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Abstract

Background Neospora caninum (N. caninum) has a broad intermediate host range and might cause multisystemic
lesions in various species of animals. Dogs are both intermediate and definitive hosts of the parasite and play a crucial
role in the horizontal transmission of this protozoan to other animals. Cats and rabbits could be sensitive to infection
with N. caninum, however, clinical symptoms and the exact route of infection in these species are unknown. The
epidemiology of N. caninum in cats and rabbits has been barely researched, and there is no published record of the
seroprevalence of N. caninum infection in these species in Poland. Thus, the present study aimed to determine the
frequency of seroreagents for N. caninum within pet dogs, cats and rabbits from urban areas of Poland and to identify
possible risk factors for these animals.

Results In total, serum samples from 184 cats (Felis catus), 203 dogs (Canis familiaris) and 70 rabbits (Oryctolagus
cuniculus) were used in the study. The seroprevalence of anti-N. caninum antibodies in dogs and cats reached 1.0%
(2/203; 95% Cl: 0.3-3.5) and 3.3% (6/184; 95% Cl: 1.5-6.9), respectively. No significant differences in seroprevalence
regarding age group, gender, symptoms or sampling location were found. All 70 samples from pet rabbits were
negative for anti-N. caninum antibodies.

Conclusions The seroprevalence rates of N. caninum in dogs and cats in the present study were low, however,

our results confirmed N. caninum circulates among dog and cat populations in Poland, and neosporosis should be
included in the differential diagnosis of neuro-muscular disorders in these species. This is the first serological survey
of N. caninum in European pet cats and rabbits. The role of pet rabbits in N. caninum epidemiology and circulation in
Poland is marginal.
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Background

Neospora caninum (N. caninum) is an obligate intracel-
lular apicomplexan parasite that might cause multisys-
temic lesions in dogs and other species [1]. Dogs are both
intermediate and definitive hosts of the parasite and play
a crucial role in the horizontal transmission of this pro-
tozoan to other animals [2, 3]. N. caninum has a broad
intermediate host range [3]. After ingestion of sporu-
lated oocysts by the intermediate hosts, sporozoites are
released from oocysts and converted into tachyzoites,
which disseminate the infection. The horizontal trans-
mission includes ingestion of sporulated oocysts or
infected tissues of intermediate hosts with tissue cysts
[3]. The cats could be sensitive to infection with N. cani-
num, but clinical symptoms and the exact route of infec-
tion are unknown [4]. The clinical form of neosporosis is
characterized by the onset of neuromuscular symptoms
[5]. However, neosporosis is often missed in diagnosing
neurological disorders and myopathies in dogs and cats.
The serological studies regarding N. caninum in domes-
tic animals usually focus on dogs [6—13]. Several studies
were conducted to determine the seroprevalence of N.
caninum in domestic cats worldwide [13—-16]. Data on N.
caninum seroprevalence in rabbits are scarce, although
few reports indicate the presence of antibodies against
N. caninum in rabbit sera [12, 17, 18]. The epidemiol-
ogy of N. caninum in cats and rabbits has been barely
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researched, and there is no published record of the sero-
prevalence of N. caninum infection in these species in
Poland. Thus, the present study aimed to determine the
frequency of seroreagents for N. caninum within pet
dogs, cats and rabbits from urban areas of Poland and to
identify possible risk factors for these animals.

Results

Anti-N. caninum antibodies were found in sera col-
lected from dogs (Canis familiaris) and cats (Felis catus).
In dogs and cats, the overall seroprevalence was 1.0%
(2/203; 95% CI: 0.3-3.5), and 3.3% (6/184; 95% CI: 1.5—
6.9), respectively. All of the serum samples from rabbits
(Oryctolagus cuniculus) were negative for antibodies to
N. caninum. No significant gender difference in serop-
revalence between females and males and no significant
differences regarding age group, symptoms, or sampling
location were found (Table 1).

Discussion

The antibodies against N. caninum in the cats and dogs
indicate susceptibility to infection and induction of an
immune response. In previous studies conducted in
Poland, antibodies against N. caninum were detected in
21.7% (56/257) of dogs [7]. Antibodies against N. cani-
num, with various prevalence, have also been detected
previously in dogs in several European countries:

Table 1 Seropositivity among cats and dogs split into risk factor groupings and detailed information about the structure of the

sampled rabbit population

Dogs Cats Rabbits
(Positive) Preva- 95% CI? p-value (Positive) Preva- 95% CI? p-value No. of
Total lence (%) Total lence (%) ind.P

Age (years)

<1 0) 23 0.0 0.0-14.3 097 (122 46 0.8-21.8 0.46 16

1-3 (0) 35 0.0 0.0-99 (3)46 6.5 22-175 23

4-7 (1) 44 2.3 04-11.8 (1)45 22 04-11.6 22

8+ (1)101 1.0 0.2-54 m 7 14 03-76 7

No data - - 2
Sex

F 1(103) 1.0 0.2-53 0.99 (2) 87 23 0.6-8.0 0.78 40

M 1(100) 1.0 0.2-5.5 (4) 97 4.1 1.6-10.1 30
Location

Deblin (0) 26 0.0 00-12.9 0) 11 0.0 0.0-25.9 0.83 -

Kluczbork (0) 22 0.0 0.0-14.9 0)7 0.0 0.00-354 -

Lublin (0)47 0.0 0.0-7.6 (2) 58 35 0.95-11.7 -

Poznan (193 1.1 0.2-5.8 (4) 92 45 1.70-10.7 70

Przemysl (M 14 7.1 13-31.5 0) 16 0.0 0.00-194 -
Symptoms

Neurological 0)8 0.0 0.0-324 mmn 9.1 1.6-37.7 048 2

disorders

Other (2)136 1.5 04-52 (3)120 25 0.9-7.1 22

Healthy (0)59 0.0 0.0-6.1 (2)53 38 1.0-12.8 46
Total (2) 203 1.0 03-35 (6) 184 33 15-69 70

295% Cl: lower and upper values for the 95% confidence interval; PNumber of individuals
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Spain (51% in farm dogs (51/100) and 2.9% in pet dogs
(3/102)) [6], in Germany in breeding bitches (7.33%;
16/218) [9] and in dogs in Portugal (32.5%; 93/286) [12]
and Tirkiye (16.6%; 21/187) [8]. The seroprevalence in
dogs obtained in our study was low compared to other
European countries or studies previously conducted in
Poland and reached 0.99% (95% CI: 0.27-3.52). Sero-
logical studies conducted on cats in several European
countries reported seroprevalence similar to our results:
Czech Republic (3.86%; 16/414) [16], Spain (6.8%, 4/59)
[15] and Hungary (0.6%; 2/330) [14]. The lower rates
of seropositivity to N. caninum in pets than in stray or
farm animals might be due to dietary habits, as outdoor
animals have direct contact with infective material from
positive cattle or other intermediate hosts, and they have
common access to contaminated environments [19]. All
dogs and cats included in the investigation came from an
urban area and were kept at home, and the likelihood of
their contact with sporulated oocysts or infected tissues
is low. Still, as revealed, an infection is not impossible.
Pet animals living in cities may come into contact with a
potentially infected environment while walking or travel-
ling. Cats that are temporarily left outdoors unattended
or have escaped may also have the opportunity to acquire
the infection with N. caninum. Additionally, feeding with
infected raw meat, placenta, fetuses or uterine discharge
from ruminants may be a potential infection risk factor
for pet carnivores [20, 21]. Villagra-Blanco confirmed 6
(37.5%) of the 16 seropositive bitches found in the study
(7.3%; 16/218) were fed raw diets [9]. Our research shows
that despite not living a typical outdoor lifestyle, there is
still a risk of infection in pet dogs and cats. To date, two
articles have been published on the seroprevalence of N.
caninum in rabbits in European countries. However, the
studies were conducted on the wild rabbit (seropreva-
lence 25%, 8/32) [12] and farm rabbits (seroprevalence
1.2%, 3/260) [18]. The available data on the N. caninum
seroprevalence in pet rabbits are scarce - there is one
report from Japan, although, Western blot and the indi-
rect immunofluorescence assay did not reveal any posi-
tivity in 337 serum samples [17]. In our study, we also
did not detect anti-N. caninum antibodies in pet rabbits.
These results confirmed that the possibility of ingest-
ing infective N. caninum oocysts by pet rabbits (via
unwashed plants, hay) is negligible, and domestic rabbits
probably do not play an important role in the epidemiol-
ogy of N. caninum infections.

In most cases, neosporosis is asymptomatic in adult
dogs [5]. However, this disease should be considered
when hyperesthesia, atrophy or muscle swelling are
revealed at the clinical exam [5]. Primary clinical neospo-
rosis usually occurs as a neuro-muscular form of the dis-
ease, although protozoan tachyzoite proliferation occurs
in many tissues, and the symptoms and clinical picture
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can differ [5, 20]. Nevertheless, seropositive dogs in our
study showed no neurological abnormalities at sam-
pling and in the past. Moreover, there are no reports of
natural infection of cats with N. caninum in the litera-
ture. According to Dubey et al. [4], cats are susceptible
to experimental infection, and they may develop neuro-
muscular disorders after infection. One of the seroposi-
tive cats showed neurological disorders at the time of
sampling; however, the statistical analysis of our results
indicates no significant association between health sta-
tus and seropositivity in both dogs and cats. This may be
because the clinical picture depends on many variables,
such as the immune status of the host and the site of
tachyzoite proliferation. Rabbits can acquire N. caninum
infection through the ingestion of sporulated oocysts of
the aforementioned parasites and through congenital
transmission from rabbit dams to their fetuses [17]. How-
ever, clinical neosporosis in rabbits was not reported in
the literature to date.

Our results indicate no significant differences between
seropositivity and gender in dogs and cats and are consis-
tent with those obtained in previous European studies [6,
14]. No significant differences between seropositivity in
dogs and cats and age have also been found in our study.
Results for dogs are consistent with those obtained by
Gozdzik et al. [7] and Collantes-Fernandez et al. [6] Col-
lantes-Ferndndez et al. [6] noted a significant increase in
seropositivity with age only in farm dogs. However, Hor-
nok et al. [14] observed a significant increase in the pres-
ence of anti-N. caninum antibodies with age in cats. No
significant differences between seropositivity and sam-
pling city have been observed in the present study.

The present study has some limitations that should be
kept in mind. The most important serological tests used
in the laboratory diagnostics of neosporosis are enzyme-
linked immunosorbent assay (ELISA) and immunofluo-
rescent antibody test. Both have a high sensitivity and
specificity [10]. We have searched for evidence of N. cani-
num infection via one serological test (indirect ELISA).
In addition, the cross-reactivity to the related pathogens
e.g. Toxoplasma gondii cannot be ruled out despite the
high specificity of the ELISA used in the present study.

Conclusion

Our results update the canine N. caninum seropositivity
data in Poland and provide new data on the epidemiol-
ogy of neosporosis in this species. The present study is
the first serological survey of N. caninum in European pet
cats and rabbits. Although this study found a low positive
rate of N. caninum in dogs and cats in urban areas, more
attention is needed to prevent the transmission between
definitive hosts and accidental hosts. N. caninum prob-
ably circulates among dog and cat populations in Poland,
and neosporosis should be included in the differential
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diagnosis of neuro-muscular disorders in these species.
The role of pet rabbits in N. caninum epidemiology and
circulation in Poland is marginal.

Methods

Samples

A total of 467 serum samples collected between Septem-
ber 2020 and January 2022 in five veterinary practices
located in various parts of Poland (Poznan 52°24'24"N
16°55'47"E  (wielkopolskie  voivodeship); Przemysl
49°47'05"N  22°46’02"E  (podkarpackie voivodeship);
Kluczbork 18°13'E  50°58'N (opolskie voivodeship);
Lublin 22°34'E 51°15'N (lubelskie voivodeship); Deblin
21°52'E 51°34'N (lubelskie voivodeship) (Fig. 1.) were
selected for this study. Samples from rabbits were col-
lected in one practice (#=70). Rabbit sera came from
animals from Poznan and their surroundings. Sera were
stored at —70 °C until analyses. In total, serum samples
from 184 cats, 203 dogs and 70 rabbits were randomly
selected and used in the study. For each sample, the fol-
lowing information has been available: species, gender,
age at sampling, location, and represented symptoms
(neurological disorders, others, healthy). The detailed
information about the structure of a sampled population
is presented in Table 1.

Detection of N. caninum antibodies

Due to the multi-species nature and high specificity and
sensitivity, a competitive ELISA has been used to per-
form serological testing. Serum samples were tested for
the presence of antibodies against N. caninum by using
the ID Screen® Neospora caninum competition (IDvet,
Grabels, France) according to the manufacturer’s instruc-
tions. The commercial ELISA kit was validated for the
detection of anti-N. caninum antibodies in serum or

Sampled species:

® dogs, cats -‘! e

Y dogs, cats, rabbits .‘ ! )
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plasma from ruminants, dogs, or other susceptible spe-
cies. Briefly, 50 pL of sera was diluted with 50 uL. ELISA
dilution buffer in the test plate and incubated for 45 min
at 37°C in a humid chamber. The plate was washed three
times, and 100 pL of the conjugate was added to each
well. Then, the plate was incubated for 30 min at room
temperature (21°C +/- 5°C) and washed three times.
Next, 100 pL of 3,3}5,5-tetramethylbenzidine substrate
solution was added to each well for 15 min, followed by
100 pL of stop solution. The optical density (OD) was
measured at 450 nm in the Infinite® 200 PRO microplate
reader (TECAN) immediately after stopping the reac-
tion. The results were calculated as the percentage S/N
(S/N%) for each test sample according to the following
formula: S/N (%)=0D sample/OD negative control x
100. If the S/N% was less than 50, the sample was consid-
ered positive, < S/N% < 60 indicated a doubtful result and
>60 S/N% a negative result. Specific details of the ELISA
kits, along with the sensitivities and specificities of the
assays, are 100% (IC 95%: 98.8—100%) and 100% (CI 95%:
99.41-100%), respectively [22].

Statistical analysis

The analyses were performed using RStudio (version
4.1.2), except for prevalence (with 95% confidence inter-
vals (CI)), which was available as an online program
(https://epitools.ausvet.com.au/ciproportion). CI  for
prevalence was calculated with the Wilson score method.
Pearson’s chi-square (y2) tests were used to analyse the
data in different age groups, locations, genders and
health status. A p-value of <0.05 was considered signifi-
cant. The map was created using an online program Map
Chart (https://www.mapchart. net) and Canva (https://
www.canva.com).

Fig. 1 Map of sampling regions and species from which samples were collected
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ELISA enzyme-linked immunosorbent assay
N.caninum  Neospora caninum
oD optical density

Acknowledgements
Not applicable.

Author contributions

HTP - designing of the study, research on available knowledge about the
topic, sample collection, laboratory analyses, statistical analyses, interpretation
of data, funding acquisition, writing — original draft, writing - review & editing.
JJR - research on available knowledge about the topic, sample collection,
writing — review & editing, JW — research on available knowledge about the
topic, sample collection, writing — review & editing, MPM — coordination of the
study, sample collection, writing - review & editing. All authors reviewed the
manuscript. The authors read and approved the final manuscript.

Funding

The scientific activity was supported by statutory funding 506.514.05.00 of
the Department of Preclinical Sciences and Infectious Diseases, Faculty of
Veterinary Medicine and Animal Science, Poznan University of Life Sciences,
Poland and grant 506.514.05.00 of the Young Researcher Program of the
Faculty of Veterinary Medicine and Animal Science, Poznan University of Life
Sciences, financed by the Polish Ministry of Science and Higher Education.

Data availability
The data used to support the findings of this study are available from the
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

According to the Act on the Protection of Animals Used for Scientific or
Educational Purposes in Poland adopted on 15th January 2015 and according
to earlier regulations (Act on the Protection of Animals Used for Scientific

or Educational Purposes in Poland adopted on 21th January 2005) the
study described in this manuscript did not require the permission of the
Local Ethical Commission for Investigations on Animals, as confirmed by
Local Ethical Commission for Investigations on Animals in Poznan, Poznan
University of Life Sciences. Informed consent was obtained from the owners
of the animals included in the study. The reported study complies with the
ARRIVE guidelines (https://arriveguidelines.org) for the reporting of animal
experiments. All methods were performed in accordance with the relevant
guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 17 July 2023 / Accepted: 21 January 2024
Published online: 31 January 2024

References

1. Anvari D, Saberi R, Sharif M, Sarvi S, Hosseini SA, Moosazadeh M, Hosseinine-
jad Z, Chegeni TN, Daryani A. Seroprevalence of Neospora caninum infection
in Dog Population Worldwide: a systematic review and Meta-analysis. Acta
Parasitol. 2020,65:273-90.

2. Dubey JP, Schares G, Ortega-Mora LM. Epidemiology and control of neospo-
rosis and neospora caninum. Clin Microbiol Rev. 2007;20:323-67.

Page 5 of 5

3. Khan A, Shaik JS, Sikorski P, Dubey JP, Grigg ME. Neosporosis: an overview of
its Molecular Epidemiology and Pathogenesis. Engineering. 2020;6:10-9.

4. Dubey JP, Lindsay DS, Lipscomb TP. Neosporosis in cats. Vet Pathol.
1990;27:335-9.

5. Silva RC, Machado GP. Canine neosporosis: perspectives on pathogenesis and
management. Vet Med (Auckl). 2016;7:59-70.

6. Collantes-Ferndndez E, Gomez-Bautista M, Miré G, Alvarez-Garcia G, Pereira-
Bueno J, Frisuelos C, Ortega-Mora LM. Seroprevalence and risk factors associ-
ated with Neospora caninum infection in different dog populations in Spain.
Vet Parasitol. 2008;152:148-51.

7. Gozdzik K, Wrzesier R, Wielgosz-Ostolska A, Bieri J, Kozak-Ljunggren M, Cabaj
W. Prevalence of antibodies against Neospora Caninum in dogs from urban
areas in Central Poland. Parasitol Res. 2011;108:991-6.

8. ZhouM, Cao S, Sevinc F, Sevinc M, Ceylan O, Liu M, Wang G, Moumouni PF,
Jirapattharasate C, Suzuki H, Nishikawa Y, Xuan X. Enzyme-linked immunosor-
bent assays using recombinant TgSAG2 and NcSAGT1 to detect Toxoplasma
Gondii and Neospora caninum-specific antibodies in domestic animals in
Turkey. J Vet Med Sci. 2017;78:1877-81.

9. Villagra-Blanco R, Angelova L, Conze T, Schares G, Barwald A, Taubert A,
Hermosilla C, Wehrend A. Seroprevalence of Neospora caninum-specific
antibodies in German breeding bitches. Parasit Vectors. 2018;11:96.

10. Gao X, Wang H. Seroprevalence and risk factors for Neospora caninum infec-
tion in dogs in rural northeastern mainland China. Parasite. 2019,26:32.

11. Barker A, Wigney D, Child G, Slapeta J. Seroprevalence of Neospora Caninum
in dogs from greater Sydney, Australia unchanged from 1997 to 2019 and
worldwide review of adult-onset of canine neosporosis. Curr Res Parasitol
Vector Borne Dis. 2020;1:100005.

12. Waap H, NunesT,Vaz, Leitao A. Serological study of Neospora Caninum in
dogs and wildlife in a nature conservation area in southern Portugal. Parasitol
Open. 2020;3:E8.

13. Salama DB, Fereig RM, Abdelbaky HH, Shahat MS, Arafa WM, Aboelhadid SM,
Mohamed AEA, Metwally S, Abas O, Suo X, et al. Toxoplasma Gondii and Neos-
pora Caninum antibodies in dogs and cats from Egypt and risk factor analysis.
Pathogens. 2022;11:1464.

14.  Hornok S, Edelhofer R, Joachim A, Farkas R, Berta K, Répdsi A, Lakatos B.
Seroprevalence of Toxoplasma Gondii and Neospora caninum infection of cats
in Hungary. Acta Vet Hung. 2008;56:81-8.

15. Millan J, Cabezdn O, Pabon M, Dubey JP, Aimeria S. Seroprevalence of
Toxoplasma Gondii and Neospora Caninum in feral cats (Felis silvestris Catus) in
Majorca, Balearic Islands, Spain. Vet Parasitol. 2009;165:323-6.

16. Sedlak K, Bartova E, Machacova T. Seroprevalence of Neospora Caninum in
cats from the Czech Republic. Acta Parasitol. 2014;59.

17. Salman D, Oohashi E, Mohamed AE, Abd El-Mottelib A-R, Okada T, Igarashi M.
Seroprevalences of Toxoplasma Gondii and Neospora Caninum in pet rabbits
in Japan. J Vet Med Sci. 2014;76:855-62.

18. MachacovaT, Bartové E, Sedlak K, Budikova M, Piccirillo A. Risk factors
involved in transmission of Toxoplasma Gondii and Neospora caninum infec-
tion in rabbit farms in Northern Italy. Ann Agric Environ Med. 2015;22:677-9.

19.  Nazir MM, Magbool A, Akhtar M, Ayaz M, Ahmad AN, Ashraf K, Ali A, Alam MA,
Ali MA, Khalid AR, Lindsay DS. Neospora Caninum prevalence in dogs raised
under different living conditions. Vet Parasitol. 2014,204:364-8.

20.  Ahmed F, Cappai MG, Morrone S, Cavallo L, Berlinguer F, Dessi G, Tamponi
C, Scala A, Varcasia A. Raw meat-based diet (RMBD) for household pets as
potential door opener to parasitic load of domestic and urban environ-
ment. Revival of understated zoonotic hazards? A review. One Health.
2021;13:100327.

21. Dubey JP, Hemphill A, Calero-Bernal R, Schares G. Neosporosis in Animals. 1st
Edition. Boca Raton: CRC Press; 2017.

22. Manca R, Ciccarese G, Scaltrito D, Chirizzi D. Detection of Anti-Neospora Cani-
num antibodies on Dairy Cattle Farms in Southern Italy. Vet Sci. 2022;9:87.

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


https://arriveguidelines.org

	﻿Seroprevalence of ﻿Neospora caninum﻿ in pet cats, dogs and rabbits from urban areas of Poland
	﻿Abstract
	﻿Background
	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿Methods
	﻿Samples
	﻿Detection of ﻿N. caninum﻿ antibodies
	﻿Statistical analysis

	﻿References


