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Abstract

Aim: The objective of this study was to determine the seroprevalence of Neospora caninum (NC) and its risk factors in farm
dogs in Kenya.

Materials and Methods: As part of a longitudinal study on dairy cattle abortion in 2010 in Kenya, serum samples were
collected from 84 dogs in 53 randomly selected dairy cattle farms to determine the seroprevalence and risk factors of
seropositivity for NC.

Results: 15 (17.9%) of the dogs were seropositive to NC antibodies, and at least one seropositive dog was found in
12 (22.6%) of the 53 farms. The final multivariable logistic regression model identified free-roaming as the only factor
significantly associated with seropositivity (odds ratio=4.48; p=0.03).

Conclusion: The findings of this study indicate that canine neosporosis does exist in Kenya and that farmers should restrict
their dogs from roaming to reduce the risk of their dogs becoming a reservoir for NC. More studies need to be carried out

to determine the reproductive effects of NC on dairy cattle in Kenya.
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Introduction

Neosporosis in dogs is caused by Neospora cani-
num (NC), a coccidian parasite that was first described
in 1984 [1].The parasite is related to Toxoplasma gon-
dii [2]. While canids act as definitive and intermedi-
ate hosts of this parasite [1,3-5], many other mam-
malian species have been described as intermediate
hosts of NC. Among these mammals are cattle, sheep,
goats, deer, moose, water buffalo, camels, and wild
birds [3,6]. The rate of vertical transmission in canine
neosporosis has been reported to be low; therefore,
horizontal transmission through direct ingestion of
tachyzoites in placentae, aborted fetuses, or improp-
erly cooked meat with tissue cysts is thought to be the
main route of spread within canids [1,7].

The impacts of canine neosporosis are two-fold:
In the dog population, congenital infection can lead
to neuromuscular defects and mortality [8]; and NC
oocysts shed in canid feces can also lead to horizontal
transmission to ruminants, especially cattle, leading
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to reproductive losses, such as abortion since the par-
asite is fetopathogenic [1,4,9-12]. A recent system-
atic review reports the median estimate of the global
economic impact of NC infections/abortions to be
$1.3 billion per annum [13].

There are reports on the occurrence of canine
neosporosis in various parts of the world, with sero-
prevalence levels ranging from 0% to 32% being
reported [1,2,8,14-17]. A previous Kenyan study
reported that out of 140 dogs screened, none was sero-
positive to NC [14]. However, this Kenyan population
of dogs was a feral dog population, and therefore, not
necessarily representative of the farm dog population.
Further research is needed on NC in dogs in Kenya,
especially among the farm dog population.

There is limited knowledge on the risk factors
associated with dogs with NC infections. An Italian
study reported that the prevalence of neosporosis in
rural and urban dogs was 26% and 14.6%, respec-
tively. The same study also reported that the preva-
lence in free-roaming dogs (35.8%) was double com-
pared to confined dogs (17.3%) and that the 13.9%
prevalence in young dogs <1.5-year-old was less than
in older dogs more than 5-year-old, at 37.8% preva-
lence [8]. A Brazilian study [7] reported similar find-
ings, and in addition, reported higher prevalences in
older dogs, dogs fed uncooked meat, and mixed-breed
dogs. However, further research is needed to verify
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which of these risk factors are valid in the African
and/or Kenyan context and to quantify the amount of
risk the factors represent in this context.

The objective of this study was to determine
the seroprevalence of NC and risk factors associated
with NC infection in farm dogs in Nakuru District,
Kenya. This research was part of a longitudinal study
on infectious causes of abortion in dairy cattle.

Materials and Methods

Ethical approval

This study was approved by the Faculty of
Veterinary Medicine Postgraduate Committee of the
University of Nairobi.

Study population and sampling

The study was carried out in 2010 in the former
greater Nakuru District of Kenya, a dairy cattle-rear-
ing area. A list of dairy cattle farms was collected
from the Nakuru District Animal Production Office.
Using a random number table, 61 farms were ran-
domly selected and agreed to participate in the study,
with 6 other farms refusing to participate. Among
these farms, the study population for this portion of
the research project included farmers meeting three
inclusion criteria: (1) Consent to participate in the
study; (2) had at least one dog resident on the farm;
and (3) ability to provide their dog for a blood sample
during the farm visit.

During farm visits, a questionnaire was used to
collect data on each dog’s age (categorized as <3 years
old or >3 years), breed (purebred or crossbred), sex
(male or female), diet (allowed to eat abattoir and
aborted bovine fetuses and placentae or not), rurality
(peri-urban farms around Naivasha [an urban area in
Nakuru District] or not), and ability to roam free (con-
fined or free-roaming).

Sample collection and laboratory analysis

Farm dogs were physically restrained in a
humane manner and serum samples collected from
the cephalic veins. After blood collection into plain
Vacutainer tubes, the blood was allowed to clot and
then put in a cooler with an ice pack (4°C) until it
was transported back to the laboratory for processing
within 4 h. After centrifuging the blood, serum was
harvested into labeled Eppendorf tubes and stored at
—20°C awaiting screening for antibodies to NC after
all serum samples were collected.

At the Faculty of Veterinary Medicine at the
University of Nairobi, the serum samples were assayed
in a commercial ELISA antibody test kit (Herdcheck®
NCantibody testkit, IDEXX Laboratories, Switzerland
AG) to test the serum for exposure to NC, with some
recommended modifications [18].

Statistical analysis

Data from the survey and serological status
were entered and stored in Excel v2007 (Microsoft
Corporation, Redmond WA, USA). The data were
screened for any entry errors. The data were imported

into Genstat® 13" edition, service pack two, for analy-
sis (VSN International, Hemel Hempstead, UK).

Descriptive statistics, including prevalence, cor-
relations, and 95% confidence intervals (CI), were
determined for the outcome and risk factor variables
of interest from the survey. In Genstat®, the Pearson’s
Chi-square test was used to determine unconditional
associations between predictor variables and NC sero-
positivity, with the significance set at p<(0.1.

Multiple variable logistic regression was carried
out to model the effects of potential risk factors on the
seropositivity of NC in farm dogs in Nakuru District
while controlling for the effects of confounding of
other variables in the model. A backward elimination
procedure was used to build the model of main effects
on the seropositivity outcome. Factors that were found
significant (p<0.05) were retained in the final model.
Odds ratios (ORs) and 95% CI, as a measure of the
strength of association between the significant vari-
ables (p<0.05) and the outcome, were calculated.

Results

Of the 61 farms selected to participate in the
study, samples were collected from dogs on 53 farms.
Dogs from 8 farms could not be traced during the
scheduled visits due to roaming. A total of 84 dogs
were sampled on the farms. The number of dogs on
each of the farms ranged from 1 to 3. The farms had
predominantly Friesians (68% of farms) that were on
pasture (63% of farms), varying in size from 1 to 170
milking cows.

Overall, 15 of the 84 (17.9%; 95% CI: 9.7-
26.1) dogs sampled were positive for antibodies to
NC. At least one seropositive dog was found in 12 of
53 farms (22.6%; 95% CI: 11.3-33.9), though no cases
of clinical neosporosis were encountered in the dog
population.

The seroprevalence to NC in relation to other
variables is shown in Table-1. On univariable anal-
ysis, the seroprevalence of NC in free-roaming dogs
(36.4%; 95% CI: 16.3-56.5) was significantly higher
than in confined dogs (11.3%; 95% CI: 3.4-19.2).
There were no significant differences in seropreva-
lence (p>0.05) for the remaining variables, although
marginal significance was achieved for dogs being fed
fetuses, and rurality (0.1>p>0.05).

In the final model, free-roaming was signifi-
cantly positively associated with seropositivity for
NC in dogs on dairy cattle farms in Nakuru District
(OR=4.48; p=0.03; 95% CI: 1.39-14.49). No other
predictor variables remained significant in the final
model.

Discussion

This is the first positive report of NC in farm
dogs in Kenya, with a seroprevalence of 17.9%.
A previous study [14] had found no seropositive dogs
in Kenya. This was probably due to differences in the
dog populations under study; the dogs in the previous
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Table-1: Descriptive statistics and univariable associations between seropositivity for NC and epidemiological data for

84 dogs on 53 dairy farms in Nakuru District, Kenya in 2010.

Epidemiological data Examined animals # Positive (%) to Neospora OR p value
Free-roaming

No 62 7 (11.3)

Yes 22 8 (36.4) 4.48 0.03
Fetal-feeding

No 12 4 (33.3)

Yes 61 10 (16.4)

Unknown 11 1(9.1) 0.39 0.07
Sex

Female 19 2 (10.5)

Male 65 13 (20.0) 2.12 0.11
Breed

Cross-breed 79 14 (17.7)

Pure-breed 5 1 (20.0) 1.16 0.30
Age

<3 years 54 9 (16.7)

>3 years 30 6 (20.0) 0.80 0.20
Rurality

Peri-urban dogs (Naivasha) 11 1(9.1)

Rural dogs (Rongai, Molo and Njoro areas) 73 14 (19.2) 2.84 0.08

NC=Neospora caninum, OR=0dds ratio

study [14] were feral dogs, and therefore, were not
specifically associated with farms, whereas the dogs
in the current study were all farm dogs. This domestic/
agricultural source of dogs increased their chances of
interacting with cattle who are the main intermediate
hosts of this canine parasite [19]. The seroprevalence
in the current study was within the range reported in
other studies (0-31%) [1,8,16].

Congenital infection through transplacental
infection, and horizontal transmission through direct
ingestion of oocysts in placentae, tissue cysts, or
improperly cooked meat are considered the main routes
of spread of NC in dogs [7]. Free-roaming was the
only factor significantly associated with seropositivity
to NC. Indeed, the NC seroprevalence in free-roaming
farm dogs was more than three times higher than in
confined farm dogs, likely due to increased chances
of exposure to potential sources of infection such as
aborted fetuses and placenta from cattle, as well as
other intermediate hosts. This finding was in agree-
ment with a Brazilian study which found an OR of
2.2 for lack of confinement and canine neosporo-
sis [7]. Other studies have also reported higher NC
seroprevalences in free-roaming dogs relative to other
groups [20,21] while controlling for whether the
dogs came from a rural, urban, or peri-urban setting.
Our study was designed to control for setting in two
ways: (1) in only sampling farm dogs, although some
of the dogs did come from peri-urban farms around
Naivasha and (2) the use of multiple variable logistic
regression which is designed to examine and control
for other variables, such as setting.

In our study, the prevalence of NC was slightly
higher in the rural areas of the study (Molo, Njoro and
Rongai) at 19.2%, as opposed to Naivasha at 9.1%,
which is a more urban setting, although this differ-
ence was not statistically significant (p>0.05). Similar

differences between rural and urban dog populations
have been reported [7,16,20,22], and this may be due
to their greater likelihood to encounter cattle offal.

In our study, there was a trend for seropreva-
lence of NC to increase with age, as reported in other
studies [7,8,15,21,22], although this difference was
not statistically significant (p>0.05). The increased
prevalence in older dogs may be due to their cumu-
lative risk of exposure throughout their life relative
to younger dogs thus suggesting horizontal transmis-
sion plays a major role in the epidemiology of canine
neosporosis. It has been reported that some infected
young animals may fail to seroconvert or may have a
slow rate of seroconversion when infected by NC [3].
This delayed seroconversion may also have led to this
trend of lower prevalence rates in younger dogs.

Despite many dogs being fed fetal parts from the
abattoirs, their seroprevalence was marginally lower
than those not fed fetal parts, though the association
was not statistically significant. This difference may
be attributed to the fact that these fetal parts may have
been cooked before being fed to the dogs (as men-
tioned by some farmers), thus reducing their infec-
tivity. Cooking of fetal parts was not asked among
the initial farmers, making it impossible to check for
interactions between cooking and feeding fetal parts.
The owners mentioned that the dogs not fed fetal parts
were more likely to scavenge on carcasses, as well as
hunt birds and rodents, which have also been reported
as potential sources of infection [23]. These dogs not
fed fetal parts were also more likely to roam in search
for food, thus further increasing their risk of exposure,
as discussed earlier.

Ahigher NC seroprevalence in male dogs relative
to bitches has been reported [7,16,21]. In our study,
the prevalence of antibodies to NC was somewhat
higher in males than females, though the association
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was not statistically significant. This difference may
be due to the fact that more people were likely to con-
fine females to avoid unwanted breeding, thus reduc-
ing their chances of getting infected with NC.

Most studies on canine neosporosis have been
based on the serological status of sampled dogs due
to the low and intermittent shedding of oocysts by the
host, making oocysts difficult to detect in field con-
ditions [2,14,23]. The main limitations to the use of
serological tests in the diagnosis of canine neospo-
rosis are that it takes 2-3 weeks for antibodies to be
detectable in recently infected animals and the fact
that some dogs shedding fecal oocysts actually do not
have detectable antibody titers [24]. As a result, some
false positives and negatives may occur. Furthermore,
risk factors of infection prevalence are usually less
informative for understanding factors of transmis-
sion than infection incidence studies because prev-
alence is a function of both incidence and duration,
making risk factor studies based on prevalence harder
to interpret [25]. Therefore, a risk factor incidence
study of seroconversion of dogs to NC or a study of
oocyst-shedding dogs (recently infected) would be a
useful addition to the literature.

Conclusion

Our study suggests that canine neosporosis is
common in Kenyan dairy cattle farms and that lack
of confinement appears to predispose dogs to infec-
tion. Measures should be taken to restrict free-roam-
ing behavior in dogs which should reduce exposure of
dogs to potential sources of infection, such as through
placentae and fetuses. With confirmed diagnosis of
NC in Kenyan farm dogs, fecal contamination of
water and feed sources for cattle, by potential defin-
itive hosts such as farm dogs, should be avoided to
prevent horizontal NC transmission. In addition, stud-
ies should be carried out to determine the reproductive
effects of NC on cattle in Kenya.

Authors’ Contributions

TAO conducted the field and laboratory work.
In addition, he participated in the study design, did
the data analysis and preparation of this manuscript.
INM, JWIJ, VT, and JVL were involved in the concep-
tion of the study, study design and the writing of this
manuscript.

Acknowledgments

Staff at the Department of Clinical Studies Lab
who assisted in the laboratory analysis of samples and
Idexx Laboratories who donated the ELISA test kits
used in the study. This work was supported by the
funding from the International Foundation for Science
(IFS) grant number B4721-1.

Competing Interests

The authors declare that they have no competing
interests.

References

1. Dubey, J.P. (1999) Recent advances in Neospora and
neosporosis. Vet. Parasitol., 84: 349-367.

2. Silva, D., Lobato, J., Mineo, T. and Mineo, J. (2007)
Evaluation of serological tests for the diagnosis of Neospora
caninum infection in dogs: Optimization of cut offtitres and
inhibition studies of cross-reactivity with 7oxoplasma gon-
dii. Vet. Parasitol., 143: 234-244.

3. Gondim, L.F., McAllister, M.M., Anderson-Sprecher, R.C.,
Bjorkman, C., Lock, T.F., Firkins, L.D., Gao, L. and
Fischer, W.R. (2004)Transplacental transmission and abor-
tion in cows administered Neospora caninum o0ocCysts.
J. Parasitol., 90:1394-1400.

4, Gondim, L.F. (2006) Neospora caninum in wildlife. Trends
Parasitol., 22: 247-252.

5. Steinman, A., Shpigel, N.Y., Mazar, S., King, R., Baneth, G.,
Savitsky, I. and Shkap, V. (2006) Low seroprevalence of
antibodies to Neospora caninum in wild canids in Israel.
Vet. Parasitol., 137: 155-158.

6. Darwich, L., Cabezén, O., Echeverria, 1., Pabén, M.,
Marco, I., Molina-Lépez, R., Alarcia-Alejos, O., Lopez-
Gatius, F., Lavin, S. and Almeria, S. (2012) Presence of
Toxoplasma gondii and Neospora caninum DNA in the
brain of wild birds. Vet. Parasitol., 183: 377-381.

7. Lopez-Sicupira, P.M., de Magalhdes, V.C., Galvao, G.S.,
Pereira, M.J., Gondim, L.F. and Munhoz, A.D. (2012)
Factors associated with infection by Neospora caninum in
dogs in Brazil. Vet. Parasitol., 185: 305-308.

8. Paradies, P., Capelli, G., Testini, G., Cantacessi, C.,
Trees, A.J. and Otranto, D. (2007) Risk factors for canine
neosporosis in farm and kennel dogs in Southern Italy. Vet.
Parasitol., 145: 240-244.

9. Dubey, J.P. and Lindsay, D.S. (1996) A review of Neospora
caninum and neosporosis. Vet. Parasitol., 67: 1-59.

10.  Dubey, J.P. (2005) Neosporosis in cattle. Vet. Clin. N. Am.
Food Anim. Pract., 21:473-483.

11.  Yang, N., Cui, X., Qian, W., Yu, S. and Liu, Q. (2012)
Survey of nine abortifacient infectious agents in aborted
bovine foetuses from dairy farms in Beijing, China, by
PCR. Acta Vet. Hung., 60: 83-92.

12. Wilson, DJ., Orsel, K., Waddington, J., Rajeev, M.,
Sweeny, A.R., Joseph, T., Grigg, M.E. and Raverty, S.A.
(2016) Neospora caninum is the leading cause of bovine foetal
loss in British Columbia, Canada. Vet. Parasitol., 218: 46-51.

13.  Reichel, M.P., Ayanegui-Alcérreca, A.M., Gondim, L.F.
and Ellis, J.T. (2013) What is the global economic impact
of Neospora caninum in cattle - The billion dollar question.
Int. J. Parasit., 43:133-142.

14. Barber, J.S., Gasser, R.B., Ellis, J., Reichel, M.P,
McMillan, D. and Trees, J. (1997) Prevalence of antibod-
ies to Neospora caninum in different canid populations.
J. Parasitol., 83: 1056-1058.

15. Cruz-Vazquez, C., Medina-Esparza, L., Marentes, A.,
Morales-Salinas, E. and Garcia-Vazquez, Z. (2008)
Seroepidemiological study of Neospora caninum infec-
tion in dogs found in dairy farms and urban areas of
Aguascalientes, Mexico. Vet. Parasitol., 157:139-143.

16. Hornok, S., Edelhofer, R. and Hajtés, 1. (20006)
Seroprevalence of neosporosis in beef and dairy cattle herds
in Northeast Hungary. Acta Vet. Hung., 54: 485-491.

17.  Yang, Y., Zhang, Q., Kong, Y., Ying, Y., Kwok, O.C,,
Liang, H. and Dubey, J.P. (2014) Low prevalence of
Neospora caninum and Toxoplasma gondii antibodies in
dogs in Jilin, Henan and Anhui provinces of the People’s
Republic of China. BMC Vet. Res., 10: 295-301.

18.  Wu, J.T., Dreger, S., Chow, E.Y. and Bowlby, E.E. (2002)
Validation of commercial Neospora caninum antibody
enzyme linked immunosorbent assays. Can. J. Vet. Res.,
66:264-271.

19. Robbe, D., Passarelli, A., Gloria, A., Di Cesare, A.,
Capelli, G., ITorio, R. and Traversa, D. (2016) Neospora

Veterinary World, EISSN: 2231-0916

1165



Available at www.veterinaryworld.org/Vol.9/October-2016/21.pdf

20.

21.

22.

caninum seropositivity and reproductive risk factors in
dogs. Exp. Parasitol., 164: 31-35.

Coproparasitological study and serological follow-up.
J. Parasitol., 99: 365-377.

Maia, A., Cortes, H., Brancal, H., Lopes, A.P., Pirenta, P., 23. Costa, K.S., Uzeda, R.S., Pinheiro, A.M., Almeida, M.A.O.,
Campino, L. and Cardoso, L. (2014) Prevalence and cor- Arau’jo, F.R., McAllister, M.M. and Gondim, L.F.P. (2008)
relates of antibodies of Neospora caninum in dogs in Chickens (Gallus domesticus) are natural intermediate
Portugal. Parasite, 29: 1-4. hosts of Neospora caninum infections. Int. J. Parasitol.,
Nazir, M.M., Magqgbool, A., Akhtar, M., Ayaz, M., 38: 157-159.
Ahmad, A.N., Ashraf, K., Ali, A., Alam, M.A., Ali, M.A., 24.  Silva, R.C. and Machado, G.P. (2016) Canine neosporosis:
Khalid, A.R. and Lindsay, D.S. (2014) Neospora caninum Perspectives on pathogenesis and management. Vet. Med.
prevalence in dogs raised under different living conditions. Res. Rep., 7: 59-70.
Vet. Parasitol., 204: 364-368. 25.  Dohoo, 1., Martin, W. and Stryhn, H. (2009) Veterinary
Mitrea, I.L., Enachescu, V. and Ionita, M. (2013) Neospora Epidemiologic Research. VER Inc., Berkley Way,
caninum infection in dogs from Southern Romania: Charlottetown, Prince Edward Island. 19.
seoskoskoskoskoskoskok

Veterinary World, EISSN: 2231-0916

1166





