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Summary

To determine the seroprevalence of anti-Neospora caninum and anti-Toxoplasma gondii antibodies in
dogs in Iran and to investigate related risk factors to the infection, a study was conducted in Chaharmahal va
Bakhtiari, Isfahan and Khoozestan provinces, locate in west central parts of Iran. For this, 548 serum samples
were collected from dogs during an 18 month period from July 2007 to February 2009. Serodiagnosis of N.
caninum was carried out using a homemade indirect ELISA test and of T. gondii using an optimized indirect
ELISA designed using an affinity purified 30 kDa T. gondii surface antigen (SAG1). From a total of 548
dogs, 159 (29%) were positive for N. caninum and 147 (26.8) for T. gondii. 49 (8.94%) dogs had detectable
antibodies against both N. caninum and T. gondii. No sex predisposition was detected in the examined
animals, but age and living places were of high importance for both N. caninum and T. gondii infections.
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Introduction as a major cause of bovine abortion and
canine neuropathies. Ingestion of food or
Toxoplasma gondii and Neospora water contaminated with oocysts from
caninum are two closely related protozoan faeces of definitive hosts is of major modes
parasites that are distributed worldwide and of transmission (Jackson and Hutchison,
that cause neurologic disease in dogs. Both 1989; Dubey and Lindsay, 1996).
organisms can infect a wide range of animal Although felines are the only definitive
species and have an indirect life-cycle with host of T. gondii and only they have been
carnivores as the definitive hosts; domestic linked to faecal transmission of the
cats and other felidae for T. gondii and dogs infection, dogs have been suspected as
and coyotes for N. caninum (Frenkel, 1970; possible mechanical carriers of T. gondii. A
McAllister et al., 1998; Gondim et al., role for dogs in the transmission of T. gondii
2004). to humans has been postulated based on
In general, clinical findings of serological surveys and observations that
neosporosis in dogs are similar to those of dogs ingest cat faeces and often roll in cat
toxoplasmosis, but neurologic deficits and faeces and other foul-smelling substances
muscular abnormalities predominate. Likely, (Frenkel et al., 2003). In one study, viable
many dogs diagnosed with toxoplasmosis sporulated oocysts were detected in dog
before 1988 actually had neosporosis faeces for up to 2 days after feeding on
(Dubey and Lappin, 2006). sporulated T. gondii oocysts (Lindsay et al.,
While T. gondii has an important role in 1997). Schares et al. (2005) have detected T.
public health and causes congenital defects gondii oocysts in faeces of two of 24.089
or abortion and fatal diseases in immune dogs in Germany.
compromised people, N. caninum is known Serological surveys suggest that N.
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caninum and T. gondii infections are
widespread throughout the world in
carnivores as well as in intermediate hosts.
Several serological tests were used for sero-
diagnosis of N. caninum and T. gondii
infections among which ELISA tests are
superior in aspects of possibility to analyse
several samples more quickly and at lesser
expenses (Schares et al., 1999a; Schares et
al., 2001; Azevedo et al., 2005; Malmasi et
al., 2007; Wapenaar et al., 2007).

The aim of this study was to evaluate the
serological prevalence of N. caninum and T.
gondii infections in dogs in three Iranian
provinces (Chaharmahal va Bakhtiari,
Isfahan and Khoozestan) and to investigate
the possible risk factors.

Materials and Methods

Parasites

The NC-1 strain of N. caninum (Dubey
et al., 1988) was maintained as previously
described (Schares et al., 1999b).
Tachyzoites were freeze-dried until used for
ELISA.

Toxoplasma  gondii RH strain
tachyzoites were grown in vitro using Vero
cell monolayers in RPMI-1640

supplemented with 2% fetal bovine serum
and a mixture of 50 U/ml penicillin and 50
mg streptomycin. The cultures were
incubated at 37°C in a 5% CO, environment.
Tachyzoites were frozen at -80°C until used.

Animals

Blood samples were collected randomly
from the saphenous vein of 548 healthy dogs
during an 18 month period from July 2007
till February 2009 in three Iranian provinces,
Chaharmahal va Bakhtiari (248 samples),
Isfahan (200 samples) and Khoozestan (100
samples) locate in the west central parts of
Iran. Information about age, sex and living
condition (stray or shepherd and household)
were obtained for further processing. Serum
samples were aliquoted and stored at -80°C
until used.

From 548 sampled dogs, 300 (54.74%)
were males and 248 (45.26) were females;
113 were less than 12 months of age and 435
were 12 months and more; 317 were stray or
shepherd dogs and 231 were household
dogs.
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Serologic tests
N. caninum ELISA test

Serodiagnosis of N. caninum infection
was performed using a homemade indirect
ELISA test as described previously (Ortega-
Mora et al., 2007) with some modifications.
A suspension of approximately 1 x 10°
tachyzoites in 1 ml of PBS was frozen and
thawed (-80°C and +37°C) three times
repeatedly. This was then ultrasonicated and
centrifuged at 10,000 g at 4°C for 30 min.
The supernatant was diluted (1:1000) in 0.1
M sodium bicarbonate, pH = 8.3 and used to
sensitize polysorp 96-well micro-titre plates
(Nunc-Immuno (polysorb), Denmark) by 1 h
incubation at 37°C, followed by overnight
incubation at 4°C overnight.

Wells were then emptied, washed and
incubated with blocking solution (PBS-T,
20% horse serum) at 37°C for 0.5 h. All
washing procedures were done three times,
using PBS-T (PBS, pH = 7.2, 0.05% Tween-
20). Wells were then emptied and the serum
samples (diluted 1:100 in PBST, 20% horse
serum) added. 30 negative serum samples
(confirmed using an indirect fluorescent
antibody test) were used to optimize a cut-
off point.

After 30 min of incubation and three
times washing, an anti-dog IgG; whole
molecule peroxidase conjugate (A9042,
Sigma-Aldrich, USA) diluted 1:10,000 in
PBS-T 2% horse serum was added to the
wells (37°C, 30 min). Sera and conjugate
dilutions were optimized using a
checkerboard titration. Washing  was
performed three times with PBS-T and two
times with distilled water. Bound antibodies
were detected by incubation with 100 pl
3,3°,5,5 -tetramethylbenzidine substrate
(T2885, Sigma-Aldrich) prepared in DMSO
(100 pg/ml), phosphate citrate buffer and
0.02 of 30% hydrogen peroxide (30%).
After 15 min, 50 micro-liters of 2N sulfuric
acid was used to stop the reaction and
optical density (OD) values were measured
at 450 nm on a microplate reader. A sample
was regarded as positive when its OD was
more than the mean OD of the negative
samples plus 5 standard deviations (Ortega-
Mora et al., 2007).

T. gondii ELISA test
Toxoplasma gondii ELISA test was
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performed using an affinity purified surface
antigen SAG1 as described previously by
Hosseininejad et al. (2009).

Statistical analysis

The prevalence was estimated from the
ratio of positive results to the total number
of dogs examined. Assessment of
association between the seroprevalence of
anti-T. gondii and anti-N.  caninum
antibodies in dogs and selected risk factors
was made by logistic regression test with a
confidence interval of 0.95 using SPSS 16
(SPSS Inc. Headquarters USA) software. To
assess any possible correlation between the
seroprevalence of the two investigated
parasites, the results were subjected to the
McNemar test in SPSS 16 software.

Results

From a total of 548 dogs, 159 (29%)
were positive for N. caninum and 147 (26.8)
for T. gondii. 49 (8.94%) had detectable
antibodies against both N. caninum and T.
gondii. The seroprevalence of the infections
are summarised in Table 1 in detail.

No sex predisposition was seen, neither
for N. caninum (P=0.857) nor for T. gondii
(P=0.768) infections. Neospora caninum and
T. gondii were of higher seroprevalence in
dogs of 12 months and more in comparison
with younger dogs. Household dogs had a
lower rate of infection than stray or shepherd
dogs (P<0.001).

From the total of the serum samples
analyzed, 49 (8.94%) were reactive to both
parasites, but without significant correlation
(McNemar test showed no agreement
between these two tests).

Discussion

Neospora caninum crude antigen has
previously been used in ELISA tests with
acceptable results. In previous studies, the
optimal correlation between ELISA using
crude antigen, IFAT, and Western blot
confirmed the suitability of this ELISA for
large-scale seroepidemiologic studies
(Gottstein et al., 1998; Naguleswaran et al.,
2004). Using Mean=5SD for cut off ensures
high specifity of the test to minimize non
specific reactions due to cross reactivity or
other possible factors. Other ELISA tests
using affinity purified or recombinant
antigens have also been used for serological
diagnosis of this disease, although antigen
purification and production are time
consuming procedures and necessitate
expensive procedures (Hosseininejad et al.,
2010).

Previously done SAGI1 ELISA for
serodiagnosis of T. gondii in dogs showed a
relative sensitivity and specificity of 94.52
and 93.60%, respectively using an index of
0.790 as ELISA index cut-off point
(Hosseininejad et al., 2009).

Some serological assays have been done
in Iran to clarify the extent of N. caninum
infection. These studies were performed in a
limited population of dogs in Tehran and
Urmia (Malmasi et al., 2007; Yakhchali et
al., 2010) as well as in cattle (Razmi et al.,
2006) and camel populations (Sadrebazzaz
et al., 2006).

Detection of specific antibodies in
canine serum samples by means of the
indirect ELISA tests provided evidence that
dogs in these parts of Iran have had contact

Table 1: Comparison of N. caninum and T. gondii seroprevalence in different sex, age and living places

Sex Age Living place
Male Female Under 12 12 months Stray or  Household
months and more shepherd
Total 300 248 113 435 317 231
N. caninum positive (%) 88 71 6 152 138 20
(29.33)  (28.62) (5.3) (34.94) (43.35) (8.65)

Statistical difference P=0.857 P<0.001 P<0.001
T. gondii positive (%) 84 67 5 146 135 16

(28) (27.01) (4.42) (33.56) (42.58) (6.92)
Statistical difference (P=0.768) P<0.001 P<0.001

S: Significant difference, and NS: No significant difference (P<0.05)
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with N. caninum and T. gondii, in relatively
high rates.

Neospora caninum infection has been
estimated in different countries. The
prevalence of 29% for N. caninum found in
our study was higher than that reported for
dogs from Turkey (10% of 150 dogs)
(Coskun et al., 2000), Brazil (6.7% of 163
dogs) (Mineo et al., 2001), Brazil (10% of
500 pet dogs and 25% of 611 stray dogs)
(Gennari et al., 2002) and Italy (6.4% of
1,058 dogs) (Cringoli et al., 2002). The high
prevalence of infection in Iran indicates the
necessity of control strategies to be
performed in dogs and cattle populations. A
previously done serologic test performed in
Tehran, Iran has estimated the
seroprevalence of this infection as 33% of
100 dogs (Malmasi et al., 2007).

The prevalence of 26.8% for T. gondii
found in our study was less than what has
been estimated in Sweden (30%)
(Bjoerkman et al., 1994) and Brazil (76.4%)
(Canon-Franco et al, 2004) and
approximately identical to what has been
detected in Austria (26%) (Wanha et al.,
2005).

Our finding that the chance of having T.
gondii and N. caninum antibodies increases
with age of dogs is in agreement with
previous findings (Lin, 1998; Azevedo et al.,
2005; Malmasi et al., 2007; Yakhchali et al.,
2010) and has been attributed to a greater
probability for exposure to these protozoan
parasites over time, increasing the
susceptibility in older dogs.

Higher seroprevalence of N. caninum
and T. gondii in stray or shepherd dogs may
be linked to their accessibility to risk factors
of infection including raw meat, abortion
materials from intermediate hosts (cattle and
sheep, respectively) and oocysts
contaminated water and food (Dubey, 1987,
Dijkstra et al, 2002). No significant
association of the infections with sex has
been reported by others (Lin, 1998; Malmasi
etal., 2007).

Concordant occurrence of N. caninum
and T. gondii infections was seen with
different percentages in different studies and
reported as 14 of 286 (4.9%) from Brazil
(Azevedo et al., 2005) and 1.7% from
Austria (Wanha et al., 2005).

This study shows a relatively high
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infection of the dogs with T. gondii and N.
caninum in the three mentioned Iranian
provinces and emphasizes the necessity of
regarding these two diseases in clinical cases
and to perform serological tests in dogs
suspected to have these two infections.
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