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Seroprevalence and risk factors 
for Neospora spp. infection 
in equine in Egypt
Ayed Alshammari 1, Hattan S. Gattan 2,3, Mohamed Marzok 4,5* & Abdelfattah Selim 6*

Neospora infections in equine are associated with reproductive disorders and neurological 
diseases. Nevertheless, Egypt has no epidemiological information on this parasite in equine. This 
study determined the prevalence of Neospora spp. infection in 325 equines from three Egyptian 
governorates located at Northern Egypt using cELISA. The prevalence of antibodies against Neospora 
spp. was 19% (95% CI: 14.09–25.05) in horse, 34.1% (95%CI: 24.92–44.69) in donkey and 26.7% 
(95% CI: 15.97–41.04) in mule. In comparison to horse, donkey had a considerably higher chance 
of contracting Neospora spp. infection (OR = 1.80, 95% CI: 0.78–4.13; P = 0.016). The risk was also 
higher in freely grazing animals (OR = 3.49, 95% CI: 0.95–12.78; P = 0.059). Moreover, yearling animals 
(12–24 months) (OR = 5.03, 95% CI: 1.51–16.80; P = 0.009) and those with natural breeding (OR = 11.80, 
95% CI: 3.24–42.99, P < 0.0001) and a history of early abortion (OR = 7.04, 95% CI: 3.01–16.47; 
P < 0.0001) also showed a greater risk of seropositivity. The risk of Neospora infection increased 
significantly in equines contacted with dogs (OR = 5.16, 95% CI: 1.76–15.10; P = 0.003). This the first 
serological study to determine the seroprevalence of Neospora spp. in equine in Egypt. Further studies 
are necessary to identify the species of Neospora and to understand the role of above-mentioned risk 
factors in spreading of infection.

Neosporosis is one of the most important diseases that affects cattle and dogs and has a global distribution. The 
disease caused by Neospora caninum, which is one of the major cause of abortion in cattle and cause significant 
financial losses in dairy  industry1. N. caninum is intracellular obligate protozoan belongs to the phylum Api-
complexa. Many host species have been reported to be infected with N. caninum, with dogs and related canids 
are regarded to be a definite host, whereas N. hughesi has only found in equines and its definitive host has not 
yet been  identified2,3.

The transmission of Neospora spp. can be occurred either vertically or horizontally. According to a Brazil-
ian study, transplacental transmission of Neospora occurs in 34.8% of borned foals from seropositive mares 
which showed anti-Neospora pre-colostral  antibodies4. Despite transplacental transmission of Neospora spp. 
in  equines5,6, the role of Neospora and transplacental transmission route in equine abortion are still not fully 
 understood7. In equines, the reproductive disorders and neonatal mortalities associated with N. caninum infec-
tion, while the N. hughesi causes neurological  affections8,9.

Nonetheless, Neospora infection in intermediate hosts typically goes undetected because of the absence of 
symptoms and the exposure is determined by the existence of anti-Neospora antibodies. The most popular tech-
nique for determining the distribution and epidemiology of neosporosis in susceptible animals is detection of 
antibodies against Neospora spp. in serum  samples10. However, as serological discrimination between these two 
species is likely not attainable, the possibility of cross-reaction between N. caninum and N. hughesi in serological 
testing complicates the interpretation of serological surveys  results11.

Numerous countries have been reported Neospora spp. serologically in equines. The Neospora antibodies 
were found in 2% of equine serum samples from South  Korea12, 11.5% of samples from North  America13, 2.5% 
of samples from South  America14, 23.8% of samples from New  Zealand2 and 23% of samples from  France15.
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In a serological study on horses in Israel, the seroprevalence of Neospora spp. was 11.9% in apparent healthy 
horses but it was significantly higher among horses had neurological symptoms (21.2%) or in mares suffered 
from abortion (37.5%)5. In addition, other studies were conducted in Brazil to investigate antibodies against 
Neospora spp., Whereas Villalobos et al.6 found a prevalence of 15.1% in animals raising in So Paulo state but 
was 2.5% in serum samples from ten federal states as reported by Hoane et al.14.

Animals infected with N. caninum have been identified using a variety of laboratory procedures. In order to 
identify specific antibodies in the sera of infected animals, a range of serology procedures are employed, includ-
ing the indirect fluorescent antibody test (IFAT), direct agglutination tests, immunoblotting (IB), and ELISAs. 
Moreover, N. hughesi can be differentiated from N. caninum by DNA  biotechnology16–19. We used ELISA to 
establish the long-term stability of high antibody levels against the parasite in  equine20. Serologic testing has a 
lower cost advantage than other tests. ELISA is the most suited serologic technique for high throughput screen-
ing of antibodies to this  parasite21.

In Egypt, the prevalence and associated risk factors for Neospora infection have been studied in domes-
tic ruminants. The prevalence rates were ranged between 8.6 and 36.1% in  sheep22,23, 10.9% in  camels24 and 
20.43–24.6% in dairy  cattle25,26. However, there is a lack of epidemiological information about the disease in 
equine.

Therefore, the goal of the study was to determine the seroprevalence of Neospora spp. in equine and to identify 
the associated risk factors for Neospora infection in equine in three Egyptian governorates.

Materials and methods
Study area
The study was conducted on equine raising in three governorates namely Giza, Kafr ElSheikh and Qalyubia which 
situated at North of Egypt. The selected governorates are distinguished by having a high equine population where 
equine is used in tourism around the pyramid area in the Giza governorate. In addition, equine is mostly utilized 
in breeding and droughting in other governorates, including Kafr ElSheikh and Qalyubia.

Giza governorate situated at west of Nile and southwest to Cairo. Giza’s climate is hot and dry (Köppen: 
BWh); the average annual temperature is 20 °C, but the summer months can reach a maximum of 40 °C. There 
is also rare precipitation throughout the year. On the other side, the governorates of Kafr ElSheikh and Qalyubia 
located at Egypt’s Nile Delta, which are distinguished by a year-round average temperature of 28 °C and by cold 
temperatures and minimal precipitation in the winter.

Study design
Across sectional study was performed during January to December 2022. Blood samples from 325 asymptomatic 
equine were taken by convenience from three governorates in Egypt: 195 horses, 85 donkey, and 45 mules. These 
animals were asymptomatic and selected randomly from the three governorates under the study.

Blood sample (5 mL) were taken from jugular vein of each animal using vacutainer, which transferred in 
icebox to veterinary Diagnostic Laboratory, Faculty of Veterinary Medicine, Benha University. Sera were sepa-
rated by centrifugation at 3000 × g for 10 min, and then stored at − 20 °C until serological examination. Dur-
ing sampling, data of each examined animal were taken including equine type (horse, mule and donkey), age 
(12 months, 12–24 months, and > 24 months old), sex (male and female) and location, Table 1. A questionnaire 
was prepared to collected data of other management factors like type of animal management or breeding, history 
of abortion and contact with dogs.

Serological analysis
All sera were examined for the existence of antibodies against Neospora spp. using a commercial competitive 
inhibition enzyme-linked immunosorbent assay, (cELISA, VMRD, Inc., Pullman, WA, USA). Serological testing 
and evaluation were carried out in accordance with the manufacturer’s recommendations. The optical densities 
(ODs) were measured using ELISA plate reader AMR-100 (AllSheng, Chnia) at 650 nm. This test has a sensitivity 
and specificity of 91.4% and 99.4%,  respectively27. Moreover, the manufacturer provided negative and positive 
control with cELISA kit. After calculating the percent inhibition, samples had an inhibition of less than 30% 
considered positive.

Statistical analysis
Data were analyzed using the statistical SPSS software version 24 (IBM, SPSS Inc., Chicago, IL, USA). Data 
on seroprevalence of Neospora spp. were statistically evaluated, taking into consideration factors like location, 
gender, age, species, type of breeding, type of management, history of abortion, and contact with dogs. Using 
the Chi-square test, the association between neosporosis and other risk variables was evaluated. The results 
considered significant in case of P value less than 0.05. The multivariate logistic regression model was used to 
assess the independent risk factors of each explanatory variable for all variables that had a P value in the uni-
variate analysis of less than 0.2528. The occurrence odds ratio (OR) and associated 95% confidence interval (CI) 
were calculated by multivariate logistic  regression29–32. The goodness-of-fit of the model was evaluated using 
the Hosmer–Lemeshow  statistic33.

Ethics approval and consent to participate
The study protocol followed the guidelines of the ethical committee of the Faculty of Veterinary Medicine at 
Benha University, which complies with all Egyptian regulations regarding research and publication. Serum sam-
ples were collected and handled in accordance with the Committee’s Animal Ethical Standards and Guidelines. 
The procedures of present study were conducted in accordance with the ARRIVE recommendations.
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Results
Among the 325 equine samples, 78 (or 24%) tested positive for IgG antibodies to Neospora spp. The prevalence 
rate was statistically differed (P < 0.05) between various equine hosts, it was 19% in horse, 34.1% in donkey, and 
26.7% for mule. However, no-statistical difference (P > 0.05) was observed between sex. Moreover, there were 
statistically different in seropositivity for Neospora spp. between age groups (P < 0.05). Antibodies against Neos-
pora spp. were found in 7.7% of foals, 31.2% of yearlings, and 18.4% of adults, Table 2.

The management of equine showed significant impact (P < 0.05) on seroprevalence of Neospora spp., where 
only 8% of equine maintained in stables tested positive for antibodies to Neospora spp., compared to 34% of 
equine that were allowed to graze in pasture.

We evaluated the effect of breeding to understand its role in prevalence of antibodies to Neospora spp. We 
found that the seroprevalence was 4.6% in equine that had artificial insemination and 34% in those had natural 
breeding. The seroprevalence was significantly influenced by the type of breeding, Table 2.

For animals with and without a history of abortion, there was a substantial difference in seropositivity 
(P < 0.0001) between the two groups. The history of abortion in 36 female animals was recorded. The seroposi-
tivity rate was found higher in equine (67.6%) with early abortion history than animals with no abortion history 
(12.9%), Table 2.

The multivariable logistic regression analysis was tabulated in Table 3. The results revealed that the risk of 
Neospora spp. infection in mule and donkey was two times higher than in horse. Yearling equine of 12–24 months 
age was five times (OR = 5.03, 95% CI: 1.51–16.80) more likely to be infected than foals. Moreover, grazing 
horses with history of early abortion were three and seven times more likely to be infected when compared with 
equine kept in stable or equine with no history of abortion. Additionally, natural breeding and contact with 
dogs in examined equine increased risk of Neospora spp. infection eleven and five times more compared to AI 
and absence of dogs.

Discussion
Neosporosis is one of the parasite diseases that affects domestic animals and poses a risk to the public’s health in 
addition to inflicting severe economic  losses34,35. Neospora spp. infections either subclinical or clinical forms have 
been reported horses from numerous countries across the  world36–38. In Egypt, many animal species, including 
cattle, sheep, goats, and camels, have been found to be infected with Neospora23,24. However, to our knowledge, 
no earlier research has identified infections with Neospora spp. in equine in Egypt. Therefore, the present study 
aims to investigate the presence of antibodies against Neospora spp. in equine in three Egyptian governorates 
to improve the epidemiology of the disease in these areas and to determine the risk factors that infection poses.

The overall findings of the current study show that 24% of equines in Egypt had antibodies against Neospora 
spp., which are consistent with the stated rate (24%) in horses from the Czech  Republic39.

In comparison to the prevalence rates of diseases among horse in earlier studies, the seropositive rate of Neos-
pora infection in horse (19%) detected in the current study is relatively high by comparison with other studies 
from Brazil. The prevalence rate was 2.5% in examined horse from ten different Brazilian states according to 

Table 1.  Descriptive analysis for factors used to determine the seroprevalence of Neospora infection in equine.

Variable Category Number of tested animal Distribution (%)

Locality

Giza 110 33.8

Kafr ElSheikh 120 37

Qalyubia 95 29.2

Species

Horse 195 60

Donkeys 85 26.2

Mules 45 13.8

Sex
Male 110 33.8

Female 215 66.2

Age

 < 12 months 52 16

12–24 months 186 57.2

 > 24 months 87 26.8

Management

Grazing 141 43.4

Stable 50 15.4

Mixed 134 41.2

Type of breeding
Natural breeding 150 69.7

artificial insemination (AI) 65 30.2

History of abortion

No history of abortion 140 65.11

Early abortion 34 15.8

Late abortion 41 19.1

Contact with dogs
Yes 241 74.2

No 84 25.8
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Table 2.  Univariable analysis for factors used to determine the seroprevalence of Neospora infection on 
equine. *The result is significant at P < 0.05.

Variable Total tested animal No of positive No of negative % of positive 95% CI Statistic

Locality

 Giza 110 25 85 22.7 15.9–31.4 χ2 = 2.166
df = 2
P = 0.339

 Kafr ElSheikh 120 34 86 28.3 21.04–36.97

 Qalyubia 95 19 76 20.0 13.19–29.14

Species

 Horse 195 37 158 19.0 14.09–25.05 χ2 = 7.646
df = 2
P = 0.022*

 Donkeys 85 29 56 34.1 24.92–44.69

 Mules 45 12 33 26.7 15.97–41.04

Sex

 Male 110 24 86 21.8 15.12–30.42 χ2 = 0.434
df = 1
P = 0.510 Female 215 54 161 25.1 19.79–31.32

Age

 < 12 months 52 4 48 7.7 3.03–18.17 χ2 = 14.343
df = 2
P = 0.001*

 12–24 months 186 58 128 31.2 24.96–38.16

 > 24 months 87 16 71 18.4 11.65–27.8

Management

 Grazing 141 48 93 34.0 26.73–42.19 χ2 = 16.366
df = 2
P < 0.0001*

 Stable 50 4 46 8.0 3.15–18.84

 Mixed 134 26 108 19.4 13.6–26.91

Type of breeding

 Natural breeding 150 51 99 34 26.9–41.9 χ2 = 20.819
df = 1
P < 0.0001* Artificial insemination (AI) 65 3 62 4.6 1.58–12.72

History of abortion

 No history of abortion 140 18 122 12.9 8.29–19.41 χ2 = 44.833
df = 2
P < 0.0001*

 Early abortion 34 23 11 67.6 50.58–80.87

 Late abortion 41 13 28 31.7 19.57–46.99

Contact with dogs

 Yes 241 71 170 29.5 24.06–35.5 χ2 = 15.243
df = 1
P < 0.0001* No 84 7 77 8.3 4.09–16.21

Total 325 78 247 24.0 19.68–28.93

Table 3.  Variables associated with Neospora infection in multivariable logistic regression analysis. B, logistic 
regression coefficient; SE, standard error; OR, odds ratio; CI, confidence interval.

Variables B S.E OR

95% CI for OR

P valueLower Upper

Species

 Donkeys 0.585 0.424 1.80 0.78 4.13 0.016

 Mules 0.692 0.494 2.00 0.76 5.26 0.016

Age

 12–24 months 1.616 0.615 5.03 1.51 16.80 0.009

 > 24 months 0.890 0.664 2.43 0.66 8.95 0.018

Management

 Grazing 1.249 0.663 3.49 0.95 12.78 0.059

 Mixed 1.192 0.679 3.30 0.87 12.46 0.079

Type of breeding

 Natural breeding 2.468 0.659 11.80 3.24 42.99  < 0.0001

History of abortion

 Early abortion 1.952 0.433 7.04 3.01 16.47  < 0.0001

 Late abortion 1.172 0.471 3.23 1.28 8.13 0.013

Contact with dogs

 Yes 1.641 0.548 5.16 1.76 15.10 0.003
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Hoane et al.14, while it was 10.3% among horse from the state of So  Paulo6 and 4.1% in horse from two areas of 
Santa Catarina  state40.

On the other hand, reports from other countries indicate higher prevalence rates. A prevalence of 34% was 
reported among Chilean horses by Patitucci et al.41. For horse of various ages in Italy, Ciaramella et al.42 reported 
a prevalence of 28%. In contrast, animals from Costa Rica were found to have a prevalence rate of 3.5%43.

Additionally, when indirect fluorescent antibody test (IFAT) was used, it was discovered that horses from 
various Italian regions had a prevalence of 28%42 and 10%44, whereas horses from Israel had a prevalence of 12%5. 
In France, a direct agglutination test on horses yielded a frequency of 23%45.

Furthermore, the antibodies against Neospora spp. were detected in 34.1% of donkey and 26.7% of mule using 
cELISA, which is consistent with the percentages seen in donkeys and mules from southern Punjab,  Pakistan27, 
it was 32.5% and 26.9%, respectively. This high seropositivity when compared to the 2% and 0.4% prevalence 
rate of Neospora spp. found in donkeys from the northeastern part of  Brazil46,47.

Another study in Mexico detected antibodies against N. hughesi antigen 0.8% of the investigated  donkeys48. In 
addition, the seroprevalences for Neospora spp. found high among donkeys from Iran (52%) using the agglutina-
tion test, Pakistan (32.6%) based on ELISA and in China (9.5%) and Italy (11.8%) using  cELISA27,49–51.

According to previous literatures, it is clear that the prevalence of Neospora spp. in equine varied significantly 
between and even within countries. These variances may result from the use of different serological tests in each 
study, the testing methodologies’ limitations, non-standard controls, and the applied cut-off  points2,17,23,52–56. 
Moreover, Neospora spp. seroprevalences may be influenced by the study design, sample collection criteria, 
varying amounts of exposure to various risks, and protective factors for infection or sickness, which makes it 
challenging to compare the findings from diverse  studies36,57,58.

Neospora spp. seroprevalence varied significantly between age groups and the highest seroprevalence was 
observed among equine of 12–24 months age, according to the current study. This finding comes in agreement 
with the earlier study from  Israel5, which reported a significant greater seroprevalence to Neospora spp. in older 
horses due to an increased arisk of exposure via horizontal spreading over time. In addition, Neospora spp. sero-
prevalence increased non-significantly (22.2% and 27.2%) between the age groups of 1–10 and 11–20 years old, 
respectively, in a Turkish  study59. Contrary to our findings, Bártová et al.60 observed that there was no significant 
difference between equine age groups and the prevalence rose with equine age, ranging from 15.4% in foals to 
26.6% in yearlings, indicating postnatal transmission.

In the line of previous results of Villalobos et al.6 and Talafha et al.61, there was no significant difference 
(P > 0.05) between both sexs. The current findings revealed higher prevalence in females which attributed to 
females may be more susceptible to Neospora spp. infection due to a worse immune response during differ-
ent times of their life as aresult of stress of pregnancy and lacation, which causes an immunosuppression and 
increases their vulnerability to  infection62,63.

Concerning to feeding type of examined equids, the present results were consistent with previous findings of 
Nazir et al.27, where the Neospora spp. seroprevalence increased significantly among grazing animals. This could 
be explained by horizontal transmission of Neospora spp. among equids because it is considered as main rout of 
transmission and increase risk of infection in  equids5.

The current findings revealed that the natural breeding increased the risk of infection in equine when com-
pared to AI, which was consistent was findings of de Araújo Valença et al.64. This explain the vertical transimis-
sion play an vital role in transmission of Neospora spp. in  equine4.

In comparison to female equines without a history of abortion, the prevalence of Neospora spp. was signifi-
cantly (P < 0.05) greater in females with history of abortion. However the evidence is rather scant compared to 
cattle, where N. caninum has been consistently shown to be a major cause of abortion, Neospora species may 
play a role in equine  abortions6. Our results are consistent with other researches in which a population of mares 
with reproductive problems had high percentage of anti-Neospora spp.  antibodies45.

The results demonstrated that the equines contacted with dogs had high signifcant prevalence rate for Neos-
pora spp. when comapred with other animals. These results are consistent with those that reported by de Araújo 
Valença et al.64. The existence of seropositive dogs around the investigated equids may indicate that the animals 
were exposed to the parasite, increasing the risk of oocyst contamination of food or water and subsequent hori-
zontal  transmission8,43.

The current study’s limitations include the bias in sample collection for possible representation of the exam-
ined governorates or equine population and the diagnostic approach since it can identify the Neospora spp. 
However, we were unable to determine the species of Neospora. As a result, more research is required for large-
scale screening and determining Neospora species in Egyptian equines.

Conclusion
This is the first instance of Neospora spp. being found in Egyptian equines. Several risk factors are associated 
with Neospora spp. infections like age, species, management, type of breeding, history of abortion and contact 
with dogs. The findings demonstrate that Neospora spp. is a contributing factor in abortions in Egyptian mares. 
Thus, the prevention and control program should be implemented to prevent the spreading of the diseases among 
equine and economic losses as a result of abortion. Additional epidemiological researches for molecular detection 
of parasite DNA in tissue from placentas or aborted fetus to identify Neospora spp. are necessary.

Data availability
All data generated or analysed during this study are included in this published article.



6

Vol:.(1234567890)

Scientific Reports |        (2023) 13:20242  | https://doi.org/10.1038/s41598-023-47601-y

www.nature.com/scientificreports/

Received: 14 March 2023; Accepted: 16 November 2023

References
 1. Dubey, J., Schares, G. & Ortega-Mora, L. Epidemiology and control of neosporosis and Neospora caninum. Clin. Microbiol. Rev. 

20, 323–367 (2007).
 2. Vardeleon, D. et al. Prevalence of Neospora hughesi and Sarcocystis neurona antibodies in horses from various geographical loca-

tions. Vet. Parasitol. 95, 273–282 (2001).
 3. Khan, A., Shaik, J. S., Sikorski, P., Dubey, J. P. & Grigg, M. E. Neosporosis: An overview of its molecular epidemiology and patho-

genesis. Engineering 6, 10–19 (2020).
 4. Antonello, A. M. et al. The importance of vertical transmission of Neospora sp. in naturally infected horses. Vet. Parasitol. 187, 

367–370. https:// doi. org/ 10. 1016/j. vetpar. 2012. 02. 005 (2012).
 5. Kligler, E. B., Shkap, V., Baneth, G., Mildenberg, Z. & Steinman, A. Seroprevalence of Neospora spp. among asymptomatic horses, 

aborted mares and horses demonstrating neurological signs in Israel. Vet. Parasitol. 148, 109–113. https:// doi. org/ 10. 1016/j. vetpar. 
2007. 06. 002 (2007).

 6. Villalobos, E. M. C. et al. Association between the presence of serum antibodies against Neospora spp. and fetal loss in equines. 
Vet. Parasitol. 142, 372–375 (2006).

 7. Pusterla, N. et al. Endogenous transplacental transmission of Neospora hughesi in naturally infected horses. J. Parasitol. 97, 281–285. 
https:// doi. org/ 10. 1645/ ge- 2657.1 (2011).

 8. Dubey, J. P. Review of Neospora caninum and neosporosis in animals. Korean J. Parasitol. 41, 1–16. https:// doi. org/ 10. 3347/ kjp. 
2003. 41.1.1 (2003).

 9. Wobeser, B. K., Godson, D. L., Rejmanek, D. & Dowling, P. Equine protozoal myeloencephalitis caused by Neospora hughesi in an 
adult horse in Saskatchewan. Can. Vet. J. 50, 851–853 (2009).

 10. Nematollahi, A., Jaafari, R. & Moghaddam, G. Seroprevalence of Neospora caninum infection in dairy cattle in Tabriz, Northwest 
Iran. Iran. J. Parasitol. 6, 95 (2011).

 11. Gondim, L. F., Lindsay, D. S. & McAllister, M. M. Canine and bovine Neospora caninum control sera examined for cross-reactivity 
using Neospora caninum and Neospora hughesi indirect fluorescent antibody tests. J. Parasitol. 95, 86–88 (2009).

 12. Gupta, G. et al. Seroprevalence of Neospora, Toxoplasma gondii and Sarcocystis neurona antibodies in horses from Jeju island, 
South Korea. Vet. Parasitol. 106, 193–201 (2002).

 13. Cheadle, M. et al. Prevalence of antibodies to Neospora sp. in horses from Alabama and characterisation of an isolate recovered 
from a naturally infected horse [corrected]. Int. J. Parasitol. 29, 1537–1543 (1999).

 14. Hoane, J. S. et al. Prevalence of Sarcocystis neurona and Neospora spp. infection in horses from Brazil based on presence of serum 
antibodies to parasite surface antigen. Vet. Parasitol. 136, 155–159. https:// doi. org/ 10. 1016/j. vetpar. 2005. 10. 023 (2006).

 15. Pitel, P. H. et al. Prevalence of antibodies to Neospora caninum in horses in France. Equine Vet. J. 33, 205–207. https:// doi. org/ 10. 
1111/j. 2042- 3306. 2001. tb006 02.x (2001).

 16. Reisberg, K., Selim, A. M. & Gaede, W. Simultaneous detection of Chlamydia spp., Coxiella burnetii, and Neospora caninum in 
abortion material of ruminants by multiplex real-time polymerase chain reaction. J. Vet. Diagn. Investig. 25, 614–619 (2013).

 17. Selim, A., Manaa, E. & Khater, H. Molecular characterization and phylogenetic analysis of lumpy skin disease in Egypt. Compar. 
Immunol. Microbiol. Infect. Dis. 79, 101699 (2021).

 18. Selim, A. M., Elhaig, M. M. & Gaede, W. Development of multiplex real-time PCR assay for the detection of Brucella spp., Leptospira 
spp. and Campylobacter foetus. Vet. Ital. 50, 75 (2014).

 19. Selim, A., Abdelrahman, A., Thiéry, R. & Sidi-Boumedine, K. Molecular typing of Coxiella burnetii from sheep in Egypt. Compar. 
Immunol. Microbiol. Infect. Dis. 67, 101353 (2019).

 20. Waldner, C. L., Henderson, J., Wu, J., Breker, K. & Chow, E. Reproductive performance of a cow-calf herd following a Neospora 
caninum-associated abortion epidemic. Can. Vet. J. 42, 355 (2001).

 21. Wu, J. T., Dreger, S., Chow, E. Y. & Bowlby, E. E. Validation of 2 commercial Neospora caninum antibody enzyme linked immu-
nosorbent assays. Can. J Vet. Res. 66, 264 (2002).

 22. El-Ghaysh, A., Khalil, F., Hilali, M. & Nassar, A. Serological diagnosis of Neospora caninum infection in some domestic animals 
from Egypt. Vet. Med. J.-Giza 51, 355–362 (2003).

 23. Selim, A., Khater, H. & Almohammed, H. I. A recent update about seroprevalence of ovine neosporosis in Northern Egypt and 
its associated risk factors. Sci. Rep. 11, 14043 (2021).

 24. Selim, A. & Abdelhady, A. Neosporosis among Egyptian camels and its associated risk factors. Trop. Anim. Health Prod. 52, 
3381–3385 (2020).

 25. Ibrahim, H. M. et al. Prevalence of Neospora caninum and Toxoplasma gondii antibodies in Northern Egypt. Am. J. Trop. Med. 
Hygiene 80, 263–267 (2009).

 26. Metwally, S., Hamada, R., Sobhy, K., Frey, C. F. & Fereig, R. M. Seroprevalence and risk factors analysis of Neospora caninum and 
Toxoplasma gondii in cattle of Beheira, Egypt. Front. Vet. Sci. 10, 1122092 (2023).

 27. Nazir, M. M. et al. Prevalence and risk factors for IgG antibodies to Neospora spp. in three types of equids from Southern Punjab, 
Pakistan. Acta Trop. 188, 240–243 (2018).

 28. Selim, A. M., Elhaig, M. M., Moawed, S. A. & El-Nahas, E. Modeling the potential risk factors of bovine viral diarrhea prevalence 
in Egypt using univariable and multivariable logistic regression analyses. Vet. World 11, 259 (2018).

 29. Said, M. B. et al. Molecular epidemiological survey, genetic characterization and phylogenetic analysis of Anaplasma ovis infecting 
sheep in Northern Egypt. Acta Trop. 229, 106370 (2022).

 30. Selim, A. et al. Prevalence and animal level risk factors associated with Trypanosoma evansi infection in dromedary camels. Sci. 
Rep. 12, 8933 (2022).

 31. Selim, A., Attia, K. A., Alsubki, R. A., Kimiko, I. & Sayed-Ahmed, M. Z. Cross-sectional survey on Mycobacterium avium Subsp. 
paratuberculosis in Dromedary Camels: Seroprevalence and risk factors. Acta Trop. 226, 106261 (2022).

 32. Selim, A., Manaa, E. A., Alanazi, A. D. & Alyousif, M. S. Seroprevalence, risk factors and molecular identification of bovine leukemia 
virus in Egyptian cattle. Animals 11, 319 (2021).

 33. Hosmer, D. W., Lemeshow, S. & Sturdivant, R. X. Introduction to the logistic regression model. Appl. Logist. Regress. 2, 1–30 (2000).
 34. McCann, C. M. et al. Lack of serologic evidence of Neospora caninum in humans, England. Emerg. Infect. Dis. 14, 978 (2008).
 35. Dubey, J., Hemphill, A., Calero-Bernal, R. & Schares, G. Neosporosis in Animals (CRC Press, 2017).
 36. Jakubek, E.-B., Lundén, A. & Uggla, A. Seroprevalences of Toxoplasma gondii and Neospora sp. infections in Swedish horses. Vet. 

Parasitol. 138, 194–199 (2006).
 37. Javanmardi, E. et al. Global seroprevalence of Neospora spp. in horses and donkeys: A systematic review and meta-analysis. Vet. 

Parasitol. 288, 109299 (2020).
 38. Selim, A. Chlamydophila abortus infection in small ruminants: A review. Asian J. Anim. Vet. Adv. 11, 587–593 (2016).
 39. Bártová, E., Sedlák, K., Syrová, M. & Literák, I. Neospora spp. and Toxoplasma gondii antibodies in horses in the Czech Republic. 

Parasitol. Res. 107, 783–785 (2010).

https://doi.org/10.1016/j.vetpar.2012.02.005
https://doi.org/10.1016/j.vetpar.2007.06.002
https://doi.org/10.1016/j.vetpar.2007.06.002
https://doi.org/10.1645/ge-2657.1
https://doi.org/10.3347/kjp.2003.41.1.1
https://doi.org/10.3347/kjp.2003.41.1.1
https://doi.org/10.1016/j.vetpar.2005.10.023
https://doi.org/10.1111/j.2042-3306.2001.tb00602.x
https://doi.org/10.1111/j.2042-3306.2001.tb00602.x


7

Vol.:(0123456789)

Scientific Reports |        (2023) 13:20242  | https://doi.org/10.1038/s41598-023-47601-y

www.nature.com/scientificreports/

 40. Moura, A. B. D. et al. Neospora spp. antibodies in horses from two geographical regions of the state of Santa Catarina, Brazil. Rev. 
Bras. Parasitol. Vet. 22, 597–601 (2013).

 41. Patitucci, A., Pérez, M., Carcamo, C. & Baeza, L. Presencia de anticuerpos sericos contra Neospora caninum en equinos en Chile. 
Arch. Med. Vet. 36, 203–206 (2004).

 42. Ciaramella, P. et al. Seroprevalence of Neospora spp. in asymptomatic horses in Italy. Vet. Parasitol. 123, 11–15 (2004).
 43. Dangoudoubiyam, S. et al. Detection of antibodies against Sarcocystis neurona, Neospora spp., and Toxoplasma gondii in horses 

from Costa Rica. J. Parasitol. 97, 522–524 (2011).
 44. Piantedosi, D. et al. Seroprevalence of Neospora spp. in asymptomatic horses in Italy. Ippologia 20, 3–8 (2009).
 45. Pitel, P.-H. et al. Investigation of Neospora sp. antibodies in aborted mares from Normandy, France. Vet. Parasitol. 118, 1–6 (2003).
 46. Galvão, C. M. M. D. Q. et al. Brazilian donkeys (Equus asinus) have a low exposure to Neospora spp.. Rev. Bras. Parasitol. Vet. 24, 

340–344 (2015).
 47. Gennari, S. M. et al. Prevalence of antibodies against Neospora spp. and Sarcocystis neurona in donkeys from northeastern Brazil. 

Rev. Brasil. Parasitol. Vet. 25, 109–111 (2016).
 48. Alvarado-Esquivel, C. et al. Seroepidemiology of Sarcocystis neurona and Neospora hughesi infections in domestic donkeys (Equus 

asinus) in Durango, Mexico. Parasite 24, 27 (2017).
 49. Cong, W. et al. Prevalence of Neospora spp. in donkeys in China. Parasite 25, 16 (2018).
 50. Gharekhani, J., Tavoosidana, G.-R. & Naderisefat, G.-R. Seroprevalence of Neospora infection in horses and donkeys in Hamedan 

province, Western Iran. Vet. World 6, 620 (2013).
 51. Machačová, T. et al. Seroprevalence and risk factors of Neospora spp. in donkeys from Southern Italy. Vet. Parasitol. 198, 201–204 

(2013).
 52. Abd-Elmohsen, M., Selim, A. & Abd-Elmoneim, A. E. Prevalence and molecular characterization of Lumpy Skin Disease in cattle. 

Benha Vet. Med. J. 37, 144–147 (2019).
 53. Elhaig, M. M., Selim, A., Mandour, A. S., Schulz, C. & Hoffmann, B. Prevalence and molecular characterization of peste des petits 

ruminants virus from Ismailia and Suez, Northeastern Egypt, 2014–2016. Small Ruminant Res. 169, 94–98 (2018).
 54. Selim, A. & Abdelhady, A. The first detection of anti-West Nile virus antibody in domestic ruminants in Egypt. Trop. Anim. Health 

Prod. 52, 3147–3151 (2020).
 55. Selim, A., Ali, A.-F. & Ramadan, E. Prevalence and molecular epidemiology of Johne’s disease in Egyptian cattle. Acta Trop. 195, 

1–5 (2019).
 56. Selim, A., Attia, K., Ramadan, E., Hafez, Y. M. & Salman, A. Seroprevalence and molecular characterization of Brucella species in 

naturally infected cattle and sheep. Prevent. Vet. Med. 171, 104756 (2019).
 57. Baz, M. M., Selim, A., Radwan, I. T., Alkhaibari, A. M. & Khater, H. F. Larvicidal and adulticidal effects of some Egyptian oils 

against Culex pipiens. Sci. Rep. 12, 4406 (2022).
 58. Selim, A., Elhaig, M., Taha, S. & Nasr, E. Antibacterial activity of silver nanoparticles against field and reference strains of Mycobac-

terium tuberculosis, Mycobacterium bovis and multiple-drug-resistant tuberculosis strains. Rev. Sci. Tech. OIE 37, 823–830 (2018).
 59. Karatepe, M. & Karatepe, B. Investigation of seroprevalence of Neospora spp. in horses in Niğde province (Turkey). Kafkas Üniv. 

Vet. Fakültesi Derg. 18, 859 (2012).
 60. Bártová, E. et al. Seroprevalence of antibodies of Neospora spp. and Toxoplasma gondii in horses from southern Italy. Folia Parasitol. 

62, 1 (2015).
 61. Talafha, A. Q., Abutarbush, S. M. & Rutley, D. L. Seroprevalence and potential risk factors associated with Neospora spp. infection 

among asymptomatic horses in Jordan. Korean J. Parasitol. 53, 163 (2015).
 62. Selim, A., Marawan, M. A., Ali, A.-F., Manaa, E. & AbouelGhaut, H. A. Seroprevalence of bovine leukemia virus in cattle, buffalo, 

and camel in Egypt. Trop. Anim. Health Prod. 52, 1207–1210 (2020).
 63. Selim, A., Radwan, A., Arnaout, F. & Khater, H. The recent update of the situation of West Nile fever among equids in Egypt after 

three decades of missing information. Pak. Vet. J. 40, 100 (2020).
 64. de-Araújo-Valença, S. R. F. et al. Risk factors for occurrence of anti-Neospora spp. antibodies in horses from Alagoas, Brazil. J. 

Equine Vet. Sci. 35, 917–921 (2015).

Acknowledgements
The authors would like to acknowledge the Deanship of Scientific Research, Vice Presidency for Graduate Studies 
and Scientific Research, King Faisal University, Saudi Arabia for the financial support of this research through 
the Grant Number 3754.

Author contributions
Conceptualization, methodology, formal analysis, investigation, resources, data curation, writing-original draft 
preparation, A.S., M.M., A.A., H.S.G.; writing-review and editing, A.S., A.A., H.S.G. ; project administration, 
A.S., A.A., H.S.G.; funding acquisition, A.S., M.M.. All authors have read and agreed to the published version 
of the manuscript.

Funding
This work was supported through the Annual Funding track by the Deanship of Scientific Research, Vice Presi-
dency for Graduate Studies and Scientific Research, King Faisal University, Saudi Arabia (Grant Number 3754).

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.M. or A.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

www.nature.com/reprints


8

Vol:.(1234567890)

Scientific Reports |        (2023) 13:20242  | https://doi.org/10.1038/s41598-023-47601-y

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

http://creativecommons.org/licenses/by/4.0/

	Seroprevalence and risk factors for Neospora spp. infection in equine in Egypt
	Materials and methods
	Study area
	Study design
	Serological analysis
	Statistical analysis
	Ethics approval and consent to participate

	Results
	Discussion
	Conclusion
	References
	Acknowledgements


