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Abstract

Background: Mediterranean visceral leishmaniasis (MVL) is an infectious disease that affects both human and ani-
mals. Domestic dogs (Canis familiaris) are principal reservoir hosts of MVL caused by Leishmania infantum. Dogs
are definitive hosts for Neospora caninum and arisk factor for infecting intermediate hosts. The immunosuppression
caused by visceral leishmaniasis (VL) can promote the occurrence of co-infections with other agents such as
neosporosis. This study aimed to determine the frequency of co-infection of the both protozoan parasites in the en-
demic areas of VL from Meshkin-Shahr District, north-west of Iran.

Methods: Altogether, 171 serum samples were collected from domestic dogs of Meshkin- Shahr District by
multistage cluster sampling from October 2008 to August 2009. The collected serum samples were tested for the
detection of simultaneous infection of L. infantum and N. caninum using direct agglutination test (DAT) and indirect
ELISA, respectively.

Results: Of the 171 domestic dogs, 27 (15.8%) and 52 (30.4%) were showed antibodies against L. infantum and N.
caninum, respectively. Simultaneous infections of N. caninum and L. infantum was found in 16 (9.4%) of the dogs. In
VL-positive and VL-negative dogs, N: caninum infection was found in 59.3% and 25.0%, respectively. A statistically
significant difference was found between VL-positive and VL -negative dogs with N. caninum infection (P= 0.001).
Conclusion: These findings indicate that Meshkin-Shahr District in northwestern Iran is an active focus of canine
visceral leishmaniasis (CVL).-Neospora caninum and L. infantum co-infection is prevalent in the area and infection
by L. infantum seems to enhance susceptibility to N. caninum infection in domestic dogs.
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I ntroduction

Canine viscera leishmaniasis (CVL) is 1990). Asymptomatic infected dogs can re-
an infectious disease that affects both human main infected without displaying apparent cli-
and canines, and is tranamitted by phleboto- nical manifestations of viscera leishmaniasis
mine sand flies (Alvar et a. 2004). Leishma- for years and even for their whole life (Moshfe
nia infantum is the agent of Mediterranean et a. 2009). Many countries have re-emer-
visceral leishmaniasis and domestic dogs are gence of viscerd leishmaniasis (VL) during re-
efficient reservoir hosts for this infection (WHO cent years, in both aspects of geographically
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and the number of cases (Arias et a. 1996).
For a long time, kala-azar seems to be en-
demic in Meshkin-Shahr areas from the north-
west of Iran (Moshfe et al. 2008). Infected
dogs are important risk factors for human in-
fection in the endemic aress of Iran (Gavgani et
al. 2002). The prevalence of L. infantum in-
fection in the domestic dogs in Meshkin-Shahr
areas is high and its prevalence has been re-
ported from 14.2% to 17.4% (Bokae et 4.
1998, Mohebdli et d. 2005, Moshfe et d. 2008).

Neospora caninum is a coccidian intra-
cellular parasite from the Sarcocystidae fam-
ily with awide host range (Dubey and Lind-
say 1996). Dogs, coyotes, and dingoes are
both the definitive and intermediate hosts for
N. caninum that excreted oocysts in their fe-
ces and shedding oocysts in the environment
is arisk factor for the occurrence of miscar-
riages and stillbirths associated with N. can-
inum in cattle and probably other intermedi-
ate hogts (Dubey 2003, King et d. 2010). The
parasite can be transmitted transplacentally
in dogs for several generations (Dubey and
Lindsay 1989). Neospoross can cause severe
neuromuscular disorders as ascending paray-
ds with hyperextenson of <the hind limbs,
especidly in congenitdly infected dogs (Dubey
2003). A few studies on N. caninum infec-
tion in dogs have been carried out in Iran
(Haddadzadeh et d. 2007, Mameas et a. 2007,
Hosseining ad et al. 2010a, 2010b, Y akhchdi
et d. 2010). Studies on-N. caninum and L.
infantum co-infection in the world are very

rare (Andreotti et d. 2006, Cringoli et d. 2002).

This is the first study in Iran, aimed to
determine simultaneous infection of N. can-
inum and L. infantum in domestic dogs from
Meshkin-Shahr District as CVL endemic area
in north-west of Iran.

Materials and M ethods

Animals
A totd of 171 domestic dogs of mix breeds
from some villages of Meshkin-Shahr areas in-
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cluding Ahmad abad, Paikhan, Kojanagh,
Mazraeh khalaf, Mirak and Ourkandi were
sHected by multi-stage cluster sampling from
October 2008 to August 2009. Information
on the dogs such as sex and age were taken
from the owners and physicd examinaion was
performed by a doctor of Veterinary Medicine
(DVM).

Preparation of the serum samples

All blood samples were prepared from
the cephalic vein by venapuncture, poured into
10 ml polypropylene tubes, and processed 4—
10 h after collection. The collected samples
were centrifuged at 800 g for 5-10 min, and the
separated serawere kept at -20° C until tested.

Dir ect agglutination test

Serum samples were tested using direct
agolutination test (DAT) for the detection of
anti-L. infantum antibodies.. DAT antigen
was prepared at the School of Public Health,
Tehran Universty of Medicd Science (Mohe-
bdi et al. 2006).

The main phases of the process of making
DAT antigen were mass cultivation of pro-
mastigotes of Iranian strain of L. infantum
(MCAN/IR/96/Lon49) in RPMI11640 plus 10%
fetal bovine serum, tripsinization of the para-
dtes, staining with Coomassie brilliant blue and
fixing with 1.2% formaldehyde (Mohebali et
al. 2006).

To screen the serum samples, initialy
dilutions weremade 1: 80 and 1: 320 and sam-
ples with titers 1: 80 were diluted further to give
the end-point dilution of 1: 20480. Negative
control (antigen only) and known positive con-
trol serum samples were included on each
plate Thecut off titer was defined as the highest
dilution a which agglutination was il visible,
as blue dot, compared with negative control
wells, which had clear blue dots (Mohebali
et a. 2005). The positive control serum was
produced from dogs with L. infantum infection
(at 1: 20480) and confirmed by microscopy,
culture and animal inoculation (Harith et al.
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1989). Based on previously studies in Iran,
Anti-Leishmania antibodies at a titer of 1. 320
and higher were consdered as podtive in this
investigation (Mohebali et al. 2006).

Indirect ELISA

For the detection of N. caninum infec-
tion, sera were tested with an indirect ELISA
using an afinity purified surface antigen (P38).
The performance of indirect ELISA was based
on the method of Hosseiningad et d. (Hos=ein-
ingad et al. 2010a). Optical density (OD)
vaues were measured a 450nm on an ELISA
reader (Labsystems Multiskan ® plus).

An optimal serum dilution of 1:100 was
established by checkerboard titration for the
purpose of the test. Index vaues were calcu-
lated by the formula; Sin= (Sn—N)/(P-N)
where SIn is the individual ELISA index
value, Sn is the OD value obtained for the
mean of tested samples, N is the OD vaue
obtained for the negative serum, and P repre-
sents the OD values obtained for the positive
serum. Anti- Neospora antibodies at OD>
0.23 by ELISA were considered as Neospora

sp. positive results (Hosseiningad et d. 2010 a).

Parasitological study

To confirm viscera leishmaniasis in dogs,
necropsy was peformed in some of high sero-
positiv e dogs with specific clinical signs and
symptoms. Liver.and spleen samples of the in-
fected dogs cultured in. specific media such
as NNN and RPMI1640 and then a few touch
smears were prepared from the liver and spleen
of them. All the prepared smears were fixed
with methanol, stained with Giemsa stain 10%
and examined microscopicdly for the presence
of amastigotes.

Ethical approval

This research project was reviewed and
approved by the Ethics Committee of Tehran
University of Medical Sciences, Iran.

Statistical analysis
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Satistica test including Chi-squared (X?)
and MacNemar were used to compare sero-
prevalence values relative to gender, age and
clinical signs of N. caninum and L. infantum
co-infection in the domestic dogs. Statistical
andyses were paformed usng SPSS software
version 13.5 (SPSS Inc, Chicago, IL, USA),
with a probability (P) vaue of <0.05 as ddis
ticaly significant.

Results

All of the dogs were of mixed breed
and all of them were kept as guard dogs and
sheep-dogs. From 171 serum samples that
were tested by DAT, 27 (15.8%) of them
were poditive in with DAT (>1:320). The sero-
prevalence values among male and femae
animals were 16.4% and 12.0%, respectively
(Table 1). No statistically significant differ-
ence was seen between canine L. infantum in-
fection and the gender (P= 0.574). The highest
sero-prevalence rate 9/36 (25.0%) was ob-
served among the domestic dogs of more than
five years age and the lowest values 3/52
(5.8%) were seen in dogs under 2 years old
(Table 2). Clinicd dgns including dermétitis,
dopecia, keratitis, cachexia and weskness were
seen in 27/171(15.8%) dogs. Only 12 (44.4%)
from 27 DAT- seropositive dogs (>1:320)
showed dinicd signs (Table 3). In this survey,
8 out of 12 necropsied dogs were positive for
L. infantum infection with DAT (>1:320) and
impression smear that prepared from their
liver and spleen. Only 3 out of 12 necropsed
dogs showed pogtive results in Leishmania
culture media about 2 weeks post inoculation.

Altogether, 52 (30.4%) of the dogs
showed anti N. caninum antibodies by indi-
rect ELISA test using an affinity purified
surface antigen (P38). No significant statisti-
cally difference was seen between N. can-
inum infection and both sex and age groups
(P> 0.05) (Table 1 and 2). None of the in-
fected dogs had clinical signs including neu-
rologic and cutaneous neosporosis disorders.



Iran J Arthropod-Borne Dis, 2011, 1(3): 6068

The presence of antibodies against N.
caninum and to L. infantum was detected in
16 from 171 dogs (9.4%) among six vill ages
of Meshkin-Shahr, which were selected by
multi -stage cluster sampling (Fig.1).

L. infantum infection seems to enhance
susceptibility to N. caninum infection in do-
mestic dogs.

[k’= 10.26, P< 0.01, odds ratio= .43 (95%
Cl, 0.25-0.75).

Table 4 and 5 show the distribution of
the N. caninum infection in VL-negative dogs
and VL-positive dogs, respectively. In DAT-
positive dogs (>1:320), the prevalence of N.
caninum infection was calculated 59.3% and
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in DAT-negative dogs (<1: 320) the preva
lence of the infection was 25.0%. A statisti-
cally sgnificant difference was found between
DAT-positive and DAT-negative dogs com-
pared with N. caninum infection (P= 0.001).
In 58.3% of males and 66.7% of female in
the DAT-pogtive dogs, showed anti N. can-
inum antibodies (OD> 0.23). No statistically
significant difference was found in the both
groups (P= 0.781). Also, 25.4% of mdes and
22.7% of female in the DAT- negative dogs,
showed anti N. caninum antibodies but no
statistically significant difference was found
between in the both groups (P= 0.789).
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Fig. 1. Frequency of Neaspora caninum and Leishmania infantum co-infection among the domestic dogs were
selected by multi-stage cluster sampling in Meshkin-Shahr District, northwestern Iran

Table 1. Sero-prevalence of canine L. infantum and N. caninum co-infection by gender in Meshkin-Shahr District,

northwestern Iran

Leishmania Positive’ Neospora positive

Gender n of dogs (%)

n (%) n (%)
Male 146 (85.4) 24 16.4 45 30.8
Female 25 (14.6) 3 12.0 7 28.0
Total 171 (100) 27 15.8 52 304

" anti-Leishmania antibodies detection by DAT at titers >1:320

""anti-Neospora antibodies detection by ELISA at OD>0.23

No statistically significant difference between DAT positive dogs (>1:320) and gender was observed (P= 0.574).
No statistically significant differenc between N. caninuminfection and gender was observed (P= 0.777).

L. infantum infection could increase N. caninum infection in the domestic dogs [?=10.26, P<0.01, odds ratio=0.43
(95%Cl, 0.25-0.75)]
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Table 2. Sero-prevalence of canine L. infantum and N. caninum co-infections by age group in Meshkin-Shahr
District, northwestern Iran

Agegroup ey nodogs(te)  —LoSmeniaPosive_ Neospora posite”
<2 52 (30.4) 3 5.8 12 23.1
2-5 83 (48.5) 15 181 29 34.9
>5 36 (21.1) 9 25.0 11 30.6
Total 171(100) 27 15.8 52 304

" anti-Leishmania antibodies detection by DAT at titers >1:320

""anti-Neospora antibodies detection by ELISA at OD>0.23

Statistical difference between DAT positive dogs (>1:320) and different age groups is significant (P= 0.038). No
statistically significant difference between N. caninum infection and different-age groups was observed (P= 0.345).

Table 3. Distribution of symptomatic and asymptomatic dogs by sero-prevalence rate of L. infantuminfection in
Meshkin-Shahr District, northwestern Iran

DAT test (>1:320) n of dogs (%) Symptomatic Asymptomatic
n % n %
Positive 27 (15.8) 1 444 15 556
Negative 144 (84.2) 15 10.4 129 896
Tota 171 (100) 27 158 144 842

Statgtical difference between DAT positive (>1:320) symptomatic and asymptomatic dogs was significant (P=0.001).

Table 4. Distribution of N. caninuminfection by gender and age in DAT ~dogs from Meshkin-Shahr District,
northwestern Iran

Variables N. caninum N. caninum Total
Positive Negative
n % n %
Sex
Males 31 25.4 91 74.6 122
Femaes 5 22.7 17 77.3 22
Totd 36 25 108 75 144
Age
<2 10 20.4 39 79.6 49
2-5 21 30.9 47 69.1 68
>5 5 18.5 22 815 27
Totd 36 25 108 75 144

In DAT negative dogs, no statistically significant difference was found between N. caninum infection with gender
(P=0.789) and age groups (P=0.299).
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Table 5. Distribution of N. caninum infection by gender and agein DAT" dogs from Meshkin-Shahr District,
northwestern Iran

Variables N. caninum N. caninum Total
Positive Negative
n % n %
Sex
Maes 14 58.3 10 41.7 24
Females 2 66.7 1 33.3 3
Totd 16 60 11 40 27
Age
<2 2 66.7 1 333 3
2-5 8 53.3 7 46.7 15
>5 6 66.7 3 33.3 9
Totd 16 60 11 40 27

In DAT positive dogs, no statistically significant difference was found between N. caninum infection with gender

(P=0.781) and age groups (P=0.782).

Discussion

For diagnosing canine leishmaniasis,
DAT is considered a sensiti ve and appli cable
technique and is well correlated with clinical
signs (Moshfe et al. 2008). According to pre-
vious studies (Harith et a. 1989, Edrissian et
al. 1996, Mohebali et al. 2004) the perform-
ance of the DAT for recognizing of VL. in
dogs was desirable. Hence, we utilized DAT
for the determination of sero-prevalence of
canine L. infantum infection in this inves-
tigation.

Based on the present study, sero-preva
lence of canine Leishmania infection in the
domestic dogs of  Meshkin-Shahr District
was determined 15.8% using DAT with cut-
off value of 1:320. Based on three studies
that designed for sero-prevalence of canine
leishmaniasis in northwest of Iran, sero-posi-
tivity rates of the infection were found
21.6%, 18.2% and 17.4%, respectively (Gav-
gani et al. 2002, Mohebai et al. 2005,
Moshfe et a. 2008). In this study, 55.6% of
the DAT- positive dogs did not show any
clinica signs. In Iran, it found asymptomatic
Leishmania-infected dogs as well as sympto-
matic ones, have a potential role in the main-
tenance of L. infantum infection and proba-
bly the establishment of domestic transmis-
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sion cycle of the parasite in the VL endemic
areas (Moshfe et a. 2009).

The seroprevalence values among male
and female animals were 16.4% and 12.0%,
respectively No statistically significant dif-
ference between canine Leishmania infection
and gender was observed (P=0.083).

Similar findings were reported by other
Iranian authors (Bokael et a. 1998, Mohe-
bali et a. 2005, Moshfe et a. 2008). Our
findings indicated that the chance of having
L. infantum antibodies increases with age of
the dogs is in agreement with previous stud-
ies (Mohebali et a. 2005, Moshfe et al.
2008). Statistical analysis revealed greater
sero-prevalence in older dogs (5 years and
above), indicating that the chance of expo-
sure to the bite of sand flies infected with L.
infantum increases when the dogs become
older (Cardoso et a. 2004).

In the current study, the prevalence of
anti -N. caninum antibodies was determined
30.4% in dogs of Meshkin-Shahr District.
This sero-prevalence was reported to be 33%,
28% and 27% in Iran, respectively (Haddad-
zadeh et a. 2007, Mamas et a. 2007,
Yakhchali et a. 2010). These higher sero-
prevalences in dogs can be due to the close
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contact with placenta, materials of aborted
fetuses, and the uterine discharge of the
intermediate hosts of the parasite as cattle
(Dijkstra et al. 2002, Fernandes et al. 2004).
No significant difference was found between
N. caninum sero-positivity male dogs and
females (P> 0.05). This finding has agreement
with the results of other studies (Haddad-
zadeh et a. 2007, Mamasi et a. 2007,
Yakhchai et a. 2010). In the present study,
sgnificant difference was not detected among
the age groups (P> 0.05) but in other surveys
in Iran the sero-positivity rates increased
with age, suggesting postnatal exposure to N.
caninum by means of horizontal transmis-
sion (Haddadzadeh et a. 2007, Yakhchali et
a. 2010).

For the first time in Iran, we found the
co-presence of antibodies to N. caninum and
to L. infantum in 9.4% of domestic dogs.
Cringoli et al. (2002) reported that 46 (4.3%)
of 1058 dogs had co-presence of antibodies
to N. caninum and to L. infantum. Based on
these findings N. caninum and L. infantum
co-infection is prevalent in this area and sig-
nificant difference was found when sero-
positive and sero-negative dogs for L. infan-
tum were compared with N. caninum sero-
prevaence. Sero-epidemiological  surveys
that were done in dogs from the Campania
region of southern Italy indicated that the co-
presence of antibodies of N. caninum and L.
infantum is prevalent in dogs and infection
by one protozoan seems to enhance the sus-
ceptibility to the other one (Cringoli et al.
1996, 2002). Andreotti et al. (2006) reported
that N. caninum and L. infantum co-infection
iIs common in dogs in Campo Grande area,
Brazil but there was no significant difference
when VL-positive and VL-negative dogs
were compared with N. caninum sero-preva-
lence and VL does not appear to enhance
susceptibility to N. caninum infection. In ad-
dition, Tarantino et al. (2001) have reported
N. caninum and L. infantum simultaneous skin
infection in ayoung dog in Italy.
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In our study L. infantum infection seems
to enhance susceptibility to N. caninum in-
fection in domestic dogs (odds ratio=0.43)
because canine viscerd leishmaniasis may lead
to immune system suppression and T-cel me-
diated immune response to parasite antigens
can be damaged. CD21+ and CD4+ lympho-
cytes decline in the peripheral blood of in-
fected dogs with CVL. Immune system sup-
pression caused by CVL can be increased
dog’'s susceptibility to-N. caninum infection
(Tarantino et a. 2001).

In conclusion, N. caninum and L. infan-
tum co-infection in domestic dogs is preva
lent in the CVL endemic areas of northwest-
ern Iran ‘and the infection by L. infantum
seems to enhance susceptibility to N. can-
inuminfection.
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