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Neospora caninum is a protozoan cyst forming apicomplexan parasite that causes neosporosis,
notably in cattle (Bos taurus) and domestic dogs (Canis familiaris) [1,2]. It is closely related to
Toxoplasma gondii and has emerged as a major cause of reproductive failure in cattle world-
wide [2]. The parasite was first described in a dog with encephalomyelitis and myositis [1] and
was later described in calves with myeloencephalitis [3,4]. Neospora caninum has been isolated
from a variety of animal host species, such as the dog (Nc1;[5] and Nc-Liverpool [6]), cattle
(BPAL1 and BPA2 [7]), sheep (NC-Sheep [8]) and water buffalo (NCBrbuf-1,2,3,4,5 [9]).
Antibodies to N. caninum have also been identified in the captive sika deer (Cerus Nippon),
mouflon (Ovis musimon), fallow deer (Dama dama), moose (Alces alces), European bison
(Bison bonasusbonasus L.), wild rabbits (Oryctolagus cuniculus), brown hares (Lepus europeus)
and dolphin (Tursiops truncatus) (reviewed in [10]). Apart from the dog (Canis familiaris), other
canids have also been considered as potential definitive hosts of N. caninum. To date, coyotes
[11], wolves (Canis lupus) [12] and dingoes [13] have also been named as definitive hosts
because they have been shown to shed oocysts after being fed infected tissues, while many other
domestic and wild mammal species have been identified as intermediate hosts [10,14].

Horses are an intermediate hosts of Neospora hughesi [15], which was identified in an aborted
equine foetus [16]. The parasite was later isolated from an 11-year old horse and described as a
new species, with molecular differences to N. caninum [15]. It is still unknown whether N.
hughesi is the sole species of Neospora that infects horses or if N. caninum also plays a part in
infection as both species can cross react serologically with each other [17].

The parasite has three asexual infectious development stages, i.e. tachyzoites, bradyzoites and
sporozoites [18]. The sexual stages of Neospora have not been described, but it is likely that the
schizont (asexual) and gamont (sexual) stages also exist in the gut epithelium of the definitive
hosts as was shown for T. gondii when kittens were fed Toxoplasma cysts, since these two
parasites are closed related [19]. Neospora caninum is regarded as one of the most important
infectious causes of abortion in cattle worldwide, yet there are no definitive studies that quantify
losses due to neosporosis in the cattle industry; however, losses are estimated to be in the



millions of dollars per year [20,21]. The seroprevalence of N. caninum was found to be
approximately 26% (PhD thesis, Patrick Craig) and has been estimated at approximately 12.9%
in the UK [22], whereas it was as low as 2.8% in Sweden [23] and reached 55.9% in Romania
[24], 14-40% in the Americas [25], 6-36% in Asia [26] and 6-21% in Oceania [27].

The two major routes of N. caninum transmission are horizontal, where cattle ingest sporulated
N. caninum oocysts and vertical transmission, which includes transmission of the agent to the
foetus during pregnancy, either following reactivation of bradyzoites in the infected dam or de
novo infection of the dam during pregnancy [28]. Vertical transmission contributes significantly
to the persistence of N. caninum in a herd by propagating the infection to successive generations.
The prevalence of congenital infection varies with reported infection rates ranging from
approximately 40% to 95% [29-33]. The shedding of oocysts by infected canids in cattle-feeding
areas is a likely cause of horizontal transmission that could play an important role in infected
herds. Cow-to-cow transmission has not been observed to date, but many authors have looked at
the possibility of infection via contaminated semen from infected bulls [34-37]. However,
artificial insemination of cows with semen in vitro contaminated with N. caninum tachyzoites
(6.5 x 10" and 1.8 x 10’ on day one and two, respectively) failed to induce infection [34].
Although one animal developed a low antibody titre of 1:80 in the direct agglutination test at day
ten after insemination, it was negative after 45 days, which shows that the parasites were able to

stimulate the immune system of this animal without causing infection.

The pathogenesis of N. caninum induced abortion in cattle is yet to be fully elucidated. Neospora
caninum infection in cows is mainly manifested in the placenta and foetal tissues following a
maternal parasitaemia. Experimental studies have shown that infection of pregnant cows in early
gestation leads to foetal death, which could be due to both extensive placental necrosis and
necrosis in foetal tissues, such as the liver and brain [38-44]. Changes observed in first trimester
foetuses include necrosis and apoptosis in the CNS (brain and spinal cord), liver, lung, kidney,
spleen and thymus. The parasite seems to replicate in the heart without causing cell death
(studied extensively in PhD thesis, Chapter 3). In foetuses following infection of the dams in mid
to late gestation, mild to moderate histological changes are detected in foetal tissues and are
restricted mainly to the CNS [38].



The host immune response towards N. caninum is of paramount importance in controlling
parasite multiplication. Neospora caninum is an obligate intracellular pathogen, which means
that cell mediated immune responses are likely to play a pivotal role in protective immunity, by
reducing the multiplication of parasites within the host, hence reducing parasitaemia [45,46].
Protective immunity to intracellular pathogens is associated with type 1 T helper cells (Thl
cells), which secrete pro-inflammatory cytokines, such as interferon gamma (IFN-y), tumour
necrosis factor alpha (TNF-a) and interleukin (IL)12 [47]. The Th2 type anti-inflammatory
cytokines, namely IL-4, and regulatory cytokines which includes IL-10 and transforming growth
factor beta (TGF-B) are produced at the foeto-maternal interface in the placenta and can
counteract the effect of the pro-inflammatory cytokines [48]. The Th2 cytokines are associated
with implantation of the foetus and maintenance of early pregnancy by suppression of local

inflammatory responses [49,50].

For the diagnosis of bovine neosporosis, clinical history, epidemiological data, information about
the abortion pattern and foetal age are important factors that should be considered [51]. The
definitive diagnosis of neosporosis can be very difficult, because infection does not always result
in abortion and even demonstration of N. caninum infection, both histologically and
immunohistologically, does not give conclusive evidence that the parasite is the cause of the
abortion [52]. With regards to post-mortem diagnosis in aborted foetuses, the ideal diagnostic
samples include both the aborted foetus and the placenta, together with sera from the dam. If this
is not feasible, samples from brain, heart and liver of the foetus should be submitted [51]. The
brain is the most reliable tissue for the diagnosis, but the probability of diagnosing the infection
increases when other tissues, such as heart and liver, are analysed [51]. Histology has been the
most commonly used method for parasite detection initially, but immunohistological detection
of parasites in foetal brain, lung, liver and heart has been used to confirm the presence of the
agent [53,54]. The PCR technique also plays an important role in the diagnosis of N. caninum
infection when used in aborted foetal tissues [55-58] and other samples such as amniotic fluid
[59] and cerebrospinal fluid [60,61]. The advantage of the PCR is its high specificity and high
sensitivity and therefore the ability to detect small amounts of N. caninum DNA in a large
quantity of tissue; PCR also works well when foetal tissues are autolysed, which is often the case

with Neospora abortions [51]. Serological tests have the advantage that they can be applied intra



vitam and are suitable techniques for processing large numbers of samples [62]. There is a
variety of serological assays available for the detection of N. caninum antibodies in cattle. The
immunofluorescent antibody test (IFAT) has been widely used to detect N. caninum specific
antibody in maternal serum or foetal fluids. In addition to the IFAT, a number of N. caninum
specific enzyme-linked immunosorbent assays (ELISAs) have been described, which utilise
either whole fixed N. caninum tachyzoites, aqueous or detergent-soluble tachyzoite extracts,
tachyzoite antigens incorporated into immunostimulating complexes (iscoms) or recombinant

tachyzoite antigens [63-67].

Seropositivity to Neospora caninum in cattle of different age groups from three different
locations in Jamaica (sampled in 2012)

Age groups Number of animals Positives (%) Negatives Pregnant (%0)*
0-2 16 5 (31.3) 11 4 (25.0)
35 229 53 (23.1) 176 43 (18.8)
6-8 151 33(21.9) 118 26 (17.2)
9-11 66 22 (33.3) 44 10 (15.1)
>12 30 13 (43.3) 17 4 (13.3)
unknown 7 2 (28.6) 5 0(0.0)

% overall number of pregnant cows sampled



Ultrastructural features of Neospora caninum-infected human HepG2 cells cultured in vitro with 95% O, and 5%
CO,. A. Neospora caninum tachyzoites (T) are present in hepatocytes with numerous mitochondria (M) that are
predominantly located in close contact with the parasitophorus vacuole membrane. B. Hepatocyte with two
parasitophorus vacuoles filled with tachyzoites (T). Numerous mitochondria (M) are located in the perinuclear
region and in association with the PVM. Lead citrate/uranyl acetate staining, FIB-SEM Nanotomography. (This
photomicrograph is the sole property of Patrick Craig and the University of Liverpool).

References

1. Bjerkas I, Mohn SF, Presthus J (1984) Unidentified cyst-forming Sporozoon causing encephalomyelitis and
myositis in dogs. Zeitschrift fur Parasitenkunde 70: 271-274.

2. Dubey JP, Lindsay DS (1996) A review of Neospora caninum and neosporosis. Veterinary Parasitology 67: 1-59.

3. Parish SM, Maag-Miller L, Besser TE, Weidner JP, McElwain T, et al. (1987) Myelitis associated with protozoal
infection in newborn calves. Journal of the American Veterinary Medical Association 191: 1599-1600.

4. O'Toole D, Jeffrey M (1987) Congenital sporozoan encephalomyelitis in a calf. Veterinary Record 121: 563-566.



5. Dubey JP, Hattel AL, Lindsay DS, Topper MJ (1988) Neonatal Neospora caninum infection in dogs: isolation of
the causative agent and experimental transmission. Journal of the American Veterinary Medical
Association 193: 1259-1263.

6. Barber J, Trees AJ, Owen M, Tennant B (1993) Isolation of Neospora caninum from a British dog. Veterinary
Record 133: 531-532.

7. Conrad PA, Barr BC, Sverlow KW, Anderson M, Daft B, et al. (1993) In vitro isolation and characterization of a
Neospora sp. from aborted bovine foetuses. Parasitology 106: 239-249.

8. Koyama T, Kobayashi Y, Omata Y, Yamada M, Furuoka H, et al. (2001) Isolation of Neospora caninum from the
brain of a pregnant sheep. Journal of Parasitology 87: 1486-1488.

9. Rodrigues AAR, Gennari SM, Aguiar DM, Sreekumar C, Hill DE, et al. (2004) Shedding of Neospora caninum
oocysts by dogs fed tissues from naturally infected water buffaloes (Bubalus bubalis) from Brazil.
Veterinary Parasitology 124: 139-150.

10. Dubey JP, Schares G, Ortega-Mora LM (2007) Epidemiology and control of neosporosis and Neospora caninum.
Clinical Microbiology Reviews 20: 323-367.

11. Gondim LFP, McAllister MM, Pitt WC, Zemlicka DE (2004) Coyotes (Canis latrans) are definitive hosts of
Neospora caninum. International Journal for Parasitology 34: 159-161.

12. Dubey JP, Jenkins MC, Rajendran C, Miska K, Ferreira LR, et al. (2011) Gray wolf (Canis lupus) is a natural
definitive host for Neospora caninum. Veterinary Parasitology 181: 382-387.

13. King JS, Slapeta J, Jenkins DJ, Al-Qassab SE, Ellis JT, et al. (2010) Australian dingoes are definitive hosts of
Neospora caninum. International Journal for Parasitology 40: 945-950.

14. Dubey JP, Schares G (2011) Neosporosis in animals-The last five years. Veterinary Parasitology 180: 90-108.

15. Marsh AE, Barr BC, Packham AE, Conrad PA (1998) Description of a new Neospora species (Protozoa:
Apicomplexa: Sarcocystidae). Journal of Parasitology 84: 983-991.

16. Dubey JP, Porterfield ML (1990) Neospora caninum (Apicomplexa) in an aborted equine fetus. Journal of
Parasitology 76: 732-734.

17. Gondim LFP, Lindsay DS, McAllister MM (2009) Canine and bovine neospora caninum control sera examined
for cross-reactivity using neospora caninum and neospora hughesi indirect fluorescent antibody tests.
Journal of Parasitology 95: 86-88.

18. Dubey JP (1999) Recent advances in Neospora and neosporosis. Veterinary Parasitology 84: 349-367.

19. Frenkel JK, Dubey JP, Miller NL (1970) Toxoplasma gondii in cats: Fecal stages identified as coccidian oocysts.
Science 167: 893-896.

20. Dubey JP (2003) Review of Neospora caninum and neosporosis in animals. The Korean journal of parasitology
41: 1-16.

21. Reichel MP, Alejandra Ayanegui-Alcérreca M, Gondim LFP, Ellis JT (2013) What is the global economic
impact of Neospora caninum in cattle - The billion dollar question. International Journal for Parasitology
43:133-142.

22. Woodbine KA, Medley GF, Moore SJ, Ramirez-Villaescusa A, Mason S, et al. (2008) A four year longitudinal
sero-epidemiology study of Neospora caninum in adult cattle from 114 cattle herds in south west England:
Associations with age, herd and dam-offspring Pairs. BMC Vet Res 4.

23. Loobuyck M, Fréssling J, Lindberg A, Bjorkman C (2009) Seroprevalence and spatial distribution of Neospora
caninum in a population of beef cattle. Preventive Veterinary Medicine 92: 116-122.

24. Gavrea RR, Cozma V (2010) Seroprevalence of Neospora caninum in cows with reproductive failure in center
and northwest of Romania. Sci Parasitol 11: 67-70.

25. Moore DP (2005) Neosporosis in South America. Veterinary Parasitology 127: 87-97.

26. Koiwai M, Hamaoka T, Haritani M, Shimizu S, Kimura K, et al. (2005) Proportion of abortions due to
neosporosis among dairy cattle in Japan. Journal of Veterinary Medical Science 67: 1173-1175.

27. Hall CA, Reichel MP, Ellis JT (2006) Prevalence of Neospora caninum infection in Australian (NSW) dairy
cattle estimated by a newly validated ELISA for milk. VVeterinary Parasitology 142: 173-178.



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47,

Trees AJ, Williams DJL (2005) Endogenous and exogenous transplacental infection in Neospora caninum and
Toxoplasma gondii. Trends in Parasitology 21: 558-561.

Pan Y, Jansen GB, Duffield TF, Hietala S, Kelton D, et al. (2004) Genetic susceptibility to Neospora caninum
infection in Holstein cattle in Ontario. Journal of dairy science 87: 3967-3975.

Bergeron N, Fecteau G, Paré J, Martineau R, Villeneuve A (2000) Vertical and horizontal transmission of
Neospora caninum in dairy herds in Québec. Canadian Veterinary Journal 41: 464-469.

Romero JJ, Frankena K (2003) The effect of the dam-calf relationship on serostatus to Neospora caninum on 20
Costa Rican dairy farms. Veterinary Parasitology 114: 159-171.

Davison HC, French NP, Trees AJ (1999) Herd-specific and age-specific seroprevalence of Neospora caninum
in 14 British dairy herds. Veterinary Record 144: 547-550.

Bjorkman C, McAllister MM, Frossling J, Naslund K, Leung F, et al. (2003) Application of the Neospora
caninum IgG avidity ELISA in assessment of chronic reproductive losses after an outbreak of neosporosis
in a herd of beef cattle. Journal of Veterinary Diagnostic Investigation 15: 3-7.

Canada N, Meireles CS, Ferreira P, Correia da Costa JM, Rocha A (2006) Artificial insemination of cows with
semen in vitro contaminated with Neospora caninum tachyzoites failed to induce neosporosis. Veterinary
Parasitology 139: 109-114.

Ortega-Mora LM, Ferre I, Del-Pozo |, Caetano-Da-Silva A, Collantes-Fernandez E, et al. (2003) Detection of
Neospora caninum in semen of bulls. Veterinary Parasitology 117: 301-308.

Serrano-Martinez E, Ferre I, Martinez A, Osoro K, Mateos-Sanz A, et al. (2007) Experimental neosporosis in
bulls: Parasite detection in semen and blood and specific antibody and interferon-gamma responses.
Theriogenology 67: 1175-1184.

Jozani RJ, Asadpour R, Nematolahi A, Hosseininejad M (2012) Detection of non-spermatozoal cells of
Neospora caninum in fresh semen of naturally infected bulls. Acta Scientiae Veterinariae 40.

Gibney EH, Kipar A, Rosbottom A, Guy CS, Smith RF, et al. (2008) The extent of parasite-associated necrosis
in the placenta and foetal tissues of cattle following Neospora caninum infection in early and late gestation
correlates with foetal death. International Journal for Parasitology 38: 579-588.

Maley SW, Buxton D, Macaldowie CN, Anderson IE, Wright SE, et al. (2006) Characterization of the Immune
Response in the Placenta of Cattle Experimentally Infected with Neospora caninum in Early Gestation.
Journal of Comparative Pathology 135: 130-141.

Macaldowie C, Maley SW, Wright S, Bartley P, Esteban-Redondo I, et al. (2004) Placental pathology associated
with fetal death in cattle inoculated with Neospora caninum by two different routes in early pregnancy.
Journal of Comparative Pathology 131: 142-156.

Rosbottom A, Gibney EH, Guy CS, Kipar A, Smith RF, et al. (2008) Upregulation of cytokines is detected in the
placentas of cattle infected with Neospora caninum and is more marked early in gestation when fetal death
is observed. Infection and Immunity 76: 2352-2361.

Rosbottom A, Guy CS, Gibney EH, Smith RF, Valarcher JF, et al. (2007) Peripheral immune responses in
pregnant cattle following Neospora caninum infection. Parasite Immunology 29: 219-228.

Williams DJL, Guy CS, McGarry JW, Guy F, Tasker L, et al. (2000) Neospora caninum-associated abortion in
cattle: The time of experimentally-induced parasitaemia during gestation determines foetal survival.
Parasitology 121: 347-358.

Rosbottom A, Gibney H, Kaiser P, Hartley C, Smith RF, et al. (2011) Up regulation of the maternal immune
response in the placenta of cattle naturally infected with Neospora caninum. PLoS ONE 6.

Innes EA, Wright S, Bartley P, Maley S, Macaldowie C, et al. (2005) The host-parasite relationship in bovine
neosporosis. Veterinary Immunology and Immunopathology 108: 29-36.

Almeria S, Araujo RN, Darwich L, Dubey JP, Gasbarre LC (2011) Cytokine gene expression at the materno-
foetal interface after experimental Neospora caninum infection of heifers at 110 days of gestation. Parasite
Immunology 33: 517-523.

Baszler TV, Long MT, McElwain TF, Mathison BA (1999) Interferon-y and interleukin-12 mediate protection to
acute Neospora caninum infection in BALB/c mice. International Journal for Parasitology 29: 1635-1646.



48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63

64.

65.

66.

67.

Entrican G (2002) Immune regulation during pregnancy and host-pathogen interactions in infectious abortion.
Journal of Comparative Pathology 126: 79-94.

Chaouat G, Zourbas S, Ostojic S, Lappree-Delage G, Dubanchet S, et al. (2002) A brief review of recent data on
some cytokine expressions at the materno-foetal interface which might challenge the classical Th1/Th2
dichotomy. Journal of Reproductive Immunology 53: 241-256.

Wegmann TG, Lin H, Guilbert L, Mosmann TR (1993) Bidirectional cytokine interactions in the maternal-fetal
relationship: Is successful pregnancy a TH2 phenomenon? Immunology Today 14: 353-356.

Ortega-Mora LM, Ferndndez-Garcia A, Gomez-Bautista M (2006) Diagnosis of bovine neosporosis: Recent
advances and perspectives. Acta Parasitologica 51: 1-14.

Thurmond MC, Hietala SK, Blanchard PC (1999) Predictive values of fetal histopathology and
immunoperoxidase staining in diagnosing bovine abortion caused by Neospora caninum in a dairy herd.
Journal of Veterinary Diagnostic Investigation 11: 90-94.

Lindsay DS, Dubey JP (1989) Immunohistochemical diagnosis of Neospora caninum in tissue sections.
American Journal of Veterinary Research 50: 1981-1983.

Boger LA, Hattel AL (2003) Additional evaluation of undiagnosed bovine abortion cases may reveal fetal
neosporosis. Veterinary Parasitology 113: 1-6.

Gottstein B, Hentrich B, Wyss R, Thiir B, Busato A, et al. (1998) Molecular and immunodiagnostic
investigations on bovine neosporosis in Switzerland. International Journal for Parasitology 28: 679-691.

Van Maanen C, Wouda W, Schares G, Von Blumrdder D, Conraths FJ, et al. (2004) An interlaboratory
comparison of immunohistochemistry and PCR methods for detection of Neospora caninum in bovine
foetal tissues. Veterinary Parasitology 126: 351-364.

Baszler TV, Gay LJ, Long MT, Mathison BA (1999) Detection by PCR of Neospora caninum in fetal tissues
from spontaneous bovine abortions. J Clin Microbiol 37: 4059-4064.

Sager H, Fischer I, Furrer K, Strasser M, Waldvogel A, et al. (2001) A Swiss case-control study to assess
Neospora caninum-associated bovine abortions by PCR, histopathology and serology. Veterinary
Parasitology 102: 1-15.

Ho MSY, Barr BC, Rowe JD, Anderson ML, Sverlow KW, et al. (1997) Detection of Neospora sp. from infected
bovine tissues by PCR and probe hybridization. Journal of Parasitology 83: 508-514.

Peters M, Wagner F, Schares G (2000) Canine neosporosis: Clinical and pathological findings and first isolation
of Neospora caninum in Germany. Parasitology Research 86: 1-7.

Schatzberg SJ, Haley NJ, Barr SC, deLahunta A, Olby N, et al. (2003) Use of a multiplex polymerase chain
reaction assay in the antemortem diagnosis of toxoplasmosis and neosporaosis in the central nervous system
of cats and dogs. American Journal of Veterinary Research 64: 1507-1513.

Dubey JP, Schares G (2006) Diagnosis of bovine neosporosis. Veterinary Parasitology 140: 1-34.

. Williams DJL, McGarry J, Guy F, Barber J, Trees AJ (1997) Novel ELIS A for detection of Neospora-specific

antibodies in cattle. Veterinary Record 140: 328-331.

Bjorkman C, Holmdahl OJM, Uggla A (1997) An indirect enzyme-linked immunoassay (ELISA) for
demonstration of antibodies to Neospora caninum in serum and milk of cattle. VVeterinary Parasitology 68:
251-260.

Lally NC, Jenkins MC, Dubey JP (1996) Evaluation of two Neospora caninum recombinant antigens for use in
an enzyme-linked immunosorbent assay for the diagnosis of bovine neosporosis. Clinical and Diagnostic
Laboratory Immunology 3: 275-279.

Schares G, Rauser M, Séndgen P, Rehberg P, Barwald A, et al. (2000) Use of purified tachyzoite surface antigen
p38 in an ELISA to diagnose bovine neosporosis. International Journal for Parasitology 30: 1123-1130.

Jenkins MC, Caver JA, Bjorkman C, Anderson TC, Romand S, et al. (2000) Serological investigation of an
outbreak of Neospora caninum-associated abortion in a dairy herd in southeastern United States. Veterinary
Parasitology 94: 17-26.






