a gradual increase of seroprevalence for 
both protists with age are in agreement with other reports 
(Ali et al. 2003, Ahmad et al. 2014), although the increas-
ing age was a risk factor only for T. gondii. The observed 
higher seroprevalence in older dogs suggests that the infec-
tions are mainly maintained by horizontal rather than ver-
tical transmission. Other epidemiological factors, such as 
dog’s size, pack size, contact with pet or farm animals and 
hunted species were not associated with higher seroprev-
alence against both parasites. Wahna et al. (2005) found 
no differences in dogs of different sizes, while N. caninum 
seroprevalence was associated with living with other dogs 
(Capelli et al. 2004). 

In conclusion, hunting dogs in southern Italy may be 
considered to be in risk for infection with both protists and 
they may play an important role in the transmission cycle 
of N. caninum between wild animals and livestock. 
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