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Abstract
Neospora caninum is an obligate intercellular protozoan parasite and considered one of the abortive pathogens in a wide range of
ruminants. The present study aimed to investigate the antibodies against N. caninum in camels from three governorates in Egypt
to understand the epidemiology of neosporosis and its associated abortion. The study was carried out on 282 camels using
commercial enzyme-linked immunosorbent assay (ELISA) kit. The obtained results confirmed the presence of anti-Neospora
caninum antibodies in 31 out of 282 camels. Moreover, no significant difference in seroprevalence was observed between
different localities under the study and betweenmales and females. On contrary, the number of seropositive camels was increased
significantly in adult camels of 8–11 years old (OR = 9.1, 95% CI: 1.1–73.1), during the autumn (OR = 2.3, 95% CI: 0.79–7.1)
and mainly in females with history of abortion (OR = 2.8, 95% CI: 1.2–6.5) or in camels raised with dogs (OR = 2.8, 95% CI:
1.1–7.08). The presence of antibodies against N. caninum in camels from Egypt increases the demand for further studies to
determine its epidemiological role as a cause of abortion and reduce its economic impacts on camel’s industry.
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Introduction

Camel (Camelus dromedarius) is called the ship of the desert
as it is uniquely adapted to hot and arid environments and has
an economic importance in Egypt as it could be used as a
source of meat and milk, vehicle for transport, racing, and
tourist rides as the image of the camel is tied to the history
of the great Egyptian civilization. Fattening camel calves in
Egypt by applying the intensive feeding system could solve
the problem of red meat shortage. Additionally, its meat is rich
of protein and iron, low of fat and cholesterol, and a healthy
option because of its medical properties (El-Badawi 2018).

Neospora caninum, an obligate intracellular protozoan par-
asite, is one of them (Hilali et al. 1998). It was identified in
1984 in litter of dogs in Norway (Bjerkǻs et al. 1984). Today,
neosporosis is recognized all over the world and the infection
was detected naturally in domestic ruminants as intermediate

hosts like cattle, buffaloes, sheep, goats, and camel (Amdouni
et al. 2018).

Dogs are the final host N. caninum and neosporosis is
mainly transmitted horizontally to intermediate hosts via in-
gestion of contaminated food with sporulated oocyst
(Machado et al. 2011). Also, the infection could be transmit-
ted vertically from the mother to the fetus through the placenta
(Filho et al. 2017).

In ruminants, neosporosis causes abortion during the late
stage of pregnancy, fetal death, and still birth. Furthermore,
repeat breading could occur as sequelae of fetal death in early
stage of gestation (Machado 2019; Semango et al. 2019).
Moreover, the disease is characterized by neuromuscular dis-
order in dogs (Dubey et al. 1988).

In Egypt, previous sero-survey studies demonstrated that
the prevalence rate of N. caninum was 3.6% in camels (Hilali
et al. 1998), 68% in water buffaloes (Dubey et al. 1998), and
20.43% in cattle (Ibrahim et al. 2009). However, the level of
prevalence of N. caninum in camels has not been properly
evaluated in wide range in Egypt and the risk factors associ-
ated with infection were not considered.

Therefore, the present study was conducted to determine
the seroprevalence of N. caninum in camels in some gover-
norates from Egypt to overcome the gap of available informa-
tion and estimate the risk factors related to infection.
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Materials and methods

Study area

The sero-survey of neosporosis in camels was carried out in
three Egyptian governorates as Qalyubia, Kafr ElSheikh, and
Red Sea which situated geographically at 30° 25 N to 31° 13
E; 38° 18 N to 30° 56 E; and 25° 32′ 01 N to 33° 26′ 18 E,
Fig. 1.

Both Qalyubia and Kafr ElSheikh governorates are located
in the Nile Delta, North Egypt which is characterized by high
temperature during the summer season and low temperature
with little rain during the winter. In addition, Red Sea
Governorate is situated at the Southeast of Egypt and shares
in border with Sudan, and has a desert climate that is virtually
no rainfall throughout the year.

Sample collection

The sample size was calculated using Win Episcope 2.0
(www.winepi.net) to investigate the prevalence level of
neosporosis in camel based on previous reported rate 3.6%
in Egypt during 1995 (Hilali et al. 1998) with 95% confidence
interval and an expected error 5%.

A total of 282 blood samples were collected from individ-
ual camel during 2018–2019 from three governorates in
Egypt. The sero-survey was performed on 65 males and 217
females. The age groups of the examined camels were divided
into < 3 years (N = 31), 3–7 years (N = 106), 8–11 years (N =
60), and > 11 years (N = 85). Camels included in the present
study had history of abortion (N = 150) while the rest of the
camels were normal and some of them were raised in contact
with dogs (N = 175).

The blood samples (5 ml) were collected from jugular vein
using vacuum tubes, followed by centrifugation at 1500 rpm/
min for 10 min to separate the serum and stored at − 20 °C for
further serological analysis.

Serological analysis

The antibody titers against N. caninum in sera of examined
camels were determined using CHEKIT Neospora Enzyme
Immunoassay kit (Idexx Laboratories, Westbrook, ME,
USA) following the manufacturer’s instructions except
peroxidase-conjugated goat anti-camel IgG (Triple J. Farms,
USA) which was used to detect positive camel sera. The op-
tical density (OD) of each sample was measured using micro-
plate ELISA reader at 450 nm and calculated by the formula,
OD% of the test sample = 100 (OD of sample − OD of

Fig. 1 Prevalence rate of N. caninum among camels in different study areas
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negative control)/(OD of positive control −OD of negative
control). Samples with OD ≥ 40% were considered positive.

Statistical analysis

Data were analyzed using SPSS (ver16, USA) based on Chi-
square test and P values < 0.05 were considered significant.
Logistic regression model was applied to estimate the associ-
ation between variables and prevalence of the disease.

Results

Overall, the antibodies against N. caninum among camels
were detected in 31 out of 282 total examined camels. The
obtained results demonstrated non-significant difference be-
tween prevalence of different governorates, and the preva-
lence was relatively high in Red Sea (15.4%), followed by
Qalyubia (9%) and Kafr ElSheikh (6.2%) as in Table 1.

The logistic regression analysis for variables revealed im-
portant findings that effect on prevalence of neosporosis
among camels, Table 1. Based on age of the examined camels,
the seroprevalence was significantly highest (23.3%) in adult

age (8–11 years), but it was 3.2%, 6.6%, and 10.6% in camels
of < 3, 3-7 and > 11 years old of age, respectively.

Other findings have shown that the seroprevalence of the
disease varied significantly according to season, and the dis-
ease was more prevalent during the autumn (24.4%, 95% CI:
14.2–38.6) and winter (20%, 95% CI: 10.9–33.8) when com-
pared with the summer (12%, 95% CI: 5.6–23.8) and spring
(3.5%, 95% CI: 1.5–7.9).

Interestingly, the number of seropositive animals was in-
creased significantly in female camels (13.4%, 95%CI: 9.4–
18.5) that had history of abortion or were raised with dogs,
and the seropositive rate was 15.3% (95% CI: 10.4–21.9) and
14.3% (95% CI: 9.8–20.2), respectively.

Odds ratios for significant variables were estimated to de-
termine the risk probability of prevalence of N. caninum
among camels, Table 2, indicating that age, season, abortion,
and presence of dogs in contact with camel have significant
role in prevalence of neosporosis among camels. The present
findings confirmed that 8–11-year-old camels could get the
infection 9.1 times more than camels < 3 years of age. Camels
could be infected 2.3 times during the autumn more than that
of the spring season. In addition, female camels with history of
abortion (OR = 2.8, 95% CI: 1.2–6.5) or in contact with dogs

Table 1 Prevalence of Neospora
caninum in camels in relation to
variables

Parameter No. of tested animal Positive % of prevalence 95% CI P value

Locality

Qalyubia 100 9 9 4.5–16.8 0.1
Kafr ElSheikh 65 4 6.2 1.9–15.8

Red Sea 117 18 15.4 9.9–23

Age

< 3 31 1 3.2 0.57–16.2 0.004*
3–7 106 7 6.6 3.2–13

8–11 60 14 23.3 14.4–35.4

> 11 85 9 10.6 5.6–18.9

Sex

Male 65 2 3.1 0.85–10.5 0.4
Female 217 29 13.4 9.4–18.5

Season

Autumn 45 11 24.4 14.2–38.6 0.0001*
Winter 45 9 20 10.9–33.8

Spring 142 5 3.5 1.5–7.9

Summer 50 6 12 5.6–23.8

History of abortion

Yes 150 23 15.3 10.4–21.9 0.01*
No 132 8 6.1 3.1–11.5

Presence of dogs

Yes 175 25 14.3 9.8–20.2 0.01*
No 107 6 5.6 2.6–11.7

95% CI 95% confidence interval
* The result is significant at P < 0.05
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(OR = 2.8, 95% CI: 1.1–7.08) were more susceptible to
N. caninum infection, Table 2.

Discussion

In the Middle East and Africa, the major causes of abortion
among camels are brucellosis and trypanosomiasis (Tibary
et al. 2006). Despite N. caninum being recognized as a cause
of abortion among camels (Shaapan 2016), few studies ad-
dressed the prevalence of neosporosis in camel worldwide.
The epidemiological information about N. caninum in domes-
tic ruminants particularly in camels in Egypt is limited.
Consequently, the present study aimed to investigate the se-
roprevalence of N. caninum among camels in three governor-
ates that have high density of camel population.

The present findings confirmed the presence of antibodies
(10.9%) against N. caninum in examined camels raised in
different localities under the study. By comparing the obtained
data with previous studies, we found that the reported rate was
in line with another rates of 13.7% in the United Arab
Emirates (Wernery et al. 2008) and 11.1% in central Punjab,
Pakistan (Nazir et al. 2017). In contrast, the obtained preva-
lence was higher than those reported in Egypt, 3.7% (Hilali
et al. 1998) inMashhad, Iran, 5.83% (Sadrebazzaz et al. 2006)
and in central of Iran, 3.9% (Hamidinejat et al. 2013) and
lower than those reported in Canary Islands, Spain 86%
(Mentaberre et al. 2013), in Czech Republic 24% (Bártová
et al. 2017), in Saudi Arabia 16.6% (Mohammed et al.
2020), and in Sudan 38.5% (Ibrahim et al. 2014).

The variation between prevalences may be attributed to
geographical factors or environmental patterns, applicable hy-
gienic measures, animal model, and diagnostic test (Fereig
et al. 2016; Selim and Ali 2020; Selim et al. 2018).

From the obtained results, it is obvious that the number of
seropositive animals increased significantly in adult camels
which ties well with previous study (Nazir et al. 2017). In
contrast, other studies found that there is no association be-
tween prevalences of neosporosis and age of the examined
camels (Aljumaah et al. 2018; Hamidinejat et al. 2013). This
may be attributed to cumulative risk of repetitive exposure to
infection throughout the life and indicates the substantial role
of horizontal transmission in spreading of infection (Elhaig et
al. 2018; Okumu et al. 2016).

The obtained results revealed that neosporosis is more
prevalent (13.4%) in females than males. When comparing
the present findings with previous studies, it must be pointed
that the seroprevalence of N. caninum increased in female
camels than males (Bártová et al. 2017; Mentaberre et al.
2013; Sadrebazzaz et al. 2006). Therefore, the sex has impor-
tant role on the prevalence of neosporosis in camels that may
be due to possibility of vertical transmission of N. caninum
through either transplacental or transclostral routes (Filho
et al. 2017; Nazir et al. 2017).

Furthermore, data of the present study demonstrated that the
N. caninum infection was more prevalent during the autumn
andwinter when comparing with that of the other seasons. Such
results come in accordance with previous research (Ansari-Lari
et al. 2017) which found significant effect for season on prev-
alence of neosporosis in cow. This may be contributed to stress-
ful effect of the temperature on the animals that play an impor-
tant role in abortion (Selim et al. 2018a, b, c).

From the current results, it is clear that there is a strong
association between abortion or presence of dogs and preva-
lence of N. caninum infection. A similar pattern of the results
was obtained (Aljumaah et al. 2018; Nazir et al. 2017). It is
important to highlight on fact that the dogs play an effective
role in horizontal transmission of neosporosis via shedding of
infective oocysts in feces (Machado et al. 2011; Semango

Table 2 Multivariable logistic
regression analysis for risk factors
associated with seropositivity

Risk factor Comparative parameter Odds ratio (OR) 95% CI

Age < 3 Ref

3–7 2.1 0.25–17.9

8–11 9.1 1.1–73.1

> 11 3.5 0.43–29.2

Seasons Spring Ref

Autumn 2.3 0.79–7.1

Winter 1.8 0.59–5.6

Summer 0.26 0.07–0.92

History of abortion Yes 2.8 1.2–6.5

No Ref

Presence of dogs Yes 2.8 1.1–7.08

No ref

95% CI 95% confidence interval; OR odds ratio
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et al. 2019) which is considered an important source for
infection.
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